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City of Bellevue Service Area
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Water System Assets

e 600+ miles of pipe
* 64+ pressure zones

» 26 reservoirs (plus share of 4
outside service area)

* 23 pump stations

* 13 Inlet stations

« 144 pressure reducing valve
(PRV) stations



Bellevue Previously Used EPA-NE
Hydraulic Analysis
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Model of System

« East model previously
developed

« New models for West and
South:

— Should be easily
maintainable

— Will be used for the
ongoing WSP update

— Will be used to aid in
proposed redevelopment

he City Needs an Integrated “all-pipe”
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Bellevue Provided Existing Data for
Model Development of West and South

Operating Areas

« EPA-NET models

* GIS data on system parts
— Pipes, hydrants, key infrastructure locations

* Operational data

— Pump controls
— PRV, altitude valve, and throttle control valve settings

— Tank information
» Existing demands by customer meter



Bellevue Collected New Data for Model
Development

* Hydrants tests, including PRV conditions for many of
the tests

 Static long-term pressure fluctuations

e The city conducted winter and summer diurnal
pattern studies for 6 customer classes

— Hotels, schools, retail, commercial, single-family
residential, multi-family residential



Custom Diurnal Patterns For Customer

Classes
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Example of Fire Hydrant Tests Summary
» Hydrant tests performed by the Cit

=
SCADAData:Y
<
A, 0 reHvi ‘ Inlet 6 Seattle HGL
£2" CityolBellevue, Washington FireHydrant-Flow TestReport|
“.,':;’; Utilities Deparment> Recordedby -D.Lans - 488
" 286
ProjectName:--§QA Model Calibration-$-6 -+ 9] Date:-1029/2013 -+ -Day:-Tuesday —+ T 484 1
Flow HydrantTD/Address:-100502 Y | Weather~Clear -+ -Temp:50F - | 2432 J
o 480
‘Water System Operators:: Tom.-Adam. Rick. Scott -+ | FlowHydrant Type:-CenterStem - ]| . ]
Others Present -Doug - | Flow Hydrant Size: N '!Pmsm‘mm_]_%mw e i
FireFlow Tested? ¥V B N[ Time Start:-1:05-Stop:-1:157 Visuzl Condition of Water: Cloudy —» 1 474
FlushCondneted? ¥ 8N [ Time-Start-1:15-Stop-2152 after st before flush N B : a2
? PressureRecDrdlngat FH 100249 12:20PM 12:30 PM 12:40 PM 12:50 PM 1:00PM 1:10PM 1:20PM 1:30PM 1:40PM
D Drai ag |:<' Oh .x D Aitie {PriortoTest):] i 86 Time 10/29/2013
COB [ Private [[] Other 22222 _, 7| _Sediment?. B N1 -Comments: Swepthefors test—» T s Li
Downstream DrainageFacilities: T Standng Water? ¥ [ N Comments- 22222 Y h| - hl
Catch B: ) [B Curbs [ - Swale [J4| Flowing Water? ¥ [] N[5 Comments: 52252 - h | E 82
- — i NH470 Zone HGL
Detention Pond LID Other [-+7| -Traffic?: AN FE Comments: —» 1 H .
W, g ] -+ 9| PrivatePropery?- ¥ [ N -Comments; #2522 - 1 2 80 a0
Other, 55555 - 7| -ErcsionPotential? Y I N Comments-2%922 ¢ 28 5 Second Reading e
_accoo r 8 | =1 Minute Average —
— 2| et N e /Photographs:T T ]
- 76 pry
Lest:Notes:" Pre-testsite-set-up -+ Water-collected-m-desweway (no-damage]] T P i 1280w L4 pM - 2310 2 465 |
Dechlorination-Method:-Vita-D-Chlor-Quantity Used's | | Time 10/29/2013 460 W
HydrantPost-1: Dig:---Pitot:- - psi-Flow:-600-gpm-Po T 455 ¥
. - 450
HydrantPort2: Dig——-Pitot: - psi- Flow: 630 gpm-To . 1 12:20 PM 12:30 PM 12:40 PM 12:50PM 1:00PM L1:10PM 1:20PM 130 PM 1:40 PM
Static Pressure 164~ Residual Pressure 1: -33 Static/ LData:y Time 10/29/2013
‘Static-Pressure2:-62 - Residual Pressure2: 51 Static!
BMPs Used-Diffusers (8 Sandbags & Street Cleaning Inlet 6 Flow
Comments:Started 12:58: atlow flow some water trickls 350
«(5206116* PISE). changed-setup after that-{stopped-lo 300
_At108 withone port. T80 epm: 38 psiat both cesidusl = [
- a 200
H |
Follow-Up:Y E1s0 i
2
PressureLower Than Expected?- Ves [ No [ N/A 100 ___I
Drzinage Problems Observed: + Yes{&-Neld-NA 50
Comments:-Water-on-driveway at- 52061 16* noted abov

reach garage and problem did not oocur after ve routing

0
12:20PM 12:30 P 12:40 PM 12:50PM 1:00PM 1:10PM L:20PM L1:30PM 140PM | %
Time 10/29/2013 L

-+ Water-flowing down east side-of street-ar-peak

ammmall |




GIS Cleaned, Organized and Formatted
» Junctions created, elevation from 2-foot contours

 Piping connectivity checked

Nodes in close proximity ‘

@ 8 ® No @ ® No
@ @ ® Yes
136467 148374 14?351 135601
Int: cting Pi |
ntersecting Pipes 138516
@ ® Yes >
. 138518
12
1
1
i
° ; ® No -
| W&
i £
® H \e
2 e
3
° I o e connectivity Issues
Table O x
W_PipesAsBuilt x
OBJECTID* | Shape* | ASSETNUM| PressureZone | LOCATION_| INFOSOURC | FILECOMME| WFEATCLA | VERIFIEDDA| ACAD_HAN| MATERIAL_| MAINTENAN| DIAMETER_| AUTOCAD_| LOCATIONI| PIPEPRESSU| LININGSTAT| CREATEUSE| WMODELNO| FILENUMBE | DATECREAT| CLASS_CO| GISLENGTH -~
1 [Poiline [ 421024 [cLo33s [<Null= [Ass <Null= WLINE <Null= 1EA ol <Nult= 4 | WA-DIST-EX | <Null= <Nulk <Null= COBUTLADM 0 [<Null= 01/28/2005 1| DIST 257 [
R [ e s T LT <Null= WLINE <Null- T4F AC 1 & | WADIST-EX | <Nul> <Hulk- <Null= COBUTLADH 0 | <Null- 01/28/2005 1| DIST 351
I <Null= WLINE <Nulk- D59 AC 1 & | WA-DIST-EX | <Null> <Hulk- <Null= COBUTLADM 0 | <Null= 01/28/2005 1| DIST 134
<Null= WLINE <Null= DsC ol 1 8 | WA-DIST-EX | <Null= <Null= <Null= COBUTLADM 0 | <MNult= 01/28/2005 1| DIST 139
nl Ia a a <Null= WLINE <Null D50 AC <Null= 6 | WA-DIST-EX | <Nuli= <Nul <Null= COBUTLADM 0 | <Null= 01/28/2005 1| DIST 32
<Null= WLINE <Nulk- DSt AC <Null= 6 | WA-DIST-EX [ <Nul> <Hull- <Null= COBUTLADH 0 [ <Null= 01/28/2005 1| DIST 28
Table
ERSR- Rl -R% |
Pipelines_AsBuilts
FID | Shape* | OBJECTID | ASSETHUMBE Source Junc_from | Junc_To D Length | Calc_Lengt | Diameter | ROUGHNESS | MINORLOSS | YR_INST | ZONE| Materia Hotes DESCRIPT
0 [ Polyline 1 421024 | W_PipesAsBuit o ; i " v ' e
» 1 | Polyline 2 133474 | W Pine=A=Ruit corinnannz | corinnnnnalcORZNN0NNG 251 | AR5 77RI7R A n n 1642 | 1033 | AC 75680 NE 28TH PL
2 | Polyline 1605 73RD AVE NE
. .
3 | Polyine 2203 EVERGREEN POINT RD
== FOrmatte ata Importea in intovvater
5 | Polyline 10
6 | Polyline | ] 117546 | W_MpesAsHUIt | CUSTULUDTE | COBTUUDUTS| CUBZUN00LY | L6 | 80482404 | 6| U u| 1954 | CLUS3 | AU | 73RD PL NE AND 74TH PL NE
7 [Polyline | 8] 155416 | W_PipesAsBuit | COB1000014 | COB1000015 COB2000008 | 18 | 33926704 | 6| of of 1964 | CLO33 [ AC | NE 18TH ST AND RAMBLING LN




Site Configurations Added

* Pump stations, reservoirs, inlets, and interties from
site configuration drawings and as-built drawing

Initial GIS Data

Legend

% Junctions created ©rmodel
— Waker Fipes

B Booser Pump Staton

8 Reszzrvoir

City Input = -y

Meydenbauer

Reservoir
9500 SE 7th St

Overflow 21 Feet

| Capacity 1.2 Million Gallons

GPF 57,142 Gallons
Demensions 82.5 X 121 Feet

i
1

e i ssteean]

" =]

5 el =

- - m

Model Configuration
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Facility Data Input in InfoWater

« Example: pump station required information

-

Model Explorer

. 2014_ADD_EPS

[wowe | «[]

‘Actwe‘ Standard . V] Refresh Output

-t BB 2 @ m i@
Ao @Irﬁulé:-lsf a0 ’ﬁ
Example: Somerset Inlet Pump 1 e
. (D} =]
Description SOMERSET IMLET PUMP (Pump 1) ==}
/ Geometry
X 1311374 604856940
. . \3 208757.552395105
/ ype iple Point Curve
" Elevation (ft} 27266
SoMEp-=eT (POLET 'B-«AP :
[Sheldrup Construction, Somerset P/Sta. - #4838A | k= —| [jpiameter (in} 6.00
~ [WConstant Power (hp)  0.00
e — Shuto f Head (ft} 0.00
- . - - [Design Head (ft) 382.00
: [ i ‘ | £ Puamp Control W05 (Defined) iy Design Flow (gpm)  400.00
. r'--..____1L i — S — P— " High Head (ft) 0.00
I — | HEAD sl ’T'm' Leve Vaiue I High Flow (gpm} 0.00 _
SN I N E— Closed : ol — Sbove curve SOMERSET_INLET_PUMP_1
| . == Presiaelesd  WRIT ] WPsH o
e | |  Open Flos Flow & Beiorr HWE
B = = Information
L Seling Pattem “Year of Installation 1993
‘v~ Pump Curve — Pump Report . 5 | Vear of Retrement
E N T -~ Model Pump Controls et s
T - . —_ i 10 I Rated Power 0.00
i Cartel Data |
[ L B CostID
— — - |E] | onstbedt  rcton Condlxn Update | | Phase
| = . M
& Blne Open el at M WSO helows 7000 Insert
— O Ha Clngead i leved al Node: WY aborae B SO0 | UPE*AREA South
:' TYPE Supply Inlet Pump
J
[EFFICIEREY l< T || Output
— —_— | Flow 0.00 gpm
[ L Dot
— T —_— 2 x Head Gain 0.00 ft
v“] =] e | ||| 57 |upstreampressure 91.99 pai
Isl Do uce 124 3G ng -
Y ** Coma ) | .. ==
I
—————
IN uTE 0 Descrgtion A
(CIPIKES_PEAK_PUMP_St6
L SOMERSET_2
Model#5C12C-5 Serial #4838A 1793 RP.M. (CISOMERSET.
_IEEMERS[T
e :;‘2‘; o s Somerset Inlet pumps to Somerset 2
200 43450 wm wa |Cerlified By pump | [Ficnueaser et mue 2 o
a0 a187e s 728 Date pump comeon  shut off Curve Type: (2 Hesd ve. Flow =] (] Trarpose Display Axes
0 41134 e e R =
o Oz o & point point  GPM Output | el ofmef ik @S Boaal@y S "malse
& LTE s794 (R Pump1 7 8.5 800 : Flow (gpm) Head (f)
00 Be02 59.20 oa5
00 1BI.48 5670 6488 Pump 2 0 0 1500 i 47500
500 10794 5648 aan pump 3 0 0 1500 2 300.00 2000
3 400,00 39200 |
Pump 4 5.5 8 1200 4 520.00 35000 |
Simifio Pumps Inc Willcax | 2 7010 250,00
754 £ Maley « P.O. Box 520 « Willcox, AZ 85644 b4 It Somerset 2 pumps to Forest Hills 6 845.00 15000
Pump1 1100 I
Pump 2 1100
Model Pump Curve
5 q o 17 17.5 850
City Provided Control Setpoints S
NE suL nes o« Fuinp station o 100 200 300 400 500 500 700 800
The flow rate at the inlet valve controls the dynz n — Flow (gpm} — —




Model Loading

 Demand geocoding in GIS and allocation

* Demands provided by parcel land use type and allocated to the nearest
model junction in the appropriate pressure zone

— Demands are actual current demands
— City input necessary to determine which zone to allocate the parcel to for

certain areas -

__JNK =] Example parcel where it

IS unclear which pressure
-
j%D ———

zone it serves




West and South Hydraulic Model with

SPU Supply

40 pressure zones

202 PRVs (108
stations)

9 Altitude valves
19 Storage tanks

1 Hydropneumatic
tank

45 Pump (16
stations)

8 SPU inlets

Q Bellevue_InfoWater_Model_2014_10_10.mxd - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
D2 Es B x| |- |18 Y EEEE D
HRAMQ@ Il e - k@ BEIEIASS = e
at 1] — e .
cvmed—#[HADABRBOUTRE B ¥ 92 Ga :
! s} e | )
mowser L RYPALRE ofow ZG 5 A |leo] o | Settings _
Table Of Contents 1 x +  Model Explorer ax
S 8| [= Cedar Source (2] 2012_woD_ePS -
2 £ Layers i [%] [ActiverStandara + | [7] Refresh Output
= |3 Ci\ProgramData‘lInno o000 h
100 hrs 4 3
= [ NETWORK
= Pi
IpETvDE k-2 H 209 B ;
. ]
~ nctie P 1L Gl
amDomain JUNCTION: COB1004333 -
Inactive (D} COB100 =
- Junction Description | —
@ «all other vz V| Geometry
TYPE X 1306732.485107420
o Active A 231308.973083496
& Domain V| Modeling
Inacti Demand 1 (gpm) 0.25
o
N T‘ B Fattern 1 RE_MDD, Single-Famity (Dem
= b Tan Demand 2 (gpm)  0.00
R <all othervg Pattern 2 MFR_MDD, Mutti-Famity (Demg
TVPE Demand 3 (gpm)  0.28
R Active Pattsrn 3 CO_MDD, Commercial/Office/
R Domain Demand 4 (gpm} 0.00
Inactive Pattern 4 HOTELS_MODD, (Demand 4) -
= Reservoir Demand 5 (gpm}  0.00 =
& Pump Pattern 5 SCHOOLS_MDD, (Demand 5)
= Valve Demand & (gpm}  0.00
+ [1 KingCoParcel Pattern 6 IRRIGATION_MDD, (Demand 6
[ OpenStreetMap Demand 7 (gpm}  0.00
0 World_Imagery Fattern 7 :
= [ Contour2Ft Demand & (gpm)}  0.00
Mattcrn &
£ World_Imagery Ee;nsnd: (gpm) _0.00
. attern
= Arterials
= Demand 10 (gpm) 0.00
0 pi t Pattern 10
= ipes_export_epa_verc
Plpes.export_epa_ 7] Informstion
- “vear of Installation 0 —
= [} junctions_export_epa_ “ear of Retirement 0
® Zone BV0400
= [F junctions_export_epa_ Elevation (ft) 240.00
* Phase 0
5 [ pipes_export_epa_vere _ Tolt Source OPER_AREA  West
El m 3 [@e| = o 4 N BO_ASNO o

Message Board

1 x | Attribute | Operation

1201774504 220435847 Feet

185019 |

14




Initial Model Checks

e System pressures comparison used to locate major

errors In model creation

 Facility characteristics from pumps, sources, valves
were used to identify problems in system operations

ol Engineering Validation Manager tﬂhj
YoV B
Check Rule D Warning Message eninoLeg! Valid Yalue Range =
1 ER-1001 Size difference among all connected pipes exceeds the exp 2 A0% ¢=YWalue <= 200%
2 ER-2001 Lirk vertices are caoincident with the vertices of anather link 3
3 ER-2002 Link has non-existing U/S or D/S node 1
4 ER-1101 Node Elevation is blank 1
5 ER-1102 Mode Elevation outside expected range 3 0 <="Yalue <= 2000
5 ER-1103 MNode Demand outside expected range 3 Walue <= 104
F ER-1104 Node Demand Patten does not exist 1
8 ER-1105 Twio o1 more hodes are located too :Insg\y 11 Walue <=1
9 ER-1108 Mode iz located cloge to alink [the link may have to be split] 3 Walye <=3
10 ER-1201 Tank Type iz not specified 2 L
1 ER-1202 Tank Type iz not valid 1 0 ¢="alue <=1
12 ER-1203 Tank Initial level is inadequate 2
13 ER-1204 Tank Minimum level iz greater than or equal to Masimum lev 1
14 ER-1205 Cylindrical Tank Yolume outside expected range 3 0.5 ¢=Value <= 100
15 ER-1208 Cylindrical Tank Diameter outside expected rangs 3 5 ¢="alue <= 300
16 ER-1207 Cylindrical Tank Minimum Volume outside expected range. 3 0 <= Yalue
17 ER-1208 Wariable Area Tank refers to an existing volume-depth curve 1
18 ER-1209 Wariable Area Tank has inadequate volume-depth curve 3
19 ER-1301 Reservoir Type is not specified 2
20 ER-1302 Reservoir Type iz not valid 1 0¢=Yalue <=1
21 ER-1303 Fixed Head Reservoir Head outside expected range 3 0 ¢=Yalue <= 2000
22 ER-1304 Wariable Head Reservoir had invalid pattern 1
23 ER-1401 Pump Type is not specified 2
24 ER-1402 Pumnp Type is not walid 1 0<¢="Yaue <=3 lﬂz‘
4 J
Add Results to Domain Validate | ‘ Options | | Close |

Model ready
for Calibration

fli5



Fire Hydrant Calibration Criteria

* Review of AWWA M32 and the 1999 ECAC
calibration recommendations: M32 master planning
static calibration goals from hydrant test data:

— HGL predicted should be within +/- 10 feet
(+/- 4.3 psi) of measured values.

Computer Modeling
of Water Distribution
Syslems

g i =

16



Model Calibration With Eield Data

* 70 hydrant tests

* Numerous residual
pressure recorders

« SCADA telemetry

I@ Flow Hydrants

& Residual Hydrants

® Residual Blow-Offs

& 24-Hour Static Hydrants
#~/ City Limits
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Fire Hydrant Calibration

« Demands set to test time using
diurnal pattern

« Pumps and tanks set from
SCADA

« Parameters adjusted to match
field results

— PRV settings mainly to match
static conditions

— Pump curves
— Tank elevations

— Hazen-Williams C factors on
pipes mainly to match residual
conditions

e Try to hold C factors

constant within every
pressure zone

Fire Hydrant Flow Test Report
Recorded by _B. Roberg

i
;"Eu‘ﬁ'é City of Bellevue, Washington

E{S%F Utilities Department

Project Name:_ WO A Model Calibration W-1 Date 121132013 Day:_Enday

Flow Hydrant ID/Address:_ 101117 ight Rain Temp. 46 F

Water System Operators;_Bob H. Adam

Test Time bt comssen

S g

Others Present:_Doug. Ben

Fire Flow Tested? ¥ [ N DITLme Start:_9:46 Stop:_9:33
Flush Conducted? ¥ < N [ Time Start:_9:55 Stop:_10:30

Visual Condition of Water:_Cloudy

After test before flush

Downstream Drainage Svstem Ownership: | Downstream Conditions (Prior to Test):
COB [ Private [] Other Medina Sediment? ¥ [N (4] Comments:

Standing Water? V[ | N B4 Comments:

Downstream Drainage Facilities:

Catch Basin(s) [] Curbs ] Swale[] | _Fl

DetentionPond [] LID [] Other[] | _Ti Location Pressu re

Waterways: Lake Washington 1

o

= Measurements

Hydrant Flow =

Dechlorination Method: Vita-D-Chlor Quantity Used’ # Tablets: Kept canister fill

Hydrant Port 1: Dia: - Pitot: - psi Flow: 350 gpm JPorts Open: 1 H Owad

Hydrant Port 2: Dia: - Pitot: - psi Flow: 0 gpm Tgtal Flow: 550 gpm
-

Static Pressure 1: _126 psi Residual Pressure 1: _98 psi  Static/Residual Location 1: BO 124368

Static Pressure 2: _99 psi Residual Pressure 2: _76 psi Static/Residual Location 2: 101122

. . Sewer [] Sheet Flow [ Other [
Static and Residual

Pressure Test Results

Follow-Up:
Pressure Lower Than Expected?: Ves[ ] Mo WA [ Potential Backflow: Yes [] No B WA [
Dramnage Problems Observed:  Yes[] No [ NA[] Cleanup Needed: Yes [] Mo [ NA[]

Comments:
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Hydrant

est Results Summary For All Tests

Modeled hydraulic Res ults (psi)
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EPS Run

* Necessary adjustments for EPS run

— Time step
— Pump controls

— Altitude valves headloss curves

A% Run Manager

Output Source

“Active”: Standard

]

JxAESES %

8 Marme:
Reference:  2014_ADD_EPS, Standard Hydraulic/Qualiny Simulation

D

@ Standard i Firgflow | &% bulti-Fireflow SCADA i Hydrant Curve | £ Spstem Curve

00:00 hrs L]

O O # o
@Annntatiun
) Contour

£ Curve

g DB Query
4-% Output Relate

Repart Options: | BASE, Base Simulation Report
Simulation Options: | B&SE. Base Simulation Option
Time Setting: |EF'S RUN

E xplicit W ariable Speed Pump / Fixed Pressure Pump Ang

| Fiun Explicit YSP/FFF)

Fiun Pressure Demand Simulation [Domain Fequired)

CLYDE_HILL_335 50

@ Simulation Time

il

s IR A e g = = N R

Description

Basze Simulation Time

Steady State
Category Unit
Haurs
Hydraulic Timestep Hours
Fattern Timestep  Hours
Quality Timestep  Hours
Feport Timestep  Hours
Rule Timestep Hours
Fattern Start Hours
Feport Start Hours
Start Clocktime Clock Time

0 I I I | | | K [

Decimal Time

7e.0ooo
n.1000
1.0000
1.0000
0.0500
n.1000
0.0000
0.0000

Clock Time

00:00:00
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EPS Run — Altitude Valves

* Altitude valves modeled as float valves and require
headloss vs flow type curve.

» Typical curve Is adjusted to match SCADA data
provided by the City.

~ a . Altitude Valve at Factoria
Reservoir Example

Description

@& &Ry oo e | & @
244

Headloss (ft)
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Flow (gpm)

EPS Inlet Results Summary for MDD

Reservoir Group Graphs

TOLT_SUPPLY CEOAR_SUFPLY

T T T T T T T T T T T T T T T T T T T T T
m 3 el 33 a0 43 a0 ] 11} & ™ oo -] = = 10s] 103 no 13 120

=] T
Time (hour)
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EPS Tank Results Summary for MDD

Tank Group Graphs
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Subsequent work by the City

e Continual updates

» Added East Operating
Area (now entire
system)

e Automatic fire flow
analysis (all 6,000
hydrants at once)

« Water age mapping

» What-ifs and
alternatives analysis

System-Wide Water
Age Simulation
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Model Development Summary

* A new all pipes integrated model was developed for
Bellevue's water service area

* The model is well calibrated for static and EPS
making it a good tool for:
— Fire flow analyses
— System operations
— Future projections
— Water quality
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Questions on Building and
Calibrating the New Bellevue
Water System Model

ewicklein@carollo.com

dlane@bellevuewa.qov
PNWS - AWWA
May 1, 2015




