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p» Building a Network and Performing a Steady-State Analysis

Building a Network and Performing a Steady-State

Analysis

In this lesson, you will draw a schematic model of a simple pipe network connected to
a larger water distribution system. You will use a scaled background drawing to assist
you in drawing the pipe network, and assign user-defined lengths to four pipes. As
you draw a schematic of a pipe network, you will enter pipe lengths, while the soft-
ware automatically assigns labels to each pipe and node. If building a scaled model of
a pipe network, as you draw elements, the software will automatically manage pipe
lengths based on position of pipes bends, start nodes, and stop nodes, and allow
customized labeling formats.

To simulate the connection to the larger water distribution network, you will draw a
reservoir connected to a pump, and enter a pump curve. The pump curve will be
developed from 3 data points: the static pressure of the distribution system at the
connection point (converted to head), partial hydrant flow and pressure (converted to
head), and full hydrant flow and pressure (converted to head). This method simulates
the larger water distribution system's ability to deliver a range of flows and related
pressures to the new pipe network with a single pump curve. Representing the
network connection in this way is an approximation of actual conditions and may not
be representative for all operational conditions. Care should be taken to ensure all
applicable operating conditions are addressed.
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Step 1: Create a New Hydraulic Model File

1. Start WaterGEMS from Start > All Programs > Bentley.

2. On the Welcome dialog click Create New Hydraulic Model; otherwise select
File > New.

pod

Welcome

Leam MNew Ribbaon Inteface

Quick Start Lessons
Create Mew Hydraulic Model

Open Bdsting Hydraulic Model

Show This Diglog at Startup

9/6/2016 10.00.00 42 64-bit Cloze Help

3. Ifyou receive a prompt about associating this file with a CONNECTED
Hydraulic Model, select Never Prompt. Then click OK

Bentley WaterGEMS COMMECT Edition

¢ Hydraulic models and files from other Bentley products can now be
0 optionally associated together within a CONNECTED Project, which can be
“  tracked for better visibility, time accounting, performance analytics, and
mare. For more infermation, refer to Help.

Default behavior when creating or opening hydraulic models:
() Always prompt to make this association

(@) Mever prompt (| will manually make this association later if desired)

[ ] Do not notify me again Help

4. Choose Tools > More > Options, Click the Units tab. Since you will be working
in System International (SI) units, click the Reset Defaults button and select SI.

5 Reset Defaults -

% s

? US Custornary
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5. The first six WaterGEMS Quick Start Lessons use SI units. If you would like to
set the default unit systems for new Hydraulic Models to be S, select SI from the
drop down menu also.

Default Unit System for Mew Hydraulic Model ] e

6. Click the Drawing tab to make sure Drawing Mode is set to Scaled.
Set the Plot Scale Factor 1 cm = 40m

Options
Global Hydraulic Model Drawing  Units  Labeling ProjectWise  Engine
Drawing Scale
Drawing mode: Scaled -
Plot scale factor 1 cm = |4'|] m
7. Click OK.

8. Set up the Hydraulic Model. Choose File > Hydraulic Model Properties and
name the Hydraulic Model Lesson 1—Steady State Analysis and click OK.

Hydraulic Model Properties >
Title: |Lessur1 1-5teady State Analysis |
File Name: |arez\AppData\Local\ Temp'\Bentley\WaterGEMS \Uirtitled 1 wig |
Enginesr: |Ynur name |
Company: |Ynur compary] |
Date: | o 772006 @~ |
MNotes:

Carcs |t

9. Choose File > Save As.
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10. Enter the file name MyLesson1 for your model, and click Save.

Step 2: Lay out the Network

CONMECT TO EXISTING
WATER MAIMHERE —

,
x-\.

You will be using a background file to lay out the pipe network.

Select View > Backgrounds to open the Background Layers manager. The Back-
ground Layers Manager may already be docked in the lower left corner of your
screen, its default position.

Background Layers n
O X =11k @
----- Background Layers

Right click on the Background Layers folder and select New > File.

On the Select Background dialog, browse to Lessonl.dxf in the Lessons folder
and click Open.

Click OK on the DXF Properties dialog to accept the defaults.

Click the Zoom Extents button on the top of the drawing area to zoom to the back-
ground, or select View > Zoom Extents.

Your drawing should now look like this:
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mle)
<1
Layout

10.
11.

12.
13.
14.
15.

(il I
ALIK HF 3F —,

Select the Layout tool from the Home tab. Follow the instructions below to draw
the network (see figure on page 2). Lay out the pipe network in the order shown.
Any variations can be corrected by right clicking on that element and modifying
the Label in the Properties Manager.

Move the cursor to the drawing pane, right click, and select Reservoir from the
menu

Click to place R-1 to the left of the existing water main connection.

Move the cursor to the location of pump P-1. Right-click and select Pump from
the shortcut menu. Click to place it.

COMMECT TO EXISTIMG
WATER MAIN HERE —,

Right click to select Junction from the menu and click to place J-1.
Click to place junctions J-2, J-3, and J-4.P-3, P-4, P-5 will automatically be drawn
Click on J-1 to draw P-6.

Right-click and choose Done from the menu.

P55 b
._ - =AW= LI 0L - -

Pg
F-q4

. Select the Layout tool again from the Home tab.
17.

Click on J-3. Move the cursor to the location of J-5, and click. This will insert J-5
& P-7.
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18. Right-click and select Done.

19. Select the Layout tool again from the Home tab.

20. Click on J-4. Move the cursor to the left towards the location of the PRV. Right
click to select PRV from the list of elements.

21. Click to insert PRV-1 in the appropriate location. This will insert PRV-1 & P-8.
Right click to select Junction from the list of elements.

22. Click to place junction J-6 in the appropriate location. This will insert J-6 & P-9.
Right click and select Done.

PRy

Be sure to lay out the pipes in numerical order (P-7 through P-9), so that their
labels correspond to the labels in the diagram.

23. Select the Layout tool again from the Home tab.

24. Click on J-3. Move the cursor upwards towards the location of the Tank. Right
click to select Tank from the list of elements.

25. Click to insert the tank, T-1. Pipe P-10 should connect the tank to the network if
you laid out the elements in the correct order.

T-1
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26. Your model should now look like this:

J-6
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PMP-1 ~\

27. Save the model by clicking Save = or choose File > Save.

Step 3: Enter and modify data

* Property Editor—You can use the Select tool and double-click an element to
bring up its Property Editor. In AutoCAD, click the element once with the Select
tool to open the element’s editor.

* FlexTables—You can click on FlexTables to bring up dynamic tables that allow
you to edit and display the model data in a tabular format. You can edit the data as
you would in a spreadsheet.

* User Data Extensions—The User Data Extensions feature allows you to import
and export element data directly from XML files.

* Alternative Editors—Alternatives are used to enter data for different “What If?”
situations used in Scenario Management.

Entering Data through Property Editor

8 Bentley WaterGEMS Quick Start Lessons
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To access an element’s property editor in WaterGEMS, double-click the element.

1. Open the Reservoir Editor for reservoir R-1 by double-clicking on R-1.

Properties - Reservoir - R-1 (30] n
Jee
<Show Al w | T
|F'n:||:|ert;.- Search v|p -
+  Physical A
Elevation (m)  RELAW
Zone <Mones
Hydraulic Grade Pattern  Fixed W
Elevation (m)

2. Enter the Elevation as 198.
3. Set Zone to Connection Zone.

a. Click the menu to Edit Zones which will open the Zones Manager.

b. Click New.
c. Enter a label for the new pressure zone called Connection Zone.

¥ Zones
OX B =

Label
P Connection Zone

d. Click Close.
e. Select the zone you just created from the Zone menu.
f. Close the Reservoir Property Editor.

4. Double click on tank T-1 and enter the following:
Elevation (Base) =200
Elevation (Minimum) = 220
Elevation (Initial) = 225
Elevation (Maximum) = 226
Diameter (m) = 8
Section = Circular

Bentley WaterGEMS Quick Start Lessons 9
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Set the Zone to Zone 1(You will need to create Zone-1 in the Zone Manager as
described above.)

Properties - Tank - T-1 (48)

T

<Show All=

7@, @ [w

|F‘n:||:|ert;.- Search v| o~
% (perating Range -
Cperating Range Type  Hevation
Elevation (Base) (m) 200.00
Elevation (Minimum) (m) 220.00
Elevation (Imtial) (m]) 22500
Elevation (Maxamum) (m) 226.00
Ize High Alarm? False
Usze Low Alarm? Falze
Operatonal
Controls <Collection
Physical
Elevation (m) 0.00
Zone 1 v
Yolume (Inactive) (ML)  0.00
Installation Year 1]
Section Circular
Diameter (m) 8.00 W
Zone

5. Close the Tank Property editor.

10

Bentley WaterGEMS Quick Start Lessons



WaterGEMS Quick Start Lessons

6. Double click on pump PMP-1.

a.

Enter 193 m for the Elevation.

b. Click in the Pump Definition field and click on Edit Pump Definitions from

g.

the drop-down list to open the Pump Definitions manager.

& Pump Defintsons *
[ iy - Head  Biieiemcy  Molor  Transerd Livary  Molee
Lael . Pump Defirdticn Type:

Pump Power: 0o L

Mo Resulls o Graph

Click New to create a new pump definition. Name it PMP-1.

Select Standard (3 Point) from the Pump Definition Type menu.
Right click on Flow to open the Units and Formatting menu.

Click on it and then in the Set Field Options dialog, set the Units to L/min

.Sul Field Options - Flow

Prawigw

Ve = i
Cancel

Unit Lsmin w
Help

Display Frecision: a

Foemal ke w

Click OK.

Bentley WaterGEMS Quick Start Lessons
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h. Enter the following information:

Flow Head
{L/fmiry} {m)
Shutoff: i 30.00
Design: 3,800 27.40
Max. Operating: 7,500 24,80

i.  The Pump Definitions Manager should look like

this:
& Pump Detinrbsons H
[ = O = F) - Head  Eficiersy Motor  Transerd Lbvary  Moles
L=l Pum Diefirdtion Type: Standard (3 Point) sl
FMP-1
Eﬁl Flow Head
Shutaff: i ai 30,00
Chesign: 3,800 70
Maw. Operating: 7,550 4.0
PpR-1 a
E
30,00 é
= 100.0
E zo.ma F
= [+]
2 10.00 soog
™ 2
0.00 0.0 E
1] L0000 20,000 30,000 40,000 =
Flenw (L/'mnin)
Coefficients: a = 30.00 m; b = 5.827e-004 mf{L/min)"c; c= 1.019
Cose: Help

j.  Click Close.

k. In the Property Editor, select PMP-1 from the Pump Definition menu.
1. Close the Pump’s Property Editor

7. Double click valve PRV-1 in the drawing. Enter in the following data:
Status (Initial) = Active
Setting Type= Pressure
Pressure Setting (Initial)= 390 kPa
Elevation =165 m
Diameter (Valve) = 150 mm

12

Bentley WaterGEMS Quick Start Lessons



WaterGEMS Quick Start Lessons

8. Create Zone 2 and set the valve’s Zone field to Zone-2.

Properties - PRV - PRV-1 (44) n
v Jee
<Show Al s |
|Pn:||:|ert;.- Search v|p -
w Initial Settings A
Status (Initial) Active
Setting Type Pressure
Pressure Setting (Initial) (kFPa) 350
 Dperatonal
Controls <Collection
* Physical
Elewation (m) 165.00
Inztallation Year 0
Zone2 |v
Diameter (Valve) (mm) 150.0 W
Zone

Close the PRV Property Editor.

Enter the following elevation, demand, and zone data for J-1 through J-6 through the
Junction Property Editor. Leave all other fields set to their default values

Junction | Ground Zone Demand
Elevation (I/min)
(m)
J-1 184 Zone-1 38
J-2 185 Zone-1 31
J-3 184 Zone-1 34
J-4 183 Zone-1 38
J-5 185.5 Zone-1 350
J-6 165 Zone-2 356

Bentley WaterGEMS Quick Start Lessons 13
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10.
11.

Click the ellipsis ' in the Demand Collection field to open the Demands
manager enter each value for the Demand Base Flow (L/min). You may need to
right-click on Demand (Base) column > Units and Formatting... > and set Unit to
L/min.

Demands (Junction: J-1) n

0%

D{Era”::}d Pattern
=5 [Demand)

L [ mo]emes

Close the Junction Property Editor.
Specify user-defined lengths for pipes P-1, P-7, P-8, P-9 and P-10.

Double-click pipe P-1 to open the Pipe Property Editor.

b. Set Has User Defined Length? to True. Then, enter a value of 0.01 m in the
Length field. Since you are using the reservoir and pump to simulate the
connection to the main distribution system, you want headloss through this
pipe to be negligible. Therefore, the length is very small and the diameter will
be large.

c. Enter 1000 mm as the diameter of P1.

Properties - Pipe - P-1(32) n
& Jee
<Show All= w| I
|F‘n:||:|ert;.- Search v| o~
% Physical A
Zone <Mone:
Diameter (mm) 1,000.0
Matenial Ductile Iron
Hazen-\Williams C 130.0
Has User Defined Length?  True
Length (User Defined) (m) [QRLL W
Length (User Defined) (m)

d. Change the lengths (but not the diameters) of pipes P-7 through P-10 using
the following user-defined lengths:
P-7 = Length (User Defined): 400 m

14
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P-8 = Length (User Defined): 500 m
P-9 = Length (User Defined): 31 m
P-10 = Length (User Defined): 100 m

e. Close the Pipe Property Editor.

Step 4: Entering Data through FlexTables

It is often more convenient to enter data for similar elements in tabular form, rather
than to individually open the Property Editor for an element, enter the data, and then
select the next element. Using FlexTables, you can enter the data as you would enter
data into a spreadsheet.

Bentley WaterGEMS Quick Start Lessons 15
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To use FlexTables

1. Click the FlexTables button on the Home tab or choose View > FlexTables.

FlexTables n
-X=EFEBE-D6

----- Iﬁ Tables - Hydraulic Model L

----- E Tables - Shared

[—]lﬁ Tables - Predefined

----- ] Fire Fow Mode Table

----- ]

----- ] Fushing Area Report

----- & Lateral Table

----- ] Junction Table

----- [ Tark Table

----- & Hydrant Table

----- ] Reservaoir Table

----- = Tap Table

----- ] Pump Table w

< >

2. Double-click Pipe Table. Fields that are white can be edited, yellow fields can not.
The Flextable columns have been re-ordered in the figure below.

] FlexTable: Pipe Table (MyLessonl.wtg) — O =
|'1'||[E1'|?|:’1|E’T|@, ,ﬁ,| ,|@,|ssh,
Length
Length Has User U )
Ser Start Stop | Diameter .
ID | Label | (Scaled) Defined Defined) Node Node {mm] Material
(m) Length? ]
32: P-1 32|P-1 84.48 0.01 |R-1 PMP-1 1,000.0 | Ductile Iron
34: p-2 34 |P-2 58.89 |:| 0.00 | PMP-1 J-1 152.4 | Ductile Iron
36: P-3 36 |P-3 554.23 |:| 0,00 | 1-1 12 152.4 | Ductile Iron
38: P-4 33 P-4 334,07 |:| 0,00 | 1-2 1-3 152.4 | Ductile Iron
40: P-5 40 |P-5 522,92 |:| 0.00 | 1-3 14 152.4 | Ductile Iron
41: P-& 41 |P6 340,76 |:| 0.00 | 1-4 J-1 152.4 | Ductile Iron
43: P-7 43 |P-7 112.05 400.00 |1-3 J-5 152.4 | Ductile Iron
45: P-8 45 |P-8 90.75 500,00  1-4 PRV-1 152.4 | Ductile Iron
47: P-9 47 |P9 56.09 31.00 |[PRV-1 15 152.4 | Ductile Iron
49: P-10 | 49 |P-10 98.29 100,00 | 1-3 T-1 152.4 | Ductile Iron
£ >
10 of 10 elements displayed
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3. Enter the pipe diameters as shown in this table:

Pipe Material |Diameter
(mm)
P Ductile lron 1000
P-2 Ductile lron 180
P-3 Ductile lron 150
P-4 PVC 150
P-5 Ductile lron 180
P& Ductile lron 150
P-7 PVC 180
F-a Ductile lron 180
P-g Ductile lron 150
P10 Ductile lron 150

4. To enter the pipe material type for P-4 & P-7, click the appropriate pipe material
cell, then click the ellipsis to open the Engineering Libraries. Expand Material
Libraries > Material Libraries.xml, click PVC, then click Select

& Engineering Libraries X
= %) |

..... ; Grouted riprap A || »  <Geneml>

----- L Jute net Engineering Reference G 09620F57-afeb-4c3d-beg

..... = Matural stream, clean C:\Program Data“Bertley

----- = Matural stream, story notes  Matenal Properbes

----- [| Natural stream, weedy PVC

..... ] Young's Modulus, Poissc

----- [| Riveted steel {new. rough) 0.010

----- :| Riveted steel {new, smooth) 0.010

..... = Fock cut 150.0

..... = Rock riprap, 150 mm (6 in) D50 0.0000

----- :| Rockriprap, 300 mm (12in) D50 3,300,000

< > 450
Select Close Help

Bentley WaterGEMS Quick Start Lessons 17
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Notice that the C values for the pipes will be automatically assigned to preset values
based on the material; however, these values could be modified if a different coeffi-
cient were required.

5. Leave other pipe data set to default values. Close the Pipe Flex Table and Property
Editor when finished.

] FlexTable: Pipe Ta...  — O x
SRR F| e #n|B -
Diameter . Hazen-Wiliams
] Material c
32: P-1 1,000.0 | Ductile Iron 130.0
34: p-2 150.0 | Ductile Iron 130.0
36: P-3 150.0 | Ductile Iron 130.0
38: P-4 150.0 | PVC 150.0
40: P-5 150.0 | Ductile Iron 130.0
41: P-& 150.0 | Ductile Iron 130.0
43: P-7 150.0 150,0
453: P-8 150.0 | Ductile Iron 130.0
47: P-9 150.0 | Ductile Iron 130.0
49: P-10 150.0 | Ductile Iron 130.0
£ >
10 of 10 elemerts displayed

Step 5: Run a Steady-State Analysis

1. Click Analysis > Options to open the Calculation Options manager.

2. Double-click Base Calculation Options under the Steady-State/EPS Solver
heading to open the Property Editor. Make sure that the Time Analysis Type is set
to Steady State.

* (Calculabon Times ~
Simulation Start Date 11,2000
Time Analysis Type Steady State
|Ise simple controls during 5 True
|z EFS Snapshot? False
Start Time 12:00:00 AM W

3. Close the Property Editor and the Calculation Options manager..
4. Click Analysis > Validate, then click Ok if no problems are found.

18
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5. Click Compute on the Home or Analysis tabs to analyze the model.

6. When calculations are completed, the Calculation Summary will open. A blue
light is an informational message, a green light indicates no warnings or issues, a
yellow light indicates warnings, and a red light indicates issues.

7. Close the Calculation Summary dialog.

8. Save your file

Bentley WaterGEMS Quick Start Lessons 19
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Extended Period Simulation

This lesson will illustrate how to model a water distribution system over time using
the extended period simulation (EPS) calculation engine and by adding demand
patterns to junctions. An EPS can be conducted for any duration you specify. System
conditions are computed over the given duration at a specified time increment. Some
of the types of system behaviors that can be analyzed using an EPS model include
how tank levels fluctuate, when pumps are running, whether valves are open or
closed, and how demands change throughout the day.

Opening the existing Hydraulic Model

This lesson is based on the Hydraulic Model created in Building a Network and
Performing a Steady-State Analysis. If you have not completed it, then open the
Hydraulic Model Lesson2.wtg from the Lessons directory. If you completed Lesson
1, then you can use the MyLessonl1 file you created.

1. Open MyLessonl.wtg. (or Lesson2.wtg)

Click OK to the message dialog that comes up about CONNECTED Projects

After you have opened the file, choose File > Save As.

Enter the filename MyLesson2 and click Save.

A

Choose File > Hydraulic Model Properties, and change the Title to Lesson 2—
Extended Period Simulation.

Hydraulic Model Properties =

Tidle |L¢:<:=-:ln ¢ = Edended Perod Simulation [
File Mame: |1uda Suarez’Documents' Bentley WaterGEM S MylLesson 2 wig

Engineer: |‘|"u:-ur name

Company |‘ﬁ:uur COmpany

Dzl 5 TME [

MNotes

[ oK | Comel | heb

6. Click OK.
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Step 1: Creating Demand Patterns

Water demand in a distribution system fluctuates over time. For example, residential
water use on a typical weekday is higher than average in the morning before people
leave for work, and is usually highest in the evening when residents are home and
preparing dinner, washing clothes, etc. This variation in consumption over time can be
modeled using demand patterns. Demand patterns are multipliers that vary with time
and are applied to a given base demand, most typically the average daily demand.

In this lesson, you will be dividing the single fixed demands for each junction node in
Lesson 1 into two individual demands with different demand patterns. One demand
pattern will be created for residential use, and another for commercial use. You will
enter demand patterns at the junction nodes through the junction's property editor.

1. Open the Property Editor for Junction J-1 (double-click junction J-1) and click the
ellipsis in the Demand Collection field to open the Demands box.

Demands (Junction: J-1) n

01X

Demand Pattern

{{LB,.’anfii}}ll [Demand)

L [ o0

2. By default, the demand pattern is set to Fixed. Enter 23 1/min for Flow. (If field
already has a number from previous lesson, type over it.)

Demands (Junction: J-1) n

[0 X

Demand (Base) Pattern
(L/min) (Demand)

1 25.00 | ST - [

Bentley WaterGEMS Quick Start Lessons 21
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3. Click in the Pattern (Demand) field and click the ellipsis to open the Patterns
manager.
E Hatiems O
| 1 - Paitem Librasy Moles
T | Hydrauiic Saart Time: 2.00:00 &

i Corstiuent
= Fump Starting Multipliar 0.000
5 Resarvor Patiern Format:
1 Valve Sellings
{1 Valve Relstivs Oosure Houly Dy Factors  Monthiy Factors
I Opersboral (Transie Valve]
= Operatiorsal (Transient. Fump) ————
I3 Operational (Transient. Turbine) fme fam bl ey
) Fower Usage thaurs)

4 ¥

o

4. Highlight the Hydraulic folder and click New to create a hydraulic pattern.
a. Rename the new pattern Residential.
b. Leave the Start Time 12:00:00 AM.
c. Enter 0.5 as the Starting Multiplier.
d. In the Pattern Format menu select Stepwise.

The resulting demand pattern will have multipliers that remain constant until
the next pattern time increment is reached.

Note that the multiplier for the last time given (24 hrs.) must be the same as
the Starting Multiplier (0.5). These values are equal because the demand
curve represents a complete cycle, with the last point the same as the first.

e. Under the Hourly tab, enter the following times and multipliers:

g't:‘r‘t’ from | Multiplier
3 4

6 1

9 1.3

12 1.2

22
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15 1.2
18 1.6
21 .8
24 5

f. The Residential Pattern should look like the following:

v Patterns

OXBe=g e

E= Hydraulic

- Constituent

) Pump

- Reservoir

- Valve Settings

- Valve Relative Closure
- Operational (Transient, Val
- Operational (Transient, Pu
- Operational (Transient, Tw
- Power Usage

O >
Pattem library Motes
Start Time: [120000AM  |&]]
Starting Multiplier: |0.500 |
Pattern Format: Stepwise v
Houty Daily Factors  Monthly Factors
Time from Start . ]
thours) Multiplier
B 18,000 1.600
F) 21.000 0.800
8 24,000 0.500 | .,

Hourly Hydraulic Pattern
Residential

1.500

|_I_

1.000

Multiplier

0.500 ==y

0.000 5.000 10.000 15.000 20,000
Time (hours)

Close Help

5. Highlight the Hydraulic folder again and click New to create a new pattern for

commercial demands.

a. Rename the new pattern Commerecial.

b. Leave the Start Time 12:00:00 AM.

c. Enter 0.4 as the Starting Multiplier.

Bentley WaterGEMS Quick Start Lessons
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d. In the Pattern Format menu select Stepwise.

e. Under the Hourly tab, enter the following times and multipliers:

;‘g‘: from | Multiplier
3 6

6 8

9 1.6

12 1.6

15 1.2

18 8

21 6

24 4

24 Bentley WaterGEMS Quick Start Lessons
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f. The Commercial Pattern should look like the following:

[u] Patterns O >
% [y =1 &~ Pattem Library Notes
) Hydraulic Start Time: [12:00:00 AM :
..[n7] Residertial
‘...[ru] Commercial Starting Multiplier: |ﬂ.4{H]
=) Constituent Pattern Format: Stepwise w
{2 Reservoir Houry  Daily Factors Monthly Factors
~{=1 Valve Seftings [ =
- Valve Relative Closure
~{=1 Operational (Transient, Valve ﬂme{hitTg}SErt Multiplier ”
{7 Operational (Transient, Pump
{7 Operational (Transient, Turbir o 21.000 0.500
{1 Power Usage 8 24,000 |  0.400 .
Hourly Hydraulic Pattern
Commercial

E 1.500

2 1,000

E _|_l_

= 0.500

0.000 10.000 20.000

< 3 Time (haurs)

Close Help

6. Click Close.
7. Back in the Pattern field, for J-1 select Residential from the menu.

8. In the second row, enter a flow of 15 I/min and select Commercial as the pattern
for this row.

Demands (Junction: J-1) n

[1X

Demand (Base) Pattern
(L /mir) (Demand)
1 23.00 |Residential

15.00 |Commercial

9. Close the Demands dialog box.

Bentley WaterGEMS Quick Start Lessons 25



>

Extended Period Simulation

10. Close the J-1 Property Editor.

11. Enter the following demand data for the remainder junctions using the Residen-
tial and Commercial demand patterns already created.

Resdential (Commercial :
Junction | Demand Demand
fimin} 1/minj
J-2 23 g
J-3 23 11
J-4 23 15
J-5 350 P,
J-E 280 TE

12. You can easily enter this data by using the Demand Control Center in Compo-
nents > Demand Center > Demand Control Center.

13. If you receive a message about cancel and undo not being available for the
Demand Control Center, click Yes to continue.

2

Demand Control Center

Cancel and undo support are unavailable for the demand control center.

Are you sure you want to continue?

[ ] Do not prompt again Yes No

14. Enter the demand and corresponding pattern for each of the junctions. To enter a
second demand for a junction, select the desired junction’s label in the table and
click the down arrow next to New and select Add Demand to Element (J-#) as

needed.

Dernand Control Center

DX Bl & ~@|#

@ w ;’ -
Add Demand to Element (J-2)
Add Dermands...

Initialize Dernands for All Elements
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15. When you are done, the Demand Control Center will look like this:

WaterGEMS Quick Start Lessons

Demand Control Center O >
O~-%| Bl CHE TN R A
Junctions  Hydrants Tanks Surge Tanks  Customer Meters
Demand (Base) Pattern

ID | Label i) Demand) Zone
1 35 1-2 23.00 |Residential Zone 1
2 3713 23.00 |Residential Fone 1
3 3914 23.00 |Residential Fone 1
4 47 | 1-5 350.00 |Residential Fone 1
5 45 | 16 280,00 |Residential Zone 1
6 [33]1 23.00 | Residential Zone 1
7 33 |1-1 15.00 | Commerdial Zone 1
a8 35 1-2 8.00 | Commercial Fone 1
9 37|13 11.00 | Commercial Zone 1
10 39|14 15.00 | Commercial Zone 1
11 45 | 16 76.00 | Commerdial Fone 1

Close Help

16. Now you will set up an additional demand pattern to simulate a three-hour fire at

node J-6.

Highlight the label J-6 and click New > Add Demand to Element (J-6)

b. Enter a Demand (Base) of 2000 I/min.

c. Click the Pattern column and select the ellipsis button to open the Patterns
Manager.

o

= @ oo

Select the Stepwise format.

Rename the new pattern 3-Hour Fire
Leave the Start Time 12:00:00 AM
Enter 0.00 as the Starting Multiplier.

Highlight the Hydraulic folder, then click New to create a new pattern.

Bentley WaterGEMS Quick Start Lessons
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.

j-

Under the Hourly tab, enter the following times and multipliers:

;'t:‘r‘t’ from | Multiplier
18 1
21 0
24 0

After you have filled in the table, look at the Graph in the lower section of the
Patterns manager.

Patterns

OXBe=B e

L:J{El Hydraulic
tfru] Residential

-1 Constituent

iy Pump

-{=h Reservair

- Valve Settings

- Valve Relative Closure
- Operational (Transiert, Val
- Operational (Transiert, Pu
-{= Operational (Transiert, Tw
-1 Power Usage

O et
Pattem  Library Motes
Start Time: [1200:008M |5
Starting Multiplier: |0.000
Pattern Format: Stepwise o
Houry Daily Factors  Monthly Factors
Time from Start . ]
thours) Multiplier
18.000 1.000
2 21.000 | 0.000
3 24,000 0.000| .,
Hourly Hydraulic Pattern
3-Hour Fire
w 1.000
=
2 0.500
=
£ 0.000
0.00o0 10.000 20.000

Time (hours)

Close Help

The value of the multiplier is zero, except for the period between 18 and 21
hours, when it is 1.0. Since the input the demand as 2000 I/min., the result will
be a 2000 1/min. fire flow at junction J-6 between hours 18 and 21.
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k. Click Close.

17. Select the new pattern, 3-Hour Fire, from the Pattern (Demand) selection box.

Demand Control Center O >
O~X|Bl&~-@ || 6~ s~
Junctions  Hydrants Tanks Surge Tanks Customer Meters
Demand
D Label = (Base) {E:Ent:::-.l] Zone
(L frmir}

i 3311 23.00 |Residential Fone 1
2 33 (11 15.00 | Commercial Zone 1
3 35 1-2 23.00 |Residential Fone 1
4 35 1-2 8.00 | Commerdial Fone 1
5 3713 23.00 |Residential Fone 1
] 37|13 11.00 | Commercial Zone 1
7 39 14 23.00 |Residential Fone 1
] 39|14 15.00 | Commerdial Zone 1
g 42 | 1-5 350,00 |Residential Fone 1
10 45 (16 280.00 | Residential Zone 1
11 45 |16 76.00 | Commerdial Fone 1
12 46 |16 2,000,00 | 3-Hour Fire Zone 1

SORTED

Close Help

18. Close the Demand Control Center.

Bentley WaterGEMS Quick Start Lessons

29
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Step 2: Running an Extended Period Simulation (EPS)

1. Go to Analysis > Options to open the Calculation Options dialog.

2. Double-click Base Calculation Options under Steady State/EPS Solver to open
the property editor and select EPS from the Time Analysis Type menu

Properties - Calculation Options - Base Calculati... n

B Jee

<Show All=
|F‘n:u|:uert;- Search v| = R
~ Calculaton Times ~

Simulation Start Date 1/1/2000
Time Analysis Type EPS e
Start Time 12:00:00 AM
Dwration (hours) 24.000
Hydraulic Time Step (hours) 1.000
Reporting Time Step <All= W

3. Click Analysis > Validate, then click Ok if no problems are found.
4. Click Compute on the Home or Analysis tabs to analyze the model.

5. The Calculation Summary opens.

% Calculation Surnmary (1: Base) >
B Ew e

Time thours) Balanced? Thals Relative Fow Change  Fow Supplied (L/min}  How Demanded (L/min) *
© Al Time Steps(26)  True 74 0.0004717 1.075 1,038
©oo00 True 5 0.0000003 1,090 41
Q100 True 3 0.0000734 922 411

i R True 5 0.0000110 411 411
Q200 True 1 0.0000001 41 41
X0 True 3 0.00008438 364 364
Q400 True 1 0.0000007 364 kB4,
£ >

Information  Status Messages Trals  Intra-Trial Status Messages  Run Statistics

Time Step Bement [0 Message

£ >

Show this dialog after Compute
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6. Close the Calculation Summary.

7. When there are errors or warnings then the User Notifications dialog box opens. A
blue light is an informational message, a yellow light indicates warnings, and a
red light indicates issues.

U=zer Motifications n

@ User Notfications  Alerts and Alarms

HER® %-@

Message |d  Scenaro  Element Type EHement... Label  Time (hours) Message L
[ 140022 Base Tank 48 T1 1310 Tank T-1is full.

o 40022  Base Tank 43 2000 Tank T-1is full.

o 40022  Base Tank 43 T 3000 Tank T-1is full.

o 40022 Base Tank 43 T-1 4000 Tank T-1is full.

© 20022 Base Tank 43 T-1 5000 Tank T-1isfull. .,
£ >

8. Close the User Notifications dialog box and other open dialogs.

9. Click Save or choose File > Save to save the Hydraulic Model.
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Scenario Management

One of the many Hydraulic Model tools in Bentley WaterGEMS is Scenario Manage-
ment. Scenarios allow you to calculate multiple “What If?” situations in a single file.
You may wish to try several designs and compare the results, or analyze an existing
system using several different demand alternatives and compare the resulting system
pressures.

A scenario is a set of Alternatives, while alternatives are groups of actual model data.
Scenarios and alternatives are based on a parent/child relationship where a child
scenario or alternative inherits data from the parent scenario or alternative.

In Lessons 1 and 2, you constructed the water distribution network, defined the char-
acteristics of the various elements, entered demands and demand patterns, and
performed steady-state and extended period simulations. In this lesson, you will set up
the scenarios needed to test four “What If?” situations for our water distribution
system. These “What If?” situations will involve changing demands and pipe sizes. At
the end of the lesson, you will compare all of the results using the Scenario Compar-
ison tool.

Opening the existing Hydraulic Model

This lesson is based on the Hydraulic Model created in Extended Period Simula-
tions. If you have not completed it, then open the Hydraulic Model Lesson3.wtg from
the Lessons folder. If you completed Lesson 2, then you can use the MyLesson?2 file
you created.

1. Open MyLesson2.wtg (or Lesson3.wtg)

Click OK to the message dialog that comes up about CONNECTED Projects.
After you have opened the file, choose File > Save As.

Enter the filename MyLesson3 and click Save.

A

Choose File > Hydraulic Model Properties, and change the Title to Lesson 3—
Scenario Management.

Hydraulic Model Properties >

Title: |Lessc:n 3 — Scenario Management |

File Name: [3entley’\New\Quick Starts\WaterGEMS lessons'\MyLesson3.wtd|

Enginesr: |Y|::ur name |

Company: |Y|::ur COMpany |
Date: ERZTNERS
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6. Click OK.

Step 1: Create a New Alternative

First, you need to set up the required data sets, or alternatives. An alternative is a
group of data that describes a specific part of the model.

There are fifteen alternative types:

Alternatives n

D = |:|§+ =§- g
R[] Active Topology

IE User Data Extensions

IE Physical

IE Demand

IE Initial Settings

IE Operational

- Age

E Constituent

- Trace

E Fire: Flow

#-[5] Energy Cost

E Pressure Dependent Demand
IE Transient

#-{Z] Failure History

[ SCADA

In this example, you need to set up different physical and demand alternatives for each
design trial you want to evaluate. Each alternative will contain different pipe sizes or
demand data.

In Bentley WaterGEMS, you create families of alternatives from base alternatives.
Base alternatives are alternatives that do not inherit data from any other alternative.
Child alternatives can be created from the base alternative. A Child alternative inherits
the characteristics of its parent, but specific data can be overridden to be local to the
child. A child alternative can, in turn, be the parent of another alternative.

1. Choose Analysis > Alternatives.

2. Expand the Demand alternative. The Base Demand alternative contains the
demands for the current distribution system.
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3. Change the default demand name.
a. Select Base Demand, then right click to rename it.

b. Enter the new name, Average Daily with 2000 I/min. Fire Flow.

Alternatives n
OXEhEE=EBFF O
E Active Topology -~
IE User Data Extensions

Physical

E Cemand
----- E— Average Daity with 2000 |/min. Fire Fow

||=|_| Initial Settings b

I
I
EI
I

c. Double-click on the alternative to open the Demand Alternative manager.

E‘ Demand : Average Daily with 2000 |/min. Fire Flow (MyLesson3.wtg) — O =
CE e
[ Junction [ Hydrart [] Tank [ ] Surge Tank [ Customer Meter
i Demands i P
D | Label | Demand Collection Lnit Den_'land Unit Demands  Custor
Collection D x
33:1-1 3311 <Collection: 2items=> | <Collection: 0 items=
35:3-2 35(31-2 < Collection: 2items> | <Collection: 0 items > Demand {(Base) | Pattern
37: 1-3 37 33 | <Collection: 2items> | <Collection: 0 items = {L/min} (Demand)
39: 14 33 14 | <Collection: 2items> | <Collection: 0 items> | |1 23.00 | Residential
42: 3-5 4215 | «Collection: 1item> | <Collection: 0items> | |2 15.00 | Commerdal
46: J-6 45 (16 <Collection: 3items> | <Collection: 0 items > -
* |¢| =Basedata [w] =Local data [] =Inhernited data

4. Close the Demand Alternative Manager.
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5. Now you should add a child of the Average Daily with 2000 I/min. Fire Flow
alternative, because the new alternative will inherit most data. Then, you can
locally change the data that you want to modify. You will modify the existing

demand data by increasing the fire flow component at node J-6 from 2000 1/min.
to 4000 I/min.

a. Inthe Alternatives manager, right-click the Average Daily with 2000 I/min.
Fire Flow alternative, then select New > Child Alternative.
EI|-I=_|E| Demand |

-I[5) It New > Child Alternative

m = Fime

b. Highlight the new alternative and click Rename. Enter a label of 4000 1/min
Fire Flow for the new Alternative.

Alternatives n
X BEE=IEET Y 0

E Active Topology ~
IE lUser Data Extensions

IE Physical

EI|_|_§_| Demand

! =-[#% Average Daily with 2000 |/min. Fire Flow

. 4000 |/min Fire Flow v

c. Double-click to open the Demand Alternatives editor for the new alternative
which shows the data that was inherited from the parent alternative (Empty
check box next to ID)

[=¢ Demand : 4000 |/min Fire Flow (MyLesson3.wtg) — O >
ey v b @

[ Junction [ Hydrant [7] Tank [] Surge Tank [T] Customer Meter

| * |ID | Label | Demand Collection Demands  Unit Demands |*|*
33:31 ¢ [] { 33|31 |<Collection: 2items> M X
35: 3-2 [] | 35|12 <Collection: 2 items >
37:33 | [ | 37|33 | <Collection: 2items> Demand Pattern
39:34 | [] | 39|14 | <Collection: 2items> {{anf;}} (Demand)
42:3-5 | [] | 42|35 |<Collection: 1item 1 Residential
46:3-6 | [ | 46|16 | <Collection: 3items> | |5 15.00 | Commerdial
£ >
* |w| =Basedata [w] =Local data [] =Inhented data

If you change any data, the check box will become selected because that record is now
local to this alternative and not inherited from the parent.
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6. Click in the Demand Collection column for node J-6. Change the 2000 1/min. fire

demand to 4000 I/min.
[=¢ Demand : 4000 I/min Fire Flow (MyLessen3.wtg) — O >
et -B @
] Junction [ Hydrant [] Tank [] Surge Tank [ Customer Meter
* | ID | Label | Demand Collection Demands Unit Demands Custome| * | *
33: -1 (]| 33[11 <Collection: 2 items = D X
35:1-2 ] | 35|12 < Collection: 2items >
37:33 | [] | 37|33 | <Collection: Zitems> Demand (Base) Pattern
32:34 | [] | 39|14 | <Collection: 2items> 2L ) D]
: : 1 280,00 | Residential
472: 1-5 [] | 42|15 | <Collection: 1item= :
e . . 2 756,00 | Commercial
< Collection: 3 items > -
3 4,000.00 { 3Hour Fire
=
L4 >
* || =Basedata [w] =Local data [] =Inhented data

7. Close to exit the Demand Alternative Editor.

8. Close the Alternatives Manager
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Step 2: To create and edit Scenarios

Alternatives are the building blocks of a scenario. A scenario is a set of one of each of
the types of alternatives, plus all of the calculation information needed to solve a
model.

Just as there are base, parent, and child alternatives, there are also base, parent, and
child scenarios. The difference is that instead of inheriting model data, scenarios
inherit sets of alternatives. To change the new scenario, change one or more of the new
scenario’s alternatives. For this lesson, you will create a new scenario for each
different set of conditions you need to evaluate.

1. Choose Analysis > Scenarios to open the Scenario Manager.

Scenarios n

(- =] - 2 58 B E |ESearch @

There is always a default Base Scenario that is composed of the base alternatives.
Initially, only the Base is available, because you have not created any new
scenarios.

2. Rename the Base Scenario to 2000 1/min., 3-hour Fire Flow at J-6 (EPS).
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3. Create a child scenario from the existing base scenario to incorporate the new
demand alternative.

a. Right-click on the 2000 I/min., 3-hour Fire Flow at J-6 (EPS) scenario and
select New > Child Scenario.

b. Enter a scenario name of 4000 I/min. Fire Flow at J-6 (EPS). Double-click
the scenario to open the Property Editor for the scenario.

Properties - Scenario - 4000 |/min. Fire Flow at J-6 (EPS) (59 ﬂ

| 7@ o [ ]

«Shaw Al
Property Search vl O -
w  <henera> -
59
IE= 0040 | min. Fire: Flowr at J-6 (EFS)
Holes
w  Altemalives
Active Topology <> Bame Active Topalogy
Ptryscal «|» Bame Phrysical
Demand <|» Awernge: Daty with 2000 |/min_ Fire Fc
Initizl Settings == Base Intisl Settings
Operational <= Base Operations]
Pge <> Bame Age
Constituent <|» Base Constituent
Trace | Base Troce
Fire Flow z|= Base Fire Aow
Energy Cost <= Base Enengy Cost
Transiant <> Bame Transient
Prezswre Dependent Demand  <I> Base Pressure Dependent Demand
Failure History <|> Base Failure History
SCADA zl= Base SCADA

Uzer Data Extenzions
=~ Calculabon Opsons
Calculation Options Label

Label

<= Base Ueer Data Exdensions

<|» Base Caloulation Options v

The new scenario lists the alternatives as inherited from the base scenario.
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4. Your new Child Scenario initially consists of the same alternatives as its parent
scenario. Set the Demand Alternative to the new alternative you created, 4000 I/
min. Fire Flow.

a. Click in the Demand Alternative field

b. From the menu, select the 4000 I/min. Fire Flow alternative.

Properties - Scenario - 4000 I/rin. Fire Flow at 1-6 (EPS...B

| 7@ @ [ ]

<Show All=
|Pn:||:|ert;.- Search " | 0~
v  <General> L]
59
4000 | /min. Fire Flow at J-6 (EFS)
Motes
+  Altematives
Active Topology <> Base Active Topology
Physical <> Base Physical
40001/min Fire Flow vl v
Demand

Now the demand alternative of the new child Scenario is no longer inherited
from the parent scenario, but is local to this scenario.

c. Close the Property Editor.
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Step 3: To calculate both of the scenarios using the Batch Run tool

1. In the Scenario Manager, click the down arrow next to Compute and Select
Batch Run

SCenarios n

D' x =l ~| [ D -3 =§+ B ESearch Q
= 20001/ Scenario FS}
O validate
Hierarchy:...
Children...
Batch Run...

2. Select both check boxes next to the scenario names in the Batch Run dialog.

Batch Run >

Label Analysis Type
2000 |/min., 3-hour Fire Flow at J-6... EPS
4000 I/min. Fire Flow at J-6 (EPS) EPS

Batch Select = Close Help

3. Click Batch.
4. Click Yes at the prompt to run the batch for two scenarios.

5. After computing finishes, click OK.

Step 4: To create a Physical Alternative

You need to further examine what is going on in the system as a result of the fire flow,
and find solutions to any problems that might have arisen in the network as a result.
You can review output tables to quickly see what the pressures and velocities are
within the system, and create new alternatives and scenarios to capture your modifica-
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tions. Notice that in the 4000 l/min. Fire Flow at J-6 scenario, pressure at J-6 drops
below vapor pressure for the entire duration of the fire flow (18-21hrs) indicating that
such high flow could not be supplied. We will try to increase pipe sizes for P-8 and P-
9 to 200 mm.

1.

1.

1.

2.

A new physical alternative will be created to contain the new pipe sizes. Click
Analysis > Alternatives. Under Physical, highlight Base Physical. Right click
and select New > Child Alternative.

Rename the new Child Alternative P-8 and P-9 Set to 200 mm.

Alternatives n
OXBE=E=IBEFTE O
E Active Topology A
IE User Data Extensions

=+l Physical

EI@- Base Physical
BRI P-8 and P-9 Set to 200 mm v

Double-click the newly created physical alternative to open the Physical alterna-
tive editor.

In the Pipe tab for this Alternative, change the diameter for pipes P-8 and P-9 to
200 mm.

=€ Physical : P-8 and P-9 Set to 200 mm (MyLesson3.wtg) — O >
L w By v (7]
1 Pipe & lateral [7] Junction < Hydant [7] Tank [T Reservoir & ElIlI‘
i Diameter - Hazen-Wiliams | Darcy-Weisbach e
Material ] Manning's n C m)
32: -1 Ductile Iron 1,000.0 0.012 130.0 0.0003
34: P2 Ductile Iron 150.0 0.012 130.0 0.0003
36: P-3 Ductile Iron 150.0 0,012 130.0 00,0003
38: P-4 PVC 150.0 0.010 150.0 0.0000
40: P-5 Ductile Iron 150.0 0.012 130.0 0.0003
41: P& Ductile Iron 150.0 0.012 130.0 0.0003
43: P-7 PYC 150.0 0,010 130.0 0,0000
Ductile Iron
Ductile Iron
49: P-10 Ductile Iron 150.0 0.012 130.0 0.0003
£ >
* || =Basedata [w] =Local data [] =Inhernited data

3. Close the alternative editor dialog.
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4. Create a new scenario having the new physical alternative with the pipe sizes for
P8 and P-9 increased to 200 mm.

5. Choose Analysis > Scenarios.

d. Select 4000 I/min. Fire Flow at J-6 (EPS) in the list of Scenarios.

c.

Right click to select New > Child Scenario.

f. Name the new Scenario P-8 and P-9 Set to 200 mm.

j-

SCENarios n
[ X =1 - [ St & & |Fgs5earch @

EI{E| 2000 1/min ., 3hour Fire Fow at J-6 (EPS)
EHEZ. 4000 1/min. Fire Flow at J-6 (EFS)

Double click scenario P-8 and P-9 Set to 200 mm to open the Property Editor
for the scenario. Click Physical and select the P-8 and P-9 Set to 200 mm
alternative.

v  Altematives
Active Topology <> Base Active Topology
P-8 and P-3 Set to 200 mm v
Demand <l= 4000 |/min Fire Flow

Close the Property Editor to return to the Scenarios Manager.

Highlight the P-8 and P-9 Set to 200 mm scenario and right click to Make
Current. A red check mark on the scenario’s icon indicate that this is the
current scenario.

Click Compute to run the Scenario.

6. Close the open boxes and save the model.
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Reporting Results

An important feature in all water distribution modeling software is the ability to
present results clearly. This lesson outlines several of Bentley WaterGEMS reporting
features, including:

* Element Tables (FlexTables), for viewing, editing, and presentation of selected
data and elements in a tabular format.

* Profiles, to graphically show, in a profile view, how a selected attribute, such as
hydraulic grade, varies along an interconnected series of pipes.

* Contouring, to show how a selected attribute, such as pressure, varies throughout
the distribution system.

* Element Annotation, for dynamic presentation of the values of user-selected
variables in the plan view.

* Color Coding, which assigns colors based on ranges of values to elements in the
plan view. Color coding is useful in performing quick diagnostics on the network.

* Reports, which display and print information on any or all elements in the
system.

For this lesson, you will use the file from the Scenario Management lesson, saved as
MyLesson3.wtg in the Lessons folder. If you did not complete this lesson, you may
use the file Lesson4.wtg.

To open the existing Hydraulic Model

Open MyLesson3.wtg (or Lesson4.wtg).
Click OK to the message dialog that comes up about CONNECTED Projects.
Select File > Save As.

Enter the filename MyLesson4, and click Save.

A S

Select File > Hydraulic Model Properties, and change the Title to Lesson 4 -
Reporting Results.

Hydraulic Model Properties >

Title: |Lessu::n 4 - Reporting Results |

File Name: | C\Users'\Angela. Suarez Documents' Bentley MNew \Quick Starts' |

Enginesr: |Your name |

Company: |Your company |
Date: | o 82016 [~ |
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FlexTables

When data must be entered for a large number of elements, clicking each element and
entering the data can be time consuming. FlexTable fields can be changed using the
global edit tool, or filtered to display only the desired elements. Values that are entered
into the table will be automatically updated in the model. The tables can also be
customized to contain only the desired data. Columns can be added or removed, and
the order in which they appear can be rearranged.

FlexTables are dynamic tables of input values and calculated results. White columns
are editable input values, and yellow columns are non-editable calculated values.
When data is entered into a table directly, the values in the model will be automati-
cally updated. These tables can be printed or copied into a spreadsheet program.

Global Edit and Filtering are very useful tools. For example, if you decide to evaluate
how the network might operate in five years. Assume that the C factor for 5-year old
ductile iron pipe reduces from 130 to 120. It would be repetitive to go through and edit
the pipe roughness through the individual pipe Property Editors, particularly when
dealing with a large system. Instead, you will use the filter tool in this example to filter
out the PVC pipes, and then use global edit tool to change the pipe roughness on the
ductile iron pipes only.

To use Global Edit and Filtering

1. Setup anew Alternative and Scenario to capture the changes to the C values.

a. Click Analysis > Alternatives. Highlight the P-8 and P-9 Set to 200 mm
Physical Alternative and click New Child Alternative.

o

Rename the new Alternative 5-yr.-old D.I.P.

Close the Alternatives manager.

e o

Choose Analysis > Scenarios.
Select the P-8 and P-9 Set to 200 mm scenario.
Right click and select New > Child Scenario.

Rename the new scenario 5-yr.-old D.L.P.

5 oo

Double-click the new scenario to open the Property Editor. Change the Phys-
ical alternative to 5-yr.-old D.L.P.

i.  Close the scenario manager.
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Properties - Scenario - 5-yr.-old D.LP. (63) n

| v| @ @ [ ]

<Show Al

|F'n:u|:uert;.- Search w | o~

v  Altemahves ~
Active Topology <|>= Base Active Topology

(Physical L LR v

Demand <|= 4000 |/min Fire Flow W
Physical

2. Choose View > FlexTables > Pipe Table.

3. Right-click the Material column and choose Filter > Custom from the menu.

4. The query builder opens.

# Cuery Builder - Pipe

Fields > e Unique Yalues

Label ~ Inique Values

% ls Open? = < || Lke
Label PVC

| Length (m) > s= | | And

| Length (30} {m)

| Length (Scaled) {m) < <= Or

| Length (User Defined) {m)

| Length Adjustment () % O

| Length Adjustment Percent (%)

j Manning's n

| Material

|| Minor Loss Coefficient (Derived) ¥

F=NEL [] Validate on OK

Physical_PipeMateral = "Ductile Iron”

cors

8 of 10 elements retumed

Help
VALIDATED

a. Double-click on Material.

b. Click the = equal sign.

Bentley WaterGEMS Quick Start Lessons
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~y
c. Click ™ to select the Unique Values for Material
d. Double-click Ductile Iron.

e. Click Apply , then Click OK.

f. Click OK to exit the query builder.

5. Use the Global Edit tool to modify all of the roughness values in the table.
a. Right-click the Hazen-Williams C column and select Global Edit.
b. Select Set from the Operation list.
c. Enter 120 into the Global Edit field.

Global Edit >
Operation: Set W
Value: |12'|]'|
WHERE: Physical_PipeMaterial = ‘Ductile Iron'

o

d. Click OK. All of the values are now set to 120.

6. To deactivate the filter, right-click on any column header and click Filter > Reset
from the menu. Click Yes to reset the filter.
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7. You may also wish to edit a table by adding or removing columns.

£

a. Click Edit to open the table editor.

Table : Pipe Table >
Table Type: Fipe
Available Columns: 155 3 Selected Columns: 15
Label ~ - Label ~

Age (Caleulated) ? D
Age (Maxdmum) - j Label
Age (Minimum) Length (Scaled)
Age (Start) Remove j Has User Defined Length?
Age (Start) (Maximum) j Length (User Defined)
Age {Start) (Minimum) < | Start Node
Age (Stop) j Stop Mode
Age (Stop) (Maximurm) = || Diameter
Age (Stop) (Minimurm) | Material w
Air and Vapor Pocket Yalues o~
Bir Vel i (Mlzvir i Transiantl N e

Cancel Help

b. Scroll through the list on the left to view the types of data available for place-
ment in the table. You can select an item to add or remove from the table.

Add Remaove
= =
F Lo

c. You can adjust the order in which the columns will be displayed by using the

2| [¥

arrows below Selected Columns

d. Click Ok to save your changes or Cancel to exit the table without making
changes.

8. Close the table.
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9. Choose Analysis > Scenarios > Compute Scenario > Batch Run.

@ B 38T E |FSearch @

Scenarios
O-X =t
= 2000 147 Scenario
S5 400 yalidate
EI{EI
""" Hierarchy...
Children...
Batch Run...

FS)

10. Check 5-yr.-old D.I.P., and then click Batch.

11. Close the table when you are finished.

Create a Print Preview and Profile

1. To create a print preview of the distribution system, choose File > Print > Print
Preview. Leave the Settings as “Fit To Page”.

This option will create a preview of the entire system regardless of what the

screen shows.
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The print preview opens in a separate window, which can then be printed or
copied to the clipboard.

(3 Preview — O >
File View Background -
B e Ea el daajne [va]

Scenario: 2000 I'min., 3-hour Fire Flow at J-6 (EPS) -
B
N
S Y
T3l
|
W
< >
Page 1 of 1 | Zoorn Factor: 75%
2. Close the print preview window.
3. To create a profile view, choose View > Profiles. This activates the Profiles
manager.
4. Click New to open the Profile Setup manager, and then click Select From
Drawing to choose the elements to profile.
5. The dialog box closes and Select opens. Choose a few elements (or a path by
clicking on the first and last elements of the desired path) and click Done
Select n
iy
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6. The Profile Setup opens with the selected elements appearing, in order, in the list.

Profile Setup - [Profile - 1] ot

30
32
3
34
33
41
349

o Jr1

32
31
4
33
41

348

Label Select From Drawing
Pl Feverse
g i) Remowve Al
P-2
J-1 Remove All Previous
P-6
14 Remove All Following

Open Profile Cancel Help

Click Open Profile to view the profile.
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7. Profile Series Options opens so you can select which attributes to profile. The
default fields are Elevation and Hydraulic Grade. Leave those defaults and click

OK to Open the profile.
Profile Series Options H
Series Label Fomat: | $(5cenano) - SFekd) ¥
Sesnarios Elemarts Fisids
-|.-=1.- -|.-=-,.- '."=-|- -.-=,. lr|=-p -.-=-,.| ™ + |3
W] Cumert: Scenin) & R £ S Felds
a5 2000 Vin_ Hhow Fire Aowat, | - @ P =B Commen
=-[Jiy 4000 Limin. fire Aow el J6) | (&7 FMP-1 P | Hydrauic Grade
=)= P-Band P9 Sei o 200 & P2 b= Demand
C e Sk DUP 0 41 PO Preane
& Pk @ = Fro Fow
- LNy Geometry
Lo Pl -l Prysical
B PRV )= Pressure Dependent Demand
o I N e
D JE @)= Ressuks {Fire Row)
] | 1 Fesuks {Pressare Dependent [
#H  Fesuks (Statmtics)
i [ )= Resuks (Transient]
W 3= Reauks (Water Gualty)
(+] D_' Transerd (adial)
wH it Wister Qusity
£ > € >
F7] Shew this dizlog en profie creation o Help
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8. After you create the profile, you can make adjustments to its appearance by

& -
clicking on Series Options
Profile: Profile - 1 — O ot
Profile  Datg
Lo Bt M
B - &~ |B| 05 Qo0 ¥ Time: [0.00
Profile - 1
PMP] 3- iﬂH
230.0w 11 {145 [ PRV-1
225.00 i — '
220.00
215.00
210.00 1-6
E 205.090
s igg't PMP-1
.0
g 190.00 M
o : J-1 1-4
185.00 o o
120.00
175.00
170.00 1-6
165.00 [1
0.00 100.00 200,00 300,00 400.00 500,00 00,00 700,00 300,00 S00.00
Distance {m)
—@— 2000 |/min., 3-hour Fire Flow at 1-6 (EPS) - Hydraulic Grad
O 2000 |fmin., 3-hour Fire Flow atJ-6 (EPS) - Elevation

9. The profile graph can be printed or copied to the clipboard.
10. Close the Profile window.

11. Close the Profile manager.

To create a contour

The contouring feature in Bentley WaterGEMS enables you to generate contours for
reporting attributes such as elevation, pressure, and hydraulic grade. You can specify
the contour interval, as well as color code the contours by index values or ranges of
values. In this lesson, you will contour based on hydraulic grade elevations.

1. Choose View > Contours .

2. Click New in the Contour Manager.
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3. Choose Hydraulic Grade from the Field menu.
4. Leave the default Selection Set.

5. Click Initialize and select Full Range to update the Minimum and Maximum
HGL elevations.

6. Make sure Color by Index is selected

7. Select Smooth Contours to improve the overall appearance of the drawing.

Contour Contour Definition - 1 x
2
Field: Hydraulic Grade w| >
= Intisfize
Selection Set: All Elemants Withowt Spote or lso Vahe ~

Minimum: 198.00 m Boply
Miaocirmm: 2776 m Cancel
I nt 0.30

nereme m Help

Index Increment: 152 m

Smooth Contours :

Line Weight [1.000
Mudipher: 1000

() Color By Fange  (8) Color By Index

Colr —

Index Color:

8. Click OK.

Bentley WaterGEMS Quick Start Lessons
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9. View the results in the drawing pane.

L
|
10. Click on the Contour Browser button to display the calculated Hydraulic
Grade as you move the cursor around in the drawing pane.

¥ Coordinate: 13333 | m
Y Coordinate; |43233 | i
Hydraulic Grade: 21330 | m

11. Close the Contour Browser.
12. Un-check Contour Definition -1 in the Contours Manager.

13. Close the Contours Manager
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Element Symbology

When you want to label network attributes use the Annotation feature. With it, you
can control which values are displayed, how they are labeled, and how units are
expressed.

Select View > Symbology to open the Element Symbology manager if you have
closed it previously. If you are using the default workspace configuration, the Element
Symbology manager is located directly on the left side of the drawing pane.

Annotate Pressure at junctions

14. In the Element Symbology Manager, highlight Junction. Right click to select
New > Annotation

Hement Symbology o X
<default > e

O X =L F RS- W-E-09
EI Pipe ~
A Label
@ Lateral

=0
A Mew » Annotation

w A s Lhee

15. Select Pressure as the Field Name to annotate. Set the Prefix to P: and the Y
Offset to 25 m. Leave everything else as is.

A Annotation Properties *
Selectad Annotation
Frald Mams: Prassure w| >
Prefix: P |
St i |
Selechon Set Al Elemeriss w
Imitsal Offs=t
¥ Offset 0.0 m
' Offset 25 m
Imitsal Multiplier
Haight Multiplier: 1.000 |
Cancel doply e
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16. Click Apply.

17. The drawing will now display all of the annotations. You can try changing the
properties of an element and recalculating. The annotations will update automati-
cally to reflect any changes in the system.

18. If the annotation is crowded, you can click and drag the annotation to move it.

19. Click OK.

Color Coding

Choose View > Symbology and click the element to create the New Color Coding.
The Color Coding dialog box allows you to set the color coding for links, nodes, or
both. You will color code by velocity (link attribute) and pressure (node attribute) in
this example.

1. Inthe Element Symbology Manager, highlight Pipe. Right click to select New >
Color Coding
a. Select Velocity from the Field Name menu.

b. Calculate Range > Full Range so the program can calculate the full range of
velocity values for all pipes in this scenario. The minimum and maximum
fields should be populated. Leave the default Steps value to be 5.

c. Set Options to Color.
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d. Click Initialize so the program selects the color coding ranges automatically
based on the Minimum, Maximum and Steps values.

OXBEED

™~

Initialize  Ramp Invert

Color Coding Propertes - Velooity *
Frop=ies Color eaps
Frald Name Wedocky | o Oplans. Color v
Salection Set <Al Blemess - .
AXEZED
Walue <= Collor -
e | fmis)__
Winimm: 000 | mis T E -'.5; 0, 25, 3
Maximum: 237 | mis r] 1.42
See: 5] s 180
4 .37

Aborve Fange Color. _ -

bowve Fangs Size

s | [t

e. Click OK to generate the Color Coding.

2. You can add a legend to the drawing. Right-click on the Velocity color coding and
select Insert Legend from the menu. You can move the legend in the drawing by
clicking the mouse and dragging the legend.

1. In the Element Symbology Manager, highlight Junction. Right click to select
New > Color Coding

a. Select Pressure from the Field Name menu.

b. Calculate Range > Full Range. Leave the default Steps value to be 5.
c. Set Options to Color and Size

d. Click Initialize

e. Click OK to generate the Pressure Color coding.

2. Go to Home > Times and then click the Play button to observe how the pressure
and velocity change, particularly during hours 18-21.

3. Close any open dialog boxes.

4. Save the model.
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Automated Fire Flow Analysis

One of the primary goals of a water distribution system is to provide adequate
capacity to fight fires. Bentley WaterGEMS automated fire flow analysis can be used
to determine if the system can meet the fire flow demands while maintaining
minimum pressure constraints. Fire flows can be computed for all nodes in the system,
or you can create a selection set consisting of specific nodes where you wish to test
available flow.

Fire flows are computed at each node by iteratively assigning demands and computing
system pressures. The model assigns the fire flow demand to a node and checks the
model, checking to see if all pressure and velocity constraints are met at that demand.
If a constraint is not met, the flow is reduced until the constraint is just met; if all
constraints are exceeded, the fire flow is increased until the constraint is barely met
within a tolerance. The analysis automatically rechecks the system pressures if a
constraint is violated. Iterations continue until the constraints are met, or until the
maximum number of iterations is reached.

The purpose of this example is to walk you through the steps to create, calculate, and
analyze a fire-flow scenario. This lesson again uses the distribution system from the
previous lessons.

Step 1: Inputting Fire Flow Data

1. Start WaterGEMS and open the LessonS.wtg file, found in the Lessons folder.
Or
if you have previously completed the Reporting Results lesson, you can use your
MyLesson4 file.

2. Click OK to the message dialog that comes up about CONNECTED Projects.

3. Choose File > Save As and save as MyLessonS.
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4. Choose File > Hydraulic Model Properties and name the title of the Hydraulic
Model Lesson 5—Fire Flow Analysis.

Hydraulic Model Properties >
Title: |Lessur| 5 - Fire Flow Anabysis |
File Name: |C:\Users\.ﬂu'1gela.Suarez‘\Dummerrts\Eentley\New\Guid{Starts'|
Engineer: |Yﬂur name |
Company: |Yﬂur comparny |
Date: | 9114726 @~ |
5. Click OK.

6. Previously, you ran an analysis with a fire flow at node J-6 by manually adding a
large demand to the individual node. Before running the automated fire flow anal-
ysis, you will create a new Demand Alternative, removing that demand. In the
U.S., fire flows are generally added to max day demands.

Choose Analysis > Alternatives.

b. Expand the Demand Alternative and select Average Daily with 2000 I/min
Fire Flow. Right-click and select New > Child Alternative.

c. Right click to Rename this Alternative Base-Average Daily.

Alternatives n
OXBEE=ET T
EI||=|_'§_| Demand Py
EIE- Average Daily with 2000 |/min. Fire Flow
: - [#% 4000 1/min Fire Flow

E— Baze-Average Daily W

fe i [ T TR I TR
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d. Double-click to open the Base-Average Daily alternative and put a check in
the box for J-6.

[=¢ Demand : Base-Average Daily (MyLesson3.wtg) — O >
€ v B w Q

£ Junction [ Hydant [ Tank [ Surge Tank [] Customer Meter

ID | Label | Demand Collection Unit Demand Collection ~ Demands  Unit Demands  Custe[ 4 | *

<Collection: 3items> | <Collection: 0 itemsz

P

33: -1 (]| 33|11 <Collection: Zitems> | <Collection: 0 items= D X

35:1-2 [] | 35|12 <Collection: Zitems> | <Collection: 0 items =

37:33 | [] | 37|33 | <Collection: Zitems> | <Collection: 0 items> Demand (Base) Pattern

32:74 | [] | 3914 | <Collection: 2items> | <Collection: 0 items > (L jmin) Myl
: : : : 1 280,00 |Residential

47: 1-5 [] | 42|15 <Collection: 1item: <Collection: 0 items = -

“ 2 75.00 | Commerdial

3 2,000.00 [ERa A

* [¢] =Basedata [w] =Llocal data [] = Inherited data

e. Inthe Demands tab, select the row with 2,000 Flow and 3-Hour Fire and click

to delete it.

Demand (Base) Pattern
{L fmin) (Demand)
1 280,00 | Residential

76,00 | Commerdial

f. Click Close to exit the Demand Alternative.

7. You are going to analyze the fire flows by adding to the Maximum Day Demands,
which are 1.5 times the Average Day Demands.

a. Right-click on Base-Average Daily then select New > Child Alternative.
b. Right click to Rename this Alternative Max. Day.

Alternatives n

OXEEE=EBETF
EI ||=L§_| Demand ~
: E- Average Daiby with 2000 |/min. Fire Flow
----- .[#% 4000 |/min Fire Flow
EI E- Baze A'u'e.-iage Daily

----- E+ (A .

1 =1 Iemitinl Cotiman
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c. Double click to open the Max. Day alternative.Highlight the J-1 row. Right-
click the Demand (Base) column and select Global Edit. Set the Operation to
multiply, and enter a value of 1.5.

Global Edit X
O peration: Multiphy w
Value: 15
WHERE: «no filter actives

Car

d. Click OK.

e. Repeat steps ¢ and d for J-2 through J-6.
f. Click Close to exit the Demand Alternative.

8. Select the Fire Flow alternative and expand to select the Base-Fire Flow Alterna-
tive.

9. Double click to set up the Base-Fire Flow Alternative.
a. In the Fire Flow (Needed) field, enter 3000 I/min.
b. In the Fire Flow (Upper Limit) field enter 6000 I/min.
c. Apply Fire Flows By should be set to Adding to Baseline Demand.

This selection means that when WaterGEMS performs the analysis, the fire flow
will be added to any demands already assigned to the junction. Alternatively, you
could have selected to replace these demands, so that the fire flow would repre-
sent the total demand at the node.

d. Pressure Constraints Pressure (Residual Lower Limit) and Pressure (Zone
Lower Limit) should be set to 150 kPa.

e. Leave the check box for Use Minimum System Pressure Constraint
cleared, so that the minimum pressure will only be checked for the zone a
particular node is in.

If you had multiple zones within your project and wanted to insure that a
minimum system-wide pressure constraint was met, you could check the Use
Minimum System Pressure Constraint box and enter it in the box provided.
This box is grayed out until the check box is activated.
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f. Create a selection set to choose from the Fire Flow Nodes drop-down menu.
For this example, a fire flow analysis is only needed for the junctions at the
four street corners in our drawing.

g. The Fire Flow Alternative manager can remain open. In the drawing and
while pressing the <Shift> key, click nodes J-1, J-2, J-3, and J-4.
h. Right-click and select Create Selection Set, then name the set FireFlow-

Junction1-4 and click OK.
Create Selection Set

Pt

Mew selection set name
Fire Flow.Junction 1-4

Cancel Help

i. In the Fire Flow Alternative manager, select FireFlowJunction1-4 from the

Fire Flow Nodes drop-down menu.

[S# Fire Flow: Base Fire Flow (MyLessonSwig) - [} x
Velocity Congiraints Preesure Conelrainis
[ Use Velacty Constraint 7 Preggure [Fesidual Lowsr Limif). 150 Pa
Velocity (Uipper Limif): MR mis Preazure (Zone Lower Limil): 150 kPa
Fipe Sai: Al Pese - I:]Ll:u.- Minmum System Pressure Constrant 7
Preasure | Sysbem Lower Limaf) Ay kPa
Fire Row Conetraints Ausdiary Oulput
Fire Flow [ Meeded). 3,000 Liman Fire Flow Aueliary Fesults Type:  None v
Fire Flow (Upper Limit): E.000 Limin [ Use Mode Pressure Less Than?
Apply Fire Flows By: Addireg to Bassline Demand w Mode Pressure Lass Than. i kPa
[[Jse Pp= Velocty Gregler Than?
Fipe Welocity Greater Than: 000 mis
Fire Flow Modea: Fire AowJuniction 1-4 ot fugailiary Oulput Sebection Sat: Mo Bementas w
Specify Local ¥eloaty Fire Ficw Fre Flow F"*“'“M (z':_ff:_"m
= i} Label Fire Flow (Upper Limit) (Heeded) {Lipper Limit) Lower Limit) Limif)
[ Corstrants/ mfs) (L) {Lfmin} (kFa) #a)
331 '._l"—"1__: 33 F1 n| sy | 3,000 &,000 150 1
35: 3-2 = 35 32 l [T 3,000 6,000 150 1
3713 B 37|33 O L] 3,000 5,000 150 1
39 14 =) 1 14 | Hfa) 3,000 6,000 159 i
€ ¥
* @ = Dasedsin W = Local data [] = Irherited data Fiapart Ciose 74 Search Hely

10. Click Close to exit the Fire Flow Alternative manager.
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Step 2: Calculating a Fire Flow Analysis

1. Click Analysis > Scenarios.
2. In the Scenarios dialog, click New > Base Scenario.

3. Name the new Scenario Automated Fire Flow Analysis.

Scenarios n
X = B-@ 8 ST F |FSarch @
= {E 20001/min., 3hour Fire Fow at J-6 (EPS)

C B {El A000 |/min. Fire Flow at J-6 (EPS)

: EHEl P-8 and P-9 Set to 200 mm

- ‘ofi Bar-old DULP.
----- {E Automated Fire Flow Analysis.

4. Double-click the Automated Fire Flow Analysis scenario to open the Property
Editor.

a. Change the Physical Alternative to P-8 and P-9 Set to 200 mm.

b. Change the Demand to Max. Day and leave all other Alternatives set to their
defaults.

c. Close the properties dialog

5. In the Scenarios manager, make Automated Fire Flow Analysis the current

[
scenario by highlighting it and clicking the Make Current button .

6. Click Analysis > Options.

7. In the Calculation Options dialog, Select Steady State/EPS Solver and click the
New button. Rename the new option Automated Fire Flow Analysis.

Calculation Options n

OXBe=a
=3 {E| Steady State/EPS Salver
o IE] Base Calculation Options

----- Automated Fire Flow Analysis

EI {E| Transiert Solver
----- i..[## Base Calculation Options

8. Double click Automated Fire Flow Analysis to open the Property Editor.
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9. Change the Calculation Type to Fire Flow. Close the Calculation Options dialog.

Properties - Calculation Options - Base Calculation O... n

= 1@ @ [w: |

<Show All=
|F'r-:||:|ert;- Search v| P -
v  «<General> ~
C 20
Label Base Calculation Options
MNotes
Friction Method Hazen-Wiliams
Output Selection Set <All=
Calculation Type Fire Flow w | W
| Calculation Type

10. Choose Analysis > Scenarios.

11. Double click Automated Fire Flow Analysis Scenario to open the Property
Editor.
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d. Change the Calculation Options to Automated Fire Flow Analysis.

Properties - Scenario - Automated Fire Flow Analysis. (71) n
g Jee
<Show All=
|F‘n:||:|ert;.- Search e | 2~
~  Altematives -ﬁ
Active Topology Base Active Topology
Physical P-8 and P-59 Set to 200 mm
Demand Max. Day
Initial Settings Base Inttial Settings
COperational Base Operational
Age Base Age
Constituent Base Constituent
Trace Base Trace
Fire Flow Base Fire Flow
Energy Cost Base Enengy Cost
Transient Base Transient
Pressure Dependent Demand  Base Pressure Dependent Demand
Failure History Base Failure History
SCADA Base SCADA
IUser Data Extensions Base User Data Bxdensions

* (Calculabion Ophions

Calculation Options Label Automated Fire Flow Anabysis e |

Calculation Ophions Label

e. Close the Property Editor.

f.  Run the Automated Fire Flow Scenario by selecting Compute on the Home
or Analysis tabs, or by clicking the Compute button in the Scenario manager.

g. Ifyou receive a prompt about running Fire Flow Calculations in parallel,
click OK. This option enables the user to choose (or not) hyperthreading in an
attempt to make the fire flow runs faster..

WaterGEMS

. Fire flow calculations can be run in parallel. To control the degree of
parallelization or to disable this feature altogether, please see the engine
options under Tools -> Options.

[ ] Do not prompt again

When the calculation is complete, Close the Calculation Summary.
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Step 3: Viewing Fire Flow Results

1. Make sure that Automated Fire Flow Analysis is selected in the Scenario list
box.

2. Click Analysis > Fire Flow Results > Fire Flow Report

iE*I Fire Flow Results
ill“_”l Fire Flow Report

In the Satisfies Fire Flow Constraints column, all of the boxes are checked except
for the nodes that you did not analyze, because the specified needed flow of 3000
1/min. was available and minimum pressures were exceeded.

For nodes J-1 and J-3, pressures were computed for the Fire Flow Upper Limit of
6000 I/min. because none of the node pressures ever dropped below specified
minimum pressures and no velocity constraint was specified.

Nodes J-2 and J-4 reached their minimum residual pressures at flows slightly
below the maximum of 6000 1/min.

The report contains the Minimum System Pressure (excluding the current node
being flowed) and its location.

3. Click Analysis > Fire Flow Results > Fire Flow Results

Fire Flow Results Browser n
E Search @

Label Blement |0 Satisfies Constraints

J-1 33 Passed

J-2 35 Passed

J-3 7 Passed

J-4 39 Passed

The Fire Flow Results Browser reports whether each of the fire flow nodes satisfies
constraints or not. It also allows you to jump to fire flow nodes and display the results
of fire flow analysis at the highlighted node if you have specified Auxiliary Output
options in the Fire Flow Alternative settings.

When you are finished reviewing the report, Close the Fire Flow Report and save your
file.
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Note: Another good way to review an automated fire flow analysis is to
use color coding. If you have a situation where no nodes meet
the pressure constraints for the needed fire flow, you can color
code these nodes in the plan view for easy identification.
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Water Quality Analysis

In conjunction with Extended Period simulations, Bentley WaterGEMS is capable of
performing a water quality analysis to compute water age, constituent concentration,
or percentage of water from a given node (trace analysis). Using these features, you
can look at factors such as residence time in tanks, chlorine residuals throughout the
system, and which tank or reservoir is the primary water source for different areas in
your system.

This lesson uses the file called Lesson6.wtg located in the Lessons folder.

To open the existing lesson

1. Open Lesson6.wtg.

2. Click OK to the message dialog that comes up about CONNECTED Projects.
3. Click File > Save As. Enter the filename MyLesson6 and click Save.
4

Choose File > Hydraulic Model Properties, and change the Hydraulic Model
Title to Lesson 6—Water Quality Analysis.

Hydraulic Model Properties >
Title: | Lessaon & - Water Quality Analysis |
File Name: [3entley’\New\Quick Starts\WaterGEMS lessons'\MyLesson6 witd|
Enginesr: | |
Company: | |
Date: | 1472016 @~ |
5. Click OK.

The water distribution system has already been set up for you. It has one reservoir and
one tank. The system serves primarily residential areas, with some commercial water
use as well. There are two pumps connected to the reservoir. However, under normal
conditions, only one pump will be in use. A background drawing has been included
for reference.

If you would like to turn off the .DXF background, clear the background check box in
the Background Layers pane.(View > Backgrounds)
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You will begin by running an age analysis for water in the system, assuming an initial
age of 0 for all nodes. The water from the reservoir will be an infinite supply of new
water, so the age of water elsewhere in the system will be a reflection of time from the
start of the run and how long ago the water left the reservoir. The analysis will be run
for a 2-week period (336 hours). Based on this model size, 2 weeks should be more
than adequate to capture the water age in the network. If the network was much
larger, you may need to use a longer duration to ensure maximum water age is

captured.

1.

Choose Analysis > Alternatives .

2. Select Age Alternative and click New O to create a new age alternative.
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3. Name the new alternative Initial Age = 0. Since you are assuming an initial age of
0 everywhere in the system, you do not need to enter any initial ages.

|
LUX =M E e
- iy Active Topology -

-2 Physical Altemative
-2 Demand Altemative
[-HE2) Initial Settings Alemative
(-2 Dperational Altemative
£ Age dlemative

: Mot Considered

-2 Constituent Altemative

-2 Trace Altemative

[1-Hi2) Fire Flow Altemnative

(12 Energy Cost Alemative b
-- [ Pressure Dependent Demand Altemative LI

I Scenarnios lﬁ- Alternatives lﬂ Calculation Options ‘

4. Next, set up a new Scenario to run an Extended Period Simulation incorporating
the new Alternative.

a. Click Analysis > Scenarios; note that the Existing - Avg Day scenario
already exists

b. Highlight the Existing - Avg Day scenario and click New > Child Scenario
and rename it Age Analysis.

Scenarios n

O-Xe=1IB-@ 858 E E |FHsearch @
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c. Double-click on the new scenario to open the Property Editor. In the Age
Alternative field select Initial Age = 0, from the drop-down menu.

Properbes - Scenano - Age Anahys (276) n
w @@ [ -
<5how Al
Froperly Searct \.lp-.-
~ Allemalives B
Agtive Topology <l= 15, Bass-Active Topology
Fhy=ical &= 2. Base-Physcal
De=mand &= 21: Bass-Demand
Initial Settings tl> 22 Base-intial Seitings
Dperational «l2 23: Bage Oparational
ET N 275 il Aga = 0 e
Canshtusnt el= 25: Mot Considensd
Trace <l 26: Not Considensd
Fire Flow cla F7: Base-Fire Fiow
Enargy Cost «l2 28: Base-Enangy Cost
Trangienl «l> 260 Base HAMMER
Fresswe Depanden] Damand  <1= 25, Bass Pressure Depandent Demand £
Failure Hissory &l 26% Bas= Faiure Hishory
SCans <lx 274: Base SCADA
\tsor Data Extensions «l2 30 Base-Lser Data
~  Calculaion Oplions:
Caleulstion Oplions Laks &l= 31: Buisling - Awg Day W

Age

d. Close the Property Editor.

e. Click Analysis > Options and double click Existing - Avg Day to view the
settings for this Scenario. Extended Period Analysis (EPS) should already
be selected as the Time Analysis Type.

f. Set the Calculation Type to Age
g. Enter a Start Time of 12:00:00 AM.

h. Set a Duration of 336 hours.
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i. Set a Hydraulic Time Step of 1 hour.

Properties - Calculation Options - Existing - Avg Day B'I:In

1@ @ [ -

<Show All=
|F‘n:||:|ert;.- Search " | D -
v  <Generl> .«.
C 3
Label Existing - Avg Day
Motes
Friction Method Hazen-Wiliams
Cutput Selection Set <All=
Calculation Type Age
»  Adjustments
» Calculaton Flags
* (Calculabon Times
Simulation Start Date 11,2000
Start Time 12:00:00 AM
Dwwration (hours) 336.000
1.000
Reporting Time Step <All=
Set Water Quality Time Step? False W

Hydraulic Time Step (hours)

j. Close the Property Editor and Calculations Options.

5. Click Analysis > Scenarios and make Age Analysis current by right-clicking it
and selecting Make Current.

Scenarios

O X =18 -[@|Bss &

=1+ Existing - Avg Day

FqSearch @

6. Click Compute and then close the Calculation Summary and Scenarios
Manager.

7. Select View > Symbology to open the Element Symbology manager. If you are
using the default workspace configuration, the Element Symbology manager is
located directly on the left side of the drawing pane.

8. Right-click on Pipe and select New > Color Coding

9. Select Age (Calculated) as the Field Name.

10. Click Calculate Range and Select Full Range..
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11. Click Initialize to set up a default color scheme. Accept this default scheme.

If you get a message about Bentley WaterGEMS being unable to determine the
limits for mapping, make sure that Age Analysis is selected in the Scenario drop-
down list, in the toolbar.

12. Click Apply.

Coler Coding Properties - Pipe i
Fropesties Calor Maps

Figld Mame: Age (Calculabed) w | o DOpticns: Color r

Selection Set Al Bemeants> il
OXEBEED

Valus <= Col *

0 67.151 JONGSSIE

Mininuen: 0.000 | hours 7 134,322 [DUEEENE

Mlaimusm 335808 hours 2 201,484

. I 3 266,645

Hheps: 3
4 z35.50 |
= L
Abwse Ranga Colar: _ -
Abose Range Size

£

s [ o |

13. Click OK.
14. In the Element Symbology manager, right-click on Age (Calculated) and click
Insert Legend.
15. Click in the drawing to place the legend
Color Coding Legend
Fipe: &ge {Calculated) (hours)
== B67.161
== 134 322
== 201.484
== 2Z68.645
<= 335.806
Other

16. Go to Analysis > Times and click the play button to see how water ages in the
system.
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17. A good way to check if your network has had sufficient time to reach an equilib-
rium point is to look at Age vs. Time graphs for your elements.

a. Right-click on Tank T-1 and select Graph

b. In the Series Option dialog make sure that Age Analysis is checked in the
Scenarios column, Tank and T-1 are checked in the Elements column, and
Results (Water Quality) and Age (Calculated) are checked in the Fields
column. Uncheck all other boxes.

Series Oplions H
Series Label Fomal: | 5{Slement) - ${5cenania) - ${Reld) »
Scenarios Elemerts Fields
TE EE FEI W~
[ Cument Scenanc 1E] Tank s Tank
=l D_| Eisting - Awg Diary : EE T4 - = Comman
~-[FIE Age Analysis Bl Geometry
+-[_= Opersbing Aang=
il LI Physical
- = Reeuis
= -l_]_ ) Readlls Enengy Coet Summary)
#-JE5 Remits [Sepamts k)
#-|_It= Resits [Tmnsent)
Fi= _H
|| Age (Cakuiated)
| Conceniration [Cakouated)
[ Trace Calcuised)
i IS Trorsient (infial)
#-[=) User Defined
=+ ‘Waler Quaily
= Shesw thie dizkag on graph ceation 0K Heip
c. Click OK.

From the graph, you can see that once a repeating pattern is reached, the age
of the water fluctuates between approximately 37 and 52 hours in 24-hour
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periods. Looking at these equilibrium ranges for various nodes can help guide
you in setting up initial water age values in subsequent runs.

|+ Graph: New Graph — O >

s~ & | B

o5 000 ' Time:

Mew Graph

62.500
56.250
50.000
43.750
37.500

31.250
25.000
18.750
12.500

6.250

0.000

0.0a0 43.00 96.00 144.00 192,00 240,00 288.00 336.0
Time (hours)

Age (Calculated) (hours)

| = T-1-Aage Analysis - Age (Calculated) .

d. Close all open windows.

Step 2: Analyzing Constituent Concentrations

In this portion of the lesson, you will model the change of chlorine residuals in the
system over time. Bentley WaterGEMS stores information on constituent characteris-
tics in a file called a constituent library. It is recommended to determine actual constit-
uent characteristics from lab and or field testing to use in a water quality model. You
will add information for chlorine to this library, set up initial concentrations in the
system, and run the simulation.

1. Choose Analysis > Alternatives.

2. Click the Constituent Alternative and click New.
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3. Name the new alternative Chlorine Injection and double-click to open.

Alternatives n
OXpEE=EETTO
E|||_E| Constituent L]
¢ ¥ Not Considered

----- Rl Crcine ecion v

4. Click the Ellipsis (...) next to the Constituent drop-down menu to open the

Constituents manager.

5. Make sure that the Chlorine Label is highlighted, and enter the data below in that
dialog box.
Label Chlorine
Diffusivity 1.2e-9 m2/s
First Order Wall

Reaction Rate -0.08 m/day

Bulk Reaction Rate -0.10 (mg/L)*(1-n)/day

6. Leave the Unlimited Concentration check box selected, and click OK.

wl Constituents
Ox B=1E #- Propeties  Lbrary  Mates
Lobel [ Constituent Propedies
| Chiarine | Difusivity: 1.200=-00% mis
2] Unksbeled E Linkmited Conceniration?
| Corstiluent
Concentration Limit 0000 mgL
Bulk Reaction
Eulk Reaction Order; 1
Bulk Renaction Fate 1. 100 ] (magL)"[ 1-n)/dary
'Wall Reachon
\wiall Reaction Order: First Ordar w
Furst Order 'wisll Reachon Rate:  |-0.080 mi'day
[ Is Roughness Comelated?
Cloge Help

Click Close to exit the Constituent Library. You should now be back in the
Constituent Alternative Editor.

Select Chlorine from the Constituent list box.
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9. On the same Chlorine Injection editor window, go to the PRV and Pump tabs
and set the Concentration (Initial) for each to 1 mg/l.

10. Click the Junction tab, and initialize the chlorine concentrations by entering a
value of 1 mg/l at each junction node. (Right-click the column heading and use
Global Edit to set the Concentration (Initial) fields.)

11. In the Reservoir tab, enter a Concentration (Initial) value of 2.0 mg/1 for the
reservoir.

12. Set the tank’s Concentration (Initial) to 0.5 mg/1.
13. Close the Editor and the Alternatives Manager.

14. Now, open the Scenario Manager (Analysis > Scenarios) and set up a new
Scenario in order to run the Constituent Analysis.

a. Create a new Child off of the Existing - Avg Day Scenario by highlighting it
and clicking New > Child Scenario.

b. Enter Chlorine Analysis as the new scenario name.

Scenarios n
- X =l B-@ B85 % % EHsach @
== Exdsting - Avg Day

----- {# Age Analysis
& ST

c. Double click the newly created Chlorine Analysis scenario to open its Prop-
erty Editor. In the Constituent Alternative dropdown, select Chlorine Injec-
tion.

15. Click Analysis > Options. Double-click Existing - Avg Day to open the Property
Editor and set the Calculation Type field to Constituent.

Properties - Calculation Options - Existing - Avg Day B'I]n

B e

<Show All=
|F‘n:||:|ert;.- Search v| 0o~
v  <General> h
31
Label Existing - fwg Day
Motes
Friction Method Hazen-Wiliams

Output Selechion Set <All:
Constituent v

Calculahon Type

Bentley WaterGEMS Quick Start Lessons 77



p» Water Quality Analysis

16.
17.
18.

19.
20.

Close the Property Editor and Calculations Options manager.
Make Chlorine Analysis the current scenario

Run the Chlorine Analysis Scenario by selecting Compute on the Home or Anal-
ysis tabs, or by clicking the Compute button in the Scenario manager.

Close the Calculation Summary and Scenarios Manager.

Set up color coding for the pipes. This time, color code by Concentration (Calcu-
lated). Scroll through the time steps (Analysis > Times) to view how the concen-
trations change throughout the network. When you look at your results using color
coding, tables, and graphs, try to discover what better initial values for chlorine
concentration might be.

Step 3: Performing a Trace Analysis

A trace analysis determines the percentage of water at all nodes and links in the
system from a specific source node (the trace node). In systems with more than one
source, it is common to perform multiple trace analyses using the various source
nodes as the trace nodes in successive analyses. For this analysis, you will perform a
trace analysis to determine the percentages of water coming from the tank.

1.

2
3.
4

Select Analysis > Alternatives.
Click the Trace alternative to highlight it.
Click New.

Name the new alternative Trace Analysis for Tank, and double-click it to open
the alternative editor.

Alternatives n

OXBEE==IBYEF O

E|||__L§_| Trace e

i be[#% Not Considered

BERE ] Trace Analysis for Tank v

In the Trace Element list box, select the tank, T-1. (click the ellipsis button to
select it from the drawing).

Close the editor.

Close the Alternatives Manager.

78

Bentley WaterGEMS Quick Start Lessons



10.

11.
12.

13.

WaterGEMS Quick Start Lessons

Next, set up a new scenario to run an Extended Period Simulation incorporating
the new alternative.

a. Select Analysis > Scenarios.

b. Create a new child for the Existing - Avg Day Scenario by highlighting it and
clicking New > Child Scenario.

c. Enter Trace Analysis as the new scenario name.

d. Double-click the new scenario to open the Property Editor. Change the Trace
Alternative to Trace Analysis for Tank.

Properties - Scenario - Trace Analysis (280) n
v Jee
<Show All= .
|F‘n:-|:-ert;.- Search e | R~
Operational <l 23: Base-Operational ~
Age <l 24: Mot Considered
Constituent <l= 25: Mot Considered
273: Trace Analysis for Tank |«
Fire Flow <l= 27: Base-Fire Flow )
Trace

e. Close the Property Editor.

f. Click Analysis > Options. Double-click Existing - Avg Day and change the
Calculation Type to Trace.

g. Close the Property Editor and Calculations manager.
Make Trace Analysis the current scenario (Analysis > Scenarios).

Run the Trace Analysis Scenario by selecting Compute on the Home or Analysis
tabs, or by clicking the Compute button in the Scenario manager.

Close the Calculation Summary and Scenarios manager.

Create pipe color coding to show the trace by going to Element Symbology >
Pipe > New > Color Coding. Color code by Trace (Calculated). Make sure
Trace is the only attribute being color coded (Age and Constituent color coding
should be turned off). As you scroll through the time periods, notice how the
colors spread outward from the tank during periods when the tank is draining, and
recede when the tank begins to fill. For more information on reporting features,
Reporting Results.

Close the open dialog boxes and save this model.
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Darwin Designer to Optimize the Setup of a Pipe
Network

In this lesson, you use Darwin Designer to optimize the setup of a pipe network.

Step 1: Creating the Darwin Designer Optimization

1. In Bentley WaterGEMS choose File > Open.

2. Browse to the Lessons\Designer folder and open DesignerSamplel.wtg.
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3. Click OK to the message dialog that comes up about CONNECTED Projects.

4. Go to File > Save As and name the file DesignerSample1Solution
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5. Click Analysis > Darwin > Darwin Designer.

5 | Darwin Calibrator

% Darwin Designer
G2 Darwin Scheduler

In the Darwin Designer window, click New > New Designer Study.

Highlight the new design and click the Rename button. Enter Tunnel Expansion

In the Design Events tab Select Optimization Base as the representative

6.
7.
Project.
8.
scenario in the drop-down list.
9. In the Design Event tab, click New.

10. Name the design event Required Pressures, and click OK.

,I}%_}‘ Darwin Designer (DesignerSamplelSolution.wtg)

— O >
Dv » =] - Design Everts Design Groups  Rehabilitation Groups  Cost/Properties  Design Type  Notes
------ & Tunnel Expansion Project D I:E X = Representative Scenario: 44: Optimization Baze -
Label Time From
Al Events (1) Label Start Time Design Time Start
Required Pressures (hours)
1 |Required Pressures | 12:00:00 PM | 12:00:00 PM 0.000
£ >
Boundary Ovemides  Demand Adjustments  Pressure Constraints | * |
O | B = | e
Design Event Element
P » £ >

11. Set pressure constraints for all junctions.

a.

First, minimize the Darwin Designer dialog.

b. Create a new selection set containing all of the junctions in the model. Click

View > Selection Sets.

Bentley WaterGEMS
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c. Click New > Create From Query.

Selection Sets

mx% S =l - @

Create from Selection

Create from Cuery...

d. Double-click the All Junctions query, then click OK.

Selection by Query - Selection Set - 1 *
Lyailable ltems: (85) Selected ltems: (1)
Label Blement Type » Label Blement Type  Query Type
All Boundary Modes MNode Add Al Junctions  Junction Predefined
All Pipes Pipe =
All Laterals Lateral
All Hydrants Hydrart =
All Tanks Tank
All Reservairs Reservoir Remove
All Customer Meters Customer M... <
All Taps Tap
All SCADA Blements SCADAEe.. ¥ <=
£ >
oK Cancel Help
e. Rename the new selection set All Junctions.
Selection Sets n
Label Type
rEé;: Parallel Pipes for Optimization  Selection based
2% Al Junctiors | Query based
f. Back in Darwin Designer, click the Pressure Constraints tab.
=R
g. Click the Initialize Table from Selection Set button.
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h. Select All Junctions from the Selection Set drop-down list, then click OK.

Selection Set:

Chwner Element::

Initialize Table from Selection 5et

206: All Junctions

204: Required Pressures

Pt

Cancel Help

i. In the table in the upper right of the Designer dialog, set the Minimum Pres-
sure (Default) value to 110.33 psi (HGL = 255 ft.).

j- In the table in the upper right of the Designer dialog, set the Maximum Pres-
sure (Default) value to 1000 psi. For this example, maximum pressure is not
a consideration, so if you set it to a high value it won’t affect the calculations.

[t Darwin Designer (DesignerSamplelSolution.wtg) — O >
L4 =] _  Design Events  Design Groups Rehabilitation Groups = Cost/Properties  Design Type  Notes
& Tunnel Expansion Project D I:E X =] Representative Scenario: 44: Optimization Base ~
Label Minirnurm Maximum
8| Everts (1) Demand Alternative EEE;?; EEES;E E{;ﬁﬂ;
Required Pressures S I IR B ps) | (psi)
1 30: Base-Average Daily 1000F 110,330  1,000.000
< >
Boundary Ovemides  Demand Adjustments  Pressure Constrairts  Flow (¢ | *

O X

& | o

- Miriirriurn Maxirnurm
Design Event Mode STl Pressure Pressure
Defaults? ; ;
{psi) {psi)
1 |fequired Pressures |92: 3-2 ] 110.330 |  1,000.000
2 Reguired Pressures |93 1-3 |:| 110,330 1,000,000
3 Reguired Pressures |94 1-4 |:| 110,330 1,000,000
e » € >
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12.

13.

14.

Customize junction J-17 to require a minimum pressure of 118.03 psi.
a. In the Pressure Constraints area, scroll so you can see junction J-17.
b. Select the Override Defaults? check box.

c. Type a minimum pressure of 118.03 psi., maximum pressure of 1000 psi

Boundary Ovemides  Demand Adjustments  Pressure Constraints  Flow Cons * | *
- Minirmurn Maxirmum ~
Design Event Mode ST Pressure Pressure
Defaults? ; ;
{psi) {psi)
14 |Reguired Pressures | 105: J-15 110.330 1,000,000
IIF-'-~=~-=:wr~=~-d Pressures I_ 118.030 _I v

Click the Design Groups tab.

ely

Click Select Elements for Design Group button . This button lets you
automatically create one design group for each pipe in the network or for a partic-
ular set of pipes.

a. In the Selection Sets drop-down list, select Parallel Pipes for Optimization.
This highlights a selection set containing a specific subset of the pipes in your
network.

Design Groups X
Selection Set: 154: Parallel Pipes for Optimization -~ | —
_ Label Element ID L]
133 |GAP1 : 133
13 GAP-2 134
143 GA-P-13 143
142 GA-P-14 142 w
Cancel ||t
b. Click OK.

15. Add an option group for your optimization.
a. Click the Cost/Properties tab.
b. Highlight New Pipe in the tree-view.
c. Click New > Design Option Groups.

&~

Name the new table New Pipe Sizes

84 Bentley WaterGEMS Quick Start Lessons



WaterGEMS Quick Start Lessons

e. Type the following pipe material, size, roughness coefficient, and cost:

Material Diameter Hazen Cost
(in.) Williams C | ($/ft)
Factor
Ductile Iron 0 100 0.00
Ductile Iron 60 100 176.00
Ductile Iron 72 100 221.00
Ductile Iron 84 100 267.00
Ductile Iron 96 100 316.00
Ductile Iron 108 100 365.00
Ductile Iron 120 100 417.00
Ductile Iron 132 100 469.00

& Darwin Designer (DesignerSamplelSolution.wtg)

[ X =] - Design Events

Design Groups

------ & Tunnel Expansion Project D b % =] X D X

- O >

Rehabiltation Groups  Cost/Properties  Desig 4 | *

=- Mew Pipe

: ... New Pipe Sizes
- Rehabiltation

Material

Ductile Iron
Ductile Iron
Ductile Iron
Ductile Iron
Ductile Iron
Ductile Iron
Ductile Iron
Ductile Iron

DiaEneter Wm;znf;‘ < | Unit Cost
) Factor (/)

0.0 100.0 0.00

60.0 100.0| 176.00

72.0 100.0| 22100

84.0 100.0| 267.00

96.0 100.0| 316.00

108.0 100.0| 365.00

120.0 100.0| 417.00

132.0 100.0| 469.00

[ ]
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16. Create a new optimized design run.

a. In the Designs tree-view, right-click Tunnel Expansion Project and select
New Optimized Design Run.

Or, click the New button and select New Optimized Design Run.

b. Name the design run Optimized Design.

17. Select the design event you want to use, Required Pressures, by clicking the
Active check box.

I& Darwin Designer (DesignerSamplelSolution.wtg) — O >
[ ¥ - = . Design Events  Design Groups  Rehabiltation Groups  Options ~ Notes
EI& Tunnel Expansion Project Design Event Is Active?

- 1 5204: Reguired Pressures i

18. Click the Design Groups tab.

a. Make sure the Is Active? check boxes for all of the design groups are
checked.

b. Right-click the Cost/Properties column heading.
c. Select Global Edit.

d. Choose New Pipe Sizes as the option group you want to use and click OK. .

[& Darwin Designer (DesignerSamplelSolution.wtg) — O x
(- B -=I _  Design Events Design Groups  Rehabilitation Groups  Options  Notes
EI% Tunnel Expansion Project Design Pipe Group Is Active? Cost/properties ~

|129: Mew Pipe Sizes |
229: New Pipe Sizes
229: Mew Pipe Sizes
229: Mew Pipe Sizes
229: Mew Pipe Sizes

e B . -

i [ Optimized Design 208: Design Group - GA-P-1
209: Design Group - GA-P-2
210: Design Group - GA-P-3
211: Design Group - GA-P-4

212: Design Group - GA-P-5

mam - P

O
JIEIE] & (&]E]

19. Click the Options tab.
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a. Set the GA Parameters as follows (most of these are the default settings, with
the exception of Random Seed and Penalty Factor):

GA Parameter Value
Maximum Era Number 6

Era Generation Number 150
Population Size 50
Cut Probability 1.7
Splice Probability 60.0
Mutation Probability 1.5
Random Seed 0.4

Penalty Factor

25,000,000.000

b. Set the Stopping Criteria as follows:

Stopping Criteria Value

Maximum Trials 50,000

Non Improvement Generations | 200

c. Set the Top Solutions, Solutions to Keep to 3. This sets how many results will
be available as results (see Step 2: Viewing Results later in the lesson).

20. Click Compute to calculate the optimized design.

While the calculation proceeds, Bentley WaterGEMS displays the Darwin Designer
Run Progress dialog box, which displays the following information:

* Fitness—In this case, you were calculating based on cost. So, the best fitness is
the least costly solution that the GA (Genetic Algorithm) found.

*  Cost ($)—The lowest cost found by the calculation displays here.

*  Benefit—Measured pressure improvement in the network. This is 0 because the
lesson only considers cost and not pressure benefit.

*  Violation—The largest violation of established pressure and flow boundaries,
such as maximum or minimum pressures, displays here. If there were a violation,
you would use the results area Pressure and/or Flow tabs (in the results pane of the
main Darwin Designer window) to look for the actual violations.
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Generations—The maximum value for generations is determined by the
Maximum Era Number and Era Generation Number you set in the Options > GA
Parameters. The actual number of generations that get calculated depend on the
Options > Stopping Criteria you set.

Trials—The maximum value for trials is determined by what you set in Options >
Stopping Criteria. Note that you can set a number larger than (Maximum Era
Number)*(Era Generation Number)*(Population Size), but calculations beyond
that number (for this example, the value is 45,000) are less likely to produce
significant improvements.

Also, note that the Messages tab might report you exceeded the maximum number
of trials. This is usually because Darwin Designer must complete all of the gener-
ations before ending a trial, so it is possible that completing generations will cause
a few excess trials to be calculated.

21. After the calculation is finished, click Close to close the Darwin Designer Run

Step 2: Viewing Results

After you calculate the optimized design results display. You can review results and
look for violations of parameters.

From the hierarchy pane, you can click on the Solutions folder or any of the indi-
vidual solutions for more detail. Select the solution you want to see: Solution 1.

o
You can click the Graph button to view the solutions plotted; each solution
is color coded; use the color code as a key when viewing graphs.

Solutions are ranked by fitness, with Solution 1 being the best.
In the Solutions tab, if you scroll down, you can see there are seven pipes that

changed from the default. These are the pipes that Darwin added to the scenario to
provide the optimal solution:

Pipe Material izen—éﬂrillian Diagnniilte' C{D,l_-'jt
139: GAP-7  |Ductile Iron 100.0 120.0 4,003,200,0
148: GA-P-16 |Ductile Iron 100.0 96.0 8,342,400.0
199 GA-P-17 | Ductile Iron 100.0 96.0 9,859,200.0
150: GA-P-18 |Ductile Iron 100.0 34.0 5,408,000,0
135: GA-P-3 | Ductile Iron 100.0 72.0 1,613,300.0
151: GA-P-19 |Ductile Iron 100.0 72.0 3,182,400.0
153: GA-P-21 |Ductile Iron 100.0 0.0 4,646,400.0

88

Bentley WaterGEMS Quick Start Lessons



WaterGEMS Quick Start Lessons

3. The Rehabilitation Groups and Flow results under the Simulated Results tab are
empty because this lesson does not use those.

4. Click the Pressure results under the Simulated Results tab. This displays the
maximum and minimum pressure constraints you set on the junctions and the
actual pressures calculated by Darwin Designer.

Step 3: Using Results

After you calculate the optimized design results display. You can use the results to
create graphs and reports.

1. Solution 1 clearly provides the least expensive solution. Export the solution to
Bentley WaterGEMS so you can use it.

a. Select Solution 1 in hierarchy under the Solutions folder.

s
b. Click the Export to Scenario button = . The Export Design to Scenario
dialog box opens.

Select all check boxes to export to the various alternatives.

d. Name the scenarios you want to export, such as Optimized Design - 1. The
name you choose must be unique; there cannot already exist a scenario with
the same name.

Export Design to Scenario >
Export to Scenario
Export Scenarno?
Mame: Optimized Design - 1

Export to Atematives

lUse Scenaro Mame for Atematives 7

Export Physical Atemative?
Mame: |Dptimized Design - 1 |

Export Active Topology Atemative?
Mame: |Dptimized Design - 1 |

QK Cancel Help

e. Click OK.
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2. Close Darwin Designer.

3. In Bentley WaterGEMS, select the scenario you exported from the Scenario drop-
down list. Notice the parallel pipes that have been added to the base network.
These are the pipes that meet the optimized design calculated by Darwin

Designer.
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Darwin Designer to Optimize a Pipe Network

In this lesson, you use Darwin Designer to optimize the setup of a pipe network.
There are three scenarios:

+ Existing System representing current system conditions
*  Future Condition representing the system expansion layout

* Optimization Base representing the scenario that Designer will optimize.

There are two design goals:

* New pipes to be sized are pipes 54, 68, 70, 72, 74, 76.
* Old pipes need to be rehabilitated by applying possible actions including cleaning
pipe, relining pipe, and leaving the pipe as it is (no action or do nothing to a pipe).

The design criteria is:

*  Minimum pressure of 45 psi at all demand junctions
*  Maximum pressure of 100 psi at all demand junction

* Filling each tank to or above the initial tank level

Getting Started

1. Browse to your Lessons\Designer folder. Open DesignerSample2.wtg.

2. Click OK to the message dialog that comes up about CONNECTED Projects.
3. Goto File > Save As. Name the file DesignerSample2Solution
4

If needed, select Existing System from the Scenario drop-down list. This displays
the current network.

Notice that the Existing scenario comprises two types of pipe:
— In green, there are older pipes, perhaps representing an old downtown section
— In purple, there are newer pipes, perhaps representing newer additions to the

water supply network.

Note: The Future conditions portion of the model may display in gray
for you. You can control visibility of inactive elements by
toggling the "Display inactive topology" setting under Tools >
More > Options > Global

5. Click Compute to calculate the system pressures and tank levels for the Existing
Condition.
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If you want, you can inspect the pressures and tank volumes, but the purpose for
calculating this condition was for a tank level comparison between the Existing
and Future Condition scenarios in a later step.

6. Close the Calculation Summary and User Notifications windows.

7. Select the Future Condition from the Scenario drop-down list. If needed, click
Zoom Extents to view the entire network in the window.

New Subdivision pipes
displayed in red
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8. Click Compute to calculate the system pressures and tank levels for the Future
Condition.

9. Close the Calculation Summary and User Notifications windows.
10. Review the pressure at junctions using color coding.

a. Click View > Symbology. By default, Symbology is docked on the left hand
side of the drawing pane. Right-click on Junction in the list and select New >
Color Coding. The Color Coding dialog box opens.

b. Set the Field Name to Pressure.

c. Click the Calculate Range button and select Quick Range. This gives you a
quick glance at the pressure ranges for this scenario.
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d. Inthe Color Maps section, click the New button. Set the Value <= for this
first row to 45 psi and the Color to Red. Create 3 more rows using the
following data:

Value <= Color
70 Blue

100 Magenta
130 Green

e. The Color Coding dialog should now look like this:

Coloer Coding Properties - Junction >
Properties Color Maps

Field Mame: Pressure || = Options: Calor w

Selection Set: <Al Elements= w
OXEZO

Value == Color
Calculate Range (lbsfin®)
. . 0 45.0

Minimum: |41 4 | |b=/in® 1 70.0

Maximum: 1209 | Ibs/in? 2 100.0

Steps: |5 | 2 130.0
Above Range Color: _ E
Above Range Size: 1
QK Cancel Apphy Help

Click OK to apply the color coding and close the dialog.

For this lesson, one objective is to keep the junction pressures above 45psi. So, when
you run the animation, watch for red junctions which indicate unacceptably low pres-
sure.
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11. Run an animation to see what happens in the network over the course of 24 hours.
a. Click Analysis > Times .

b. Click Play to run the animation.

Time Browser n
Time: 0.00

(]
0000000 =&

' Increment: | 1.000 hours e
Time from Start (hours) Time (haours) ~
2.000 200
3.000 3.00 W

c. Notice, at hour 6 there is a low pressure junction and by hour 12, most of the
junctions are showing a low pressure.

12. Use Graphs to check the levels of the tanks.
Right-click the tank labeled 165 and select Graph.

b. We want the graph to show the water levels for tank 165 in the Existing
scenario and also the Future Condition scenario. In the Series Options dialog,
check the box for Existing System in the Scenarios list pane.
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c. In the Fields list pane, make sure that either Hydraulic Grade or Level
(Calculated) is selected.

Senes Options x
Sesies Label Format: | ${Element) - ${Scenaria) - ${Field) 3
Scenanog Elementa Falda
¥ ¥ ¥Y¥IH-B
- [) Curment Seenano || &8 Tk = ey Tank
i+ Optimization Base LE 165 =11 Common
BT Future Condition ;---:l_' Flaw [Out ned)
LbADS) Basting System LA ] Hydraulic Grade
£ Level Calculated)
Ol Fm::arrtﬁll
7= G
= Op mhng Range
=1 Phy
e | H.aBLts

[ Resuts (Enargy Cost Summary)
[l Resuts (Separate Inist)
LI Results (Transient)

[ < Bl <l - =) - [

] Show this daleg on graph creaban i
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Graph  Data

& ot |

230.
228.
227.
226.
225.
223.
222.
FFN
220.
218.
217
216.
215.

Hydraulic Grade (ft)

L T s L Y o JO Y o v O s Y A Yo o s}

| %2R Graph: Mew Graph

B-&-| B

.k 000 | Time: [11.00

Mew Graph

0.00 5.00

10.00 15.00 20.00
Time (hours)

165 - Future Condition - Hydraulic Grade
165 - Existing System - Hydraulic Grade

e. Notice that by hour 11, Tank 165 is empty and does not refill.

E}+

f. Click the Add to Graph button
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g. Inthe drawing pane, click tank 65 then right-click and select the green check-

mark Done.
. Graph: New Graph — O x
Graph  Data
@WEEE @'@'“E ook Q00 ' Time: [11.00
Mew Graph
232.5
230.0
g 227.5
E 225.0
T 222.5
o .
u
W 220.0
217.5
215.0
0.0a 5.00 10.00 15.00 20.00
Time (hours)
—— 165 - Future Caondition - Hydraulic Grade
—— 165 - Existing Systemn - Hydraulic Grade
—— /5 - Future Candition - Hydraulic Grade
—— /5 - Existing System - Hydraulic Grade

h. Notice that by hour 12, Tank 65 is also empty.
i. Close the graph window.

13. You need to use Darwin Designer and some analysis in Bentley WaterGEMS to
change the existing pipe network to:

» Keep junction pressures above 45psi

*  Keep the two water tanks filled
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Set Up for Darwin Designer

With Darwin Designer, you need to consider two ways of accomplishing a cost-effec-
tive design: create new or parallel pipes and rehabilitate existing pipes. Clearly, the
new subdivision will get new pipes. And, as you can design an appropriate size for
these new pipes, there is no need for parallel pipes and there are no existing pipes on
which to perform rehabilitation.

With that in mind, you would create a parallel pipe option for all existing pipes. This
parallel pipe option should include a variety of sizes so Darwin Designer has flexi-
bility to choose the most efficient size. Additionally, the pipe sizes must include a 0
diameter, which lets Darwin Designer calculate the efficiency of the system with the
pipe absent (without installing the parallel pipe). There are four options in this tutorial
for existing pipe:

* Install parallel pipe
*  Clean existing pipe
* Reline existing pipe

* Take no action

1. Select Optimization Base from the Scenario drop-down list.

This is the future network set up for Darwin Designer optimization. Notice that
parallel pipes have been added next to all the existing pipes. All new pipes—
parallel and new ones for the subdivision—are colored red.
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2. Click Analysis > Darwin > Darwin Designer.

3. Create a new designer study, called Design and Rehabilitation.
a. Click the New button and select New Designer Study.
b. Rename the study Design and Rehabilitation.

4. Ifneeded, select Optimization Base from the Representative Scenario drop-down
list.

5. Create a new design event, called Criteria Set 1.
a. In the Design Events tab click New.
b. Highlight the new design event and click Rename.
c. Enter the name Criteria Set 1 and click OK.

D& X | & %]

Boundary Ovemides  Demand Adjustments  Pressure Constraints | * | *

I Darwin Designer (DesignerSample2Solution.wtg) — O x
D - X - Design Everts Design Groups  Rehabilitation Groups ~ Cost/Properties  Design Type | * | *
------ % Design and Rehabilitation D I:E x =] Representative Scenario: 60: Optimization Base w

Label Time From
All Events (1) Label Start Time Design Time Start
Criteria Set 1 (hours)
1 |Criteria Set 1 | 12:00:00 AM | 12:00:00 AM 0.000
£ >

Design Event Element

6. Setup the Design Event.

a. Scroll to the right and set the default minimum and maximum pressure
constraints:
- Minimum Pressure (Default) to 45 psi
- Maximum Pressure (Default) to 100 psi.

b. Click the Pressure Constraints tab at the bottom.

ely
c. Click the Select From Drawing button

100

Bentley WaterGEMS Quick Start Lessons




WaterGEMS Quick Start Lessons

d. In the Select toolbar, click the Query button and select Network >
v’
All Junctions. Then select Done
e. Note that the Pressure Constraints table now contains entries for each junction

in the model.

& Darwin Designer (DesignerSample2Solution.wtg)

[1- X

=l

------ % Design and Rehabiltation

— O >
Design Everts  Design Groups  Rehabilitation Groups  Cost/Properties  Design Type  Motes
D [E X =]  Representative Scenario: 60: Optimization Base e
Label MinirnLm Mandimum Consider
nd Demand Pressure Pressure Pressure
Al Events (1) bive Multiplier {Default) {Default) Benefit?
Criteria Set 1 ps) | ps) (Default)
1 Averac 1.000 450f 100.0 ]
< >
Boundary Overmides  Demand Adjustments  Pressure Constraints  Flow Con * | *
O By X | & e
- Minirnurm Maximum |
Design Event Mode e Pressure Pressure
Defaults? ; ;
(psi) {psi)
1 Criteria Set 1 | 120: 20 ] 45.0
2 Criteria et 1 | 134 130 |:| 45.0 100,0
3 Criteria et 1 | 138: 170 D 45.0 100.0
4 Criteria Set 1 | 133: 120 D 45.0 100.0
5 Criteria Set1 | 127: 75 I:' 45.0 100.0
E Criteria et 1 | 123 50 |:| 45.0 100,0
7 Criteria Set 1 | 128: 80 D 45.0 100.0
] Criteria Set 1 | 1320 115 D 45.0 100.0 W
< o >

7. Click the Design Groups tab.

8. Click New to create design groups. You need to create design groups for all new

or potentially new pipes, which include:

— All pipes labeled in the model with a P (these are parallel pipes)
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— All new pipes: 54, 68, 70, 72, 74, 76

Do not include existing pipes in any of these groups, because these need to be in a
rehabilitation group.

[t Darwin Designer (DesignerSample2Solution.wtg) — O et
L4 =] - Design Events Design Groups  Rehabiltation Groups Cos| * | *
& Design and Rehabilitation D X | ey

Element |
Label Element IDs IDs
<Count>=

Design Group - 54 | <Collection: 1item:>
Design Group - 68 | <Collection: 1item=
Design Group - 70 <Collection: 1item:
Design Group - 72 | <Collection: 1item=
Design Group - 74 | <Collection: 1item=
Design Group - 76 | <Collection: 1item=
PFipe Group - P-1 <Collection: 1item:
PFipe Group - P-7 <Collection: 1item:

- - -~ R T -

e e N

9. Click the Rehabilitation Groups tab. Create rehabilitation groups containing
pipes grouped as follows:

- 4,8,30,32,3436

2,10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 48
- 6,78

— 38,40, 42, 66

— 44,46, 50, 58, 62, 80

- 52,56, 60, 64

You might consider grouping pipes based on size or age. To create a rehabilitation
group:

a. Click New.
b. If desired, rename the Rehabilitation group and click OK.

c. Click the Select Elements for Demand Group button to choose the pipes
you want to include in the group.
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& Darwin Designer (DesignerSample2Solution.wtg) — O >
D' * - Design Events  Design Groups Rehabiltation Groups  Cost/Prop 4 | *
& Design anc D > | w [y
Element IDs
Label Element IDs <Count
[Rehabilitation Group - 10 | <Collection: 6 items > ]
Rehabilitation Group - 7 «Collection: 12 items 12
Rehabilitation Group - 9 <Collection: 2 items : 2
Rehabilitation Group - 11 <Collection: 4items : 4
Rehabilitation Group - 12 | <Collection: & items [
Rehabilitation Group - 13 | <Collection: 4 items 4
£ >

10. Click the Cost/Properties tab. Create two design option groups and one rehabili-
tation option group..

Click New > Design Option Groups to create a new table.

b. Rename the table Design Cost Table - 1.

c. Enter the data below into the table. The first table contains a pipe diameter of
0. All parallel pipes will use this option group. Including a diameter of 0 lets
Darwin Designer consider not adding a parallel pipe if that pipe is not needed
for the optimal solution.

Material Diameter Hazen Unit Cost
(in.) Williams C | ($/ft.)
Factor

Aluminum 6 130 12.80
Aluminum 8 130 17.80
Aluminum 10 130 22.50
Aluminum 12 130 29.20
Aluminum 14 130 36.20
Aluminum 16 130 43.60
Aluminum 18 130 51.50
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Material Diameter Hazen Unit Cost
(in.) Williams C | ($/ft.)
Factor
Aluminum 20 130 60.10
Aluminum 24 130 77.00
Aluminum 30 130 105.50
Aluminum 0 130 0.00

d. Create a second design costs table. (You can duplicate the table you just
created and delete the row for O diameter.) This table is the same as the first
one except it does not have a pipe diameter of 0 and is used for new pipes.
New pipes must have a minimum diameter because their existence is a
requirement, unlike the parallel pipes.

Material Diameter Hazen Unit Cost
(in.) Williams C | ($/ft.)
Factor

Aluminum 6 130 12.80
Aluminum 8 130 17.80
Aluminum 10 130 22.50
Aluminum 12 130 29.20
Aluminum 14 130 36.20
Aluminum 16 130 43.60
Aluminum 18 130 51.50
Aluminum 20 130 60.10
Aluminum 24 130 77.00
Aluminum 30 130 105.50

11. Create a single rehabilitation option groups table containing three actions: Clean,
Relining, and Do Nothing. A do-nothing action is necessary so Darwin Designer
can consider not rehabilitating some pipes. Each of these actions must reference
three functions, one for each column in the table.
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12. Click New > Rehabilitation Option Groups to create a new rehabilitation option

table.

a. Rename the table Rehab Cost Table - 1.

b. Type the name of an action you want to create, such as Clean.

c. Click the cell under Pre-Rehabilitation Diameter Vs. Post-Rehabilitation
Diameter and click the Ellipsis (...) button to create a new function. The
Rehabilitation Functions manager opens.

d. Click New > New Pre-Rehabilitation Diameter Vs. Post-Rehabilitation
Diameter Function.

e. Name the function, Function - 0.

f. Enter your diameter data (inside pipe diameter) into the table on the right side

of the dialog. We recommend you include all the diameters of pipe in the
table. (If you do not, Darwin Designer will use interpolation to calculate the
diameters you do not include.) In this case, the function does not change the
diameter of any pipes.

Pre-Rehabilitation | Post-

Diameter (in.) Rehabilitation
Diameter (in.)

6 6

8 8

10 10

12 12

14 14

16 16

18 18

20 20

13. In the Rehabilitation Function Manager, click New > Pre-Rehabilitation Vs.
Post-Rehabilitation Unit Cost.

a.

b.

Rename it Function - 1.

Enter the data for pipe diameter and unit cost as follows:
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14. In the Rehabilitation Functions manager, click New > Pre-Rehabilitation Diam-

Diameter (in.) Unit Cost($/ft.)

6 17.00

8 17.00
10 17.00
12 17.00
14 18.20
16 19.80
18 21.60
20 23.50
30 25.50

eter Vs. Post-Rehabilitation Roughness Function.

a.

Rename it Function - 2, and click OK.

b. Enter the data for pipe diameter and roughness as follows:.

Diameter (in.) Unit Cost($/ft.)

6 130

8 130
10 130
12 130
14 130
16 130
18 130
20 130

15. Create another Function called Cost Function - Reline. This is the cost for
relining pipes. Use these values:
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Diameter (in.) Unit Cost ($/ft.)

6 26.20

8 27.80
10 34.10
12 41.40
14 50.20
16 58.50
18 66.20
20 76.80
24 109.20
30 142.50

16. Create a final function called Cost Function - Do Nothing. This function is
required if you need Darwin Designer to consider not rehabilitating an existing
pipe as an option.

Diameter (in.) Unit Cost ($/ft.)

6 0.00

8 0.00
10 0.00
12 0.00
14 0.00
16 0.00
18 0.00
20 0.00
24 0.00
30 0.00
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17. The Rehabilitation Functions manager should now look like this:

Rehabilitation Functions — O ot
(=% =1 Pre-Rehabilitation ,
Diameter Unit Cost
=R F'!'e-HehabiI'rtation Diameter vs. Post-Rehabiltation Diameter {in) (s/ft)
. Function - 0 i | 6.0 | 0,00
=R F'!'e-HehabiI'rtation Diameter vs. Post-Rehabilitation Roughness 7 3.0 0.00
; Funclion-2 _ 3 10.0 0.00
=) Pre-Rehabiltation Diameter vs. Unit Cost
. 3 12.0 0,00
Function - 1
- Cost Function - Reline 3 14.0 0.00
i Cnst Function - N Mothina 6 16.0 0.00
Close Help

18. Click Close to close the Rehabilitation Functions manager.

19. For the Action: Clean:

a. Set the Pre-Rehabilitation Diameter vs. Post-Rehabilitation Diameter Func-

tion to Function - 0.

b. Set the Pre-Rehabilitation Diameter vs. Unit Cost Function to Function 1.

c. Set the Pre-Rehabilitation Diameter vs. Post-Rehabilitation Roughness Func-

tion to Function 2.

20. Type a new Action, called Relining 1.

a. Set the Pre-Rehabilitation Diameter Vs. Post-Rehabilitation Diameter Func-

tion to Function - 0.

b. Set the Pre-Rehabilitation Diameter Vs. Unit Cost Function to Cost Function

- Reline.

c. Set the Pre-Rehabilitation Diameter Vs. Post-Rehabilitation Roughness Func-

tion to Function - 2.
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21. Type a new Action called Do Nothing.

a.
tion to Function - 0.

b. Set the Pre-Rehabilitation Diameter Vs.
- Do Nothing.

c.

tion to Function - 2.

Set the Pre-Rehabilitation Diameter Vs.

WaterGEMS Quick Start Lessons

Post-Rehabilitation Diameter Func-

Unit Cost Function to Cost Function

Set the Pre-Rehabilitation Diameter Vs. Post-Rehabilitation Roughness Func-

[ Darwin Designer (DesignerSample2Solution.wtg) — O >
Dv w - Design Events Design Groups  Rehabilitation Groups Cost/Properties  Design Type Motes
------ |L$_}| Deesign ant D'%EIX DX
=1- New Pipe Pre-Rehabilitation Pre-Rehabilitation
L - Diesign Cost Table - 1 Act Diameter vs. Pre-Rehabilitation Diameter vs. Diameter vs.
_____ Design Cost Table - 2 o1 | Post-Rehabilitation Unit Cost Function Post-Rehabilitation
i . Diameter Function Roughness Function
[=- Rehabilitation - - :
_____ Rehab Cost Table - 1 Clean [289: Function -0 | 290: Function - 1 291: Function - 2
Relining 1 289 Function -0 | 292: Cost Function - Reline 291 Function - 2
Do Mothing | 289: Function -0 | 293: Cost Function - Do Mothing | 291: Function - 2
£ >

22. Click the Design Type tab to set the genetic algorithm parameters. Set the Objec-
tive Type to Minimize Cost. You are not considering any benefits to increasing

system flow or pressure.
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Create the Optimized Design Run

The design run uses your setup and applies it to the network.

1. Right-click the Design and Rehabilitation design run in the left pane, and select

New > New Optimized Design Run.

& Darwin Designer (DesignerSample2Solution.awtg)

D X B - =t

= Design Events

Design Groups

[ - [Pa =T W [ %
Mew -] Mew Designer Study
Rename Mew Optimized Design Run
Delete Mew Manual Design Run

Mew Manual Cost Estimate Run

Rehabiltation Groups

|Relining 1

£

— O >
Cost/Properties  Design Type  Motes
tation P
WS, Pre-Rehabilitation Diameter vs.
ltation Unit Cost Function P
nction | Ru
n -0 {290: Function - 1 23
| 289: Function -0 | 292: Cost Function - Reline 29

Do Mothing | 289: Function -0

293: Cost Function - Do Nothing | 29

>

2. Name the optimized design run as Design Run -1.

3. Inthe Design Events tab, select the Is Active? check box for the Design Event
Name Criteria Set 1. This enables the selected design event for the current run.

4. Click the Design Groups tab.

5. Make sure the Is Active? check box is checked for all of the design groups.

6. Select the design option group used by your design groups.

a. All groups containing parallel pipes need to use Design Cost Table 1, for that
option group contains data for a pipe size of 0. Parallel pipes have the prefix

P.

b. All groups containing new, single pipes need to use Design Cost Table 2, for

that option group does not use a 0 pipe size.

& Darwin Designer (DesignerSampleSolution.wig)

O-XB-=I

@ Design Run - 1

EI% Design and Rehabiltation

— O it
Design Events Design Groups  Rehabiltation Groups  Optionz  Motes
Design Pipe Group Is Active? Cost/properties L]
3 | 244: Design Group - 70 240: Design Cost Table - 2
4 | 245: Design Group - 72 240: Design Cost Table - 2
5 | 246: Design Group - 74 240: Design Cost Table - 2
f | 247: Design Group - 76 |24D: Design Cost Table - 2 |
7 | 243: Pipe Group - P-1 239: Design Cost Table - 1
8 |249: Pipe Group - P-7 239: Design Cost Table - 1
g | 250: Pipe Group - P-8 239: Design Cost Table - 1 W
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7. Click the Rehabilitation Groups tab.
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a. Make sure all the groups are checked as Is Active.

b. Set all the groups to use your rehabilitation option group. (Right-click the

heading of the check box column and globally edit them.)

& Darwin Designer (Designersample2Solution.wtg)

(- X B -=I

Design Everts Design Groups  Pehabilitation Groups

- |

Options ~ Motes

ot

EI& Design and Rehabiltation
i @ Design Run -1

[= SR T S S R N

Rehabilitation Group
282: Rehabilitation Group - 10
283: Rehabilitation Group - 7
234: Rehabilitation Group - 9
285: Rehabilitation Group - 11
286 Rehabilitation Group - 12
287: Rehabilitation Group - 13

Is Active? | Rehabilitation Option Group

[241:

Rehab Cost Table - 1

RIERIERIRE]

241
241
241
241
241

Rehab Cost Table - 1
Rehab Cost Table - 1
Rehab Cost Table - 1
Rehab Cost Table - 1
Rehab Cost Table - 1

8. Click the Options tab to set the GA parameters for the optimization.

—  Under Stopping Criteria, set Maximum Trials to 100000.

—  Under Top Solutions, set Solutions to Keep to 5.
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Calculate and Verify the Optimal Solution

After you calculate your solutions, it is important that you look at them and verify they
do what you need.

1. Click Compute. A dialog box opens that displays the progress and certain statis-
tics of the calculation.

Designing...

Generations: 48
Fitness: 3038113.375
Cost: 3011380
Benefit: 0.00
Violation: 0.027
Trialz: 18870 / 50000

Stop

2. After the calculation is complete, click Close. (If the calculation did not complete
successfully, you would check the Messages tab.)

Under the Solutions folder you see five solutions numbered 1 through 5 These are
the five top solutions Darwin Designer has calculated. Highlight the Solutions
folder to display a summary of each of the top solutions.

[ Darwin Designer (DesignerSample2Solution.wtg) — O *
D v = D = Soltions
EI& Design and Rehahbilitation Solution Fitness Total Cost EITGE%’:
=@ Design Run -1 &3] ene
£ Solutions 1 |Solution1 | 2,742,530.000 | 2,742,530.0 0.000
L Solution 1 2 |Solution2 | 2,850,390.000 2,850,390.0 0,000
Ef Solution 2 3 |Solution3 | 2,902,100.000 2,902,100.0 0.000
% Solution 3 4 |Spluton 4 | 2,904,550.000 |  2,904,560.0 0.000
-5 Solution 4 5 |Soluton5 | 2,906,660.000 |  2,906,660.0 0.000
g Solution 5

Solutions are stored in order of optimization fitness, with Solution 1 providing a
better calculated solution than Solution 2, which has a better calculated solution

that Solution 3, etc.

3. Export the solutions to your model, so you can review tank levels.
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Note that the optimization calculations consider your pressure requirements (that
pressure be greater than 45 psi) but not your tank levels.

a. Highlight Solution 1

1
b. Click Export to Scenario. = The Export to Scenario dialog box opens.

c. Select the Use Scenario Name for Alternatives check box. The default name
is the design run name plus an incremental number starting at 1.

d. Check the Export Physical Alternative? and Export Active Topology
Alternative? checkboxes.

Export Design to Scenario >

Export to Scenario
Export Scenario?
MName: Design Run-1-1

Export to Atematives

Ise Scenaro Mame for Atematives?

Export Physical Atemative?
MName: |Design Fun-1-1 |

Export Active Topology Atemative?

Mame: |Design Rurm-1-1 |

QK Cancel Help

Click OK. This exports Solution 1.
Select Solution 2 from the solutions list.

Export Solution 2.

=@ oo

Export the remaining solutions as it was done in steps ‘b’ through ‘d’ above.

4. Close Darwin Designer so you can review the solutions you exported.

5. Click Analysis > Scenarios to open the Scenarios manager. .
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6. Compute the scenarios you exported in a batch run. This lets you graph those
results and look at what is happening with your tank levels.

a.

Click the black down arrow next to the compute button at the top of the
scenario manager and choose Batch Run.

Select the Scenarios you want to run. (Design Run - 1 - 1, Design Run - 1 - 2,
Design Run - 1 - 3, Design Run - 1 - 4, and Design Run - 1 - 5).

Batch Run >
Label Analysis Type
[ ] Optimization Base EPS
[] Future Condition EPS
[] Bdsting System EPS
Design Run-1-1 EPS
Design Run-1-2 EPS
Design Run-1-3 EPS
Design Run - 1-4 EPS
Design Run-1-5 EPS
Batch Select = Close Help

Click Batch, click Yes in the prompt, and close the message boxes that appear
before and after the calculations.

After the batch run finishes, close the Scenarios manager and the User Notifi-
cations dialogs.

7. You will use graphing to inspect your tank levels. Click View > Graphs

c.

Click the New button and select Line Series Graph. A Select toolbar appears
to allow you to select the elements you want to graph from the drawing view.
Click on both tanks, then select Done.

In the Scenarios list of the Series Options dialog, check the boxes next to the
Design Run - 1 - 1, Design Run - 1 - 2, Design Run - 1 - 3, Design Run - 1 -
4, Design Run - 1 - 5, and Future Condition scenarios (uncheck Optimized
Base if it is checked).

114

Bentley WaterGEMS Quick Start Lessons



WaterGEMS Quick Start Lessons

g. In the Fields list make sure Hydraulic Grade or Level (Calculated) is

selected.
Series Options -
Seres Label Format: | $(Bement) - ${Scenana) - ${Feld) »
Scensrios [Elemerts Fisids
L 1~ PE|IW-G
R ] Curer Scerac) E I Tank (& i Tak
2 Optimization Bass LEE & Sz Commen
~-[#IES) Design Aun-1-1 LEE 1es 5 --|_|_|d:' Hu" v Ot ret)
[~ Design Aun-1-2 e )
BAS Deagnfun-1-3 (1) Leved Ealculaed)
[I=) Design Aun-1-4 T T
i "EI-_'I Design Aun-1-5 ?\‘El'_i"‘
B-_l Fubures Condition ﬂ‘D-_f ing Flange
= Ewsting System i e P :
1 S Fasuks
@)=t Ressuks (Eregy Cosl Summany)
w0 b Fesubs {Separsts bt}
- Fesubs {Transient]
il [ Reaks (Waber Guaity)
@ I Transient (nkial)
Ly Water Quaity
< »
EA Sheww thie dizkag on graph cmeation 0K Help
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h. Click OK

1l Graph: Graph - 1 - O b4
{Graph | Data
| B2 kXA D00

Graph - 1

250.0

245.0

240.0

235.0

Elawation (F)

0.oa 4.00 4.00 6.00 8.00 10,00 1200 1400 16.00 18.00 20,00 2200 24,00
Time (hours)

=—— &5 - Design Run - 1 - 1 - Hydraulic Grade

— 55 - Dengn Run - 1 - 3 - Hydraule Grade
G5 - Design Run - 1 - § - Hydraulic Grade
165 - Design fun - 1 - 1 - Hydraulic Grade

= 165 - Design Aun - 1« 3 - Hydraulic Grade
155 - Cresign Aun - 1- 5

E5 - Design Run - L - 2 - Hydraulic Grade
ES - Dasegn Run - 1 - 4 - Hydraube Grade
EE - Futur= Condimion - Hydraulic Grads
165 - Design Run - 1 - 2 - Hydraulic Grade
165 - Dasign Run - 1 - 4 - Hydraulic Grade
- Hydraulic Grade 155 - Future Condition - Hydraulic Grada

i. Review the graph. Notice that each of the design runs are able to keep the
tanks full.

j. While all of the design runs do keep the tanks full, Solution 1 is the best
optimal solution that meets your pressure and tank fill requirements while
minimizing costs.

8. Close the Graph window.
9. In the Scenario drop-down list, choose Design Run - 1-1, which represents Solu-

tion 1 that Darwin Designer calculated. From looking at the results in the graph,
you know this solution keeps your tanks full.
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10. Inspect your tank pressure by animating the scenario over 24 hours. Click Anal-
ysis > Times. Click Play.

Tirne Browser n

Time: |'I]D'I]
0
0000000 = & @

' Increment: | <All= ~
Time from Start hours) Time (hours) L
0.000 0.00
1.000 1.00
2000 200
3.000 3.00
4.000 400
4841 484
5.000 5.00 v

Note the color coding for pressure:

<=45 psi is red
— <=70psiisblue

<= 100 psi is magenta

<= 130 psi is green

11. Make sure none of the junctions is red during the animation.
12. Inspect a graph of junction pressures.
a. Click Home > Select by Element > Junction to select all of the junctions.

b. Right-click one of the junctions and select Graph. Click Yes to the prompt
asking if you want to graph all of the selected elements.
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c. In the Series Options dialog, uncheck the Hydraulic Grade Field and check
the Pressure box.

Series Oplions H
Serea Label Format: | $(Slement) - ${5cenania) - ${Rekd) »
Scenarios Shemerts Fiids
B E B E FEIT-=
LI Cument Sceranc =10 dunchion A || EiE
=2 = Opsimization Base EH0 = B Commen
i ~BFE Design Run-1- 1 o 1. i O Hydaule Grade
[l Design Fun -1-2 0 1= {07 Demend
I Design Fun-1-13 E10 e AT Pressre
I Desgn Faun-1-4 10 10 I Fre Plow
! [ Desgn Fun-1-5 L0 120 i 3 Geometry
i~ Future Condition -0 115 m et Prowcal
i Existing System o 1 w{ b Pressure Dependert Demarsd
-EA@ AT Fesuks
-f0 w0 I Resuks {Fire Fow)
= [ it (IS Pesuks {Pressure Dependernt 0
s (s R m- [ Resuks {Sabistica)
'0 il TFELE. Fesuks {Transianl)
-EQ s ] Jih Fesubts (Waber Qusity)
510 55 I Transent (nial)
| o = i1 ) Wiater Ghuakry
i @'ﬂ' 40 w | | € >
= Shesw thie dizkeg on graph ceation 0K Heip

d. Click OK.
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The Graph dialog box opens and displays pressures for the junctions you selected.
Note that none of the junctions fall below 45 psi.

Pressure (psi)

130,

100.

¥
L]

a0.

70.

60.

50.

40.

B2 B

. Graph: New Graph

New Graph

.k 000

' Time: [24.00

£.00

.00 10.00 12.00 14.00 16.00 12.00 20.00 22.00

Time (hours)

170 - Design Run - 1 - 1 - Pressure
150 - Design Run - 1 - 1 - Pressure
130 - Design Run - 1 - 1 - Pressure
115 - Design Run - 1 - 1 - Pressure
100 - Design Run - 1 - 1 - Pressure
&0 - Design Run-1-1- Pressure
70 - Design Run-1-1- Pressure
55 - Design Run-1-1- Pressure
40 - Design Run-1-1 - Pressure
20 - Design Run-1-1- Pressure

160 - Design Run -1 -1 - Pressure
140 - Design Run -1 -1 - Pressure
120 - Design Run -1 -1 - Pressure
110 - Design Run -1 -1 - Pressure
90 - Design Run-1- 1 - Pressure
75 - Design Run-1-1 - Pressure
60 - Design Run-1- 1 - Pressure
50 - Design Run-1- 1 - Pressure
30 - Design Run-1-1 - Pressure

24.00

Darwin Designer computed Solution 1 to be the most optimal solution, meaning the
least costly, and it also kept the tanks full. You also verified that Solution 1 was able to
maintain pressures above 45 psi.
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Scenario Energy Costs

Scenario Energy costs calculates energy usage and cost based on an extended period
simulation (EPS). It also determines a number of intermediated values such as effi-
ciency, power, and peak energy use.

Steps for running an energy cost calculation

1. Run EPS simulation.

2. Open energy cost manager and set up energy pricing.
3. Select scenario and run energy cost calculation.
4

Review Results.

Step 1: Run EPS Model

1. Open the EngCostLessonStart.wtg file in the Lessons directory.
2. Click OK to the message dialog that comes up about CONNECTED Projects.

3. Compute the EPS Scenario in the model
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4. Choose View > Graphs and double-click on PMP-1 .

[+ Graph: PMP-1 — O b4
o | F B ET -
=l @'lg]'“:lg o, % 00 ' Time:

_ PMP-1
£ 130.00
® 120.00
T 110.00
E 100.00
o
LTl
£5200.00
—_—
SE
£3200.00
==
2 1.000
5
“£ 0.300
L
= 0.800
w
@
] Q.00 &.00 12.00  18.00 24,00 30,00 36.00 42.00 48.00
% Time (hours)
o
o = PMP-1 - EPS - Pump Head
PMP-1 - EPS - Flow (Absolute)
=——— PMP-1 - EPS - Relative Speed Factar (Calculated)

Notice that the pump reaches 100% full speed several times.
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5. Close the graph. In the Graphs manager, double-click the Tank Levels graph

| A Graph: Tank Levels — O >
 Graph | Data
RS- B|E 000 ' Time:

Tank Levels

168.0
166.0
164.0
162.0
160.0

158.0
600.00

Elevation [ft)

400.00

200.00

0.00

Flaw [gpm)

-200.00

0.00 6.00 12.00 18.00 24.00 30,00  36.00 42.00 48.00
Time (hours)

= T-2 - EPS - Hydraulic Grade T-2 - EPS - Flow (Qut net)
= T-1- EPS - Hydraulic Grade =— T-1 - EPS - Flow (Out net)

The tanks fill gradually during this run and empty slightly quicker when the main
PUMP cycles off.

Close the graph.
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7. In the Graphs manager, double-click the Pump Graphs.

|+ Graph: Pump Graphs — O *

SRR NI

0,5 Q000 ' Time:

Pump Graphs

1,250.00
1,125.00
)
1,000.00
875.00
750.00

6525.00

Flow [gpm)

S500.00

375.00

=SSN

125.00

0.00

0.00 5.00 12.00 18.00 24.00 30.00 36.00 42.00 48.00
Time (hours)

[— PMP-1 - EPS - Flow (Total) PUMP - EPS - Flow (Total) ||

You can see the relative flow of the main pump and the booster bump.
8. Close the graph and the Graphs manager.
9. Save the file as MyLesson9.wtg

Step 2: Setting up energy pricing
1. Choose Analysis > Energy Cost > Scenario Energy Cost.

2. Click Energy Pricing 7] .
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3.

Set the start energy price to 0.10 $/kWh. Use the Add icon on the right side of the
dialog to add entries to the energy price table and enter the energy price data
shown in the table below.

Time From Energy Price
Start ($/kWh)
12 0.15
21 0.10
24 0.10
#] Energy Pricing O x
[ % =1 Tariff Type: Time of day bl
Label Tarif Type Start Energy Price: 010 $kinh
Time of day %
Time from Start Energy Price
{hours) (5ficivt)
1 12,000 0.15
2 21.000 0. 10
3 000 [EI__ZI_.[_:_
3 Energy Pricing
= 0.14 l
E D.12 |
= 0.10
@ 0.000 10.000 20.000 30.000 40.000
& Time From Start (hours]

Peak Energy Demand Charge
[Jinclude Peak Demand Chage?

Pieak Demand Charge: 0.0 Sk
Billing Penod: 720.000 hours

Use Muttiple Peak Changas for Energy Management 7

Edit Mutiple Peak Charges...

4. Click Close.

S.

In the Scenario Energy Cost manager, select EPS from the Scenario menu.
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6. In the Pumps tab, check the Include in Energy Calculation? boxes for each of
the pumps. Select Energy Pricing -1 in the Energy Pricing column for all pumps.

7. Click the Tanks tab. Make sure the Include in Energy Calculation? boxes are

checked for both tanks.
i#. Scenario Energy Cost O X
Summary Pumps  Tanks Varable Speed Pump Eatteries  Turbines
Scenana:; :
@ 4 nano: | 211: EPS . Indude In
Indude in Carbon
..... &, EPS ID | Label Caﬂ?;?jzn? Energy Pricing Emissions
: Calculation?
PUMP 320: Energy Pricing - 1 ]
230 |PMP-1 320: Energy Pricing - 1 ]
255 |PMP-2 320: Energy Priding - 1 ]
£ >
Cloze Help

Step 3: Run the energy cost analysis

1. Inthe Scenario Energy Cost manager, click Compute .

2. Highlight the Pump/Turbine Usage entry in the list. You can see that the effi-
ciency of the constant speed PUMP is higher than that of the variable speed PMP-
1 and PMP-2 was not called during this run.
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3. Highlight PMP-1 and click the Graph tab. Change the attribute being graphed to
Cost per Unit Volume and see how the cost changes as a result of pump status
and time of day energy charges.

#. Scenario Energy Cost O x

BV o Scenario: |2«

Cost per Unit Volume W [E @
=& EPS
=1+ Pump/Turbine Usage
=1+ Pump Time Details . 125.0000
=5 Pumps 9 112.5000
&' PUMP £ 100.0000
-7 PMP-1 v 87.5000
~-{&f PMP-2 E 75.0000
=) Storage £ 62.5000
-{=1 Peak Energy Demands £ =q.0000
; 37.5000
2 25.0000
& 12.5000
“ 0.0000
0.000 10.000 20.000 30.000 40.000
Time (haours)

Close Help

4. Close the Energy Cost manager.

Step 4: Making graphical comparisons between pumps

1. Inthe drawing, select PMP-1 and then, while holding down the <Ctrl> key, click
on the PUMP element. Right-click and select Graph to open the Series Option
manager.

2. Un-check the Flow (Total) checkbox and expand the Results (Energy Costs)
category (click the + button)

126 Bentley WaterGEMS Quick Start Lessons



3. Check the Wire to Water Efficiency and Cost per Unit Volume boxes.
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Series Options

Seres Label Format: | $(Sement) - ${5canania) - ${Reld)

|E

Scenarios Elemerts

Tt T T T
= = = =

= Cument Scenann =+ EAGER Pump
=i Awg. Daiy Demard AR PMRA
=-b1e ers AR PUMP
LS EPsx1S

Felds
W o
- Resuts (Enengy Coat Paak)
B-[I= Resite Enengy Coet Summany)
:"7_11_1

S

| Cost per Linet Viokume
| Ereeqy Cost (Cumultive)
| Enargy Coat (Incremental)
Erwegy Price
Energy Used (Cumulsinee)
| Motor Eficiency
Pump Bficiency

Volume Pumped (Cumuntive)
| Volume Pumped (ncremental)
| Water Power

Wire Powear

Wire o Waber Eficiency

L
5] Resuits [Tmnsent)

ROOO0O0000000

Helsive Soeed Faclor (Enengy Cogt Enging)

=] Shiw this dizbog on graph creation

QK
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4. Click OK to open the graph.

|/, Graph: New Graph . ) i
Graph | Data
b

=%

T Rg=Rgl=

o5 000 ' Time: 0.00

Mew Graph

120.0000
100.0000
30.0000
60.0000
40.0000
20.0000
0.0000

Cost per Unit Yolume ($/MG)

70.0

60.0 =
50.0 R
40.0
30.0
20.0
10.0
0.0 L-—
0.00 6.00 12.00 18.00  24.00  30.00 36.00 42.00  48.00
Time (hours)

Percent (%)

=—— PMP-1 - EPS - Cost per Unit Volume —— PMP-1- EPS - Wire to Water Efficiency
—— PUMP - EPS - Cost per Unit Volume —— PUMP - EPS - Wire to Water Efficiency

The efficiency of the constant speed pump is higher than the variable speed pump
whenever it is on. The cost per volume pumped is comparable since the PUMP
usually pumps against a higher head. In order to view the head attribute, click on
Series Options and check the Pump Head box under the Results folder.

5. PUMP pumped into a pressure zone that required a higher pump head.

6. Click the Add to Graph Manager button to save the graph, enter a name and
click OK, and then close the graph window.
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Pressure Dependent Demands

Pressure dependent demands (PDD) are used to simulate situations where a change in
pressure affects the quantity of water used.

To use PDD

1. Setup a model.

2. Create a PDD function.

3. Create a scenario that assigns a PDD function to an alternative.
4. Run the scenario.

This lesson uses the example of a neighborhood that receives water from two sources,
reservoirs that are near and far and both have a hydraulic grade of 150 ft. In this
lesson, you will simulate the system without considering PDD and all elements oper-
ating. Then the analysis will be run with PDD. In order to simulate a situation where
pressure significantly drops, the Near source is taken out of service and the behavior
with and without consideration of PDD is made.

The starter file consists of a model with two non-PDD scenarios, SteadyNoPDD and
EPSNoPDD. The demands have been loaded and the diurnal demand function has
been created.

Step 1: Run the initial NoPDD Model

1. Open the PDDLessonStart.wtg file in the Lessons directory.
2. Click OK to the message dialog that comes up about CONNECTED Projects.
3. Go to File > Save As and name the file MyPDDLesson.
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4. The Near source is on the left and the Far source is on the right.

5. Verify the current scenario is SteadyNoPDD.

PDDLessonStart wig |

SteadyNoPDD vEgl[b|ol-@ 6 or i

6. Compute the model and make sure results are green, then close the Calcu-
lation Summary.
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7. Click Report > Junction.
] FlexTable: Junction Table (Current Time: 0.000 hours) (PDDLessonSt... — O >
SR BB 8-

. Hydraulic ~
ID | Label S Fone Demand Collection = Grade Pressure
(fth {gpm) () (psi)

20:3-1 | 20]31 25.0 | <None> | <Collection: 1item: 1000  149.5 53.9
22: 1-2 22112 20,0 | <Mone> | <Collection: 1item:= 10.00 1448.5 56.0
24: 1-3 2411-3 10.0 | <Mone= | <Collection: 1item:= 10.00 149.4 60.3
26: 1-4 26 |14 15.0 | <None>= | <Collection: 1item:= 10,00 149.4 53.2
28: 1-5 2815 20,0 | <Mone= | <Collection: 1item:= 10.00 149.4 56.0
30: 1-6 3016 25.0 | <Mone> | <Collection: 1item:= 10.00 149.4 53.8
32: 1-7 3217 30.0 | <Mone> | <Collection: 1item:= 10.00 149.4 51.7
34: 3-8 34|18 35.0 | <Mone> | <Collection: 1item>= 10,00 149.3 49,5
36: 1-9 36119 40,0 | <Mone= | <Collection: 1item:= 10.00 148.3 47.3| ¥
20 of 20 elements displayed

10.

11.

Note that the pressures range from 43 to 60 psi.
Close the FlexTable.
Make EPSNoPDD the current scenario.

PDDLessonStart wig

EPSNPDD v| B[R] Pl

Compute the scenario , make sure results are green, then close the Calcula-
tion Summary.

In the drawing, hold the <Ctrl> key and click the Near reservoir, then the Far
reservoir, and then right-click and select Graph.
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12. Uncheck Hydraulic Grade, then check Flow (Out net) and then click OK to

view the graph.
Series Options *
Senas Label Format: | S[Elament] - $5cenano) - ${Feld) )
Scenarias Elements Feids
il i B Y W
- Curert Scenaro EIE\_/ Aeservair E-E]_]
=i SeadyMaP DD RS Near =l Comman
L [Fy ERSNaFDD s Far LT Flow ([Out et
T Hydrauic Grade
= Geometry
== Fh-_.sicd
= Resul
1D_‘| RESI.H:I!TI‘H‘I!H‘“-
= Results (Water Cualty)
== Transient (Physical)
= Wabsr Qualiy
=] Shaw this dialag on greph creation O Hep
| Graph: New Graph — O >
l' I“
-2~ Blhd 000 §
Mew Graph
275.00
250.00
225.00
200.00
E 175.00
2 150.00
= 125.00
= 100.00
75.00
50.00
0.00
0.0a 5.00 10.00 15.00 20.00
Time (haours)
=—— Near - EPSMNoPDD - Flow {Out net)
—— Far - EPSMoPDD - Flow (Qut net)
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13. Click Add to Graph Manager 2] to save the graph and name it SourceFlow.

Create Graph >

Mew Graph Name

SourceFlow]|

Carce

14. Click OK and then close the graph.

15. If you want to turn off the background layers of the drawing choose View > Back-
grounds and turn off PDD Background.

Background Layers n

O-X=I|F2AY¥YO
=-[<J=r Background Layers
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Step 2: Setting up PDD function

1. Choose Components > More > Pressure Dependent Demand Functions. Click
New and then rename to PowerFune.

2. Has Threshold Pressure? should be checked and type in 40 psi for the pressure

threshold.
[~ Pressure Dependent Demand Functions >
D . [E =] D &- Properties  Library  Motes
Label Function Type: Power Function
E PowerFunc

Power Function Exponent: |{I'.5'|]'|]' |

Has Threshold Pressure?

Pressure Threshold: |4'|]'.{|' | psi

120.0
100.0
a0.0
60.0
40.0
20.0
0.0

Percent ofReference Demand (%)

0.0 12,5 25.0 37.5 50.0 62,5 75.0 B7.5
Percent of Reference Pressure (%)

Close Help

3. Close the PDD Function manager.

4. Choose Analysis > Alternatives and click the Pressure Dependent Demand

Alternative and double-click the Base Pressure Dependent Demand Alternative
to edit it..
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5. Select PowerFunc from the Global Function menu

E‘ Pressure Dependent Demand : Base Pressure Dependent... — O >
- - g
Pressure Dependent Demand System Data [ Junction & Hydrant

Global Function: 86: PowerFunc || =

Reference Pressure Equals Threshold?

Pressure (Reference): |4'I].D | psi
Percent of Demand that is Pressure Dependent: |11]'I]'.1]' s
* || =Base data [w] =Local data [] =Inhented data

6. Click Close.

Step 3: Run the model with PDD

1. Choose Analysis > Scenarios and create a child scenario of EPSNoPDD.

2. Right-click on EPSNoPDD > New > Child Scenario and rename it EPS-PDD

Scenarios n
- X =l B-@ E5F ¥ EFSarch @

== SteadyNoPDD
- EPSNoPDD

3. Double-click on the EPS-PDD scenario to open the Scenarios Property Editor.
Under Calculations Options, click the Steady State/EPS Solver Calculation
Options menu and select New. Rename the new option EPS-PDDCalc and then
click OK..

Create Mew Calculation Options >

Erter Mew Calculation Options Mame
EPS-PDDCalc |

4. Make EPS-PDD the current scenario. ¥
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5. Choose Analysis > Options and double-click on EPS-PDDCalc to open the
Property Editor.

6. Set Time Analysis Type to EPS
Set Use Pressure Dependent Demand? to True.
Set Pressure Dependent Demand Selection to <All Nodes>

Properties - Calculation Options - EP5-PDDCalc (90) n
= Jee
«Show Al i
|F'n:u|:uert;.- Search v| 2~

+ Calculation Times A

Simulation Start Date 1412000

Time &nalysis Type EPS

Start Time 12:00:00 AM

Duration (hours) 24.000

Hydraulic Time Step (hours) 1.000

Reporting Time Step <Al
+ Hydraulics

Engine Compatibility WaterGEMS 2.00.12

Ilse Linear Interpolation For Multipoint Pumps? False

Convergence Check Freguency 2

Convergence Check Cut Off 10

Damping Limit 0.000

Trials 40

Accuracy 0.001

Emitter Exponent 0.500

Liguid Label Water at 20C(68F)

Liguid Kinematic Viscosity (f5/s) 1.080e-005

Liguid Specific Gravity 0.998

Minimum Possible Pressure (psi) -14.0

|lse Pressure Dependent Demand'? True

<Al Nodes> v v

| Pressure Dependent Demand Selechion Set

7. In the Scenarios manager, make sure the EPS-PDD scenario is current, then click
Compute.

8. Review the calculation summary and then close it.

9. Review the results by plotting a graph of flow vs. time. Choose View > Graphs
and double-click on SourceFlow graph.
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10. Click Series Options e and check both EPSNoPDD and EPS-PDD Scenarios
and then OK.
[+ Graph: SourceFlow - O x
{Graph | Data
ot e B

o) 000 ' Time: 000

SourceFlow

275.00
250.00
225.00
200.00
175.00
150.00
125.00
100.00

73.00

50.00

25.00 '_________._.—— —
0.00
0.00 2.00 4.00 6.00 B8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time (hours)

Flow {gpm)

== Mear - EPSNoFDD - Flow {Duk net) ——  Far - EPSNoPDD - Flow (Out net)
—— Mear - EP5-PDD - Flow (Outnet) —— Far - EPS-POD - Flow [(Out net)

There are four lines on the graph but only two are visible. This is because the lines
for both scenarios are identical.
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11. Click the Data tab to see that the pressure did not drop below the reference pres-
sure during the run.

[+, Graph: SourceFlow — O by
Graph Data
2 -
Mear - Mear - Far - Far -EPS-PDD | A
Time EPSMoPDD - EPS-PDD - EPSMoPDD - - Flow (Qut
(hours) | Flaw (Cut net) | Flow (Out net) | Flow (Out net) net)
(gpm) {gpm) (gpm) {gpm)
0 104.34 104.34 12.32 12,32
1 1.00 93.38 93.38 11.62 11.62
2 2.00 92.42 92,42 10.92 10,92
3 3,00 104, 34 104,34 12,32 12,32
4 4.00 134.15 134.15 13.85 15.84
5 5.00 163.97 163.96 19.37 19.37
6 .00 190.80 190.79 22.54 22,53
7 7.00 214,65 214.64 25,33 25.35
8 3.00 238,50 238.50 28.17 28.17
a a nn T744 A5 T4 AL m a7 e Q7 e

Step 4: Running non-PDD models with outage

In order to examine the effect of a drop in pressure, create a scenario where the pres-
sures will drop. In this example, Near tank will be taken out of service. Create a new
scenario where pipe P-2 is closed.

1. Click Analysis > Alternatives . Expand the Initial Settings Alternative node and
right-click the Base Initial Settings Alternative. Select New > Child Alterna-
tive.

2. Rename to Near Tank Out

Alternatives n
OXBEE=IBEET¥T @

EI||=|_§_| Initial Settings ~
. E-[# Base Initial Settings Atemative

£ >
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3. Double-click on Near Tank Out and change the status of P-2 to closed. When the
status has been changed to Closed a check shows in the first column to show that
it is different from its parent.

=€ Initial Settings : Near Tank Qut (MyPDDLessenSelution.... — O >

SRMENER

1 Pipe & Tank = Pump ¢ Varable Speed Pump Battery = PRV = P[4 *
2 1D Label Status (Initial) L]

21: p-2 21 |p-2 Closed -

23: P-3 ] 23 |P-3 Open

25: P-4 ] 25 P-4 Open

—— i - - p

* |¢| =Basedsta lw] =Llocal data [] =Inherited data

4. Close the alternative editor.

5. Inthe Scenarios Manager create a new child scenario off of EPSNoPDD called
TankOutNoPDD.

Scenarios n
- X =l | B-v E 3% % BFSarch @
=~ SteadyMaPDD

- EPSNoPDD
-y EPS-PDD

b TankOutMNaPDD

6. Double-click the new scenario to open the scenario Property Editor. Change the
Initial Alternative to Near Tank Out and then close the Property Editor.

Properties - Scenario - TankOutMePDD (92) n
= Je e
<Show All> )
|F'n:u|:uert§,' Search " | o -
+ Altematives ~
Active Topology <|= 4: Base Active Topology
Physical <|= 5: Base Physical
Demand <|> &: Baze Demand Altemative
91: Near Tank Out v
Operationa > 8: Base Operational Atemative
 Initial Setfings
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7. Make the TankOutNoPDD the current scenario and then click Compute.

Scenarios

("X =l B~+ B 55 & BFSearch @

-

SteadyMoPDD

EPSNoPDD
EP5-POD

vl TankOutMNoPDD

8. Review the calculation summary and then close it.

9. Right-click on J-12 and select Graph.
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10. In Series Options check the boxes for the EPSNoPDD and TankOutNoPDD
scenarios. Check the box next to the Pressure field (Hydraulic Grade is checked
by default; leave it checked) and click OK.

[, Graph: New Graph — O >

....................

& ot | 5

e~ & | B

o, 000 ' Time: [

Mew Graph

140.0

120.0

100.0

g0.0

Hydraulic Grade (ft)

60.
50.

45.
40.
35.
30.
25.
20.
15.
10.

Pressure (psi)

Lo O Y o e O o Y e Y o

=
L]
L]

5.00 10.00 15.00 20.00
Time (hours)

—— J-12 - TankQutMoPDD - Hydraulic Grade
—— 1-12 - TankOQutMoPDD - Pressure

—— 1-12 - EPSNoPDD - Hydraulic Grade
—— 1-12 - EFSMoPCDC - Pressure

When the Near Tank is out of service there is a significant drop in pressure.

11. Examine the effect of the drop in pressure on Demand. Click the Series Options
button. In the Graph Series Options manager check Demand and then OK.

Scenarios Elements Fields
EFE EE FEID-L
~[_] " Cument Scenario =-f0  Junction =
=[]  SteadyNoPDD L0 U2 =20 Comman
=-f EPSNoPDD Hydraulic Grade
~[]  EPS-PDD Demand
fd] TankOuwtNoPDD Pressure
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12. The demand did not change with pressure because it is not a PDD run, demand is
independent of pressure, so there is a single line for Demand. Notice that when
flow increases due to the time of day, there is not a corresponding drop in flow
because of pressure drop.

1, Graph: New Graph — O >
B[ B-2&-B|ks 000 ¥ Time: 000
g Mew Graph
L 140.0
E 120.0
& 100.0
E 80.0
E. 60.0
e 50.0
2 4000
£ 30.0
w
@ 20.0
= 10.0
E 14.00
(1
= 12.00
"r:% 10.00
E 8.00
2 6.00
Q.00 5.00 10.00 15.00 20.00
Time (hours)
=  1-12 - TankQutMoPDD - Hydraulic Grade
—— 1-12 - TankOQutMoPDD - Pressure
—— 1-12 - EPSNoPDD - Hydraulic Grade
J-12 - EPSMNaPDD - Pressure
—— 1-12 - TankOQutMNoPDD - Demand
= 1-12 - EPSMNoPDD - Demand

13. Click the Add to Graph Manager button, rename the graph as Pressure
Demand J-12 and click OK.

14. Close the graph.
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Step 5: Run PDD model with outage

1. Click Analysis > Scenarios.

2. Right-click EPSPDD and select New > Child Scenario. Rename the new
scenario TankOutPDD.

3. Double-click on TankOutPDD to open the scenario Property Editor.
4. Set the Initial Settings alternative to Near Tank Out

Properties - Scenario - TankOutPDD (93) n
o Je e
<Show Al [
|F‘n:u|:uert;- Search e | o -
w  Altematives A
Active Topology <= 4: Base Active Topology
Physical <= 5: Base Physical
Demand <|= 6: Base Demand Altemative
91: Mear Tank Cut w |
Initial Settings

5. Close the Property Editor and make the TankQutPDD scenario current.

Scenarios n
D'XEI EY - e =§+ =§' ESEErCh Q
B+ SteadyMNoPDD
= ~ EPSNoFDD
El ~ EPS-PDD
L 8 TankOutPOD
- TankOutMaPDD

6. Compute the scenario, review the calculation summary, and close it.

7. Click View > Graphs and open the Pressure Demand J-12 graph.
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8. Click the Series Options button and check TankOutPDD in the list of
Scenarios, uncheck Hydraulic Grade in the list of Fields, and then click OK.

Scenarios Elements Fields

EE Sy BEE B~

~{ ] Cument Scenario =[]0 Junction =

=-[]  SteadyNoPDD L0 U2 =z Common

= EPSNoPDD [ Hydraulic Grade

5[] EPSPDD . -4 | Demand
. LA TankOuPDD - [ | Pressure
A TankOutNoPDD @[] Fire Flow
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9. When PDD is used, the demand decreases when the pressure drops, so the overall
pressure drop is not as great as when the pressure dependency of demands is
ignored.

[, Graph: Pressure Demand J-12 — O >

....................

B-&-| B

o, 000 . Time: [0.00

Pressure Demand]-12

i
]
=

20.0

Pressure (psi)
()
[
L}

10.0

14.00

12.00

10.00

g.00

Demand (gpm)

6.00

0.0a 5.00 10.00 15.00 20.00
Time (hours)

— 1-12 - TankOutNoPDD - Pressure
= 1-12 - EFSMNoPLCD - Pressure

—— 1-12 - TankOutPDD - Pressure
— 1-12 - TankOutNoPDD - Demand
—— 1-12 - EPSNoPDD - Demand

= J-12 - TankOQutPOD - Demand

10. Close the graph.

Step 6: Animating Results

1. Click Analysis > Scenarios and make the TankOutNoPDD scenario current.
2. Choose View > Symbology and expand the Junction entry
3. Right-click on Junction and then select New > Color Coding.
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4. Select Pressure from the Field Name menu and Color and Size from the Options
menu.

5. Click Calculate Range , select Full Range from the submenu, this gives you the
pressure ranges for this scenario.

6. Click the Initialize button

Coler Coding Properties - Pressure >
Properties Color Maps
Field Name: Pressure w | Options: Color and Size ~
Selection Set: <Al Elements: o
OXEED
WEIE s | Color | Size ”
Calculate Range {psi)

N _ 0 1.0 1
Minimum: 0.0 | psi . 200,255,255 | 2
Mazcimum: |5-l.5 | psi 2 32.9 3
Steps: | 5 | 3 43.9 4

= 54.9 5

* W

Above Range Color: _

Above Range Size: |
Cancel || Poply Help
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7. Manually modify the ranges, color and size fields to look like the following
example. The colors, in order of appearance are: Red, Magenta, Yellow, Green,
and Royal Blue. Change the sizes to 3, 3, 2, 2, and 1 respectively.

Color Coding Properties - Pressure >
Properties Color Maps
Field Mame: Pressure w | = Options: Color and Size W
Selection Set: <8l Blemerts: o
OXEZRD
Value <= Color Size -
Calculste Range | | | psi) |
y | U] 0 3
Minimum: |1]'.1]' | psi 1 22.0 _ 3
Maximum: 549 | psi 2 32.9 | 255, 255 2
+ ]
Above Range Color: _ _
Above Range Size: |5 |
Cancel Apply Help
8. Click OK.
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9. Click Analysis > Times and click Play . Observe how the colors and pressures
change over the course of a day. Then click Pause .

10. Switch to the TankOutPDD scenario.

MyPDDLessonSclution_ wig
TankOutPDD DN ERICR R ¢

11. Compute, and then close the calculation summary.

12. Click Play and observe how the pressures in this run do not drop as low.

Time Browser n
Time: 10.00

¥
Q000DO0C0 ¥-fg @

' Increment; | <Az

r.é:.\ 4
Near e 7

Wil : Far
W\E\ﬂ@f@_#___w__ﬂ&i%
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13. Pause the animation and click View > Backgrounds and check the PDDBack-
ground box.

Near it LA P |
o S A vjl-  “ g Far

”ooaoaom!-‘r.
[ | Increment: o A%

.'|
g =4 Fﬂ_'r J

(1 o

14. Close the open dialogs.
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Criticality and Segmentation

A criticality analysis can be performed on a water model to identify the most critical
or important hydraulic elements within the model. Once the options have been set in a
Criticality Studies level of the Segmentation and Criticality manager, you must decide
which scenario is to be used for the analysis and set the rules for use of valving in the
options tab.

This lesson assumes that you have already constructed a model that has isolating
valves and that these valves reference pipes and pressure dependent demand functions
that have been set up.

Step 1: Check the Isolation Valves

1. Open CritStart.wtg from the Lessons folder
2. Click OK to the message dialog that comes up about CONNECTED Projects.
3. Go to File > Save As and name the file MyCritSolution.

4. Use Pan to look at the placement of isolation valves (or hold the middle
mouse button to pan)

5. Click Home > Find Element i (The top section of the Property Editor
contains the Find Element tool). Type J-11 in the field and then click Find.

Properties (no selection) n

i ‘@le

Select a single element from the hydraulic network.

18025
QNJ P
@ L1s0-26
D1S0-24
|
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6. Check for valves not assigned to pipes.

a. Click View > Queries. Under Queries - Predefined, expand the Network
Review folder and double-click Orphaned Isolation Valves.

Cueries n
= |° =§+ =§_ " - 'ﬂ'
o CQueries - Hydraulic Model [y
----- # Queries - Shared
B- # Queries - Predefined
- Network
= Metwork Review
----- & Modes in Close Prosimity...
----- & Crossing Pipes
----- & Orphaned MNodes
----- & Orphaned Customer Meters
----- & Orphaned SCADA Bements
----- 3

----- & Dead End Nodes

..... s Nazd End hinctinne

b. All valves are assigned, however if the query turned up orphaned valves then
you could delete the isolation valve, leave it orphaned, or select the valve and
choose the Referenced Pipe option in the valve Property Editor and select the pipe
where the valve is located.

7. Close the queries manager and the Property Editor.
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Step 2: Start the Criticality Manager and set up segmentation

1. Choose Analysis > Criticality

&L Criticality [MyCritSolution.wtg] - O x

O X B 7

----- Criticality Studies

Consider Valves?

[ ] Aute Update |solation Valve Data?

Status Defaults

General Purpose Valve: Do Mot Use -
|zolation Valve: Always Use e
Throttle Control Walve: Always Usze w
Pressure Reducing Valve: Always Use ~
Frezsure Breaker Valve: Always Use e
Pressure Sustaining Valve: Aways Usze et
Flow Control Valve: Always Use e

Valve Ovemides

wly M
Override Lis=1n
______ Element | =2 Element Type Isolation Trace
1 52?3 E FRV-1 PRY Use When Close

2. Inthe Options tab, verify that Consider Valves? is checked and that Always Use
is selected in the Isolation Valve field.
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3. Click New. In the Add Scenario dialog, check Avg. Daily Demand and click OK.

Add Scenario ot

Label

Awg. Daity Demand

[ ] AveDayPDD

Car

4. Select Entire Network from the Scope Type menu.

%L Criticality [MyCritSelution.wig] — O ot
b (7] Segmentation Scope  Segmentation Resutts

[=)- Criticality Studies Scope Type: Ertire Metwark w

= Aurg. Daiby Demand

Outage Segments

5. Click Compute to perform the segmentation analysis, and click Yes at the
prompt.

Label - List of segments that were identified in the analysis. If Consider Valves?
was not checked, there is one pipe per segment and the label of the pipe is listed
next to the segment name. In this case, Consider Valves? was checked so the
segments consist of a variety of pipes and nodes.

General statistics are given for each segment.

Affected Elements - The elements that make up or bound the segment.
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6. Click Highlight Segments ® to view the color coded segments in the drawing.

The results of segmentation can be advantageous. You can identify which
segments require successful operation of a large number of valves in order to
achieve a shutdown.

7. Right-click on the Isolation Nodes <Count> column and select Sort > Sort

Descending.
Affected | Isolation . = Segment —
Fipes | Customer Volume of
Segment Elements Modes ™| Length Segment Color
<Count> | <Count> ZCount=| Meters () Segment
pun oun <Count (ft3)
Segment -7 2 o r 0 1,216.33 250,70
Segment - 13 1 4] 5 0| 1,457.84 325.26
Segment - 5 1 3 3 a 901.04 276,16
Segment - 2 1 4 4 0| 1,8149.449 514.51
Segment - o 1 4 4 1] 040,69 125.80
L + 44 4 A A N 4 44m 22 27TA N

The segments at the top of the list usually prove to be the most difficult to isolate
and may require investigation to make them less susceptible to issues that arise
due to an inoperative valve.
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Step 3: Perform outage analysis to identify if isolating a segment
causes other segments to be isolated

1. Click on Outage Segments and then Compute

.. Click Yes at the prompt.

2L Criticality [MyCritSolubon.etg] - ] x
EOoe @HiEaecR R
=1 Celicaly Studies Label -~ Affected Mumber | Kumber .
Affmcted Pl Cutage Set
= -"-‘i'gul:ﬂh’ Dﬂ"‘ﬂ'ldm Al Chiage Segmers (51} Eegrent Elements = ':E.I;]"I.‘:l?lt} ON‘:,E'_:‘ af Uﬁdi c;:ml Length
i m’:g:&_w Oubage Segmert - 1 HELLLE <Count> | "™ | yahes | valves il
Oubage Segmert -2 Dutage Segment - 15 19 2 0 2 9 1) 1591543
Cutage Segmert - 3 | Butage Segment - 30 18 2| 0 2| a 1 17,3780
Outage Segment - 4 Culge Segeent - 17 15 17 0 0 0 1 14,000, 48
(utage Segment - 5 | Cutage segment - 25 5 s 0 a o 1 10w
Dutage Segrert -6 Dutage Segment - 24 4 5 0 0 0 1 2,779.08
EJ‘““" ;@5"9"“" ; | Dutage Segment - 20 3 3 0 a a o] 2,357.70
age | - ; ;
Cveereatl | NCT T TN S - -
Outage Segmert - 10 [ i
Oubage Segmert - 11 e
Oulage Segmert - 12 Afected Dements  Pipgs  Affiacted Customer Mater
Oubage Segmert - 13 Segrent Lisbel | Bement Tyoe
Cutage Sedment - 14 1 {Culsge Segment- 15 | 228: J-101 Junelin
Dutage Segmert - 13 2 |Dutage Segment- 15 | 730:PMP.1 |Pump
Outage Segmert - 15 3 Dutsge Segment-15 | 232: 102 | Junctian
Dutage Segmari - 17 4 |Cutage Segment- 15 |234:1-103 | Junctian
ﬁmﬂ"m'ﬁ 5 | Dutage Segment - 15 |36 1104 | dunction
;‘g: 5‘9“3 - 6  |Oulsge Segment-15 |23 405 Junction
{h.tageﬁeﬂ:-fl 7 |CutageSegment-15 | 240:J-106 | Junction
Ouge Sepmert - 22 ] Cutage Segment - 15 | 242: 1-107 | Junction
Outage Segmert - 23 g Dulage Segeent - 15 | 243: 1-108 Junctian
Outags Ssoment - w10 |Cutage Segment - 15 |247: 1109 | dunction
5 5 11 | Dulsge Segeent - 15 249: 110 Junchion
2. Right-click on Outage Set Length > Sort > Sort Descending to find out which
segments have outages that will cause significant downstream outages.
Affected Bi C'ﬁ' FFemcted Mumber Num;: & Num1t:: = Cutage 5et
Segment Elements RS LSTomEr of ° o Length =
<Count= <Count>| Meters P Chedk | Control ()
oun <Count: UMPS | valves | Valves
QOutage Segment - 15 19 22 0 2 0 1 18,915.43
Outage Segment - 30 13 21 W] 2 W] i 17,376.80
QOutage Segment - 27 15 17 (W] 0 (W] 1 14,090,498
QOutage Segment - 26 14 15 0 0 0 1 12,810,249
QOutage Segment - 24 4 5 0 0 0 1 2,7/.08
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3. Select the Outage Segment with the highest Outage Set Length from the Label

column. Click Highlight Segments ® to view the color coded segments in the

drawing.

BHecE B

Label

Affected Mumber

Affected . Mumber | Mumber Outage Set
P Custo f
Outage Segmert - 12 Segment Element: {CIELleIt} ;Seter::r of of Check Cc:trul Length
Outage Segmert - 13 <Count> <Count Pumps | Valves Valves (f)
Outage Segment - 14 [Outage Segment - 15 | 22 0 2 0 1 18,915.43
Cutage Segmert - 15
Outage Segmert - 16 ==
E@ Sy
Outage Segment - 17
Outage Segment - 18 Afected Bements  Pipes  Affected Customer Meters
Outage Segment - 13 Segment Label Element Type s
Qutage Segment - 20 y 'Outage Segment - 15 {228: 1-101 Junction
P 2 Outage Segment - 15 230: PMP-1 PuUMp v
4. View the drawing to see that the pipe with the highest Outage Set Length is in blue
and the downstream outage segments that will be out of service are in red.
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The most important function of criticality analysis is the ability of the system to meet
demands given a segment outage. A form of this analysis is the case where the short-
falls are determined solely based on connectivity. If the node is connected back to the
source, it is assumed the demands are met. This type of run does not involve the

hydraulic engine and is calculated more quickly.

1.

Select Criticality and make sure Run Hydraulic Engine? is unchecked. Then

click Compute

|

L Criticality [MyCritSelution.wig] — O >
g S it [ ] Run Hydraulic Engine?
= %ﬂi‘flw gt”_griens J Label Minimum Pressure To Supply Demand: |D.Dﬂ | |bs/fin®
- Awg. Daily Deman I
Outage Segmerts I e Maximum Allowable Demand Shortfall: |{H] G
Crticalty Criticality Segment - 1
Criticality Segmert - 2 [E
Criticality Segment - 3
N Maxirrurr 4
Crticaliy Segment - 4 Are al .| Alowable | ¥
Criticality Segment - 5 Segment demands |- 4 | Demand I
Criticalty Seament - 6 met? “ | Shortfall @
Criticality Segmert - 7 . . (%)
Criticality Seqmert - 8 ‘Criticality Segment -1 | [] 0.0 @&
Crticality Segmert - 9 Criticality Segment - 2 L] 0.0 BV
Citicalty Segment - 10 < *
Criticality Segmert - 11 [y i~
Criticalty Segment - 12
Affected Element i i
Ciiticality Segmert - 13 ements  |solation Nodes Pipes  Affected Customer Meters
Criticalty Segment - 14 Segment Label Element Type L]
Criticality Segment - 15 1 iCrih’mIi‘q-I Segment - 1 - f0: 1-32 | Junction
Criticality Segmert - 16 2 Criticality Segment - 2 |69: 1-16 | Junction
Criticality Segment - 17 3 Criticality Segment - 3 |68: J-21 | Junction
< £ Ei Criticality Seament - 4 |67: 1-31 | Junction ~
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2. Right-click on the System Demand Shortfall % column and then Sort > Sort

Descending.
Maximum MNode with
eomert | a5 Aonab | o | pcmand | penan | Lot
et Balanced? Shortfall (Full) (Met) Shortfan Demand
() {gpm) | (gpm) (%) hortfall
Criticality Segment - 15 | [ ] 0.0 804.00 528.00 34.3| 56: 1-13
Criticality Segment-27 | [ ] 0.0 804.00 543.00 32,5 | 232: 3-102
Criticality Segment-30 | [ ] 0.0 804.00 543.00 32,5 |232: 3-102
Criticality Segment - 42 | [ ] 0.0 804.00 543.00 32.5 |232: J-102
Criticality Segment - 26 | [ ] 0.0| 804.00 547.00 32.0 | 234: 1-103
Criticality Segment - 7 ] 0.0 804.00 704.00 12.4 | 64: J-1
Criticality Segment-10 | [ ] 0.0 804.00 704.00 12,4 |77: 14
Criticality Segment-20 | [ ] 0.0 804.00 712.00 11.4 | 247: 1-109
Criticality Segment-36 | [ ] 0.0 804.00 724.00 10.0 | 79: 3-2
Criticality Segment- 13 | [ ] 0.0 804.00 745.00 6.8 | 58: 1-3
Criticality Segment-25 | [ ] 0.0 804.00 752,00 6.5 | 236: 1-104
Criticality Segment-13 | [ ] 0.0 804.00 754.00 5.0 | 251: 1-111
Criticality Segment - 24 | [ ] 0.0 804.00 759.00 4.4 | 240: 1-106
Criticality Segment - 14 | [ ] 0.0/ 804.00 769.00 4.4 (57: 3-30
Criticality Segment-21 | [ ] 0.0 804.00 773.00 3.2 | 24% 1-108

3. Select the segment with the highest System Demand Shortfall from the Label

list and then click Zoom to Segments **~ 3

158 Bentley WaterGEMS Quick Start Lessons



WaterGEMS Quick Start Lessons

4. Now run a criticality analysis that uses the hydraulic network engine to determine
the impact of segment outages. Check the Run Hydraulic Engine box and click

Compute

%‘3 Criticality [MyCritSolution.wtg]

e Sy 0 M Run Hydraulic Engine?
= Cgi‘flw gtu.zrie[? 4 Label * | Minimum Pressure To Supply Demand: |ﬂ.DD | |bs/fin®
- fwg. Daily Deman o
L. Outage Seqments e Maximum &llowable Demand Shorifall: |ﬂ.ﬂ G
i ge 2eg I
Criticalty Criticality Seament - 1
Criticalty Seament - 2 [%

The System Demand Shortfall % are the same as the run without hydraulic
calculations. This is because the flows are delivered to all nodes that are

connected regardless of the pressure.
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Step 5: Run criticality analysis hydraulic with PDD

While other types of runs can indicate which segment outages cause the most demand
to be isolated from the system, they are not the way to determine the impact on nodes
that remain connected to the source but receive much less flow due to the outage.

In order to make these calculations, the demand in the system must be modeled using
pressure dependent demands (PDD).

1. Close the criticality manager and click Components > More > Pressure Depen-
dent Demand Functions.

2. Set the Pressure Threshold to 40 psi and then close the PDD Function manager.

[~ Pressure Dependent Demand Functions >
N B=g e Properties  Library  Notes
Label Function Type: Power Function

E Pressure Dependent Demand Function - 1 Power Function Exponent: |ﬂ.5'|]'|]' |

Has Threshold Pressure?

Pressure Threshold: |4'|]'ﬂ'|]' | psi

120.0
100.0
0.0
50.0
40.0
20.0

0.0

Percent of Reference Demand (%)

0.0 12,5 25.0 37.5 50.0 B82.5 75.0 87.5
< 3 Percent of Reference Pressure (%)

Close Help
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3. Choose Analysis > Alternatives , expand the Pressure Dependent Demand
Alternative and select PDDfunction.

Alternatives n
X BEBEE=IEETEY @
E Energy Cost e
EI|_|_§_| Pressure Dependent Demand
. [=-{# Base Pressure Dependent Demand Attemative
EIE- Pressure Dependent Demand Atemative - 1

||_|_E| Tranzient W

4. Double-click to open PDDfunction to verify which PDD function is being used,
that the reference pressure (the pressure at which all demand is met) is equal to the
threshold pressure, and that 100% of the demand is pressure dependent.

E‘ Pressure Dependent Demand : PDDfunction (MyCritselu..  — O >
- - g
Pressure Dependert Demand System Data [ Junction & Hydrant

Global Function: 218: Pressure Dependent Den ~ | | —

Reference Pressure Equals Threshold?

Pressure [(Reference): |4'|]DD | psl
Percent of Demand that is Pressure Dependent: |1ﬂ'|]'.ﬂ' 0
* |w| =Base data [ =Local data [] =Inherited data

5. Close the alternative editor and the Alternatives manager.

6. Click Analysis > Criticality. Highlight Criticality Studies and click the New
button. Check the box for AveDayPDD.

7. Click OK.
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menu..

8. From the Segmentation Scope tab, Select Entire Network from the Scope Type

DE:'E Criticality [MyCritSelution.wtg]

XEBH e

[=)- Criticality Studies

=8 AveDayPDD

- Outage Segmerts

Scope Type:

Segmentation Scope | Segmentation Results

Entire Metwaork

9. Select AveDayPDD and click Compute

.. Click Yes in the prompt that

appears.
&£ Criticality [MyCritSolution.wtg] - d =
» B (7] Segmerislion Seope  SEgmentation Reauts
=) Crticalty Shudes EEh:' '__ﬁ i @ - _E'I
=- foreDey DD :
Lebel = Affecied Affected Fhaid
Lutage scgments Elements m“m' Fipes  Cusbomer valume of
Cifticality Al Segmenls (51) Segment Modes ™| -romt= | Metors Length Sagmant Segment Color
Sagmert - 1 | | <Count: S <Counts ") [Ft¥)
Segment - 2 Segment -7 | 2 T 0 1,216.33 25070
Segmert - 3 Seqment - 13 | 1 &) & 0 145784 32525
Sogment -4 Segment -5 | 1 5| 5 0|  e0LD4| 216
Sagment - § Seqment -2 | 1] 4 4 0 131434 51451
Segmat - & Segment -6 | 1| 4| 4+ 0 6€0.69 12580
Segmert - | Segment - 11 1 4 4 0 1,110.33 374,50
g -8 } } 1
Sagmert - 9 Ty &y~
Segment - 10 -
Eecmerd - 11 Afected Blementa | solabion Nodes  Pipes  Afected Customer Melers
Segment - 12 Segment Label | Bement Type &
Segmert - 13 1 |Segment-7 {64 -1 | Ruraction:
Segmert - 14 2 segment-7 |72: 3-26 | Junction
Segment - 15 il Segment - 13 |$8: -3 | hnction
< " 4 |Segment - 5 | 562 1-10 |Junction v
The segmentation results are the same as the first scenario because the same
valving is used.
10. Select Criticality below AveDayPDD and check Run Hydraulic Engine? and
click Compute . .
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11. Right click on the System Demand Shortfall column and select Sort > Sort

Descending.
Are all :ﬂgﬁﬂ e I e [ Ilﬂlf:laltljrﬁgh|v.:.”sijcj,1
Segment demands Is Demand e Percent
met? Balanced? chortfall (Full) (Met) Shortfan Demand
(%) {gpm) | {gpm}) (%) Shortfall
Criticality Segment - 15 ] 0.0| 80400 524.74 34.7 | 56: 1-13
Criticality Segment - 42 ] 0.0| 80400 539.83 32.9 | 232: 1-102
Criticality Segment - 27 ] 0.0| 804.00 539.83 32.9 | 232: 1-102
Criticality Segment - 30 ] 0.0| 804.00 | 539.83 32,9 | 232: 1-102
Criticality Segment - 25 ] 0.0| 80400 543.51 32.4 | 234: 1-103
Criticality Segment - 7 ] 0.0| 80400 &74.29 16,1 |64 1-1
Criticality Segment - 10 ] 0.0| 804.00 684.71 14.8 |77: 14
Criticality Segment - 36 ] 0.0 | 804.00 | 704.95 12.3 |79: 1-2
Criticality Segment - 20 ] 0.0/| 80400 708.46 11,9 | 247: 1-109
Criticality Segment - 13 ] 0.0/| 80400 73173 9.0 | 58: 1-3
Criticality Segment - 25 ] 0.0| 804.00 748.40 6.9 | 236 1-104
Criticality Segment - 14 ] 0.0 804.00 749.75 6.7 | 57: 1-30
Criticality Segment - 19 ] 0.0| 80400 757.38 5.7 [251: 3-111
Criticality Segment - 33 ] 0.0| 80400 758.59 5.6 |75: 1-17

Notice that the shortfalls have increased over the previous runs because the runs
that incorporate PDD account for the impact on nodes that receive water but at a
lower pressure than under normal circumstances.

12. Close the Criticality manager.
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Flushing

In this Quick Start lesson, you will set up and run a series of conventional flushes (no
valve operation) and one unidirectional flush.

1. Open the model called QuickStartFlush.wtg in the Lessons folder.

2. Click OK to the message dialog that comes up about CONNECTED Projects.
3. Click File > Save As and name the file MyQuickFlushSolution.
4

Zoom to the south west portion of the model View > Zoom > Zoom Window

ﬁ Mamed Views

q me
‘ Zoom In
EItE"E' £ Zoom Window

[

foom and View

Jiew

so that it looks like below:

AR o s Benitiay WiabeeGEMIS COMMECT Eodtion PyCuackFlushinluhon,wig] - O X
e
Hzme lrpedt  Asalyn  Componsnts | View T [T Burrilicy oo Serain I | Bl A @
TD-' it . EI‘__ 3,__“’ Views | I Sy L/ = D P Cmmormar o | g L ik Graph f-'-J 4 :
L M QO - [ AeialView 5 Dackgrounds - 3 ecacitypes = 1 =
“__::‘n = & - a . (Gemphs Pessies FlexTasles Prepotics i::::hl:n
Zoom and View Temming [, Selection and Owery  Swdace
Byt Ssndedugy 1o T T T —— LI By
- 7
chlonks s Flashng Cutput - Uni-5 - T RK-e e EE- A §
Y X o [ B R ¥ B v = ol
B - — e~ & Ni
i F-'." ' {
- EA L E e ——— Lu psz|§
B0 decier A P13
[T Labad r E
e Huear , \"- + . i
EEA Labed / ) 2 :
AL Fassrwonr "\_ [ |
=k \ 2]
EA - Cumiomer Meser ’*‘ P&..I -__ |
i AT Bumn “—""‘-' = P )\
#fA - Pump Smon ||| ;-2-
b b o SCADA Frert " m‘;’&a
el o oo Speed fump Beney ! e B P
- PRV > ." ‘x“_“'
o e | ;r. | e o
wp o PRV | | @ ¥ A T
=~ o { i -
b fA o B | psg [ ""II.' f‘:?w{
Bakgruand Layars: LI Eiﬁ-‘?""*"‘ﬂ-if: . ! ?@
. a W f-f = =
| ¢ e Fer aj
£ Raciogound Leves || | e |
B 2 2
| 1 gt
|
L P55 phd =
———— Py %]
g o
B |
W 50055 W I005A99R  TeomleehMS% | 0 W L~
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Step 1: Conventional Flushing

1. Pick Analysis > Flushing. This opens the flushing manager dialog.

f= Flushing (MyQuickFlushSelution.wtg) — O X
D - ¥ = - D - @ & @ © A3z Summary Notes
E‘@J Flushing Study Areas Representative Scenario Dutput Scenario
¥ Base Flushing 309 <No Flushing Reslts>
-

2. Pick Avg. Daily Demand as the Representative Scenario in the right pane.

3. In the left pane, highlight Base Flushing, pick the Rename button (third from left
on top) and change the name to Conventional.

4. In the right pane, create a pipe set for which you will calculate flushing properties
by picking the ellipsis button next to Pipe Set, and Select From Drawing. Select
the pipes shown below. (It may be necessary to zoom in to some of the shorter
pipes to select them.)

gk i % -'._:_ Fo5q

P-7
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5. Pick the green check mark to complete the selection.
6. Click OK.
7. Set the Flow Emitter Coefficient to 150. The dialog should look like this:

f= Flushing (MyQuickFlushSelution.wtg) - O >
(- =IOy = Options  Events Notes
E'" Flushing St”#'-'r Representative Scenario: fvg. Daity Demand v| [E2
;l|:_-!| Conventional
Output Scenaric: <Mo Flushing Results= v
Target Velocity: |1.5'I] | ft's
Target Shear Stress: |1].DD | |bs/ft?
Safety Factor (Flushing Time, Volume): |1.000 |
Pipe Set: | <Collection: 24 tems> I-
MNodes of Interest: |<Eullediun: 0 tems: | -
Boundary Valves: | <Collection: 0 tems: | -
Flushing Flows
Flowing Emitter Coefficient: |15'I].DDI] | _ | gpm/psi’n
or
Flowing Demand: |1] | gpm
Apply Flushing Flow By: Adding to baseline demand -
Auvdliany Output
[ ] Include nodes with pressure less than? |ﬂ.ﬂ | psi
— ] Include pipes with velocity greater than? |ﬂ.D'|] | ftis
g~

8. Click the Events tab on the right pane.

9. Right-click on Conventional in the left pane. Select Add > New Conventional
Events (Batch)
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10. Select hydrants H-1 through H-8 and click the green check mark.

Select

AIPEENE A 1R

The Flushing Manager will look like this:

{i= Flushing (MyQuickFlushSolution.wtg) — O >
- =10y ~| _ Options Events Notes
EI--@J Flushing Study @
EI% Conventional
-[@) Event [H-1] Active? Label Flushing Type
-[@ Event [H-2] 1 Event [H-1] Conventional
@ Event [H-3] 2 Event [H-Z] Conventional
@ Event [H-4] 3 Event [H-3] Conventional
@ Event [H-5] 4 Event [H-4] Conventional
@ Event [H-6] 5 Event [H-5] Conventional
[#-[8) Event [H-8] :
: fi Event [H-6] Conventional
(-8 Event [H-7]
7 Event [H-8] Conventional
8 Event [H-7] Conventional
==+T

11. Run the 8 events in sequence by clicking the Compute button. Close the Calcula-
tion Summary.
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12. To check the results, open the Flushing Results Browser by clicking Analysis,
then click the down arrow below Flushing and select Flushing Results Browser.

| fi= | Flushing
Frj Flushing Area Report

. g | Flushing Results Browser

The Flushing Results Browser shows the effect of each event.

Flushing Results Browser n
@ 4O e

i Cumulative Incremental -

e

(ft) () () Mode

Conventional 5,390 5,890 5,390  (N/A)
Event [H-Z] |Conventional 5,595 7,130 1,240 | (M/a)
Event [H-3] | Conventional 2,725 7,130 0| (Mfa)
Event [H4] | Conventional 7,745 3,105 975 | (MNfA)
Event [H-5] |Conventional 6,030 9,005 200 | (N/A)
Event [H-6] |Conventional 5,015 9,005 0 | (/)
Event [H-8] | Conventional 5,527 10,200 1,195 | (MN/A)
Event [H-7] | Conventional 3,008 10,200 0| (Nfa)

£ >

13. Close this Browser and open the Flushing Area Report by clicking Analysis, then
click the down arrow below Flushing and select Flushing Area Report.
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14. Right click on the Velocity Maximum Flushing column and Sort > Descending.
This table shows the Velocity and Shear Stress for the pipes in the Pipe Set.

[ Pipe FlexTable: Flushing Area Report (Current Time: 0.000 hours) (MyQu... — O ot
SRR o e B
Velodity Satisfies Shear Stress A~
D | Label | 1IN DRMEE | oy iy gy | (@M Flsing | (v
(ftf=) Velodty? (lbsfft2)

320: 7 | 320 |P-7 170 4,0 |Event [H-4] 13.53 1.70
311:P-1 | 311[p-1 205 4.0 |Event [H-1] 12,75 1,52
317:P-5 | 317 |P-5 101 6.0 |Event [H-3] 8.02 0.60
327: P-12 | 327 |P-12 82 6.0 |Event [H-] 7.91 0.25
314: P3| 314 |P-3 94 6.0 |Event [H-Z] 6.92 0,46
321: P8 | 321|p8 805 4.0 |Event [H-4] 5.00 0.38
323:P-9 | 323|p9 413 6.0 |Event [H-5] 5.95 0.17
312:p2 | 312[p-2 1,010 4.0 |Event [H-1] 5.77 0.35
333: P-16 | 333 |P-16 a7 8.0 |Event [H-g] 5.58 0.15
127: P-55 | 127 |P-55 370 6.0 |Event [H-7] 5,50 0.30
329: P-13 | 329 |p-13 83 8.0 |Event [H-7] 5.25 0.13
96: P-63 95 |P-63 500 6.0 |Event [H-5] 5.04 0.13
324: P-10 | 324 |P-10 47 6.0 |Event [H-5] 5.04 0.13
101: P-58 | 101 |P-58 320 6.0 |Event [H-4] 5,02 0.25
330: P-14 | 330 [P-14 302 8.0 |Event [H-9] 4.32 0.11
95: P-54 95 |P-54 350 6.0 |Event [H-1] 4.38 0.20
326: P-11 | 325 |P-11 528 6.0 |Event [H-6] 4,35 0.10
315: P4 | 315 [P 456 6.0 |Event [H-7] 3.88 0.16
51: P-57 91 |p-57 400 6.0 |Event [H-7] 3.78 0.15
90: P-65 90 |P-55 630 6.0 |Event [H-4] 3.57 0.13
318: P-6 | 318 |P-6 439 6.0 |Event [H-6] 3.35 0.12
94: P-26 94 |p-25 | 1,185 4.0 |Event [H-1] 2.91 0.10
332: P-15 | 332 |P-15 353 8.0 |Event [H-5] 2.90 0.04
109: P-24 | 109 |P-24 | 1,195 8.0 |Event [H-7] 2,35 003 b
< >
76 of 76 elements displayed SORTED

All 24 pipes in this conventional flushing study exceeded the Target Velocity of
1.5 ft/s.

15. Close the Flushing Area Report.
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Step 2: Unidirectional Flushing Event

Next you will set up a unidirectional flushing event to increase the velocity in a run of

pipes along the southwest edge of the system.

1. Highlight Flushing study in the left pane, right-click and Select Add > New Area

2. Rename the new area Uni-SW.

f= Flushing (MyQuickFlushSolution.wtg) — O >
[+ % =1 [y _  Options Events Notes
E‘@J Flulshirlg Study Representative Scenano: Awg. Daity Demand - LER
EI--% Conventional
@I Event [H-1] Output Scenario: <MNo Flushing Results:> v
|E'| Event [H-2]
|E'| Event [H-3]
[#-{#] Event [H-4] _
@ Event [H-5] Target Velocity: |'I.5'I] | ft's
- [@)] Event [H4] |
G- Evert[1hg) | | 1orgetShear Stress: |0.00 | Ibsifz
- [@) Event [H7] | Safety Factor (Flushing Time, Volume): [1.000 |
- =] Uni-SW
Fipe Set: |<Eollection: 0 items= | —
Modes of Interest: |=:Cullectiun: 0itemsz | _
Boundary Valves: | <Collection: 0 tems: | —
Flushing Flows
Flowing Emitter Coefficient: |154].1]DD | _ | gpmipsi®n
or
Flowing Demand: |D | gpm
Apply Flushing Flow By: Adding to baseline demand w
Avpdliany Output
[ ] Include nodes with pressure less than? |ﬂ.ﬂ | psi
- _— [ ] Include pipes with velocity greater than? |ﬂ.DD | ftis
~ =i

3. Pick Avg. Daily Demand as the Representative Scenario, set the Emitter coeffi-

cient to 150 and create the Pipe Set as shown below:
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4. Click the green check mark and view the Pipe set.

Pipe Set
¢l »  RemowveAll
Label Element ID

1 P-55 127
2 P-24 109
3 P-5 317
4 P-6 318
5 P-57 91
6 P-11 326
7 P-12 327
8 P 323
9 P65 a0
10 P63 95
11 e 324

5. Click OK.
6. Right-click on Uni-SW in the left pane. Select Add > New Unidirectional Event.
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7. In the Select dialog that comes up, click the Add Operational Elements button

be

hydrant H-5 to flow as shown below:

. Then pick the valves ISO-34, ISO-35, ISO-36 and ISO-37 to close and

8. After picking the elements and clicking the green check mark, review the list of
elements to be operated. Feel free to add some descriptive notes to the elements to

be operated.

iﬂl Flushing (MyCuickFlushSolution.wtg) — O
D - X =] I:E Y . _ Event Blements: Event-1  Motes
: @ Evert [H-5] S ] Active?
(-] Event [H-6]
(&[] Event [H-8] el W
. [-[8) Event [H-7] Spedfy | Emitte
EIE% Uni-SW Element ped ey Flow
: Element Type Status Local | Coeffident Motes
E@ Evert - 1 Label Flows? {gpm)
- §= H5 1 |H-5 Hydrant Flushing ] 150,000 0 | 440 Hudson Rd
- % :ggz 2 |Is0-34 Isolation Valve |Closed ] (N/A) | (MfA) | 25 Oak St
o €, 150-37 3 |150-35 Isolation Valve | Closed L] (N/A) | (NfA) | 32 0ak 5t
. €, 15036 4 |150-37 Isolation Valve |Closed ] (N/a) | (NfA) | 17 Green St
& Report Views 5 |Is0-36 Isolation Valve | Closed ] (ja) | (fa) |25 Green st
LY
=='+1r

9. Identify the pipes to be part of the Pipe Run by picking the Select from Drawing

button on the right pane.
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10. In the Select dialog that comes up, click the Add Pipe Run Elements button

=0

“+ Then pick the pipes P-5, P-6 and P-9 as shown below: Once again, it may be
desirable to use the mouse wheel to zoom in to the shorter pipes.

/ K“'-:i{'?q
a [ ™~
/ ® s
a,
i p_s? v 6508 | o7 % (8 Auto-isolate
TTT—m g2 v |
H6—_ P77 2 f
H\""‘-—\.._\_\_
o e
d G: -8
Pos  og4fts &/
R *n__ Py /
~_ /

11. With all of the elements identified, select the Compute button. Click Yes to the

Compute Single Flushing Event prompt.

-lul Flushing (MyCuickFlushSolution.wtg) — O
D - x =] I:E - Evert Hemerts: Evert -1 potes
. [-[8] Evert [H-6] ~ Active?
-] Event [H-8]
. G-[8 Event [H-7] x
EIE% Uni-SW Specfy | Emite
EI@ Event - 1 Element ped ILE=r Flow
_____ *‘ h5 Label Element Type Status Flig:-uj;l? Coeffident Gapmi) Motes
""" € 150-34 1 |H-S Hydrant Flushing O 150.000 0 | 440 Hudson Rd
""" g :gg;‘g 2 |1S0-34  |Isolation Valve | Closed ] (N/aY [ (NjA) | 25 Dak St
_____ & 1S0-36 3 |I50-35 Isolation Valve | Closed ] {MfA) (MfA) | 32 Oak 5t
1wl P9 4 |ISO-37 Isolation Valve  |Closed ] (Mfa) | (MfA) | 17 Green St
..imm| P 5 |I50-36 Isolation Valve | Closed ] (M) (Mfa) | 25 Green 5t
.jmm| P§ 6 |P9 Pipe Pipe Run L] N/A) | (NjA)
- RepotViews o | |7 |P6 Fipe Fipe Run ] MN/AY | N/
- 8 |P-5 Fipe Fipe Run ] TR T
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12. Once the run is complete, open the Flushing Results Browser by clicking the

down arrow to the right of Compute and selecting Show Flushing Results
Browser. and view the results

-l-l Flushing (MyCQuickFlushSeolution.wtg)

O-Xe=l | B-B-8 2 266
: @ Even Compute Event ("Event - 1")

@ Even =1  Compute Area ("Uni-SW"
[-{@] Even B . ( :

EIE% Uni-5WW |ﬁ Show Flushing Results Browser |

EI@ lf-'_=| Show Flushing Area Table
Flushing Results Browser n
@ £ O
i Cumulative Pipe | Incremental Pipe
Flushing Event Flushing T Plpe_ll__engT e Length Met Length Met
Lsning tven usning ype E.‘[:%E Target Target P
(ft) (ft)

| Unidirectional
£ >

13. Make sure the whole row for the event is highlighted (as shown above), then click

the highlight button r4 (second from left) and view the event in the drawing.

14. Close the Flushing Results Browser
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15. Open the Flushing Area Table by clicking the down arrow to the right of
Compute and selecting Show Flushing Area Table and view the results

1 Pipe FlexTable: Flushing Area Report (Current Time: 0,000 hours) (MyQui... — O >
sl ee n BB n-
Velodty Satisfies Shear Stress | A
D | Label | LSO | DM | g gy | (MU | Fushing | (e
(ftf=) Velodty? (lbs/ft2)
Event- 1
Event- 1
Event - 1
109: P-24 | 109 (P-24 1,195 8.0 |[Event-1 145 ] 0.01
127: P-55 | 127 [P-55 370 6.0 |[Event-1 0.58 ] 0.00
324: P-10 | 324 |P-10 47 6.0 |[Event-1 0.00 ] 0.00
96: P-63 96 P63 500 6.0 |[Event-1 0.00 ] 0.0a
90: P-65 90 |P-65 &80 6.0 |[Event-1 0.00 ] 0.0a
327 P-12 | 327 |P-12 82 6.0 |[Event-1 0.00 ] 0.00
326: P-11 | 326 |P-11 528 6.0 |[Event-1 0.00 ] 0.00
91: P-57 91 |P-57 400 6.0 |[Event-1 0.00 ] 0,00 | W
£ >
76 of 76 elements displayed SORTED

Notice that the velocity in Pipes P-5, P-6 and P-9 exceeds 8 ft/s.

16. Click the down arrow next to Field Report and select Flushing Area Field

Report (“Uni-SW”).

N-X=If 8-

-l-l Flushing (MyCuickFlushSolution.wtg)

*|Q!:_f g @ Evert Elemerts: Event - 1

EI% Uni-5W

EI@

Flushing Event Field Report ("Event - 1)

Flushing Study Field Report("Flushing Study”)

| Flushing Area Field Report ("Uni-5W")

Report Layout...
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A report is generated including a map of the area and a tabular description of the event

indicating which elements to operate.

5 Preview

File  View Background

WICN

5 3
_|_||_ -:|.|||_l =l g

Flushing Field Report
Study: Flushing Study; Area: Uni-SWW; Event: Event -1
Primary View

<
Page 2 of 4 |

| Zoom Factor: 100%
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(B Preview - O *
Eile View Background

D @& Q0O % [Mald 4 v v m 2] =@,

Flushing Field Report
Seudy: Flushing Study; Area: Uni-5W; Event: Event- 1

Pressura (psi) |Measured Flowi|  Predicted | Predicted Flow
e —— Static, Dynamic {apml Pressure{psi) [gpm)
H-5 440 Hudson Rd 3.8 712
Valve Operation Motes Flushing Minimum | Recommended
I50-34 Clase 25 Oak Sz Time [min} 1.9 1.9
[50-35 Close 37 Oek S Volume {gal) 13838 1,383.8
5037 Coss 17 Graan 5t o T
150-36 Close 25 Gre=n 5t
End Time
= Operator
Da=
Water Quality Initial Final
Clear
Colored
Chlorinz Residual
Turbidiy
Pipe Run to be Cleanad
Pg, P&, P-L
[
£ >
Page3ofd | | Zoom Factor: T5%

You performed a conventional flushing analysis (no valve operation required) and
confirmed that all pipes in the area of interest met a minimum velocity of 1.5 ft/s. A
second, Uni-directional flushing analysis, was performed to evaluate the increase in
velocity for a run of pipes (P-5, P-6, P-9) in the same area. Four valves were closed
and hydrant H-5 was flushed. Velocity for those pipes increased to over 8 ft/s.

17. Close the report to get back to WaterGEMS.
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Importing SCADA Data

In this lesson, you will import historical SCADA data that has been stored in an Excel
file and compare the historical values from that file with the current model scenario.
To accomplish this, you will

- Identify SCADA Data Source

- Import SCADA data

- Create SCADA Elements

- Link SCADA data and modeling elements
- Compare SCADA data with model results

The SCADA data is stored in the Excel file SCADA1.xls in the Lessons folder.

1. Open the SCADA1.xls file to view its format, which is called multiple rows per
record. Each record contains a time stamp (24 hour format), pump flow and tank
hydraulic grade. In case you don’t want to open Excel file, the first few rows of
the file look like this.:

PMP-1 - T-1-
Flow Hydraulic
Time (hours) (Total) (L/s) | Grade {m)
9/ 12/2016 0:00 21 108
9/ 12/2016 1:00 20 108.62
9/12/2016 1:39 ] 109
9/ 12/2016 2:00 ] 108.582
9/ 12/2016 3:00 ] 108.26
9 12/2016 4:00 ] 107 .64
9/12/2016 5:00 0 106,94
9/12/2016 6:00 0 106.16
9/12/2016 7:00 0 105.27
9/12/2016 7:15 22 105
9/12/2016 800 22 105.13
9/12/2016 900 22 105.17
9/ 12/2016 10:00 22 105.17
91272016 11:00 22 105.26
9 12/2016 12:00 22 105.43
9 12/2016 13:00 22 105.63
9 12/2016 14:00 22 105.79
9 12/2016 15:00 22 105,92
9 12/2016 16:00 21 106.07

2. This Excel file is a 32-bit file. Therefore, it is best to use a 32-bit version of
WaterGEMS. If you are running a 64-bit version, close WaterGEMS and start
C:\Program Files (x86)\Bentley\WaterGEMS\WaterGEMS.exe
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3. The welcome dialog should indicate 32-bit.

Welcome ot

Leam MNew Ribbaon Inteface

Quick Start Lessons

Create Mew Hydraulic Model

Open Bdsting Hydraulic Model

Show This Dialog at Startup

9192016 10.00.00.46| 32-bit Close Help

4. Click Open Existing Hydraulic Model and navigate to SCADADa-
taStarter.wtg in the Lessons folder.

5. Click OK to the message dialog that comes up about CONNECTED Projects

6. After you have opened the file, click File > Save As. Name the file MySCADA-
DataSolution.

7. This is a simple model with one pump and one tank as shown below.

-~ : P2 Sap-1 P3

- 2 ] o Ps :y
* i b —— — o
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8. Pick Scenario EPS48 and Compute. View the calculation summary graph by
clicking on the Graph button at the top of the Calculation Summary dialog (third
button on top of calculation summary). It should look like this.

v, Calculation Summary Graph (46: EP548) - O >

Wi~ dB e 000 ¥ Time: [8/12/2016 12:00 AM

Calculation Summary Graph
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o o o o o o oo o o oo o0 o o o oo o oo oo oo o0 o
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e I & T T T I TR o N i Bt S S B o S B e [ R e,
B o T e s T s B e T S S R
O o O =, w. O O v L O O O m., e, O O W O e T
o O LI o O o o
Time
= EPS548 - Flow Demanded = EP548 - Flow Supplied

— EP548 - Flow Stored

o

Review the data then close the Calculation Summary graph, and Calculation
Summary.
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1. Open SCADA Signal Manager using Analysis > SCADAConnect Simulator >

SCADA Signals.

2. Click New > Database Source. The following dialog opens

Database Source

Database Source  Units  Signal Value Mappings

Signal Name Field:
Yalue Field:
Time Stamp Field:

Questionable Field:
Options
() Real-time

Signals
Select SCADA Signals ...

Connection: Click <Edit> to specify the connection Edit...
Table Name:
Source Format: One value per row

Fields

() Historical Time Tolerance:

30.000 min

0K Cancel

3. Click the Edit... button in front of Connection

4. In the Database Connection Dialog that comes up, set Data Source Type to

Excel2007/2010/2013 (12.0)

Bentley WaterGEMS Quick Start Lessons
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p» Importing SCADA Data

5. Set Data Source to SCADA1.xIsx. in the Lessons folder.

Database Connection ot
Data Source Type:
Excel 2007/2010/2013 (12.0) o

Data Source:
1ments*Bentley  New \Quick Starts ' WaterGEMSYessons  SCADAT xl=e | _

Test Connection Advanced...

Connection String:

provider=Microsoft ACE.OLEDE.12.0;Data Source=C: \Users
“Angela Suarez Documents® Bentley  Mew \Quick Starts*WaterGEMS
“essons' SCADAT s Bdended Properties=""Excel

12 0;HDR=Yes;IMEX=1";

QK Cancel Help

6. Pick Test Connection. It should respond Connection Succeeded.
7. Click OK, then close the Database Connection edit dialog.
8. Back in the Database Source manager, set the following:

— Table name: Sheet1$

— Source format: Multiple values per row

— Time Stamp Field: Time (hours)

— Options: Hstorical

— Time Tolerance: 30 min.

182 Bentley WaterGEMS Quick Start Lessons



WaterGEMS Quick Start Lessons

Database Source ot

Database Source  |nitz  Signal Value Mappings

Connection: SCADAT xdsx Edit...

Table Name: Shest1% W

Source Format: Multiple values per row ot
Fields

Signal Mame Field:

Yalue Field:

Time Stamp Field: Time {hours) A
Questionable Field: <not available:

Options
i) Real-time
(®) Historical Time Tolerance: 30.000 min
Signals
Select SCADA Signals... SQOL Statements ..

Concl | | bl
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9. Click Select SCADA Signals to identify which SCADA signals you want to use.
In this case it is both values. Add them by clicking on each of them.

Select Signals x
Losailable ltems: (0) Selected ltems: ()
Sigral label Signal label
Add PMP-1- EPS48 - Flow (Total) (L/s)
= T-1- EP548 - Hydraulic Grade {m)
=
Remaove
<
o £ >
QK Cancel Help

10. Click OK to leave signal selection.

11. Click OK to leave Database Source setup. This brings you back to SCADA
Signals manager.

= SCADA Signals x
O 17 1% = By
=™ SCADA Datasource - 1 Signal Name
.72 PMP-1- EPS48 - Flow (Total) (L/s) [PrP-1 - EPS6 - Flow (Tota) 1) |
P 2 T-1- EPS48 - Hydraulic Grade {m) T-1 - EP543 - Hydraulic Grade {m)

Cancel Help
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View SCADA Data in WaterGEMS

1.
am and select Refresh

WaterGEMS Quick Start Lessons

Click PMP-1 and set Start to 9/12//2016 12:00 am and End to 9/14/2016 12:00

= SCADA Signals x
D, £ X =] = Preview: Historcal
= :“ SCADA Datasource - 1 [] Aute-refresh
.5 PMP-1 - EP548 - Flow (Total) {L/s) "
‘ Start: 9122016 * | [12:00 AM =
-2 T-1 - EP548 - Hydraulic Grade {m) : | B-] | | | Refresh
End: | 9/14/2016 [~ | [12:00AM |
i Signal Raw ~
Date/Time Stamp Signal Value Value
1 [9/12/2016 12:00:00 AM | 21.00
2 |9/12f2016 1:00:00 AM 20,00
3 |9/12/2016 1:39:00 AM 0.00
4 |9/12{2016 2:00:00 AM 0.00
5 |9/12/2016 3:00:00 AM 0.00
h QM 2016 4:00:00 AM .00 b
» 20.00
=
T 15.00
= 10.00
=
5 5.00
0.00
o O = O = U e Ry U e Ry oo =
— O — O — O — O — O
S~° 8§87 8% R8T RA&T
— — — — —
it et et et e
o o v o o
Time
W PMP-1 - EP543 - Flow (Total) (Us) ||
Coce | el
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p» Importing SCADA Data

2. Pick T-1 and repeat the above steps.

= SCADA Signals

O [ [ % =X

= z"“ SCADA Datasource - 1
-5 PMP-1- EP548 - Flow (Total) (L/s)
L5 T-1 - EPS48 - Hydraulic Grade {m)

>
Preview: Historical
[] Auto-refresh
Start | 9122016 [F~ | [12.00AM | | Refresh |
End: | 9/14/2016  [F~ | [12:00AM 4|
T | ]
Date/Time Stamp Signal Value Slg.:
1 19/12/2016 12:00:00 AM i 108.00
2 9/12/2016 1:00:00 AM 108.62
3 9/12/2016 1:39:00 AM 109.00
4 9/12/2016 2:00:00 AM 108.82
5 9/12/2016 3:00:00 AM 108.26 i
£ >
105.00
= 108.00 m -
5 u []
[ ]
e 107.00 m n |
= 106.00 u L
g |
105.00 .
— O — O — O — O — O
Sa° 84 BaT 2&a°T g2aC
| | S | | e, T
™~ ™ m M o
i — i i —
e e . . .
o o =1 o o
Time
M T-1- EP548 - Hydraulic Grade (m) |
CK Cancel Help

3. You have now imported the data. You must now associate that data with a model
element using a SCADA signal element. Click OK.
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Creating and Mapping SCADA Signal Elements.

1. Place two SCADA elements using Layout > SCADA Element near the tank and
pump as shown below.

R-1 B/

-~
-2 Pt 4 R -3/

P

LY
=
i
-

-

oA

(54

VT
O
W

y

=
wd

1

k=
=

2. Make sure the labels in your model match the labels in this lesson.
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p» Importing SCADA Data

Associate the signals to the pump using the SE-1 Property Editor as shown below,

by double clicking on SE-1"
— Model Element: PMP-1
— Field: Flow

— Historical Signal: PMP-1 - EPS48 - Flow (Total) (L/s)

— Active Alarm: None

Properties - SCADA Element - SE-1 (69) n
o0
<Show Al |
|F‘n:u|:uert}- Search v| o -
v  SCADA ”
Model Element PMP-1
lodel Element Type Pump
Field Flow
lodel Element Walue 21 L4
Real-time Signal <Mones

Historical Signal

= L= L

Active Alarm(s)

FMP-1 - EP548 - Flow (Total) (L's)

21 L4

Good

044

<Mones W

<General:
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4. Associate the signals to the tank using the SE-2 Property Editor as shown below:
— Model Element: T-1
— Field: Hydraulic Grade
— Historical Signal: T-1 - EPS48 - Hydraulic Grade (m)

— Active Alarm: None

Properties - SCADA Element - SE-2 (70) n
|SE-2 v| @ @ [0 v
<Show All= W
|F‘n:||:|ert;.- Search v| 2~
v  SCADA A
Model Element T
Tank
Field Hydraulic Grade
108.00 m
Feal-time Signal <Mone:
Historical Signal T-1- EP548 - Hydraulic Grade {m)
108.00 m
Good
0.00
Active Alarm(s) <Mone: W
<General>

5. Note the Historical signal values.

6. Close the Property Editor
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Compare Model and SCADA Data

1. Compare calculated model results with SCADA data by graphing each SCADA
element. Select both signal elements, SE-1 and SE-2, right click and Select
Graph.

2. Leave the default fields and click OK.

1L Graph: Mew Graph
{Graph | Dala

@ Bra- B nE oo §

Time: [3122005 1200 AM

9/13/2016 10;00 PH g
9f14/3016 12:00 AM

New Graph
— 10%.00
E
- 108.00
1=
‘..i’lI].'-'.IZIIZI
=
= 105.00
105.00
20
¥ 15
=
x 10
=
* 5
Q a
¥ £E £E £ £ E £ £ £ £ £ £ £ £ E E E £ E E E ¥ %
g =L Jq g g | B & 4 B B B g & & = = = & & & O &
(=] (=] =] [=1 (=] [=] (=3 [=1 (=] L=} o
2 EE2 88 8 88 58 8 8 5 88 8 8 E 8 88 a8 2 & &
i~ i~ - oD o [=1 ™~ ™~ T = = = (3] 4 o L=} [} = re ra o = =
4 5 v w o 97 8 a8 v o 7 49 5 5 o o 2 7 o v v a
] - - - — el (=) - - — - (=] [¥a) - - - - w0 o - - -l -
- (=1 [=] o o =1 =) (=] =] o (=3 - — o o (=1 [=] —_ — (=1 (=3 [=1 o
=T T T T - - T~ S O T~ ~ SO - T T S~ SN - S S S |
R = B S R L T T o T T = = === S S ==
] ol =l IS - r~ (o] — —_ —_ —_ ™ m - - il ot m ] —_ - - _
DR F o8 £ & F FoF F e IIFFEE L LG G & @
= > O -om
Time
— 5E-2 - EPS4E - Model Element Value (Numernic) [l SE-2 - EPS4E - Historical Signal value [Numaeric)
SE-1 - EPS4E - Model Element value (Numeric) = SE-1 - EPS4E - Histarical Signal Value (Numeric)

3. Note that the SCADA values (points) compare well with the calculated model
results (lines).
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SCADAConnect Simulator

In this lesson, you will simulate a fire event and the response in a water system using
the simple user interface in SCADAConnect Simulator. You will make three runs: no
fire, fire and fire response.

1. Start WaterGEMS and open the file SCADASimStart.wtg in the Lessons folder.
It should look like the model below.

PMP-1
2. Click OK to the message dialog that comes up about CONNECTED Projects.
3. Click File > Save As. Name the file MySCADAConnectRun

PMP-1 controls are based on the level in tank T-1. PMP-2 is a standby pump.

4. Change the existing EPS48 scenario into a SCADAConnect simulator scenario by
selecting Analysis > Options > EPS48. Change the Calculation Type to SCAD-
AConnect Simulator, then close the Property Editor, and Calculation Options

manager.
Properties - Calculation Options - EP548 (47) n
| o0
<Show All= i
|F'r-:||:|ert;- Search e | o -
Label EF543 ~
MNotes
Friction Method Hazen-Wiliams
COutput Selection Set <Al
SCADAConnect Simulator |«
SCADA Calculation Type Hydraulics Only W
Calculahon Type
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Be sure to occasionally save your file

5. Open SCADAConnect Simulator using Analysis > SCADAConnect Simulator
> SCADAConnect Simulator. Review the manager that appears.

m SCADAConnect Simulator

HOME EMERGENCY RESPOMNSE

| Graphs
[5G Named Views

ETH‘I’E Browser
|&] User Motifications
] SCADA Elements

— pd
CONFIGURE Q
. Ces #
?4’? ~ X Delete |zolate @
b
Mew =

Iy
[[=)
ihi
T
L
T
L
i

Daity Demand Adjustments
Control Ovemides

Pipe Breaks

Fire Responses

Pipe Shutdowns

Power Outages

Baseline Scenano: EPS48

v <General>
Simulation Mode
SCADA Calculation Type
+ Calculation Times
Simulation Start Date
Start Time
Dwration (hours)

Baseline Initial Condition
Hydraulics Only

3122016
12:00:00 AM
43.000

6. Run a normal day by selecting the Compute button on the EPS48 Baseline

Scenario.
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7. The graph of the Calculation Summary (third button on top of Calculation

Summary) should look like this.

X

|
9122016 12:00 AM

I,-"_-'" Calculation Summary Graph (46: EP548)

W | & QB

Time:
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=
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L
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‘0T 9T0E/ET 6
‘8 A9TOZ/ZT/ 6
9 9TOZ/ET 6
P ATOZ/ET/ 6
‘Z 9TOZ/ET/ 6

Time

— EP548 - Flow Demanded

— EPS48 - Flow Supplied I

EPS48 - Flow Stored

8. Close the graph and the Calculation Summary.
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p» SCADAConnect Simulator

9. Open the graph View > Graphs > Tank-Pump which should look like this where
the red and green lines are pump flows, the blue line is system demand and the
magenta graph is tank hydraulic grade line.

[ Graph: Tank-Pump — O >
- ST -
BR-r2-B|l2s 000 § Time: 391

Tank-Pump
23
20 L ““1
18
= 15
I 13
z 10
r 5% '
5
3
0

= 109.00

! 108.00

5

! 107.00

i 106.00

- 105.00

=S8% ZS% ZS& Z8% Z28% ZS% ZSE& ZS& Z53
o e o e o e o e o
] ™ ] ] ny] 5] (ns] (ns] =5
= = = = Fime = = = =
i o o Lo g] Loy o L] Lo g
= 1-3 -EPS48 - Demand —— PMP-1 - EP548 - Flow (Total)
—— PMP-2 - EPS48 - Flow (Total) == T-1- EP548 - Hydraulic Grade

10. Close the graph and the Graphs Manager.
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Next you will simulate a fire flow at J-4 of 25 L/s from 11 am to 3 pm on 9/12/2016.

1. Back in the SCADAConnect Simulator, click the Emergency Response tab,

then the Fire Response icon.

+

2. Select junction J-4 from the drawing and complete the dialog as shown below.

3. Click OK.

Mew Fire Response
Demand Node:

Start -
Dwuration:

Demand:

J-4 ~

[ 9/12/2016 ~ | [11:00:00 AM 2|

|4.{I'I]'I]I | hours
|25 | Us
CK
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4. The SCADAConnect Simulator dialog will show the fire flow.

m SCADAConnect Simulator

HOME EMERGENCY RESPONSE

— >

CONFIGURE (7]

Control Ovemides

Pipe Breaks

+7| Fire Responses
[y Fire @ J4: 25 s

- ]7e?| Pipe Shutdowns

75| Power Outages

Daity Demand Adjustments

v  <General>
Simulation Mode
SCADA Calculation Type
+ Calculation Times
Simulation Start Date
Start Time
Duration (hours)

Baseline Scenano: EPS48

il

Baseline Inttial Condition
Hydraulics Onby

31272016
12:00:00 AM
43.000

5. Click Compute. Close the Calculation Summary.

6. Notice that a flame has been placed on J-4 (in the drawing) to indicate the location

of the fire simulation.

PMP-2
P
g2 P4 J-4 PS5
> 3
P
PhP-1
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After the run, select View > Graphs and create a New graph. Select PMP-1,

PMP-2 and T-1 from the drawing. Click the green check mark to complete the
selection. Leave the default graph fields (Flow for Pumps and HGL for Tanks) and

click OK.
The graph will look like this.

1w, Graph: Graph - 1 — O *
+ | i A R .
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Time
= PMP-1 - EPS48 - Flow (Total) =— FMP-2 - EP548 - Flow (Total)
— T-1- EP548 - Hydraulic Grade

Notice that the HGL in the tank will drop very low, near the tank bottom at 100 m.

9. Close the graph and Graphs Manager.This graph will be automatically saved as

Graph -1.
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p» SCADAConnect Simulator

You would like to prevent the tank level from dropping this low. To do this, you will
turn on pump PMP-2 at 11:00 am and leave it on during the fire. To do this, you will

need to override the pump control for PMP-2.

10. Back in the SCADA Connect Simulator, Double click on Control Overrides and
click New under Active Control Overrides. Set the following

— Controlled Element: PMP-2
— Attribute: Pump Status

— Value: On

— Start Date: 9/12/2016

— Start Time: 11:00:00 AM

— Duration: 4 hours

—  Priority: 4 - Medium High.

Active Control Overrides

.| Controlled_ | Elemert ; Duration _
Enabled: Element Tupe Attribute Value Start Date: Start Time thours) Priority Motes
1 PMP-2 Pump Pump Status | On a/12/201 11:00:00 AM 4,000 |4 - Medium High
QK Cancel Help
11. Click OK.
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12. The SCADAConnect Simulator should look like this:

m SCADAConnect Simulator

HOME

A\

EMERGENCY RESPONSE

5g &, Q A4, ¥

X
@

CONFIGURE

BT

EI [7]352| Control Ovemides

Pipe Breaks
=-f17:3| Fire Responses
- Al Fre @ U425

Pipe Shutdowns
i f]P5?| Power Outages

Daily Demand Adjustments

[léeg] PMP-2 On 11:00 AM 9/12/2016

Baseline Scenanio:

EP543

gl

w  <General>

Simulation Mode

SCADA Caleulation Type
Calculation Times
Simulation Start Date
Start Time

Duration (hours)

Baseline Initial Condition
Hydraulics Only

9122016
12:00:00 AM
43.000

13. Click Compute. Review any user notifications, then close User Notifications and

Calculation Summary.
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14. Look again at the previously created graph. View > Graphs > Graph -1.

[/, Graph: Graph - 1
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p» SCADAConnect Simulator

PMP-2 - EP548 - Flow (Total)
Bentley WaterGEMS Quick Start Lessons

Time

PMP-1 - EPS48 - Flow (Taotal)
T-1- EP548 - Hydraulic Grade

With PMP-2 running, the water level in T-1 stays in a reasonable range as shown in

the graph.
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