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What is Risk-based
Investment Planning?



The Need for Robust, Risk Based Planning
Effective & . . . .
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Risk-based Investment Planning Approach
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Risk Model to Target Maintenance, Rehab, & Replacement

@ 5
(@]
S 2 q
S =
S =
g el 32
c = 2
80

1
@ 5
(&)
S 2 q
g =
O ‘© 3
g £
s © 2
© 1

E BLACK&VEATCH

Probability of Failure

2 3 4

195 196

103 432 41

467 33

19

296

Probability of Failure

CONSEQUENCE OF FAILURE

Condition Replace
- Monitoring Strzte
Strategy 9y

Economic
Analysis
Strategy

Run to
Failure

1 2 3 4 5
LIKELIHOOD OF FAILURE



3

How do | Assess
Infrastructure Condition
Cost Effectively?
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Condition Assessment Approach
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Condition Assessment Drivers

Estimate
Confidence
Higher A
Needs-Driven:

Tailored LOS definitions aligned
to your goals or regulatory driver

Phased Approach:

Desktop first, targeted advanced
testing as needed

Value Focused:

Quantifiable data at lowest
practical cost

Desktop Interviews  Visual
Review Inspection

Lower

Advanced Testing
& Engineering

Standard Condition
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Condition Assessment Approach
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Condition Assessment Approach

Plannin
9 Assessment
+ Strategic Asset Management Pl an
Review
’ AS'BI{'“S . +Asset Data Management
* One line review
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* O&M Data Methods/Standards I

* Hydraulic Model -Preliminary Site Review
* Previous Assessment Data -0&M Performance Assessment
*Risk & RUL Methodology

Desktop

Review
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Condition Assessment Approach

Planning

+ Strategic Asset Management
Review

+ As-Builts

* One line review
+ O&M Data

+ Hydraulic Model

* Previous Assessment Data

Desktop

Review
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+Asset Data Management
*Condition Assessment

*Preliminary Site Review
*O&M Performance Assessment
*Risk & RUL Methodology
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Plan
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Execution

-LOTO/Sequencing/Schedule
*Visual Assessment
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*Energized/Deenergized Testing
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Condition Assessment Approach

Planning

+ Strategic Asset Management
Review

+ As-Builts

* One line review
+ O&M Data

+ Hydraulic Model

* Previous Assessment Data

Desktop

Review
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+Asset Data Management
*Condition Assessment

*Preliminary Site Review
*O&M Performance Assessment
*Risk & RUL Methodology

—— — — —

Assessment

Plan

Methods/Standards I
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Execution

-LOTO/Sequencing/Schedule
*Visual Assessment
*Non-Destructive Testing
*Destructive Testing
*Energized/Deenergized Testing
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«Staff Interviews
*SME Observations/Notes

*Specialized Testing Results
*Prioritized Recommendations
*CAPEX & OPEX Cost Estimate
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Condition Assessment Approach

Project Management Support

Planning

+ Strategic Asset Management
Review
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* One Line Review
+ O&M Data

+ Hydraulic Model

* Previous Assessment Data

oo Desktop
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Plan
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*O&M Performance Assessment
*Risk & RUL Methodology

-LOTO/Sequencing/Schedule
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*Non-Destructive Testing
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*Energized/Deenergized Testing

Execution
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*SME Observations/Notes
*Specialized Testing Results
*Prioritized Recommendations
*CAPEX & OPEX Forecast
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Subconsultant Coordination
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Planning — Linear Assets _ ———

Assessment
Inspection Technology Comparison Matrix
L L + Asset Data Management
E SPOT ASSESSMENT IN-PIPE CONDITION ASSESSMENT . Condition Assessment I
ol Pulsed eddy current High/med.-resolution electromagnetic Methods/Standards
,; Ultrasonic Magnetic flux leakage * Preliminary Site Review
mll  Material sample testing In-line acoustic probe * O&M Performance Assessment
will X-ray and other specialty methods Confined space entry visual inspection * Risk and RUL Methodology
7 External visual inspection Robotic visual inspection
| N J
- I STATISTICAL STUDIES NON-INVASIVE METHODS 4 )
=l C , , , + Strategic Asset
. Leak/break history Acoustic testing (velocity and pressure wave) Management Review
,:-T E |:I|I:|e prﬂ,pernes {age; diameter, material :|ass} Acoustic EQFFEHFDFS “E'Eik dEtECtlﬂnj * As-Builts
%N Soil properties External corrosion survey . One line review
AR - Pressure and other data Hydrostatic (pressure) testing + O&M Data
= e = q
= | © Wl Satellite spectrography * Hydraulic Model
= o = * Previous Assessment Data
T
§ E‘ EXTRAPOLATED DATA MEASURED ACROSS ALIGNMENT e
INSPECTION COVERAGE - TUT DeSktOp
COST > 1
PIPELINE RISK . Review
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Planning — Vertical Assets

Inspection Technology Comparison Matrix
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Assessment

+ Asset Data Management

« Condition Assessment I
Methods/Standards

* Preliminary Site Review
+ O&M Performance Assessment
* Risk and RUL Methodology
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Planning — Vertical Assets _ ———

Assessment
Inspection Technology Comparison
Assessment Method Information Obtained éziztn?oa:i";ﬂsaenszﬁgfm I
Visual Inspection In-service Low Identifies visible defects such as overheating signs, Methods/Standards
P insulation damage, corrosion, and loose connections. ) g;(e':/lln;:nafry Site Re\xew t
. erformance Assessmen
: Detects abnormal heat patterns caused by loose * Risk:and RUL Methodology
Infrared Thermography In-service Low . -
connections, overloads, or failing components.
| - J
L . . Identifies mechanicalimbalance, misalignment, and
Vibration Analysis In-service Low o . . . . e N
bearing issues in rotating electrical equipment. )
+ Strategic Asset
Oil Analvsis In-service Low Evaluates contamination, moisture, and dielectric Management Review
¥s health of insulating oil. * As-Builts
_ o * One line review
Dissolved Gas Analysis In-service Low Detects electrical and fthermal faults inside oil-filled . O&M Data
transformers by analyzing fault gases. - Hydraulic Model
Identifies stator, rotor, insulation, and circuit > (PUSTES (ST PERE
Motor Circuit Analysis Out-of-service ~ Medium .’ ] ’
weaknesses in electric motors.
o : L
Switch Operability Out-of-service  Medium verifies proper movemer‘lt, functuon‘, and . TQT DeS ktop
responsiveness of electrical switching devices. ReVieW
Insulation Resistance Out-of-sevice Medium Measures insulation health by detecting moisture, I

deterioration, or contamination.
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Execution
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Desktop Interviews  Visual
Review Inspection
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Execution

Maintenance of Plant Operations (MOPO): | 48" PCCP Electromagnetic Inspection
(=) CITY OF ELYRIA 3 | Date MOPO submitted: 119/2024
. Project Start Date 6/4/2024
Step by step procedure for execution E
. . . o ege DRAFT
of inspection & opera’uonal activities broken iy o iy PG Tramamision Vi R A Gy A S Veai]
d own | N _to _t h e fo I | OW | na: Pipe lengthivolume: 39 ;”_g;sg";ffn;”“ Phone: 440-785-8868
g * Site/Location: aségov:elfg:g;{?bl;?;ag;?:r:ﬁf;_:o City Project Manager| Stephen Canfield
. . . . . PROJECT #: 414869 Phone: 440-935-3012
= Maintaining operations during outage
. . Pre-work Items
(e * g *) f |OW d | Ve rS | O n ) Activity Start Time Date City of Elyria / Black & Veatch / Pure Technologies
| | . | I_ O _l_ O Retrieval Net Set Up
" SO at I O n p a n (e * g °) ) Item Activity Start Time Date City of Elyria / Black & Veatch / Pure Technologies
= Ste p—by—step WOrk seqguencing while ey e 700 A Tuesday, June 4, 2024 (crow Contast Narns J0XRIXX00K)
preparing for & inspecting the asset e e | s | T s 24 Cron G
M M M Begin flushing hydrant west of W Ridge Rd & Milan Elyria Rd - q
(e . g . tO O I N S e rt [ O n & eXt ra Ct | O n) 3 g"::el‘:tti:; Maintaining Susly Measures MY TRk, w4, 245 (Crew c(ﬁ:gc:’:;)r::)g{;&;x-XXXX)
Begin Isolation of Southern Retrieval Section - City of Elyria Crew 2
. . oy . 4 [Slowly close 36" BFV (Butterfly Valve) at Middle Ridge Rd and Old 8:00 AM Tuesday, June 4, 2024
- R -t t -t -t ( g -I: | h g) st Ridos Rl Allow af least 10 mimutes .o (Crew Contact Name XXX-XXX-XXXX)
e U r n O Se rV I C e a C | V | | e S e . *) u S I n Slz\fiy cllcgz 36" ga::ewv:Iv:asiuth g;lg:::e?:ocsf:r Park Rd. Allow City of Elyria Crew 4
5 |atleast 10 minutes to close 8:30 AM Tuesday, June 4, 2024 (Crew Contact Name XXX-XXX-XXXX)
Completed Isolation of Southern Retrieval Section

E BLACK&VEATCH




Q)\X\u OHIO \
FOUNDED IN 1817 3
|\CORPORATE[ IN 1833

Executlon — LlnearAssets
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Execution — Vertical Assets
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l

g Low Lift Pump Building

East Generator
B Y Building

=

West Filter Building
—— - —

1

Dock/Chemical Loading Area

I > CHI | DUV

Department of Water Management

Select Condition Score Condition Assessment Actions

Failed Condition:
Critical components are
damage and there is
functional failure.

Comment required, next select
Problem Class

Comment required, next select
Problem Class:

(4 L5

Poor Condition:
Increasing number of defects &
deteriorating components.

Condition comment optional.
Then stop inspection and
move on to next asset.

Fair Condition:
Some moderately defective or
deteriorated components.

Good Condition:
Asset shows minimal signs of

wear; no defects. Stop inspection and move on

to next asset.

New Condition:
No visible defects.

Comment why zero was
selected, then stop inspection

Not applicable / Not observed.

and move on to next assel.

Select

Select Problem Class Functional
Cat

redundant pump, is failed or failing whi

affect safety, backup capacity, or o equipment.

A piece of equipment or structure that is failed or
failing which does NOT affect safety, water
production/quality, or other equipment (failure is not
captured by Class 1 o

Inspection
complete.
Move on
to next
asset.

A corrective or improvement project for equipment or

5 building structure not captured by Class 1 through 4
definitions, failure would not affect safety, water

production/quality, or other equipment.

o Operational (o)

Capital project for primary or backup equipment.

Non-Operational (N)

Capital project for ancillary equipment, non-process equipment, or building structure.

Maintenance of equipment, building structure.
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Deliverables

Concise Visualization of Results
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«Staff Interviews
*SME Observations/Notes

Specialized Testing Results
*Prioritized Recommendations
*CAPEX & OPEX Cost Estimate



Assessing Useful Remaining Life

Very
Good

Good

Moderate

Physical Condition Grade

Poor Discrete

Condition
Assessment
RUL Predictic\
Very
Poor
. J
20 40 60 80 100

Asset Age (Yrs)
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Using Condition to Extend Useful Remaining Life
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Physical Condition Grade

Very
Good

Good

Moderate

Poor

Very
Poor

Condition
Monitoring
Approach
for RUL
Prediction
Condition
- assessment may
allow deferral of
Discrete . replacement
Condition
Assessment ®
RUL Predictit\ "
20 40 60 80 100

Asset Age (Yrs)

Potential Difference
Between Discrete
Assessment & Monitoring
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Implementing
Infrastructure Programs
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Procurement and Required Personnel

= Dedicated Personnel
=  Project Manager = 1
= Engineer =1
= Field Support=21t08

= Statements to consider for Consultant = Consultant support:
support: =  Risk assessment
= Don't have experience with infrastructure « Assessment goals and decision making
assessment.

= Unbiased guidance
= Data analysis and recommended repairs
= Long-term management planning

= First attempt at implantation of long-term
management

= Don't have resources and/or time to devote

= Statements to consider for Contractor = Contractor support:

support: « Infrastructure audits (valves, etc))
= Don't have construction crews to support = Material repair and replacements

= Civil support
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Decision making maturity level

ENTERPRISE ANALYTICS: Further Process Automation, Predictive Algorithms, & Enhanced Finance-based Decision Making

g) Incorporating Deterioration Curves for Automated Asset Model Lifecycle Cost  Cloud Based Asset & Asset Specific

Q Asset Failure Data Predictive Analysis Update from CMMS Optimization Project Optimization Deterioration Curves

Fany

e BUSINESS ANALYTICS: Automated Risk-based Process, Integrated Asset Information, & Decision Support

-

'E; Enhanced CIP Improved Data Asset Class Integrated Asset Model Project Budget & Project

E Optimization  Standards & Quality Deterioration Justifying Projects in CIP Dependencies Resource Constraints Bundling
Curves

9p)

$ ENHANCED RISK-BASED PROCESS: Business Analytics for Decision Support, Leveraging Existing Data

O

(@) Risk Asset Health Condition Data Remaining Business Cases Business

E Framework Index in CMMS Useful Lives for Each Project Intelligence Dashboards

STANDARD RISK-BASED PROCESS: Manual Prioritization, Disconnected Technologies

Risk Manual Project Project Budgets Asset Collect
Framework Scheduling Not Based on Asset Data Hierarchies Condition Data

INCONSISTENT PROCESS: Process Changes Year to Year, Less Rigor for Scheduling Projects

Run to Approach Emergency
Failure Continually Changing Project Focused

Risk-based decision making tactics

E BLACK&VEATCH
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Leveraging Modern Prioritization Tools

ATER

Vision of Tomorrow | Action Today

sl oo Lve L Lo

| ‘ # of Breaks
- e #ofPipes&  geos 1244 183 300 11
Moderate [ e § : ) Service Leads
65 0 11 62 0
5,115 L 5,832 22,656 49
146
45,044
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Leveraging Modern Prioritization Tools

Pressure
Annual Snow
Max Days Below 32
Soil Corrosivity
Soil Hydrologic Group
Max Days Below 90
Road
Installation Decade

Repeated Breaks

I HDPE

0 1 2 3 4 5 B
mean(|SHAP value|) (average impact on model output magnitude)
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Value to Organization

Change Management

Data Visualization and Modeling Optimization

Be St ,Dr act/ ce fo [ D /g /ta / Diagnostic and Predictive Analytics Prescriptive Analytics
Transformation, with value Statistical Analysis |
. . . Empirically understand cause J
increasing along the journey. and effect to make even ,
better decisions
Machine Learning /
m ‘v Artificial Intelligence
Business Intelligence ‘/ Identify patterns and insights
Data Preparation Line-of-Sight to make effective, : tha? enable optimization of their
o ] data-driven decisions business
Descriptive Analytics
Data Warehouse H\ |
Data is organized, secure, and D
related in meaningful ways '
Data Overload
OMG we have a lot of ‘
data alf over the place Cyber Resilience at every stage J

Digital Systems of Record
Single source of truth for all data
Ad-Hoc Reporting

Data Maturity / Adoption



Enrich the Lives of Workers

WHY CLIENTS CARE

Free Up Time and Resources

Spending Resources Smarter

Value to Organization

Information at your fingertips

Shortening the Time for Reporting

Beginner Advanced Experienced Expert

«q0[ 1noA op,, o1 110{f3
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Scott Jauch
jauchs@bv.com

© Black & Veatch Corporation, 2026. All Rights Reserved.
The Black & Veatch name and logo are registered trademarks of Black & Veatch Corporation.
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Building a
of Difference.’
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