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“Failure Mode and Effects Analysis” (FMEA)

1. Our Comprehensive Performance Evaluation
(CPE) Approach

3. Risk Themes from Eastern Canada

2. Prioritization of Risks
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Address a range of problem statements:

| Continuou?& 3rd Party Review

mprovemen of Risks & Boil-Water . -
Optimization of Opportunities Advisories & Bgt?liancelg(s IB::ﬁgzlc?sg
Surface Water ahead of major Aging Systems

Treatment Plants WTP Upgrades

Nicole McLellan, David Pernitsky, Simon Horsley, Hailey Holmes, Meghan Vissers




Approach Overview

Stage 1

Identification of Single Points of Failure,
Operational & Compliance Risks

Stage 2

Risk Assessment and Prioritization

Stage 3

Risk Mitigation & Contingency Planning
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Desktop Review of Existing Info
Site Visits

Key Personnel Interviews

Desktop & Site Risk Consolidation

Failure Mode Analysis
Assess & Assign Criticality Ratings

Short-Term Mitigation Strategies
Long-Term Mitigation Strategies
Class D Cost Estimates
Implementation Roadmap

%
TM1: Risk
Identification

TM2: Risk
Scoring

TM3: Risk Mitigation
Strategies

Final Report:
Risk Reduction
Plan




|dentification of Single Points of Failure

and Operational & Compliance Risks

v| Review of Existing Information

Example:
Loading
Calcs

(process units,
chemical metering)

Preliminary
Desktop

Review?* Example: Filter

Performance
Analysis

(filters, disinfection)

Unit Process

Flow Capacity (m3/d)
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Disinfection: | 10,841 Detention Time = 32 minutes @0.79 mg/L Cl & 12°C ‘ |
" . . " Treated Treated Flow
DATE Filter #1 Filter #2 Filter #3 Filter #4 SUM ALL Flow (L/s) (m3/month) Comments
Jan-18 [ 4 0 3 10 28 72,955 15 days only
Feb-18 8 ) 0 6 14 24 64,519
Mar-18 15 11 0 8 26 25 71,470
Apr-18 17 13 0 10 30 26 71,429
May-18 28 19 0 16 47 35 98,371
Jun-18 29 23 9 15 61 49 131,465 Filter 3 only on for 14 days
Jul-18 27 25 31 15 83 53 155,336
Aug-18 18 15 21 11 54 43 126,877
Sep-18 17 16 18 10 51 35 100,506
Oct-18 13 12 14 8 39 30 88,232
Nov-18 12 12 0 é 24 26 73,380
Dec-18 10 7 [0] 6 17 28 80,165
SUM 200 163 93 114 456

* Structured around USEPA Guidelines for Comprehensive Performance Evaluation of a Surface Water Treatment Plant




|dentification of Single Points of Failure
and Operational & Compliance Risks

v’| Site Visits Imaging
Lead Team
Matterport Scans

Site Visit: szdiie

Lead / Lag

Teams

30

Spatial info

Lag Team

Photo Log

Detailed info

min lag




|dentification of Single Points of Failure
and Operational & Compliance Risks

v’| Key Personnel Interviews

Discuss and identify single points of failure

Focus on risk element less well captured by desktop review

Potential discussion items (“What-if” queries):
« watershed risks
* historical raw water quality upsets;

I nte rVieW - areas for improvement related to existing operating procedures
* resourcing

Ap p roacC h « overall critical process redundancy

Operations Interviews:
» Develop questionnaire template (pre- site visit)
* Anonymize response




|dentification of Single Points of Failure
and Operational & Compliance Risks

v| Desktop & Site Risk Consolidation

Develop Consolidated Single-Points-of-Failure & Risk

Identification against each major process.
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Customization & Additional Opportunities

Filter Media Investigations Full-Scale Capacity Testing Desktop Analyses for Development of Key
Emerging Contaminants Performance Indicators and
Operations Dashboarding

Coagulation Optimization
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Prioritization of
Risks




Risk Assessment & Prioritization " sigez

| Failure Mode Analysis

Risk Priority Number (RPN) =0xD xS

] Where:
Failure Modes .

d Effects O = Likelihood of Occurrence (1 to 10) RPN
an _ D = Likelihood of Detection (1 to 10) 1S_c$ 530
Analysis S = Severity (1 to 10)

(FMEA)




Risk Assessment & Prioritization

v’| Assess & Assign Criticality Ratings

Assigning
Ratings

Example

Failure Mode: Diesel standby generator failure to start
Severity (S): 9 (Loss of production)
Occurrence (O): 4 (Moderate likelihood)
Detection (D): 6 (Low ability to detect fault before shutdown occurs)

* RPN:9%x4x6=216

Medium Rationale for
scoring
Water
Low High Treatment Consultant

RPN - Risk Level Facility Staff




Risk Assessment & Prioritization

Risk
Assessment
Matrix

v’| Assess & Assign Criticality Ratings

SEVERITY
1 2 3
L 5 25 50 5 >
]
= 4 16 32 48 4 o
= v
& 3 9 18 27 36 45 3 Y
o 2 4 8 12 16 20 2 i
a
O 1 1 2 3 4 5 1
Guide:
_ High Unacceptable high risk. Requires priority risk reduction, control measures; possible interim steps.

Medium Moderate risks. Requires additional safeguards to reduce risk.

Low Lowr risk. Provided existing monitoring, maintenance, and training procedures are followed.

Acceptible |Tolerable risk with low severity; low occurrence; and reliable safeguards.

Risk Facility Existing
Assessment 'I"‘ Risk Management
Matrix . System




Asset Risk Evaluation

40 critical assets/processes
identified
— 5 treatment process areas
+ Sedimentation
* Filtration
* Chemical feed systems

e Taste & odor control
» Solids dewatering

— 35 facility components

Comnsequence of Failure (CoF)

\ = Mew 25

Medium
Risk

Low Risk

2 3
Likelihood of Failure [LoF)




Risk Mitigation & Contingency Planning

V| Short-Term Mitigation Strategies

v/| Long-Term Mitigation Strategies

Assign
Implementation
Period

Master List

Failure Mode A 453
Failure Mode B 340
Failure Mode C 216
Failure Mode D 180
Failure Mode E 150
Failure Mode F 375
Failure Mode G 275
Failure Mode H 260
Failure Mode | 140
Failure Mode J 90

Short Term
Failure Mode A 453
Failure Mode B 340
Failure Mode C 216
Failure Mode D 180
Failure Mode H 260
Failure Mode | 140
Failure Mode J 90

Long Term
Failure Mode E 150
Failure Mode F 375
Failure Mode G 275

1-5
years

5-10
years




Risk Mitigation & Contingency Planning
| seses

Short

. 1000000 BundleE:
v/| Class D Cost Estimates Term $200,000
. Bundlel:
v| Implementation Roadmap Bundle : $100,000
75,000
800000 + Bundle H:
© Bundle C: Bundle G: $20,000
P $200,000 $15,000
8
6 Bundle F:
- $100,000
w 600000 4
Cost and &
2
Implementation o Lon
3 400000 - g
Roadmap Term
200000 A
20I32 20l34




Example of Facility Short- and Long-Term Resiliency Plan

1- 2 Years

Polymer
Upgrades
OE-1

v

Optimize
Coagulant Dosing
Strategy
OE-2

L]
|
N

3-bYears

Optimize PAC Dosing Strategy
0E-3

=3

Filter and
Backwash
Upgrades

QE-7
L)
TN N
[

]

Cold Water Stress Test

-

Develop Key Performance
Indicator (KPI) Dashboard and
Reporting

OE-5

—

()

Disinfection Feasibility Study
OE-6

0

[

!

Feasibility Study and Clarifier and
Filtration Capacity Upgrades
OE-8

Filter to Waste
OE-9
[

]

Projects dependent on
results ofthe Water Master
Plan

5+ Years

Water Quality Facility Plan
Updates (WQFP)
QE-10

— g0

Unit Process

m=m) Intake

Clarifier Capacity Expansion
OE-11

; Clarification
Disinfection Upgrades

OE-12 s 48

0

Filtration

Project Type

(L

Study

Capital Combination
(Study/SQP/Capital)
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Risk Themes




Multiple-Barrier Disinfection

UV upgrades and validation vs. Status-quo

Redundancy and spare parts for existing disinfection
systems
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Capacity Bottlenecks Hgh Perorming i perorming

Technologies Technologies

DAF Retrofit

Actitlo
Retrofit

« Conventional treatment vs. high-rate
and advanced treatment processes

* Retrofit vs. Expansions

Evaluation Scare [out of 75)

Sl Low-Cost
Poaor Technology

Foor Technology

setection Selection J Configuration

15 1
550 5100 5150 200

Met Present Value [20 yvear capltal and O&M investment)

Immersed UF membranes not shown -
*Does not meet capacity objective NPY:MS$280 / Score-37




Coagulation Optimization

* Dosing efficiency: mixing and short-circuiting

« Charge Neutralization & Zeta Potential Optimization

* Polymer Selection and Optimization

» Explore benefits of coagulation pH control to optimize
coagulant performance and aluminum residuals
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Climate Change Preparedness

Water Quality Impacts to Source Water and
Watershed Vulnerabilities:

Earlier springs and reduced winter ice
coverage

Erosion from extreme precipitation events

Shifting nature of organics e.g., from forest
fires

Operational redundancy:

Backup power resiliency

Chemical deliveries and supply-chain
interruptions

Staff training and communication
Opportunities for automation

Water Quantity Considerations:

Longer summers and lengthened high demand
periods

Single-points-of-failure
Climate refugees?




Emerging Contaminants & Regulatory Outlook

Distribution System Impacts: Source Water Impacts and Events: Emerging Contaminants:
Lead, Copper, Aluminum, Manganese Algae & Harmful Algal Blooms (HABs) PFAS
Corrosion Control Taste & Odour Compounds Microplastics
Chloramination Management Management of organics events and Nitrates

disinfection by-products Cyanotoxins, other than Microcystins

(MC-LR)
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Closing T houghts:
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We have successfully
completed >150 WTP

Comprehensive
Performance Evaluations
across North America

Pro-active resilience planning requires stakeholder engagement in addition to infrastructure planning
Trends in risk management include improving redundancy, capacity, and management of emerging risks

Structured approaches including failure modes and effects analysis and multi-objective decision analyses can+,
provide a rational path to plant improvements and allow for tracking of residual risk
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@ Stantec

Have you checked your
filter media lately?

T hank you.

Nicole McLellan | Eastern Canada Water Practice Leader
nicole.mclellan@stantec.com
Direct: (519) 575-4229
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