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Topics for Prioritizing Water Infrastructure with
Artificial Intelligence

What is Artificial Intelligence & Machine Learning and why do we care?
Is Al/ML superior for determining Likelihood-of-Failure (LOF)?

Who can benefit & how?

Process — what are the steps?

Planning Demonstration



“Artificial Intelligence” (Al)

» Coined at Dartmouth College in
1956

» Machines acting rationally (like
most people)

» Machine Learning (ML), subset
of Al, models/algorithms for
Improving outcomes




Why Machine Learning?

Artificial Intelligence - Computers

¢ Increased COmpUtIng power with the ability to reason as humans
* Access to more data

o Volume Machine Learning -
. Computers with the ability to
o) Varlety learn without being explicitly
. ed
o Velocity PRESE
* New research T —

Network capable of
adapting itself to new
data




Al & ML Driving Successful Companies

It helps reduce risks, improve results




OK...So how is Al/ML
relevant for Water &
Wastewater utilities?
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CHALLENGE

Allocating resourges
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Proof-of-Concept Approach

2002 2018

UTILITY DATA

« GIS

« Asset Data (Diameter, Material, Age)
 Failure History (Breaks & Leaks)

?

- Approximately 15 years of historical data S =




Proof-of-Concept Approach

Pipes Being Displayed: 1- 99

L G I S 5 PipeiD: 8337

¥ PipelD: 6118

0 UTI L ITY DATA Top 1% of pipes ranked by BRE

* Asset Data (Diameter, Material, Age) """
 Failure History (Breaks & Leaks)

> PlpelD: 8398

> PipeiD: 5947

2002 201 8 > PipelD: 5847

> Pipe ID: 4999

2 > PipelD; 5533

w

Pipe ID: 5627

> PlpaiD: 5477

- Approximately 15 years of historical data S = > FipeID: 5840

> PipeiD; 5573

» PipelD; 5737



Proof-of-Concept Results - Comparing Methods (Potable)

Al/ML e s .

246576 1 Likely
Results
712453 2
990190 3
764247 4
825612 259,997
978665 259,998
190237 259,999 4'

790674 260,000 #260,000



Proof-of-Concept Results - Comparing Methods (Potable)

Prior Failures Age Al/ML Results

Likely
to fail

Not likely
to fail
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Proof-of-Concept Results - Comparing Methods (Potable)

Prior Failures Age Al/ML Results

Likely Only 11% are in
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Proof-of-Concept Results - Comparing Methods (Potable)

Prior Failures Age Al/ML Results

i Only 1% are in
CIEIE  the top 1%
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Proof-of-Concept Results - Comparing Methods (Potable)

Prior Failures Age Al/ML Results

Only 12% are in
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Proof-of-Concept Results - Comparing Methods (Potable)

Likely
to fail

Not likely
to fail
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Age

Only 12% are in
the top 1%

Al/ML Results

Now 50% are in
the top 1%
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6,400 km of Pipe
150,000 Pipe Segments

TUCSON
WATER

ol .’5,{“
3 =4 |
A proud part of the City of Tucson M

U

Al/ML found 200% more
failures than using
traditional methods

50% had no

prior failures!




Looking for the Bull's Eye

Prior Failures Al/ML Results

1111111

® = Failures on Pipes with No Prior Breaks ® = Failures on Pipes with Prior Breaks

Al/ML predicted nearly twice as many failures as the prior break
model and 50% were pipes that had never failed before



Looking for the Bull's Eye

Prior Failures Al/ML Results
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® = Failures on Pipes with No Prior Breaks ® = Failures on Pipes with Prior Breaks

Al/ML predicted nearly twice as many failures as the prior break
model and 50% were pipes that had never failed before



Machine Learning Results*

AEC Company Al/ML Results
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*AWWA Virtual Summit - Water Quality & Infrastructure
Evolution of Water Main Replacement Planning Toward Machine Learning
Len Sekular | Arcadis | December 8 — 10, 2020
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Operations SOP for Al generated LOF

> PipelD:5996 — G
> PipeD: 6398 _—5
> PipeID:5967 — s
> Pipe ID: 5847 =
> PipeID:4999 = i
> Pipe[

> Pipe




Planning - Al targeting for replacement



#1 Most Likely to Fail

Planning -
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ce® Al/ML's top 1% had a

¢ Failure Rate =

. 370 BREAKS /100

150,0000 Segments ® M I |_ ES

System-wide Average
®

Failure Rate = —
16 BREAKS /100 MILES
— #150,000 Least Likely to Fail




Planning

Replace
more of
these

And less of
these

#1 Most Likely to Fail

Al/ML's top 1% had a
Failure Rate =

370 BREAKS / 100
MILES

23X

0,000 Least Likely to Fail



Utility
Public

Proprietary

DATA COLLECTION

AND CLEAN UP

Al/ML Model
LEARNS

Pipes Being Displayed: 1- 9%

>
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PIPE RANKING

Pipe ID: 8337
Pige ID: 6118
Pipe ID: 6053
Pipe 1D:5996
Pipe ID: 6398
Pipe ID: 5967
Pipe ID; 5847
Pipe ID: 4999
Pipe 1D: 5533
Pipe ID: 5627
Pipa 1D:5677
Pipe ID; 5840
Pipe ID: 5573

Pipe 1D: 5737



Kick-off/

Discovery
Meeting l
Data Data Generate Resolve Is Data
Acquisition Cleaning Exception Exceptions Sufficiently

Process Report with Utility Clean?

Gather Public L Combine All Perform AIML SR sy
Output Results Review

Proprietary .
Data Data Data Analysis Meeting

A

YES
Proof Results Perform Future OUtFt):tUZZTUHS Provide Ul Ongoing Utility Al/ML Analysis
Acceptable? Analysis Interface (Ul) Training Support Updates
NO
General Ul
Perform Overview

Project Review

., COF Sgﬁings
Training

Planner
— Configuration
Training



TARGETED
CAPITAL AND
O&M SPEND

@ Targeted Leak Detection & Moni
o Targeted Valve Maintenance

o Targeted Replacement & Renewal 1
@ Remaining Useful Life

©® raster Repairs & Reduce Risk




Insights  Help  Failures (@]

SMART WATER
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¢ Top 100 pipes ranked by LoF @) \ Vg )& \ /

~2 Pipes Displayed: 1 - 100 of 100
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COF Settings X

Road Type

Population Density

Pipe Diameter

Important Facilities

PCl Score

[No Title]

2
2908




COF Settings

Road Type

Population Density

Pipe Diameter

Range 1:

Range 2:

Range 4:

Range 5:

2000



Upload Layer

To begin uploading, please choose one of the available options.

Upload shapefile Upload excel

5
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Settings & Business Rules

Settings

Business Rules

Min length/project

Max length/project

Each month we can complete

Show up to ©®

Prioritize by ®

Hide advanced

meters

meters

projects

BRE per meter

AN
2000

Cancel



Settings & Business Rules

Settings

Business Rules

Min length/project

Max length/project

Each month we can complete

Show up to ©®

Prioritize by ®

Hide advanced

meters

meters

projects

BRE per meter

BRE per meter
LOF per meter
COF per meter

BRE per segment

LOF per segment

COF per segment

2000



Settings & Business Rules

Settings

Rules ordered by priority @

Replacement

Business Rules
When LOF Rank

© Add condition

2000
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