2.1 Building a Network and Performing a Steady-
State Analysis

In constructing a distribution network for this lesson, you do not need to be concerned with
assigning labels to pipes and nodes, because Bentley WaterCAD V8i will assign labels
automatically. When creating a schematic drawing, pipe lengths are entered manually. In a
scaled drawing, pipe lengths are automatically calculated from the position of the pipes' bends
and start and stop nodes on the drawing pane.

In this network, the modeling of a reservoir connected to a pump simulates a connection to the
main water distribution system. Simplifying the network in this way can approximate the
pressures supplied to the system at the connection under a range of demands. This type of
approximation is not always applicable, and care should be taken when modeling a network in
this way. It is more accurate to trace the network back to the source.

In this lesson, you will create and analyze the network shown below. You will use a scaled
background drawing for most of the network; however, four of the pipes are not to scale and will
have user-defined lengths.
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Step 1: Create a New Project File
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1. From the welcome dialog, click Create New Project and an untitled project opens. Or
click File > New to create a new project.

x|

Huick Start Leszons

Create Mew F'ru:uiiau:t

Open Exizting Project

W Show This Dislog at Startup

11/415/2010[08.11.02.28] Cloze Help

2. Click the Tools menu and select the Options command. Click the Units tab. Since you
will be working in System International units, click the Reset Defaults button and select
B Reset Defaults - |

|W System Inkernational [:

? U5 Cuskorary

System International
3. Verify that the Default Unit System for New Project is set to System International. If not,
select from the menu.
4. Click the Drawing tab to make sure Drawing Mode is set to Scaled.
opions x|

I |tz I Labelingl F'ri:iiectWisel

Drawing Scale
Crransitng mode: I Scaled ll

Plot zzale factor 1em = {40.00 rm

b

Set the Plot Scale Factor 1 cm = 40 m.
6. Click OK.
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7. Set up the project. Choose File > Project Properties and name the project Lesson 1—
Steady State Analysis and click OK.

Project Properties L x|

Title: ILessnn 1-Steady State Analpziz
File: N arne; I C:AProgram Files\Bentleyii/ sterGEMS \Lessons\MYLESSOMT.
Ergineer: I
Comparny: ||
Date: | zrzzicoe =]
Mates:
DK Cancel | Help: |
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8. Choose File > Save as. In the Save File As dialog box, browse to the My
Documents/Bentley/WaterGEMS folder.

Savein |12 WaleiGEMS 1 s

Beskiop

4

by Documents

-
My Cormputer

File namme: r-.-1"'r"LE 5 ﬂ Save

Savesstype:  |WaterGEMS Project Files [*wig) =] Caneel |
: 4

9. Enter the file name MYLESSONI1.WTG for your project, and click Save.

Step 2: Lay out the Network

Select Pipe from the layout toolbar.
2. Move the cursor on the drawing pane and right click to select Reservoir from the menu or

—

click hod from the toolbar.
3. Click to place R-1.
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4. Move the cursor to the location of pump P-1. Right-click and select Pump from the

Done

Bend
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Hydrankt
Tank

& Reservoir

‘Yariable Speed Pump Eatt%

FCY

Py

FEY

FPRY

PSY

TCW

Isolation Yalve

Turbine

Periodic Head-Flow

Air Yalve
Hydropneumatic Tank
Surge Yalve

Check Valve

Fupture Disk.

Discharge To Atmosphere
Crifice Between Pipes
‘alve With Linear Area Change
Surge Tank

shortcut
Click to place it.

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.

Click on J-1 to finish.

O N
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9. Right-click and choose Done from the menu.
4 3

Bl ey CPMP-1p o - P3 2

10. Create J-5.
a. Select the Pipe layout tool again.
b. Click junction J-3.
c. Move the cursor to the location of J-5, and click to insert the element.
d. Right-click and select Done.

Bl _py  PMP1p

g-z

11. Lay out junction J-6 and the PRV by selecting the Pipe layout tool and placing the
elements in their appropriate locations.

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. Right-click and select Done from the menu to
terminate the Pipe Layout command.
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12. Insert the tank, T-1, using the Pipe layout tool. Pipe P-10 should connect the tank to the

network if you laid out the elements in the correct order.
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13. Save the network by clicking Save H or choose File > Save.

Step 3: Enter and modify data

o Dialog Boxes—You can use the Select tool % and double-click an element to bring up

its Properties editor.

« FlexTables—You can click 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.

o User Data Extensions—The User Data Extensions @*feature (Tools menu > User Data
Extensions) allows you to import and export element data directly from XML files.

e Alternative Editors—Alternatives are used to enter data for different "What If?"
situations used in Scenario Management.

Entering Data through the Properties Editor

To access an element's property editor, double-click the element.
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1. Open the Reservoir Editor for reservoir R1 .
Properties - Reservoir - R-1 (Z28) =

Fi-1 =l e oz +]

| <Show Al =]

EE
1D 24 -
R-1
Motes
GIS-Ds ¢Collection: O iterns:
Huperlinkz <Collection: 0 iterns:
E <Geometry:
# [m) -67.30
" [m) 234
El Active T opology
I Active? True
Bl Operational
Controls <Collection:
E Physical
Elewation [m] 0.00
Zone <Mone:

Hydraulic Grade Pattern Fiwed
Bl Transient [Physical]

Elewation [[nlet/Outlet [myert]. 0.00
B ‘water Quality

Age [Initial] [hours] 0.000
Concentration [Initial] (masL) 0.0
Iz Constituent S ource? Falze
Trace [Initial] [%] 0.0
E Results
Hydraulic: Grade [m) [ A
Flawy [Out net] [Liz] [ A
Flaw [l net] [LAz)] [ A

Haz Calculation Mezzages M1 [MAA)
El Reszults [Transient]

Head [Maximurn, Tranzient] || [MAA]

Head [Minirmurn, Tranzient] [ (MA&]

Frezzure [Masimum, Tranzie [MAA)

Frezzure [Minimum, Tranzier (MAA]

Air alume [Magimunn, Trans [MAA)

“apor Yaolume: [k asimurm, Tr [MAA)
El Reszults W ater Quality)

Age [Calculated) [hours] [ A -

Label
Drescriptive label far thiz element;

2. Enter the Elevation as 198 (m).
3. Set Zone to Connection Zone.
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a. Click the Zone menu and select the Edit Zones command, which will open the

Zone Manager.

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

EE

J X % i | Motes:

Label |

d. Click Close.
e. Select the zone you just created from the Zone menu.
4. Click tank T-1 in the drawing to highlight it and enter the following:
Elevation (Base) =200 m
Elevation (Minimum) = 220 m
Elevation (Initial) =225 m
Elevation (Maximum) = 226 m
Diameter = 8§ m
Section = Circular
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Set the Zone to Zone 1 (You will need to create Zone-1 in the Zone Manager as described

Properties - Tank - T-1 {48) I

above.)

FE

|T-1

=l e oz +]

| <Show Al

2]

[1]
Label
Motes
GISHDs=
Huperlinkz
<Geometry:
# [m)
" [m)
Active T opology
I Active?
Demand
Demand Collection
Unit Diemand Collection
Operating B ange
Operating A ange Type
Elewation [B aze] [m]
Elewation [Minimunm) [m)
Elewation [[nitial) [rm]
Elevation [Maximum] [m)
Uze High &larm?
Uze Low Alarm?
Operational
Controls
Phyzical
Elewation [m]
Zone
Yolume [Inactive] (kL]
Inztallation v'ear
Section
Dharneter [m)
Wolurme Full [Calculated] (kL
Haz Separate [nlet?
El Transient [Reportng]
Repart Period [Tranzient]
B ‘water Quality
Age [Initial] [hours]

18
T-1

¢Caollection: 0 iterns:
<Collection: 0 iterns:

338.60
302,81

True

¢Collection: 0 iterns:
<Collection: 0 iterns:

Elewation
200.00
220,00
225.00
226.00
Falze
Falze

< Collection:

0.oo
Zone -1
0.oo

]
Circular
a.00

[M A0
Falze

=

0.000

<General>

5. Click pump PMP-1 in the drawing to highlight it.
a. Enter 193 (m) for the Elevation.
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b. Click in the Pump Definition field and click on Edit Pump Definitions from
the drop-down list to open the Pump Definitions manager.

B Pump Definitions 1 x|

J | [T F B . Head |Effiu:ienu:_l,l| P atar I Transientl LiI:urar_l,lI Motes I
Label I Fump Definition Tupe: I j
Purmp Power: IEI.EI kit

Mo Results o Graph

Click New . to create a new pump definition.

c.
d. Leave the default setting of Standard (3 Point) in the Pump Definition Type menu.
e. Right click on the Flow column and select the Units and Formatting command.
f. In the Set Field Options box set the Units to L/min.
Frewiew
.
’7 Walue: I'I L/min
Cancel |
Uit z
Help
Dizplap Precision: [i
Farmat: I Murnber ﬂ
g. Click OK.
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h. Enter the following information:

L.

J-
k. In the Properties editor, select PMP-1 from the Pump Definition menu.

Flo Head
{Limin} ()
Shutoff: 0.00 30,00
Design: 3,800,00 27.40
Maz, Operaking: 7,500,00 24,80

Highlight Pump Definition - 1 and click the Rename button. Change the name to

PMP-1.

6. Highlight 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
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& Pump Definitions I x|
j X % [TI é &~ Head |Efficien|:_l,l| bd bir I Transientl LiI:uraryI Motes |
Label Purnp D efinition Tppe: IStandard [3 Paint] j
Flow Head
(L frmin) )
Shikaff: 1] 30.00
Desigr: 3,800 27.40
MMax, Operating: 7,500 24,80
PMP-1
30.00 120.0 &
25.00 100.0 2
E 20.00 80.0 T
v F5H0 60.0 o
m M
2 10.00 40.0 §
5.00 S
0.00 0o =
0 10,000 20,000 30,000 40,000
Flow (Lfmin)
Coefficients: a = 30.00 m; b = 5.827e-004 m/(L/min)"c; c = 1.019
| L.inm
Cloge | Help |
A
Click Close.




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

R
|PRv-1 =l e oz +]

| <Show Al 2 1
=3l | =
B <General> 1]
|8 45
Label FRY-1
Motes
GIS-Ds <Callection: 0 iterns>
Hyperlinkz <Callection: 0 iterns>

Dovnztream Pipe P-9
E <Geometry:
# [m) L =ia]
" [m) 239.88
El Active T opology
I Active? True
Bl Initial S5ettng:
Statuz [Initial] Artive
Setting Tvpe Prezsure
Prezzure Setting [Initial] [kFa] 3300
E Operational
Controls ¢Collection:
B Physical
Elewation [m] 165.00
Ingtallation v'ear ]
Zone <Manes g
Diarneter Malve] [mm) 1600
Specify Local Minor Lozz? True
Minor Logzz Coefficient [Local] - 0.000
Fattern MWalve Settingz] Fixed
Walve Type Butterfly
El Transient [0perational)
Operating Aule Fised
B ‘water Quality
Age [Initial] [hours] 0.000
Concentration [Initial] (masL] 0.0
Trace [Initial) [%] 0.0
E Results
Flowy [Ldmin] [M A8
Welocity [mfz) [ ]
Headlozz [m] (M) :J
Phyzical

default values.
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7. Enter the following data for each of the junctions. Leave all other fields set to their




Junection | Elevation Zone Demand
{rm} {Ifmin})
J-1 184 Fone-1 38
J-2 185 Zane-1 31
J-3 184 Zoneg-1 34
J-4 183 Lone-1 38
J-5 185.5 Foane-1 350
J-E 165 Zone-2 356

In order to add the demand, click the ellipsis - in the Demand Collection field to open
the Demand box, click New, and type in the value for Flow (L/min).

Demands {Junction: 3-1) |
Flaw (Base) Pattern (Demand)

(Lfmir)

Specify user-defined lengths for pipes P-1, P-7, P-8, P-9 and P-10.

Click pipe P-1 to open the Pipe Editor.

b. Set Has User Defined Length? to True. Then, enter a value of 0.01 m in the
Length (User Defined) field.

a.

Note that the default display precision will cause only "0" to be displayed. To
change display precision, right click the column heading and select Units and
Formatting to open the Set Field Options dialog; from here you can change the
Display Precision to the desired value and click OK.

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.

Enter 1000 mm as the diameter of P-1.

E Physica
Zone
Diarneter [mm]

b atenal
Hazen-*wiliams C

Haz Uszer Defined Length?
Length [Uszer Defined] [m]

Haz Check Walve?

Specify Local Minor Lozs?
Minor Logz Coefficient [Local] | 0.000

Inztallation “v'ear

<Monex
1.000.0
Ductile lron
1300

True

0.0

Falze

True

o

d. Change the lengths (but not the diameters) of pipes P-7 through P-10 using the
following user-defined lengths:
P7 = Length (User Defined): 400 m
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P8 = Length (User Defined): 500 m

P9 = Length (User Defined): 31 m

P-10 = Length (User Defined): 100 m
e. Close the Properties 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 properties 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.

To use FlexTables

1. Click FlexTables =1 ~or choose View > FlexTables.

|
PES A -2 g

{7 Tables - Project =
h‘i Tables - Shared

=1 Tables - Predefined

i Fire Flow Node Table

] Flushing Report

] Pipe Table
~H] Junction Table

~FH Hydrant Table b
~fH] Tark Table

[ Reservair Table

] Purnp Table

m “arable Speed Pump Battery T able

-] PRY Table

[ PSV Table

-] PEV Table

[ FCv Table

~fH] TCW Table

[ GPY Table

~FH lsolation Wake Table

[ Spot Elevation Table

[ AirWahes Table

P Hudrnneumatic: Tank T able ;I
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2. Double-click Pipe Table. Fields that are white can be edited, yellow fields can not.

§ill FlexTable: Pipe Table {(MYLESSOM1.wtg) i l 0j x|
B EaE| LA D E
(8] Label Length Start Mode Stop Mode Diameter Material Hazen-Williams |  Has Check Minar Loss
(Scaled) {mm} ‘alve? Coefficien!
{m) {Local}
301 P-1 S0}P-1 93.35_5:_1 1,000.0: Ductile Ir... 130__:_9_ O 0.000
34 P2 34 P2 115,95  PMP-1 _152.4 Ductile Ir._:_. 130.0 El 0.000
36! P-3 36:P-3 195,95 :3-1 152 4 130.0 El 0.000
SlEE 358 P-4 - 152.4 1300 [N 0.000
4075 wps 1524 Dutlelr. | as0 1 e
411 P-6 41 P& 152.4 : Ductile Ir... 130,0 D 0,000
431 P-7 43 P-7 152.4 : Ductile Ir... 130.0 O 0,000
46:P-8. o o I 1524 DucteIn. 1 O nom
47 P-9 47 P-g ; 1524 Ductile Ir... O : 0,000
49; P-10 49 :P-10 _152.4 Dructile Ir O 0,000
4] | i
|1 0 of 10 elements displayed %

3. For each of the pipes, enter the diameter and the pipe material as follows:

Pipe Material |Diameter
(mm)
P-1 Ductile lron 1000
p-z Ductile lron 180
P-3 Ductile lron 150
P-4 PVC 150
P-5 Ductile lron 180
P-& Ductile lron 180
P-7 PVC 180
P-a Ductile lron 180
P-g Cuctile lron 180
P10 Cuctile lron 150

4. In order to enter the material type, click the ellipsis Lot to open the Engineering
Libraries box. Click on Material Libraries > Material Libraries.xml and then click the
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appropriate material type and then click Select.

-»-./ Engineering Libraries ﬂ

=] Natural stream, clean ;I B <General>
Matural ztream, stony notes Engineenng Reference Guid 09620057 -afeb-4c3d-beda-639 448
M atural stream, weedy Enoineenng Libram Source - C:A\Documents and Settingshall Uz
T El Matenal Properbes

Riveted steel [new, rough) Label P C

Riveted steel [new, smooth] MHotes Young's Moduluz, Poiszon's Ratio;
Rock cut Futters M Coefficient 0o

Rock riprap, 150 mm (B in] D50 Manring's Coefficient n.om

Rock riprap, 300 mm (12 in) D50 Hazenwillams C Coefficier 150

Rough channel, with grazs Roughneszs Height [m) 0.0000

Fough earth Yound's Moduluz [KPa] 3,300,000.0

Fough rocks Poizzaon's Fabio 045

Soil cement

Steel

Steel and Alurinum 5= and 341 Corrugati
Steel and Aluminum 18 nor lezs CR 381 C

= Steel and Aluminum Yar CR

Steel and Aluminum W ar CR Higtaric

Steel structural plate 18 In CR

Steel structural plate 31 In CR -
Steel structural plate 47 In CR

= Stone maganry o

1| o | L|—I
Select Cloze | Help J/
o

5. 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 coefficient
were required.

6. Leave the other data set to their default values. Click to exit the table when you are
finished.

§ili FlexTable: Pipe Table {MYLESSON1.wtq) = |E||ﬂ
CUCe = R AP EE =R
D Label Length Start Mode Stop Mode Diameter Material Hazen-iilliams Has Check Minor Loss
(Scaled) {rm} 15 alver Coefficient
() (Local)
30 P-1 30fP-1 93,35 (R-1 PrMP-1 1,000.0: Ductile Ir... 130.0 | 0,000
S R 3t P2 115,95 PMP-1 J-1 150.0; Duckile Ir 130.0 O 0,000
36! P-3 36 P-3 195,95 3-1 3-2 150.0; Duckile Tr... 120.0 El 0,000
a6 P-4 35 P-4 243,96 1-2 -3 150,00 PYC 150.0 O 0,000
40: P-5 40 :P-5 195.30_g -3 J-4 150.0: Dackile Ir... 130.0 |:| 0,000
41: P& 41 :P-& 243,32 14 31 150,0: Duckile Ir... 130.0 O 0,000
431 P7 43 P-7 88.2¢ -3 35 150.0° PvC 150.0 | 0.000
461 P-8- 46 P-8 78.52 ?J-Ev PRA-1 150.0: Duckile Ir... 130.0 ] 0,000
47 P-9 47 (P-9 §5.01 EPR'\I'-I i 150.0 Dackile Ir... 130.0 O 0,000
49: P-10 49 :p-10 61.64 ET-l -3 150.0: Duckile Ir 1200 O 0,000
4] | i3
|‘ID of_‘ID elements dizplayed | o
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Step 5: Run a Steady-State Analysis

Click to open the Calculation Options manager.
Double-click Base Calculation Options under the Steady-State/EPS Solver heading to
open the Properties editor. Make sure that the Time Analysis Type is set to Steady
State.
Calculation Times
Simulation Start D ate 14142000
Tirne Analysiz Type Steady State
Ilze zsimple controls dunng ste’ True
|z EFS Snapzhot?? Falze
Start Time 12:00:00 Ak

Close the Properties editor and the Calculation Options manager.

Click Compute =4 to analyze the model.

When calculations are completed, the Calculation Summary and User Notifications open.

5. 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.

6. Click to close the Calculation Summary and User Notifications dialogs.

7. Click to Save Hproject.

N —

W
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