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* Many variables can influence water main deterioration
* GIS analysis limited to variables with data availability
* GIS models grade segments based on each variable

« Each segment’s variable grades are weighted
 Overlay analysis produces a single comprehensive grade
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Geospatial Capital Investment Toolset (GCIP)

Targets only applicable variables with
sufficient data to support analysis

* (1) Repair Model
*  (2) Water Quality Model

- (3) Life Model GCIP Toolbox
- (4) Critical Points Model Eaﬁj}”j?zﬂw Repas
* (5) Fire Flow Model ﬁ g; Eﬂ :ﬁi;aeter Quality
¢ (6) Hydraulic Layer 3 4) NIAW Critical Points
S Pipe Criticality D e ety

§ Pipe Fire Flow Capacity
* (7) Weighted Overlay Model

www.amwater.com



Repair Model

 Measures:

§ The repair rate for each main segment.
* Reason:

§ Past breaks are often a predictor of future breaks.
* Input / Output:

& = aptical Attribute Fields
Llate = Llate of s fond - -
Diste ainstad Date | Diameter | Material | quip | R=Pair | Repair| GCP /o | Run
Count | Rate | Rats Dats
Inputs
Geocoded Repair Pointz) & (o] (a] - - - - - -
Yiater Mainz  « ¥ ¥ ¥ - - - - -
Cutput

Repair Score Laver, v v v v v v v v
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Bt Y GCIP - Study Area
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. =l 15 ¢4 F.epair Score

7446 Total Main Segments
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Quality Complaints
* Measures:

§ Distance to nearest quality related complaint

§ Density rate of local quality related complaints
* Reason:

§ Properly sorted complaints are one indicator of failing infrastructure.
* Input / Output:

R — Attribute Fields
Liate = Liafe oo (et amee . .
) ) Raw | Diztance Raw Denzity Fun
F Tt oo dnetal Date Diamet Material | GUIDr
e, - B alc | Liameter) Matena Diztance | Score | Density | Score = Date
Inputs

W0 Complaint Pointz| " -

Water Maing| " v v v
Output

Cuality Score Laver o v v v v v v v v v

www.amwater.com



Al{:ch

Defects to
Main

Maé =Y
Event Layer|

&=

Water Quality Model

Empty
1] n
-

Eleaf; New XY to State Calculate
Poitns Plane Complaint
Density

- E

Model begins with Defects & Mains Parameters [P].

.P.P

P

=

‘Weights must add up to 1

Model ends here.

=

Extract
Density to
Points

# A
Buffer Polygon to
Raster

Mains to

&
Densify

Points

&

Getﬁ ean
Ptz Density

Calc{llale
Network
Distance to
Complaint

Extract
Distance to
Points

G el)l;l ean
Pts
Distance

P
Copy
Add)h_aw Caléilate Add‘?core Ealﬁlale
Density Havy Density Density
Field Density Field Score

Adbly Pl 7
Symbology Make Layer Append
From Layer

Redove
Existing
Results

) e

Calc’:llate
Field

/

Ealc)lillale
W0 Score

J oinﬁ ains

without
Distance
Data

i

@ee

Adt{l‘:l aw

Distance
Field

r
Calculate
Raw
Distance

Addécole

Distance
Field

Calculate
Distance

Field

P
Join Field

wa {CDIE
Field

Ealc‘fllale

Date




NEW JERSEY

AMERICAN WATER

Water Quality Distance & Density Analysis

« Distance:
§ Measures distance through the network to nearest

‘ # complaint.

* Density:
§ Measures “intensity” of complaints.

* (Density Score * 80%) + (Distance Score * 20%) =

Distance Pg"sg?;’;ﬁe Water Quality Score
T, o oq401 &t -
T2 1801 - 2400 2 41- 125

3. 1201-1800 3 126-275 Grade
ST, B01-1200 “ 276 - 575 —~A,
75, < 600 L -5 “B_

~D_,

s



S GCIP - Study Area
Pl - WQ Model Run
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Example "ldentify" Action

i Identify E E3

4-CFO3-4D6A-9347-464 CBED34FF I}

7436 Total Main Segmenis



Life Expectancy

* Measures:

§ The percent of life spent per segment.
* Reason:

§ Life expectancy can be a predictor of future breaks.
* Input / Output:

& = et Attribute Fields
Llafe = Dlate oof Qo smees Life Life
S fiare o dnstal Date | Diameter| Material | GUID .
Expectancy | Remaining
Inputs
Life Expectancy Table| = - v - v -
Vater Mains " ¥ ¥ v - -
Output
Life Score Layesr| +" v v v v v

Percent
Spent

www.amwater.com



GCIP - Study Area
f e Life Model Run
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Measures:

Critical Points

§ The distance to three categories of critical points.

Reason:

§ Outages near certain areas (e.g., hospitals, schools, or industry) are more
expensive and/or disruptive to company & public.

Input / Output:

o = GRS
Llave = Ciafte o Ciecuranee
fourd Sisve oo dmsifad!

Inputs
Hozpitalz
Schoolz
Major Meter
Parcelz

VWater Mainz
Qutput
Critical Score Layer

Date | Diameter Material GUID

Attribute Fields

Hospital | Hospital | School |Schoel| Meter | Meter
Diztance | Score Distance | Score Distance | Score

Run

= Date

www.amwater.com



GCIP - Study Area
Critical Points Run
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Measures:

§ Available fire flow.
Reason:

Fire Flow

§ Low fire flow can be indicator of undersized and/or failing infrastructure.

Input / Output:

o = ey
Liste = Llate oof Cireursimes
Jourd Eiate o el
Inputs

Fire Flow Nodes
Water Mainz

Output
Fire Flow Score Layer

Attribute Fields

Date |Diameter| Material | GUID

Fire Flow
Available

Sc

ore

Run
Date
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GCIP - Study Area
Fire Flow Model Run
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Hydraulic (Criticality & Capacity)

 Measures:
§ Criticality - Percent system loss if main segment is out of service.
§ Capacity - Mean velocity per segment during Max Day fire flow.
§ Smaller # of mains effected by this model.
§ Only model not scored or weighted.
 Reason:
§ Political & Monetary cost avoidance of overly disruptive outages or coverage failures.
& Input/ Output:

Attribute Fields

o = CiTS
Lhafe = Clate o Qe ames (o Raw Raw Iz Iz Run
Lizte ol dnctad i i
S Date |Diameter | Material| GUD | . -ity | Capacity | Critical? | Bottieneck? | >°°™® | Date

Inputs
Criticality / Capacity| " v v v v v - - - -

VWater Mains |« v v v - - - - - -
Output
Repair Score Layer| v v v v v v v - v

www.amwater.com



GCIP - Study Area
Criticality / Capacity

-
= (e

ey

Is Bottleneck ( > 7 ft/s)
"N\~ IsCritical (>0.1%)



NEW JERSEY

AMERICAN WATER

Weighted Overlay

« Measures:

§ The numeric total of user weighted scores for Repair, Quality, Life, Critical
Points, and Fire Flow models.

§ Criticality & Capacity analysis results appended.
* Reason:
§ Weights provide flexibility for situational user analysis needs.

§ Common grade scale ranking allows for objective multivariate comparison,
which can be a valuable planning tool.

§ Appended hydraulic results individually identify potential hydraulicly critical
infrastructure within the comprehensive scores.

www.amwater.com



Weighted Overlay Input / Output

" Indicates the field Aftributes

exizts with a unique : : : - :

name for eachinput | Date | Diameter Material  GUID Repair | Cuality Life Critical |Fire Flow | Hydro
category. Group Group Group Group Group Group

o

Weighted

Score* |Run Date®| Weight™
g Score™

Inputs
Repair Layer v
Qaulity Layer
Life Layer
Critical Peintz Layer
Fire Flow Laver
Hydro Laver

Output

Weighted Layer
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Poor Only
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GCIP - Study Area
Weighted Overlay
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Predictive
(weights adjusted)

High
III Medium
Slight

Failure
Chance

7436 Total Main Segments
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Questions?

www.amwater.com



NEW JERSEY

AMERICAN WATER

Model Diagrams

www.amwater.com



Repair

Model
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Critical Points Model




Fire Flow Model
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Weighted Overlay Model
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Break Rate Equations

« Traditional Rate

Break Count § Included for “pipe class” summary data or “regional” analysis
Traditional Rate (mi) § RR = Repair Count / (Segment Length in ft / 5,280) / Duration
§  Answer Reads:

u “Xbreaks per mile per year”
§ Highly Variable by segment length
§ Not Desirable for segment based “Grade” scoring

GCIP Rate (inverse frequency)
History = "1/1/1996" *set as oldest repair history date available*
x = DateDiff ("yyyy", [Install Date], now)
y = DateDiff ("yyyy", History, now)

If x <y then

Solution = 1/ ([Repair Count] / x)
Else

Solution = 1/ ([Repair Count] / y)
Endif

§ GCIP Answer Reads:
v "This main breaks every X years.”
v Desirable for segment based “Grade” scoring

www.amwater.com



Various Overlay
Map Display Options
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GCIP - Study Area
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Opportunities for Improvement

* Changes to Life Model
§ Replace with Condition Based Assessment (CBA) Model
§ Requires much more data in GIS format

* Changes to Repair Model
§  Weight Main Break by Repair Cost

§ Tolerance of repair rate can vary greatly depend on type & location
of water main break

« Changes to All Models
§ Add more scoring classes
§  Will add more resolution to analysis
§ Final maps can still be summarized into 5 classes for visualization

www.amwater.com
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