Using GIS to Assess Water Main
Risk & to Develop Capital Projects
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Presentation Summary

* Discuss historic/current approach to assessing
water main risk.

* Discuss new approach to assessing water main
risk.

* Demo of BETA tool
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Historic Approach - Summary

e 2010 Finance and AM group formed

* 2012 Risk Matrix using Likelihood of Failure
(LoF) & Consequence of Failure (CoF)

e 2016 intern project
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Historic Approach - Sample Data: Proj Map




Historic Approach - Sample Data: Proj Map
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Historic Approach - Sample Data: Proj Map

Project . . . . . . Comp/FF Residential Multi-Family Commercial &
N #Of k f P T f P P F A{ Pi P N
Number ame Of Leaks Size of Pipe Ype ol Fipe roject U ear ipe Project Numbers Project Services Services Industrial Services
WO0425, WO754, WO514,
1 NE 58th to 62nd ST 5 6,4 oD 3200 1948-1966 SEEY s D-5 a4 o (]
WOSs503
2 Fruit Valley & W 28th ST 2 6 cl 1200 1950 WOe94, WO579 T-9 B8 6 2
3 39th ST & Main ST 12 8,82 MATH,CI,GALV 2800 1911-1918 ? none 30 5 10
WO271, WO597, WO649,
4 NW 49th ST & NW Cherry ST 6 6,4 oD,Cl 3700 1943-1955 WO337, WO341,WO360 none 53 o o
s NW Daniels ST & NW 46th ST 1 2 (o] 1s0 1949 WOse4 none 3 [e] [+]
6 NW Grant ST & NW 45th ST 2 6 cl 800 1940-1956 WO809, WO138 none 16 o [+]
3 7 NW Lavina ST & NW 41st ST 5 6,2;4,2 GALV,CI 2600 1915-1952 | WO199, WO685, WO6E71, D-11 43 o o
8 ‘W 38th ST & Columbia AVE 2 2 GALV 1600 19@ ? none 36 2 o
a Daniels ST 15 4 MATH,OD 4200 1911-1940 ? D-12 37 2 o
10 W 8th ST & Hill ST 2 12 AC 300 1940 wWo220 none [v] o 1
11 Franklin ST & 21st ST 2 86 ci 1400 1967 WO3597, WO4175 none 26 o o
12 NE S54th ST & NE 40th AVE 7 6 oD 1200 1961 WO2646 none 21 o o
13 E ST & E McLoughlin RD 1 6 MATH 300 1911 ? none 1 1 1
14 EST&E 13th ST 4 6,4 OD,MATH 1400 1911-1954 WO54, wO784 none o 1 3
15 Broadway 6 12,6 MATH 2300 1912-1915 ? none o o] 20
E

) 16 E 8th ST & Grand BLVD 2 6,4 (o] 1500 1953 WO771 none 7 1 9
4 17 YST&E 15t ST 3 6 oD.Cl 1500 1947-1953 WO755, WO446 none [+] <] 5
18 P ST &E 33rd ST 1 10 Cl 1350 1940 Wo139 none 25 S o

19 E 36th ST & Main ST 4 6,4 CI,MATH 1800 1928-1959 | WO17S, WO158, WO1930 none 23 o

W03481, WO10347,
20 NE 46th ST & NE 28th AVE 5 2 GALV 800 1963-1969 WO10703 none 18 o] o
WO70W, WO2879,

1 21 NE 45th ST & NE 44th ST 10 6,2 OD,GALV 2200 1960-1966 2247, none 36 3 o
SR I 22 NE Saint James RD & NE 49th ST 2 6 oD 300 1955 WO710 none 3 o 2
'L NE Saint James RD & NE Cherry RD 3 6 oD 1300 1960-1966 W04139, WO 2177 none S o o
an (0 u v : E 33rd ST & NE Saint James RD 4 C1,0D0 1500 1938-1961 WO78, WO2582, WO22 none 15 4 8
,——w:g Morton ST 2 ALY 250 3965 WO rone ) [ )
/_—\——: NE Stapleton RD 8 10,6 oD 4300 1953-1963 |WO759, WO3149, WO1369 none 49 4 o



Historic Approach - Sample Data: Proj.

Report Card

Project Name: SE Northgate AVE & SE 95th AVE

Commercial &
Number Project Number: | Industrial Services
1
2 Pipe Size (in.) Score Pipe Type Score LF Street Type Score Sum Percent (%) Weighted Sum
] 0 oD (] 625 RESIDENTIAL 0 24% 0.00
3 4 0 oD 0 1950  [RESIDENTIAL [) 76% 0.00 Enter in information for each WO
N/A 0 N/A 0 N/A IN/A 0 N/A N/A and/or significant pipe section here
4 A 0 A 0 N/A A 0 0 N/A N/A and down below in Condition. Some
5 NW DanielPipe Segment 5 N/A 0 N/A ['] N/A N/A 0 ] N/A N/A information is automatically copied
6 NW GrantPipe Segment & N/A ] N/A ] N/A N/A 1] ] N/A N/A down to Condition.
| 7 NW ipe Segment 7 N/A 0 N/A 0 N/A N/A olo N/A N/A
3 otal - - - - 2575 - - - ﬁ
¥ 8 W 38th §T Services
7 #SF #MF #COMM #School Hindustrial # Medical Total Whele project’s number of services. If
1 = # Services | 37 1] o [ o] 0 [ [ [ 3] there is a service it's weight is shown,
W Btiweight [ 0 i1 - - - - 1 d then the largest one is taken.
11 Lsd Fire Flow?
j:’“ St SVESTNG ‘ NO/ ! |IfU|ere is a Fire Flow upgrade
EST Weight 0 d then weight is applied.
#LF/SVC
Linear Feet / SVC 67.76 Automatically calculated from previous
- Weight 2 information and takes into account
how many services per LF there are.

Size {in.) Score Pipe Type Score

E 8th ST
|Pipe Segment 1 6 0 oD 1 625 2 5 [1954 1 LOOPED 0 7
4 0o | op 1 1950 1 1 [1954 1 LOOPED 0 3
N/A 0._{ N/A ) N/A A 0_|NA 0 A 0 0
N/A 0.1 NJA 0 N/A N/A 0_|na 0 N/A [) 0 N/A
N/A 0 | NjA 0 N/A A 0_|n/A 0 A 0 )
N/A, 0 1 N/A 0 N/A A 0 _|n/a 0 A ) 0
N/A 0 i N/A 0 N/A N/A 0 |NA 0 A 0 )
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Vancouver

Disadvantages

Labor Intensive/Time
Consuming

Only looking at pipes with
leaks.

Lack flexibility / Not easy
to add/consider additional
LoF and CoF criteria.

Not a Long-term needs
evaluation

Historic Approach - Pro’s & Con’s

Advantages

Comprehensive
reporting (Excel).

Thorough/Effective

Has worked for several
years - staff familiar
with process.



New Approach Goals - Desired
Improvements

* Intuitive tool that will allow end users to mine /
search and discover asset data as it relates to risk.

* Increase efficiency...
* Reduce manual review by adding automation
* Repeatable / consistent process and results.

* Add flexibility
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WASHINGTON

e



Modified GIS Approach - Requirements
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GIS Approach - Water Mains GIS Data
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Water ?5’2
Mains GIS .
Material
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GIS Approach - Water Leaks GIS Data

Age
Water .g .
Size Vancouver | Water Leaks

Ma | ns Gl S ) Public Works - Water Department
Material
Data

Project Number

Water Type
Leaks GIS - Date
Data _ location

Arterials
Collectors
Schools
Hospitals
Liquefaction
Zones
Dialysis Patient
Locations
Consumption

Vancouyer {  Metes
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Other GIS
Reference
Data

Circumferential Crack
Joint

Water Mains with 3 - 5 Leaks




GIS Approach - Other GIS Reference Data

Water
Mains GIS
‘ Data

Project Number )

Age )
Size

Material

Water
Leaks GIS
_ Data

A

Type )

Date
Location )

Other GIS
Reference

Data

a

Dialysis Patient
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GIS Approach - Asset Analysis (InfoMaster)

\
Water QEE
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GIS Approach - Asset Analysis Recipe

(InfoMaster)

Consequence of Failure (CoF)
182 Consequence o Fakue (COP) Likelihood of Failure (LoF)

..... i 1 Fj i
_____ % :E:::_ESE E Size ) Likelihood of Failure (LOF)
) Asset | I . wMain_LOF1, Pipe Size

fiﬁ wian COTSSVEINSEN .| - whlain_LOF2, Pipe Materia
38 wMain_COF )
_____ @2 wMain_COF InfoMaster) - wMain_LOF3, Install Year
_____ 32 wilain COFE. Laterals ) wMain_LOF4, Leaks/LF
N B, PR & b whMain_LOF5, Liquefaction

P
®

:% :ﬂ:::—ggg Pim::?“ o) Lol . whain_LOFS, Cast Iron 1938-1945
----- &2 witain_COFS, ° ) whlains_LOF4a, Leaks/LF(2 Leaks or Greater)
_____ 42 it COFT ) wMain_LOF_Test, CI_1938_1941

----- 32 wMain_COF1N
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GIS Approach - Asset Analysis Recipe

(InfoMaster)
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]
Consequence of 'i Scoring Range Score Method
523 A== 4D
. Scoring Range Score Method
%® Consequence of Failun [ [Bre o R ccore Method
..... H2 wMain_COF1, Pipe |» 1p _ ~ooorgnands corE e
) ) Scoring Range Score Method
..... W% wMain_COF2, Pipe | 12 | I o
_____ qg wl'u'lain_COFEI.. Des 14 » ~ Scoring Range Score Metho
----- qg whain_COF4, Ane 13 r = (@) Range
..... fﬁ wMain_COF5, Higt a0 AL Breaker Range Score Mo, Length (Miles) O Unique Val
nigque values
----- 2 wMain_COFS, Late 24 E|» 19160101 <=1916.0101 3 244 4.13 ?
----- wMain_COF7, Con ¢| 19410101 1916.0101- 1941.0101 2 737 16.40
% s corscon| on et o 2 e
ASin_ SO0 €| 1966.0101 1941.0101 - 1966.0101 1 5351 144,23
|n_Eg:§?ﬂ531 €| 2018.0412 1966.0101-2018.0412 0 54753 g54.52| | FaualInterval |
oy 111 , FC
. L C [blank value] 0 2447 24.74 Matural Breaks -
Wain_COF11, Die., oo
C | Quantile |
— [
L C | Score Chart |
I
— | Histogram |




Assess Risk

Consequence of Fai
Risk ID and Description

% Consequence of Failure (C

wMain_COF1, Pipe Siz
wMain_COF2, Pipe M:
wMain_COF3, Dead E
wMain_COF4, Arterials
wMain_COFS5, Highwa
wMain_COF§, Laterals
wMain_COF7, Consun
wMain_COF8, Consun
wMain_COF9, Schools
wMain_COF10, Hospit
wMain_COF11, Dialysi

BLELBELELEE

D:
[wiain_Risk_6

Description:

GIS Approach - Asset Analysis Recipe
(InfoMaster)

Risk Assessment Method

e} Linear Normalization
Classification

G R A T g (© Bi-Directional Distribution

Dimension:

@ Likelihood of Failure (LOF
@ wMain_LOF1. Pipe £ (O Multi-Criterion Classification

Vancouver

@ wMain_LOF2, Pipe |
@ wMain_LOF3, Instal
@ wMain_LOF4, Leaks
@ wMain_LOFS5, Liquef
@ wMain_LOF6, Cast k
@ wMains_LOF4a, Lea
@ wMain_LOF_Test,C
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[ Normalize Risk: 0 to

5x5 ~

COF -M. High

COF - Medium

COF -M. Low

COF -Low

(®) By Percentage
Consequence

Lower Boundary(%):

Mid-Lower Boundary(%):

Mid-Upper Boundary(%):

Upper Boundary(%):

(O By Value

Likelihood of Failure (LOF)

Lower Boundary(%):

Mid-Lower Boundary(%):

Mid-Upper Boundary(%):

Upper Boundary(%):

pe(with meters only)
se(All Pipes)

v
1
[a]
3

38-1945

=aks or Greater)
al Asset LOF

2l Asset LOF

&l Asset LOF

rtical Asset LOF
Asset LOF



GIS Approach - Asset Analysis Result

(InfoMaster)

InfoMaster Risk
Result Layer

Water Mains By Risk Grading
— 1 - Megligible Risk

2 - Low Risk
3 - Medium Risk
== 4 - High Risk

w5 - Bxtreme Risk
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(=)= Pressurized Main CapPlan
=442 Consequence of Failure (COF)
- wMain_COF1. Pipe Size
Q2 wMain_COF2, Pipe Material
42 wMain_COF3, Dead Ends/Redundancy
2 wMain_COF4, Arterials
Q2 wMain_COFS, Highways
Q2 wMain_COFS6, Laterals/LF
82 wMain_COF7, Consumption/Pipe(with meters o
82 wMain_COF8, Consumption/Pipe(All Pipes)
82 wMain_COF9, Schools
Q2 wMain_COF10, Hospitals
wMain_COF11, Dialysis Patients
=@ Likelihood of Failure (LOF)
@ wMain_LOF1, Pipe Size
@ wMain_LOF2, Pipe Material
@ wMain_LOF3, Install Year
@ wMain_LOF4, Leaks/LF
@ wMain_LOFS, Liquefaction
@ wMain_LOF6, Cast lron 19381345
@ wMains_LOF4a, Leaks/LF(2 Leaks or Greater)
@ wMain_LOF_Test, CI_1938_1941
=% Risk

&

Regression Reliability Analysis
& WAT_FD1, New Failure/Deterioration Model
- Rehabiltation Plan
wRehabPlan_1,
Example_DC,
- ® Hydrant CapPlan
42 Consequence of Failure (COF)
@ Likelhood of Failure (LOF)
& Risk
- ® System Valve CapPlan
42 Consequence of Failure (COF)
@) Lielihood of Failure (LOF)




GIS Approach - Asset Analysis Result

(InfoMaster)

Result Layer

. H B — ¢ ’D OT

- LOF-M.low  LOF-Medium LOF - M. High

Water Mains By Rick Grading | [‘
— 1 - Negligible Risk 3

2 - Low Risk

3 - Medium Risk
=4 - High Risk
w5 - Extreme Risk

11925 Pipes, 65.7 miles

COF - Medium

3 112147 Pipes, 408.7 miles 219 Pipes, 7.5 miles
i COF - M. Low

47343 Pipes, 474.8 miles 407 Pipes, 5.4 miles 210 Pipes, 2.2miles OF

COF - Low
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- I i T —— flzas b?@mnmcwﬁm
InfoMaster Risk E g T E S v oor poen

| @ Hydrant CapPlan
43 Consequence of Faiure (COF)
@ Likelihood of Failure (LOF)

& Risk

- ® System Valve CapPlan

% Consequence of Failure (COF)

2 wMain_COF2, Pipe Material
32 wMain_COF3, Dead Ends/Redundancy
2 wMain_COF4, Arterials

gui. wMan COF5 Hd\ways

fPipe(with meters only;
LOF - High Pipe(Al Ppes)




GIS Approach - Creation of Project

Boundaries

Water
Mains GIS
Data

Project Number )

Age
Size
Material

~

Water
Leaks GIS
‘ ; Data B

A

Type
Date
Location

~

/

Other GIS
Reference

Data

F

>
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Arterials
Collectors
Schools
Hospitals
Liquefaction
Zones

Dialysis Patient

Locations
Consumption
Meters

<

Asset
Analysis
(InfoMaster)

Model (Future

to FME)

CoF
LoF
Risk

J

../

../

Editing & Data
Mining/Analysis
Web Tools

Preliminary
Project
Areas
Water /
Mains by
Risk /




GIS Approach - Creation of Project
Boundaries

a .
wGIS Project Dev '
[ e - Model Builder

Model (Future :
%, to FME)

|
!
i
i

Vancouver

WASHINGTON

e



GIS Approach - Creation of Project
Boundaries

(Extreme Risk) pip
anaLo !.
=

e
* Find leaky pipes (pipes w/2 or more‘leaks

=—dhe pipes).

a...

=6
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GIS Approach - CIP Project Analysis &

Review

\
Water QEE
Mains GIS .
Material
Data .
it Project Number )
Water Type )
Leaks GIS Date
: Data Location )
/ Arterials \
Collectors
Schools
Other GIS Hospitals
Liquefaction
Reference
Data Zones
: Dialysis Patient
Locations
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GIS Approach - Creation of Project
Boundaries

Acce SS p ert | nent too I S Vancouver Water Risk Analysis & Capital Improvement Planning \ancouver

from one web S

L"“ Water CIP Projects

application.

‘ 65 Projects by Risk Priority - - ’ 3 nt Cc ‘ ‘ Est
Broadway St in Esther Short Neighborhood | : $ 82k

. o . . Project ID: 171 |R|sk|rrdex:l).21 _ | i . ‘ ‘ s ‘ ‘ 377
Prioritized List of Project B e - - e

S | g 829.3 H 200.8
Project ID: 4\ Risk Index: 0.17 ﬂhs of Distribution Main

Miles of Transmission Main
E Frontage Rd in Rose Village Neighborhood
Project ID: 40 | Risk Index: 0.17

P H t M E 39th St in Lincoln Neighborhood
roJ e C a p Project ID: 5 | Risk Index: 0.15
_ _ _ NE Saint James Rd in West Minnehaha

Neighborhood
Project ID: 46 | Risk Index: 0.15

— & ! DI 1904
W 8th St in Esther Short Neighborhood ]

Project and Pipe Statistics =

ensiact I 32,
ProjectList || MspLegend

Cost Summaries Pipe Detail ez

296.05 feet of 2" GALV: Installed in 1945
Installed with Project Number:

Project Name:

Estimated Replacement Cost: $0.00 ($0.00/per

Upsize Costs

foot cost)

P i p e S u m m a r i e S Estimated Upsize Cost: $34,490.21 (§116.50/per etegiam= by ey

foot cost)

Asset Risk Analysis Water Mains - By Year Installed

. . Consequences of Failure (COF)
Pipe Detail

Fipe Size

g
e

8

o

Pipe Material

CITY OF
Proximity to F-
Proximity to a o i
—_ —— Laterals per [

Lineal Foot

8

Pipe Langth (foet)




GIS Approach - Creation of Project

Boundaries

Vancouver Water Risk Analysis & Capital Improvement Planning

Water CIP Project Areas (Edit)

Project List

va"}ﬂﬂ” Water Capital Project Boundary Edits

NegnoomY

e
oject Neighborhood: Rose

cject Neighborhood a NEMimshane'st
Froject Neghborhoss @

ject Neighborhood

Edit Attributes

Project Neighborhood:

ghborhood: Shumwey

By Foecne

Risk Index:

- Sroject Name: ) Srojact Neighborhaod
RiskIndex. 0.08

Lincoln -

ghborhood: Amade -

Reshape/Cut Projects

[y et Name: - Project Neighborhood: Mapie Tree -
Risk Incex: 0.0
Project Neme: NE 103rd Ave -
Oskarsok - 02

. Project Na

Sunnysice -

Project Neighborhood

Ave - Project Neighborhood:

004

Create New Projects

roject Neighborhood:

Project Neighborhood:

Project Neighborhood:
Project Neighberhood
05

5th St - Project Neighborhood
index: 0.

Vancouver
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https://cityofvancouver.maps.arcgis.com/apps/MapSeries/index.html?appid=5e5af7486a554e6e95f731c94f064532
https://cityofvancouver.maps.arcgis.com/apps/MapSeries/index.html?appid=5e5af7486a554e6e95f731c94f064532

What’s Next?

* Complete developing workflow / dataflow -
allowing project managers to update
boundaries.

* Incorporate modified / approved boundaries to
flow into CIP document development process.

* Continue refining methodology for automation
Vancouver of project areas.

NNNNNNNNNN



e (Continue to refine LoF / CoF / Risk Criteria

* Develop better project costing (area specific
costing)

* (Continual incremental process improvements.

Vancouver
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Question/sand Discussion

~ +» Eugene Durshpek, GIS Supervisor
R SET eugene. Jurshpek@cityotvanc
P,‘_hone (3)487 7‘1(

=

! 7
MR T

t er-clary@cit o} anco
(360) ¢ 87-7169%
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