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SECTION 3.0 — DSP — INTRODUCTION

3.0.1 FILING REQUIREMENTS

Hydro One Networks Inc. (Hydro One) has prepared a five-year Distribution System Plan (DSP)
for the 2023 to 2027 period. This section includes a table of contents, index of tables, and
mapping of Chapter 5 of the Filing Requirements (Consolidated Distribution System Plan Filing

Requirements), issued on June 24, 2021, to the relevant sections within the DSP.

The DSP provides a consolidated set of documentation concerning Hydro One’s distribution
system including benchmarking, asset management, performance management, other capital
planning factors, the integrated investment planning and customer engagement process, work
execution and the resulting capital investment plan for the distribution system. Similar
information regarding Hydro One Distribution’s General Plant assets may be found in the

General Plant System Plan (GSP) under Section 4.0 of the System Plans.

3.0.2 FORMAT OF THE DSP

Consistent with the Filing Requirements, Hydro One’s DSP is organized as follows:

DSP Section Content Description
Overview — This section provides an overview of Hydro One’s distribution
Section 3.1 system, the factors that were considered in developing the investment plan,
and a summary of the investment plan.

Asset Information and Life Cycle Strategies — This section presents the state of

Section 3.2 Hydro One’s power system assets and their asset management and life-cycle

strategies.

Benchmarking and Other Studies — This section presents the external studies
Section 3.3

that have been undertaken to inform the investment plan.

Connecting Distributed Energy Resources — This section provides information on
Section 3.4

the Distributed Energy Resources (DER), including renewable generation,

Witness: JESUS Bruno
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connected to Hydro One’s distribution system, along with information on
historical and forecast renewable DER connections and capacity.
Performance Measurement and Outcomes — This section presents Hydro One’s
Section 3.5 approach to performance measurement, including discussion of the distribution
scorecards.
Other Capital Planning Factors and Considerations — This section details other
Section 3.6 factors which have informed the investment plan, including customer
engagement and statutory and regulatory obligations.
Investment Planning Process — This section summarizes the information found
Section 3.7 in SPF Section 1.6 — Asset Management and Investment Planning Process as
related to Hydro One Distribution.
Capital Expenditures Overview — This section summarizes Hydro One’s capital
Section 3.8 investment plan for its distribution system for the five-year forecasting period
(2023-2027).
Capital Expenditures Trends and Variances — This section compares Hydro One’s
historical Distribution capital spending to previous OEB-approved funding and
Section 3.9

provides a ten-year snapshot (2018 — 2027) of Hydro One’s capital spending for

its Distribution business.

Capital Work Execution Strategy — This section discusses the capital delivery
Section 3.10  process and Hydro One’s approach to accomplish the proposed capital

investment plan.

Material Investment Summary Documents — This section includes detailed

summaries of large investments (with forecast spending over $1M in any given
Section 3.11

year) over the 2023-2027 forecasting period in the OEB’s System Access, System

Service and System Renewal investment categories.
To assist parties in their review of the DSP, Hydro One has prepared a Table of Contents and

Concordance found at Appendix ‘A’ which aligns the sections of this DSP with the Filing

Requirements.

Witness: JESUS Bruno
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1 Unless otherwise specified, the asset information contained in this DSP is taken as of

2 December 31, 2020. Forecast costs for the 2023-2027 forecasting period are as forecast in Hydro

3 One’s 2022-2027 Distribution Business Plan (as presented in Exhibit A-03-01-01).

Witness: JESUS Bruno
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APPENDIX ‘A’ — TABLE OF CONTENTS AND CONCORDANCE

Hydro One Reference

3.0 Distribution System Plan

3.1 - DSP - Overview

3.1.1 Introduction

3.1.2 Distribution System and Service Area

3.1.3 Summary of the DSP Capital Investment Plan
3.1.4 The DSP is Reasonable and Appropriate

3.2 — DSP - Asset Information and Life Cycle Strategies
3.2.1 Introduction
3.2.2 Asset Component Information — Distribution Stations
Asset Description/Purpose
Asset Demographics, Condition and Other Factors
Asset Life Cycle
3.2.3 Asset Component Information — Distribution Lines
Asset Description/Purpose
Asset Demographics, Condition and Other Factors
Asset Life Cycle

3.2.4 Asset Component Information — Wholesale Revenue &
Retail Meters
Asset Description/Purpose

Asset Demographics, Condition and Other Factors
Asset Life Cycle
3.3 — DSP — Benchmarking and Other Studies

3.3.1 Guidehouse and First Quartile Distribution Poles
Replacement Program Benchmarking Report 2020
3.3.2 Guidehouse and First Quartile Distribution Station
Refurbishment Benchmarking Report 2020

3.3.3 CNUC Hydro One Vegetation Management Study

3.3.4 ClearPath OCP First Cycle Performance Assessment

3.3.5 Trilliant Correspondence on Expected Service Life for
Meters
3.3.6 Hydro Quebec Accelerated Life Testing of Meters

3.3.7 Guidehouse and First Quartile AMI Benchmarking
3.3.8 ISG Billing and Call Centre Benchmarking
Attachments: Benchmarking Studies

Attachment 1 — Guidehouse and First Quartile
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EB Fili
Hydro One Reference 0 .I 'n&
Requirements

Distribution Poles and Substations Benchmarking

Attachment 2 — CNUC Hydro One Vegetation
Management Study

Attachment 3 — ClearPath OCP First Cycle
Performance Assessment

Attachment 4 — Trilliant Correspondence on
Expected Service Life for Meters

Attachment 5 — Hydro Quebec Accelerated Life
Testing of Meters

Attachment 6 — Guidehouse and First Quartile AMI
Benchmarking

Attachment 7 — ISG Billing and Call Center
Benchmarking

Attachment 8 — Smart Meter Efficiency Report 5.24

3.4 — DSP - Connecting Distributed Energy Resources

3.4.1 Overview

3.4.2 Renewable Applications 5.3.4a)
3.4.3 Connection Forecast 5.3.4b)
3.4.4 Capacity and Constraints 5.3.4c)-e)
3.4.5 REG Investments 5.2.2d)
Attachments:

Attachment 1 — Hydro One Letter Summarizing
Participation in IESO Regional Planning Activities
3.5 — DSP - Performance Measurement and Outcomes

3.5.1 Introduction
3.5.2 Distribution Scorecard 5.2.3a)—d)
3.5.3 Hydro One Distribution OEB Scorecard 5.2.3a)—d)
3.5.4 Discussion of APB Results
Attachments:

Attachment 1 — OEB Appendix 5-A Metrics

3.6 — DSP — Other Capital Planning Factors and
Considerations
3.6.1 Introduction

3.6.2 How the Capital Plan Reflects Customer Engagement 5.2.1b),5.43a)

3.6.3 How the Capital Plan Reflects Regional Planning, 5.2.2
Regulatory Compliance, & System Modernization

3.6.4 How the Capital Plan Addresses Distribution System

Losses

3.7 — DSP - Investment Planning Process

3.7.1 System Planning Process Phases 5.3.1b)
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Requirements
3.7.2 Strategy and Context 5.3.1a)
3.7.3 Asset Management Process 5.3.1b),5.4a),5.4.1
3.7.4 Investment Planning Process 5.2.1b),5.3.1b),5.4a),
5.4.1

3.8 — DSP - Capital Expenditures - Overview
3.8.1 Introduction

3.8.2 Capital Investment Plan 5.4.2,543.1

3.8.3 Impact of Capital Investments on OM&A Expenditures 5.3.3a),5.4.2,5.4.3.1
3.9 — DSP - Capital Expenditures — Trends and Variances

3.9.1 Introduction

3.9.2 Historical Capital Expenditures Trends and Variances 5.4.2,5.4.3.1
3.9.3 Forecast Capital Expenditures 5.4.2,5.4.3.1
Attachments:

Attachment 1 - Dx Chapter 2 Appendix 2-AB - Capital
Expenditures

Attachment 2 — Capital Program Performance
Report 2019 to 2020

Attachment 3 — Acquired Utilities

3.10 — DSP - Capital Work Execution
3.10.1 Introduction

3.10.2 Capital Delivery Process 5.3.3a)
3.10.3 Project Oversight 5.3.3a)
3.10.4 Factors Impacting Work Execution 5.3.3a)
3.10.5 Safety 5.2.3

3.10.6 Productivity and Continuous Improvement 5.2.1¢)

3.11 - DSP — Material Investment Summary Documents 5.4.2,5.4.3.2

D-SA-01 Joint Use and Relocations

D-SA-02 New Load Connections, Upgrades,
Cancellations

D-SA-03 Customer Demand Distributed Energy
Resources

D-SA-04 Metering Sustainment

D-SR-01 Distribution Stations Demand Capital
Program

D-SR-02 Mobile Unit Substation Program
D-SR-03 Distribution Station Planned Component
Replacement Program

D-SR-04 Distribution Station Refurbishment
D-SR-05 Distribution Lines Trouble Call and Storm
Damage Response Program
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Hydro One Reference OEB Ifllmg
Requirements
D-SR-06 Distribution Lines PCB Equipment
Replacement Program
D-SR-07 Pole Sustainment Program
D-SR-08 Distribution Lines Minor Component
Replacement Program
D-SR-09 Submarine Cable Replacement Program
D-SR-10 Distribution Lines Sustainment Initiatives
D-SR-11 Life Cycle Optimization & Operational
Efficiency Projects
D-SR-12 Advanced Meter Infrastructure 2.0 (AMI
2.0)
D-SS-01 System Upgrades Driven by Load Growth
D-SS-02 Reliability Improvements
D-SS-03 Demand System Modifications
D-SS-04 Energy Storage Solutions
D-SS-05 Worst Performing Feeders
D-SS-06 Power Quality and Stray Voltage
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SECTION 3.1 — DSP — OVERVIEW

3.1.1 INTRODUCTION

Hydro One has prepared a comprehensive five-year DSP for the 2023 to 2027 period. The DSP
presents a portfolio of capital investments that have been prioritized based on an outcomes-
driven and customer-focused investment planning framework, in alignment with the principles

and expectations articulated by the OEB in its RRF.!

The capital investments outlined in this DSP have been selected to meet pressing distribution
asset and system needs and customer service imperatives. To meaningfully reflect customer
needs and preferences, Hydro One undertook an extensive, two-phase customer engagement
process that directly informed the planning process and integrated customer input into the
development of the plan. The resulting DSP is based on outcomes that customers value, and is

consistent with their priorities and pacing preferences.

Approval of this Application results in the following bill impacts on a distribution-only basis: the
estimated total monthly bill impact for a typical Hydro One medium density (R1) residential
customer (750 kWh/month)? is a decrease of 1.8% ($2.78) in 2023 and an average annual
increase of 0.8% ($1.29) on monthly bills over the Application period. For a typical Hydro One
GSe< 50 kW customer (2,000 kWh/month) the estimated total monthly bill impact is a decrease
of 2.0% ($8.32) in 2023 and an average annual increase of 0.7% ($2.92) on monthly bills over the
Application period. Detailed bill impacts are provided in Exhibit L-06-01.

With approximately 1.4 million residential, commercial, industrial and LDC customers across a
vast geographic area encompassing urban, rural and remote communities, Hydro One’s

distribution system is essential infrastructure for Ontario. Given the breadth of its service

1 OEB, Report of the Board - Renewed Regulatory Framework for Electricity Distributors: A Performance-
Based Approach, October 18, 2012.
2 Typical Hydro One R1 customer without Distribution Rate Protection per O.Reg 198/17.

Witness: JESUS Bruno, FALTAOUS Peter, PAISH David
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territory, Hydro One must ensure safe and reliable distribution of power and adequate capacity
in concentrated urban areas, low density rural areas, and remote locations connected by long
feeders over diverse and challenging terrain and vegetation. Based on this overarching service
mandate, the proposed DSP reflects a portfolio driven by multiple and wide-ranging customer
needs, including assets in poor condition that need renewal, areas of the system requiring
reliability improvement, and non-discretionary obligations such as load and generation
connections and storm response.? In particular, non-discretionary investments total $1,824M

and make up 34% of the total distribution capital envelope of $5,297M over the 5 year period.*

Over the five-year period, $2,267M or 43% of the total DSP portfolio is System Renewal, of
which, 27% is mandatory or demand-driven renewal spend (e.g., replacement of failing or failed
station assets, DSP Section 3.11, D-SR-01; lines trouble call and storm damage response, DSP
Section 3.11, D-SR-05; and PCB equipment replacement, D-SR-06). Significant drivers include:

e the Advanced Metering Infrastructure 2.0 (AMI 2.0) deployment (S558M, DSP Section
3.11, D-SR-12) needed to replace Hydro One’s legacy AMI 1.0 system deployed in 2007
and now experiencing increasing meter failures and maintenance costs and which is at
the end of its service life.

e Poor condition distribution poles that have high reliability impacts on customers if not

replaced or refurbished ($563M, DSP Section 3.11, D-SR-07).

The remaining $534M of System Renewal (10% of the DSP), net of the mandatory or demand-

driven renewal spend, targets a portion of the large population of poor condition assets that

3 In accordance with the Filing Requirements, Hydro One does not have any transmission or high-voltage
assets deemed by the OEB as distribution assets and therefore is not seeking approval for any such assets
in this application.

4 Joint Use and Relocations ($135M, DSP Section 3.11, D-SA-01); New Load Connections, Upgrades,
Cancellations ($793M, DSP Section 3.11, D-SA-02); Connecting Distributed Energy Resources ($7M, DSP
Section 3.11, D-SA-03); Metering Sustainment ($189M, DSP Section 3.11, D-SA-04); Distribution Stations
Demand Capital Program ($32M, DSP Section 3.11, D-SR-01); Distribution Lines Trouble Call and Storm
Damage Response Program ($552M, DSP Section 3.11, D-SR-05); Distribution Lines PCB Equipment
Replacement Program ($28M, DSP Section 3.11, D-SR-06); Demand Investments ($68M, DSP Section 3.11,
D-SS-03); and Stray Voltage ($20M, DSP Section 3.11, D-S5-06)

Witness: JESUS Bruno, FALTAOUS Peter, PAISH David
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1 pose the highest risk on the distribution system, including poor condition transformers and
2 other station equipment and line assets (including deteriorated and hard to access off-road line
3 sections).

4  System Service accounts for about $994M or 19% of the total DSP portfolio over the five-year
5 period. System Service investments are required to modify Hydro One’s distribution system to
6  address capacity or operational constraints or make targeted reliability improvements in much

7 needed areas. Notably, Hydro One needs to make significant investments to:

8 e accommodate anticipated load growth (including in the Leamington area where load is
9 expected to double in five years) (5478M, DSP Section 3.11, D-SS-01),

10 e address worst performing feeders through automation/sectionalization ($209M, DSP
11 Section 3.11, D-SS-05) or feeder ties (540M, DSP Section 3.11, D-S5-02), and

12 e improve reliability for customers experiencing significant outages through energy
13 storage solutions ($177M, DSP Section 3.11, D-S5-04).

14

15 Material Distribution investments and the main customer benefit or outcome associated with

16 each investment have been summarized in Table 1 below.

Witness: JESUS Bruno, FALTAOUS Peter, PAISH David
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Table 1 - How Customers are impacted by spend in the 2023-2027 plan period

Investment/Description

Pole Sustainment
Program (D-SR-07) —
Replacing 51,500 wood
poles (66%) and
refurbishing an additional
14,000 (18%) of poor

condition wood poles.

Distribution Station
Refurbishment (D-SR-04)
& Lifecycle Optimization
& Operational Efficiency
Projects (D-SR-11) —
Replacing 118 distribution
station transformers in

poor condition.

Need

System Renewal Investments

Renew poor condition assets to
maintain the overall health of the

system.

Witness: JESUS Bruno, FALTAOUS Peter, PAISH David

Main Customer

Benefits/Outcomes
Wood poles are the
backbone of the overhead
distribution system, and are
integral in delivering
electricity safely and reliably
across the Province to our
1.4 million customers.
Continued investment in
replacing poor condition
wood poles is necessary to
maintain the overall health
of the system and reduces
the reliability impacts to
customers due to

interruptions.

Distribution station
transformers play a key role
in the safe and reliable
delivery of power to
distribution customers.
Whereas a pole failure can
be localized, a station
transformer failure will
interrupt power to all

customers connected to that



Investment/Description

Advanced Meter
Infrastructure 2.0 (AMI
2.0) (D-SR-12) — Replacing
AMI 1.0 (1.4 million smart
meters) with a modern
AMI platform.
Approximately 45% of the
total meter population is
projected to fail by the

end of the plan period.

New Load Connections,
Upgrades, Cancellations

(D-SA-02) — Enable

Need

Renew the smart meter fleet to

meet regulatory requirements, and

to address escalating failures

arising from meters that are at EOL

or will reach EOL over the plan

period.

System Access Investments
Facilitating system capacity needs

driven by load growth.

Witness: JESUS Bruno, FALTAOUS Peter, PAISH David
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Main Customer
Benefits/Outcomes
station. Proactively

addressing poor condition
station transformers, is
expected to mitigate
transformer failures and
maintain the reliability of the

distribution system.

Customers expect and will
continue to receive the same
high level of billing accuracy.
This investment ensures that
customers continue to stay
connected to safe reliable
power, while enabling
greater access to flexible
service options. The modern
platform, through improved
network communications,
will enhance end-to-end
protection of customer data,
while also enabling customer
tools to help manage energy

usage and bills.

In addition to residential
customers, Hydro One

supplies Ontario's major
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Investment/Description
connections
(approximately 18,000
annually) of new load
customers and to upgrade
supply capacity
(approximately 4,500
annually) of existing load
customers to the

distribution system.

System Upgrades Driven
By Load Growth (D-SS-01)
— Enable capacity through
system upgrades and or
modifications resulting
from large scale regional

load growth.

Reliability Improvements
(D-SS-02) & Worst
Performing Feeders (D-SS-
05) — Creation of new
feeder ties; deployment of
modern switching;
enabling remote switching
capabilities; and the
installation of

communicating faulted

Need

System Service Investments

Improving reliability through grid

modernization initiatives and

energy storage solutions.

Witness: JESUS Bruno, FALTAOUS Peter, PAISH David

Main Customer
Benefits/Outcomes
commercial and industrial

businesses, as well as over
60 Local Distribution
Companies (LDCs). Our
customers are diverse, have
significant power
requirements and have

unique connection needs.

Communities across Ontario
are growing and Hydro One
is obligated to provide the

distribution system capacity

to meet that demand.

Reliable power is essential to
our customer’s daily lives,
businesses and productivity.
Grid modernization
leverages modern
technology solutions (i.e.
remote switching, sensors,
communicating fault
indicators, and energy

storage) to reduce the



Investment/Description Need

circuit indicators.

Energy Storage Solutions
(D-SS-04) — Targeted
installations of centralized
and residential battery

energy storage solutions.

Witness: JESUS Bruno, FALTAOUS Peter, PAISH David
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Main Customer
Benefits/Outcomes
impact and duration of

power outages; thereby
minimizing disruptions to the
daily lives of our customers,

businesses and communities.

Customers (600,000) are
expected to benefit from
feeder level reliability
improvement investments.
Customers that benefit from
feeder level investments are
expected to see a reduction
in the duration of outages by
an average of approximately

40%.

For our northern First
Nations and rural or
northern communities,
where traditional reliability
solutions are inadequate or
not cost effective,
centralized energy storage
and residential battery back-
up are expected to the
reduce outage duration and

frequency by up to 60%.
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Hydro One’s robust investment planning process coupled with its mature capital delivery
process has enabled the Company to successfully deliver large capital work plans and reduce the
variability of capital expenditures and in-service additions. Given the mandatory and demand-
driven work forming a large portion of the DSP, Hydro One’s rigorous redirection process (see
SPF Section 1.7) will govern necessary funding adjustments to appropriately accommodate
emerging needs. On this basis, Hydro One is confident in its ability to carry out the proposed

capital plan and continue a demonstrated track record of successful execution.

3.1.2 DISTRIBUTION SYSTEM & SERVICE AREA

Hydro One’s distribution system and business are best characterized as diverse. As a result of
that diversity and the operational challenges that come with it, Hydro One’s capital and
operational plans must meet those challenges and the appropriateness of those plans should be
considered from the uniqueness of that perspective. Because of Hydro One’s legacy of Ontario’s
distributor of last resort and its inclusion over time of additional urban areas to its service
territories, unlike any other distributor in Ontario, Hydro One’s service territory extends across
the province to serve 1.4 million residential, commercial, industrial, and LDC customers by
employing more than 123,000 of distribution circuit kilometers over a vast area of the province
with varying customer densities, regional needs (such as geography, terrain, forestry, weather
patterns, and load growth) and distribution voltages. In addition to end-use customers, Hydro
One also has successfully integrated approximately 3,200 MW of distributed energy resources
(DER) into the distribution system, and continues to support new customer requests within
current regulatory frameworks, together with the numerous technical considerations that must

be carefully assessed to ensure system performance is unaffected.

Witness: JESUS Bruno, FALTAOUS Peter, PAISH David
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The key statistics for distribution assets owned and operated by Hydro One are summarized in

Table 2 below.

Table 2 - Hydro One Distribution System Assets — Key Statistics

System Assets

Number of Customers (including acquired utilities)
Operating Centres

Distribution Poles (Total Number)

Length of Overhead Distribution Lines (Total Circuit km)
Length of Underground Distribution Cables (Total Circuit km)
Distribution Stations (including Regulating Stations)
Distribution Service Transformers

Hydro One’s vast distribution service area is shown in Figure 1 below.

Witness: JESUS Bruno, FALTAOUS Peter, PAISH David

Total
~1.4M
54
~1.6M
~113,000
~10,000
~1,000
~522,000
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Electric Distribution Territory
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I Hydro One Distribution Area
I crillia and Peterbarough Distribution

LAKE ONTARIO

Northern Ontario

5]
G
| =
!?:'£ .
f f LAKE ERIE
7,
hydro(-/ ' .
one 0 2550 100 150 200 A
B Kilometers

Figure 1: Map of Hydro One Distribution Service Territory
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The size, scope and density of Hydro One’s distribution system impact the work programs (and
associated cost requirements, service imperatives, and operational challenges) that must be
undertaken across the province to sustain safe and reliable system operations and customer
service. For example, much of the distribution system is designed with a radial supply
configuration. This design has advantages in terms of cost-effectively serving low customer
density areas over long distances. In contrast to the dual-supply design of most Hydro One
transmission delivery points, a largely radial distribution grid means that customer load is
interrupted when an equipment outage occurs. Rural distribution feeders serving remote
northern customers (excluding those served by Hydro One Remote Communities Inc.) —
including First Nations communities — are even longer than an average feeder, sometimes as
long as 100 km, rendering such long distance feeders particularly vulnerable to interruptions
and prolonged outages.® Poor reliability is not merely an inconvenience for these communities,
it also poses real challenges for everyday life and serious health and safety risks, especially

during harsh weather conditions or the current COVID-19 pandemic.

In addition, much of Hydro One’s distribution system was built in the 1950s and 1960s, meaning
many assets are approaching or are beyond their expected service life. Based on asset condition
data there are a significant population of poor condition distribution assets on the system that
are subject to elevated failure risks. The population of poor condition assets include 237
distribution station transformers (or about 20% of the fleet) and approximately 79,000 wood
poles (or 5% of the fleet). Targeted and proactive renewal is required to maintain the overall

health of the distribution system to avoid continued deterioration.

Work challenges for both capital and maintenance activities are created by the low density and
long reach of Hydro One’s distribution facilities. For instance, crews must travel long distances
to visit relatively few customers for failed meter replacements or for vegetation clearing. This

sets Hydro One apart from most other North American distributors (e.g., see vegetation

5 The reliability challenges faced by northern communities are further discussed in Exhibit A-07-02,
Appendix A (First Nations Reliability Report).

Witness: JESUS Bruno, FALTAOUS Peter, PAISH David
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management benchmarking study in DSP Section 3.3, Attachment 2 and AMI replacement
benchmarking study in DSP Section 3.3, Attachment 6). Moreover, the distribution system is
susceptible to a variety of extreme weather conditions (e.g., blizzards, hail, ice storms, lightning,
extreme wind) in different parts of the service territory at different times. Such events are
impossible to predict from year to year, present logistical challenges and require significant

resources devoted to the timely restoration and post-event asset repairs or replacements.

The foregoing factors can have a significant impact on work program costs that Hydro One must

manage while meeting the needs of customers across the province.

3.1.3 SUMMARY OF THE DSP CAPITAL INVESTMENT PLAN

From 2023 to 2027, Hydro One plans to invest $5,297M in the distribution system. These
investments are shaped by a range of inputs and considerations, including customer
engagement, regional planning, benchmarking, productivity and performance management,

asset condition, grid modernization initiatives, and system capacity needs.

The outcomes for customers, aligned with customer needs and preferences, from these
investments include:
e Asset stewardship and the prevention of asset degradation through appropriately
paced replacement of poor condition assets
e Improved long-term reliability across the distribution system, with a focus on customers
and communities with exceptionally poor reliability through grid modernization and
new technology deployments
¢ Community growth facilitated by supplying capacity needs

s Regulatory compliance with mandated requirements

Table 33 and Figure 2 summarize the capital investments planned for the 2023-2027 period, by

OEB category:

Witness: JESUS Bruno, FALTAOUS Peter, PAISH David
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Table 3 - Planned capital expenditures under the DSP for the period of 2023-2027

Forecasting Period ($M)
OEB Investment Category

2023 2024 2025 2026 2027
1.System Access 239.6 240.6 227.0 212.6 204.3
2.System Renewal 373.1 410.3 494.2 491.5 497.8
3.System Service 196.5 169.7 229.6 192.0 205.9
Subtotal Categories 1, 2, and 3 809.2 820.6 950.7 896.1 908.0
4.General Plant (Distribution)® 195.9 207.4 170.1 175.5 162.9
Total Distribution Capital 1,005.1 1,028.0 1,120.8 1,071.7 @ 1,070.9
System O&M’ $597.5 - - - -

® Details on General Plant expenditures are provided in GSP Section 4.1.

7 System O&M reflects total Operations, Maintenance and Administration expenses. Further information
is provided in Exhibits E-03-01. System O&M in years 2024 - 2027 will be determined based on the factors
identified in Exhibit A-04-03.
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Figure 2: Forecast Period Capital Investment Summary

The specific outcomes addressed by each program and project are detailed in the respective

Investment Summary Documents (ISD) filed at DSP Section 3.11.

As described in DSP Section 3.9, planned investments over the 2023-2027 period reflect an
increase of approximately 63% over actual and forecast capital expenditures for the current
planning period (2018-2022). This increase is not the consequence of one particular
circumstance. It is because of a variety of needs that must be met for a safe and reliable
distribution system. The largest contributor to the increase in forecast investments is the need
to renew poor condition assets or assets that are at the end of their service life — the increase in
System Renewal for the 2023-2027 period relative to the actual and forecast capital
expenditures for the current planning period (2018-2022) is 106%. Hydro One will replace
assets that pose the highest reliability risk, including poles, line sections, and distribution

stations. In addition, Hydro One must renew its smart meter fleet to satisfy regulatory

Witness: JESUS Bruno, FALTAOUS Peter, PAISH David
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requirements, and to address escalating failures arising from deteriorating smart meters that
are at end of their service life or will reach end of their service life over the plan period.
Capacity needs in areas of load growth must also be addressed. Investments in grid
modernization and energy storage technologies are required to address reliability needs

stemming from the system’s long-distance feeder configuration.

Figure 3 below shows historical and forecast expenditures for the 2018-2022 period and
proposed expenditures for the 2023-2027 period Details about the variances between the
2018-2022 OEB-approved levels of capital spending and the actual and forecasted expenditures

can be found in DSP Section 3.9.8
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8 Hydro One’s 2018 expenditures align exactly with forecast expenditures due to the timing of the OEB’s
Decision and Order in EB-2017-0049 (issued in March 2019), and as such are not generally included in the
variance explanations.
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Figure 3: Historical and Forecast Capital Expenditures
3.1.4 SYSTEM ACCESS INVESTMENTS SUMMARY
System Access investments are mandatory and non-discretionary and represent 21% of the total
capital portfolio in the forecast period. Investments in this category are driven by statutory,
regulatory or other obligations that Hydro One must meet to provide access to the distribution
system. Primarily, investments relate to customer requests for connection or a connection
modification, but investments can also include the relocation of system assets to accommodate

municipal infrastructure development or modifications.

Key outcomes of System Access Investments:
¢ Fulfill customer requests for new connections, upgrades, or cancellations
¢ Fulfill third party requests for joint use attachments

* Replace failed meters to maintain customer billing reliability

The most significant investments in this category are New Load Connections, Upgrades, and
Cancellations (DSP Section 3.11, D-SA-02) and Metering Infrastructure Sustainment (DSP Section
3.11, D-SA-04), which together represent more than 87% of all System Access expenditures.

e New Load Connections, Upgrades, and Cancellations (D-SA-02) represents the largest
system access expenditure, totaling $793M over the 2023-2027 period. Hydro One adds
thousands of new connections to its distribution system every year in compliance with
its obligations under section 28 of the Electricity Act, 1998 and the Distribution System
Code. For customers that require expansion of the network in order to be connected, a
discounted cash flow calculation is used to determine customer contributions. The
customer’s capital contribution is based on any shortfall between future revenues and
the cost of connection and system expansion. Future revenues credited to customer
connections or capital contributions from connecting customers (if needed) offset
capital expenditures to constitute net capital, which is added to Hydro One’s rate base
when the assets are placed in-service. Service cancellations involve customers who

request disconnection from the distribution system, or connection assets that are

Witness: JESUS Bruno, FALTAOUS Peter, PAISH David
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unused for a prolonged period of time, i.e. vacant premises. Hydro One removes idle
assets, such as transformers, poles, service wires and meters for safety and security
reasons. Details of the costs associated with customer connections, upgrades, and
cancellations can be found in DSP Section 3.11, D-SA-02. Expenditures for the design
and construction of new and upgraded connections will increase approximately 10%
throughout the forecast period, which is a result of anticipated volumes based on the
load forecasting methodology described in Exhibit D-05-01.

¢ Metering Infrastructure Sustainment (D-SA-04) consists of expenditures for retail and
wholesale revenue metering totalling $189M over the forecast period. These
expenditures support Hydro One’s obligations to meet regulatory requirements under
the Electricity and Gas Inspection Act, the Weights and Measures Act, the OEB’s
Distribution System Code, and the IESO’s Market Rules. Approximately 97% of the total
expenditures relate to retail revenue metering and the need to satisfy regulatory
requirements for meter sampling and the replacement of failing AMI 1.0 meters that are
in poor condition. Metering Infrastructure Sustainment costs peak in 2023 at $63M and
steadily decline to S9M in 2027 as AMI 2.0 meters are installed (see DSP Section 3.11, D-
SR-12). The remaining Wholesale Revenue Metering expenditures (approximately 3% of
total) are relatively consistent and address IESO market rule reporting requirements,

meter reverification, corrective and preventative maintenance.

A complete listing of System Access investments can be found within ISDs, which are attached to

DSP Section 3.11.

3.1.5 SYSTEM RENEWAL INVESTMENTS SUMMARY

Over the 2023-2027 period, planned System Renewal investments are critical to address the
growing population of distribution assets that are in poor condition. Failure to renew these
assets over the 2023-2027 period will pose an ever-increasing reliability risk. While these
renewal investments vary in cost and scope, the unique needs that each address are set out in

DSP Section 3.11, along with detailed descriptions of each investment.
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The largest planned investments in System Renewal programs are in the Pole Sustainment

program (DSP Section 3.11, D-SR-07) and Advanced Meter Infrastructure 2.0 (DSP Section 3.11,

D-SR-12), both of which are highlighted below:

The Pole Sustainment Program (D-SR-07) includes planned expenditures of $563M over
the forecast period. Pole sustainment constitutes about 25% of the total system
renewal envelope. Based on their condition (determined by actual condition
assessments), Hydro One is planning to test and treat approximately 515,000 poles,
refurbish approximately 14,000 poles,” and replace about 51,500 poles over the
planning period. The pole replacements address approximately 3% of the 1.6M pole
population and 67% of 79,000 poor condition poles. Details on Hydro One’s pole testing
and replacement strategy, including details on the rationale, timing, and scope of the

program can be found in DSP Section 3.2 as well as in DSP Section 3.11, D-SR-07.

The AMI 2.0 Program (D-SR-12) is the planned replacement of Hydro One’s legacy AMI
1.0 system. Hydro One forecasts expenditures of $558M for this investment in the
2023-2027 period. The AMI 1.0 system comprises approximately 1.4M meters, of which
approximately 840,000 are between 11-13 years old and will soon reach the end of their
expected 15-year service life. Manufacturer service life attestations, benchmarking
studies, independently conducted Accelerated Life Testing (ALT) of meters, and trends
in increasing meter failures all support an approximately 15-year service life for AMI 1.0
meters. Significantly, the ALT study found critical failures in meters involving the rapid
degradation of the capacitor that enables meters to reliably communicate. Based on
these findings, close to 579,000 meters are projected to fail by the end of the test
period in 2027. The physical deterioration of meter components and meter failures
pose impacts and critical risks to Hydro One affecting various elements of its business

including:

% The test and treat and pole refurbishment programs are new programs introduced in 2021.
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o] Reduced billing reliability and resultant customer dissatisfaction from
estimated billing and billing corrections;

o] Increasing costs associated with reactive individual meter replacements as a
result of failed meters;

o Higher labour costs for unplanned individual failed meter replacement
relative to mass meter replacement;

o Replacement of failed meters with obsolete technology, and the associated
lost opportunities for future benefits that address foreseeable needs; and

o Regulatory non-compliance.

Additional details on the rationale, timing, and scope of the AMI 2.0 program

investment can be found in DSP Section 3.2 and in DSP Section 3.11, D-SR-12.

A complete listing of System Renewal investments can be found within the ISDS, which are

attached to DSP Section 3.11.

3.1.6 SYSTEM SERVICE INVESTMENTS SUMMARY

System Service investments are modifications to Hydro One’s distribution system to ensure that
the system continues to meet operational objectives while addressing anticipated future
customer electricity service requirements. Over the 2023-2027 period, System Service
investments will increase to meet load growth, address worst performing feeders, and install
energy storage to improve reliability for customers where conventional alternatives are not

possible or cost prohibitive.

The largest expenditures in this category, representing approximately 75% of the system service
envelope, are as follows:

e Load growth investments (D-SS-01) investments account for a total of $478M over the

forecast period. Load growth investments are critical to ensuring Hydro One’s system

has sufficient capacity to permit new connections, and to support growing communities.

Witness: JESUS Bruno, FALTAOUS Peter, PAISH David
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The Leamington area in particular represents approximately half of all load growth
investments, and therefore constitutes the bulk of the variance from historical trends.
The Leamington area demand and capacity needs are driven by the growth in
agricultural greenhouses. This growth trend is expected to continue throughout the
2023-2027 period, and beyond.

Modernization of Worst Performing Feeders (D-SS-05) investments account for a total
of $209M. Hydro One’s worst performing feeders program aims to address feeders that
are performance outliers, which contribute the most to system SAIDI. These
investments align with customer engagement results that indicate clear customer
preference to improve reliability through grid modernization.®

Energy Storage Solutions (D-SS-04) investments account for a total of $177M over the
forecast period. These investments will improve service for customers and communities
with exceptionally poor reliability, where reliability performance cannot be meaningfully
or cost-effectively addressed through other, more traditional alternatives such as feeder
sectionalization. Many of the First Nations communities and residential customers with
poor reliability metrics are rural, with the path of electrical supply characterized by
distribution feeders that are long, radial, and vulnerable to outages. Hydro One rural
distribution feeders can be over 100 kilometres long, with numerous branches and
significant off-road sections through heavily forested areas or submarine cables. These
radial distribution feeders do not typically have an alternate source of supply and the
cause of any outage must be corrected before power can be restored. Rural distribution
feeders pose additional challenges for Hydro One staff responding to an outage, for
example: rough or off-road terrain, lengthy line sections to patrol that result in
increased travel time. These challenges result in prolonged outage durations. The
program leverages storage technologies to introduce system resilience directly at the
customer site or at the distribution station level, ensuring a temporary source of clean

backup power when the upstream supply is lost.

10 SPF Section 1.6, Attachment 1
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A complete listing of System Service investments can be found within the ISDs, which are

attached to DSP Section 3.11.

3.1.7 GENERAL PLANT INVESTMENTS — DISTRIBUTION

General plant investments relate to assets that are not part of the electrical distribution system,
such as facilities and real estate, transport and work equipment, information technology, and
security, but which are required to support both the Transmission and Distribution systems. A
specific section has been dedicated to general plant expenditures for this rate filing under the

GSP Section 4.8.

3.1.8 THE DSP IS REASONABLE AND APPROPRIATE

The planning basis for the DSP is highlighted below. This includes the outcomes-based planning
context, asset management process, and investment planning process. Hydro One’s ability to
execute the proposed plan is also highlighted. The planning process is detailed in SPF Section

1.6, DSP Section 3.7, and DSP Section 3.10.

3.1.9 PLANNING CONTEXT
Hydro One’s robust asset management practices and investment planning process provides
customer-centered outcomes in alignment with the OEB’s RRF outcomes:

e Customer Focus: maintaining and improving power quality and customer reliability in
response to identified customer preferences;

e Operational Effectiveness: Achieving top-tier safety performance and eliminating
serious injuries, improving long-term reliability by modernizing the grid and mitigating
risk arising from asset deterioration as well as minimizing long-term costs to maintain
the distribution;

¢ Public Policy Responsiveness: ensuring compliance with mandated statutory and

regulatory requirements; and

Witness: JESUS Bruno, FALTAOUS Peter, PAISH David
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¢ Financial Performance: achieving manageable and stable rate impacts over the course

of the planning period.

Hydro One is committed to meeting the RRF outcomes and has integrated them into its
investment planning process. As shown through various distribution investment summary
documents (see appendices to DSP Section 3.11), each investment is developed with

consideration for how it will achieve outcomes in alignment with the RRF framework.

3.1.10 CUSTOMER ENGAGEMENT

As detailed in SPF Section 1.6 and SPF Section 1.7, feedback from customer engagement directly
informed and shaped the development of the investment plan. In 2019 and 2020, Hydro One
retained Innovative Research Group (IRG) to conduct a multi-phase customer engagement
process, the first time that Hydro One has undertaken a multi-phase engagement, to inform and

refine the investment plans.

Customer feedback in Phase 1 (September 2019 to February 2020) provided valuable input on
customer priorities, including indicative investment envelopes and preferred outcomes, which
Hydro One used in developing initial scenarios for the investment plans. Distribution customers
prioritized reasonable rates and reliable service. In respect of reliability outcomes, customers
generally supported either investing to maintain the current system reliability or improving
reliability to reduce outage frequency and duration. A clear majority of distribution customers
wanted (i) a more proactive approach to replacing aging distribution infrastructure, (ii) more
emphasis on helping those experiencing poor reliability, and (iii) technology investments that

reduce costs, improve reliability and help customers manage electricity usage.!

1 Ibid.
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The outbreak of the COVID-19 pandemic started shortly after completion of Phase 1. To assess
whether the Phase 1 results had changed because of the COVID-19 outbreak, IRG carried out a

“pulse check” survey among Hydro One’s residential and small business customers.

The results of this pulse check were in line with the Phase 1 results, indicating that customer
needs and preferences had not shifted in any material way and the Phase 1 results remained a
valid base and instructive for the investment planning process.

In Phase 2 (August to October, 2020), customers were presented with trade-off options,
representing multiple choices Hydro One has within its investment plan, which were informed
by Phase 1. For each investment decision, customers were provided the option to choose
between a representative “draft plan” (Scenario 2), an accelerated pace plan (Scenario 3), or a
slower pace plan (Scenario 1). Each trade-off option reflected a different risk level. For example,
Hydro One may be able to defer some investments by delaying the replacement of equipment,

but with more risk of failure, power outages and higher costs in the future.

All distribution customers!? were invited to participate by completing an online workbook
covering the draft plans for both the Distribution and the Transmission system. First Nation
communities and the Métis Nation of Ontario were engaged through separate online workbooks
and in-depth interviews, and municipalities and key stakeholders were invited to provide
feedback through one-on-one interviews. Through Phase 2 of customer engagement, over
43,000 customers completed the online workbook. In general, a majority of customers preferred
the draft plan (Scenario 2) over accelerated or slower paced options, except for modernization

of the distribution system, where a plurality of customers preferred an accelerated plan

2Hydro One’s distribution customers fall into three categories: (i) Residential and Small Business
(GS<50kW) customers; (ii) Commercial and Industrial customers (<2MW); and (iii) Large Distribution
Accounts, or “Key Accounts” (>2MW). Customers directly connected to the transmission system are made
up of: (i) Electricity Generators who deliver power to the transmission system; (ii) Distributors who deliver
power to direct customers; and (iii) End-users such as mining and industrial enterprises that use the
power themselves at transmission level voltage. In addition, both systems serve First Nation and Métis
communities in different areas of the province.
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(Scenario 3) and replacing power transformers in poor condition where customer support was

split between the draft plan (Scenario 2) and the accelerated plan (Scenario 3).

As detailed in SPF Section 1.6, Hydro One refined the distribution capital investment plan based
on the results of the customer engagement. This refinement occurred in conjunction with other
factors, including the alignment between asset needs and overall costs, resulting in an

investment plan that reflects customer needs and preferences as well as other planning factors.

Through this extensive, multi-phase process, Hydro One was able to develop and refine a capital

expenditure plan that is aligned with and responsive to customer needs and preferences.

3.1.11 ASSET MANAGEMENT PROCESS

Through its approach to asset management, Hydro One monitors its distribution asset
population to determine the optimal manner of intervention. Hydro One tracks and evaluates
its system assets, identify and define needs, and determines the appropriate timing for
investments and maintenance activities in relation to asset condition and lifecycle management.
The above-noted System Renewal investments are primarily underpinned by asset condition
data from ongoing asset needs assessment (the AMI 2.0 investment is driven by failure rates and

by the age of the assets).

The proposed investments in this DSP do not target all poor condition assets or known risks on
the system, and instead address only the ones that present higher risks to ensure system
reliability. Residual risk is managed to establish a balanced portfolio to maintain system health

and reliability while mitigating rate impact.

Aside from addressing the risks from poor condition assets, significant renewal investments over
the DSP period are driven by non-discretionary service obligations related to storm and trouble
response ($552M, DSP Section 3.11, D-SR-05) as well as the need to reduce operational,

financial and regulatory risks from AMI 1.0 meter failures by deploying AMI 2.0 infrastructure
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through to 2028 (including $558M in the JRAP period, DSP Section 3.11, D-SR-12). In addition,
one of the Company’s asset management objectives is to satisfy its regulatory and service
obligations as a licensed distributor, including to accommodate the connection of
load/generation customers, respond to third party joint use and relocation requests, and ensure

adequate distribution capacity to meet growing load demand.

Based on identified asset and system needs, Hydro One develops a suite of candidate
investments for further screening and prioritization. In this regard, opportunities to group and
bundle related needs, based on logical, functional and geographic groups, are considered where
appropriate. The information and data collected through the asset management process
establish the requisite fact base to assess the probability and consequence of safety, reliability
and environmental risks at the scoring stage of the investment planning process (discussed

below).

3.1.12 INVESTMENT PLANNING PROCESS

Through its investment planning process, Hydro One develops a consistent understanding of
risks and investment benefits, so as to cost effectively deliver high-value investments to serve its
customers. This process allows the effective assessment and prioritization of candidate

investments based on the level of risk mitigated relative to the cost required.

As part of the investment planning process, Hydro One planners determine risk probability
(based on asset condition, performance and utilization) and risk consequence (based on asset
criticality across three fact-driven taxonomies of safety, reliability and environmental risks). Each
risk taxonomy features clear definitions and consistent assessment, permitting a proper
comparison between candidate investments. Planners quantify the risk mitigated by comparing
the expected operational risks of not making the investment versus the residual risks that would
remain if the investment is made. As an important basis for prioritization, this risk assessment

emphasizes fact-based and quantitative decision-making, relying on historical data to the extent
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possible and taking into account the efficiency and total benefits of risk mitigated by each
candidate investment.

Customer-driven outcomes directly impact this process through the definition of consequence
scores and risk taxonomies as well as “flags” that reflect priorities and investment benefits
beyond quantified risk mitigation. In alignment with RRF outcomes and corporate priorities,
flags are clearly defined to reflect either mandatory obligations (e.g., obligations to regulators,
stakeholders or contractual counterparties) or non-mandatory priorities (e.g., First Nations
needs, customer preferences, productivity commitments, corrective maintenance/

replacements).

Once candidate investments have been scored and flagged, enterprise-wide calibration sessions
occur to ensure comparable and consistent evaluation across investments and lines of business.
Based on the risk scores and cost estimates associated with each investment, candidate
investments are ranked according to risk mitigation achieved per dollar. As another layer of
planning rigor and validation, challenge sessions take place among a broad set of stakeholders
to debate the feasibility and merits of investments on the margin and to ensure that valuable
investments (from both a risk and non-risk perspective) are included in the plan. The output is
an investment portfolio that is subject to enterprise engagement with portfolio owners and the
executing lines of business, so as to create a realistic and up-to-date plan (i.e. reflecting the
latest cost estimates, schedules and investment scope) and account for operational and

execution considerations (e.g., resourcing, material availability and outage feasibility).

3.1.13  ABILITY TO EXECUTE THE PLAN

Following approval of the business plan by the Board of Directors, the work is released to the
execution team who takes ownership of delivery of the plan. The plan is reviewed and modified
where appropriate throughout the execution phase as new information on asset condition and

risks become available.

Hydro One has demonstrated its ability to successfully deliver large capital work plans very close

to target at a portfolio level. For the years 2019 and 2020, Hydro One achieved $585.1M (+5%)
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and $668.1 (-1%) respectively of in-service additions.'® This result is the product of a mature
capital delivery process with strong oversight and governance and an experienced execution
organization that completes the work using both Hydro One’s skilled internal workforce and

qualified external contractors.

With respect to resourcing, a work-based approach is used, whereby Hydro One sources staff
according to work programs rather than planning the work around the internal resources
available. To address the fluctuating and seasonal nature of Hydro One Distribution’s work
program, the Company maintains flexibility by using a variety of labour resources, including
regular, hiring hall, temporary, and contract staff. Hydro One Distribution also has the ability to
use Hydro One Transmission project crews to support work programs and projects across the

province.

Compared to the Transmission work portfolio, the Distribution portfolio is predominantly
program-based with smaller scale projects. In addition, Distribution is required to respond to a
much higher volume of demand work with short turnaround times. To succeed in this highly
dynamic and complex operating environment, Distribution has a nimble and dynamic process

for re-prioritizing and transitioning from planned to demand work as required.

Through this process, Hydro One maintains robust oversight over its Distribution work portfolio,
with significant improvements made in recent years to drive necessary program and project
management and improve forecasting and reporting capabilities. Hydro One closely tracks year-
to-date expenditures and accomplishments as well as projected year-end expenditures.
Investments are monitored and scrutinized at multiple levels to ensure that material changes to
scope, cost or schedule are identified. As changes to investments or other circumstances occur

during the year, Hydro One deploys a rigorous redirection process (see SPF Section 1.6) to

13 Including the General Plant in-service additions allocated to Distribution. See DSP Section 3.9,
Attachment 2, Capital Program Performance Report 2019 and 2020.
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reprioritize work based on new information and impact on projects’ expected value, timing,

cost, customer benefits, and other factors.

Witness: JESUS Bruno, FALTAOUS Peter, PAISH David
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SECTION 3.2 — DSP — ASSET INFORMATION AND LIFE CYCLE STRATEGIES

3.2.1 INTRODUCTION

This section presents information related to the major distribution station and line components
that comprise Hydro One’s distribution system (see system description in DSP Section 3.1).
Information relating to these distribution components includes a description and purpose of the
component; demographic, condition and/or performance information; and lifecycle strategy,
including approaches to maintenance and replacement. All information presented is current as

of December 31, 2020 unless otherwise noted.

Hydro One operates and maintains power system assets associated with 992 distributing and
regulating stations, which are critical to the reliable transformation and delivery of power
received from the transmission system to distribution customers across the province.
Distribution stations step down voltage from transmission or sub-transmission levels to primary
distribution voltage for distribution to commercial, industrial, farm and residential customers.
Distribution station components presented in this section include: station transformers (3.2.2.1),
station reclosers and breakers (3.2.2.2), station switches and fuses (3.2.2.3), and mobile unit

substations (MUS) (3.2.2.4).

Hydro One operates and maintains power system assets associated with over 123,000 circuit
kilometres of distribution lines, which are critical to the reliable delivery of power to over 1.4
million distribution customers across the province. Distribution line components presented in
this section include poles (3.2.3.1), cross arms (3.2.3.2), conductors (3.2.3.3), and line
transformers (3.2.3.4). Rights of ways associated with distribution line facilities are also

discussed (3.2.3.5).

Finally, this section also includes information regarding wholesale revenue and retail meters

(3.2.4).

Witness: FALTAOUS Peter, PAISH David
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ASSET CONDITION

Condition-based renewal is the cornerstone of Hydro One’s asset management and investment
planning process as discussed in SPF Section 1.7 and DSP Section 3.7. Condition degradation
leads to elevated risk of failure. If left unmitigated, such risk can materialize in failures of critical
distribution system assets and adverse impacts on system operations or performance. Where

the potential failure of poor condition assets may lead to significant reliability, safety and/or

environmental impacts, Hydro One must mitigate the risk on a planned basis.

Condition assessments account for a range of considerations, including diagnostic testing
results, visual inspections that gauge the deterioration of relevant components, and history of
repair that indicates a higher probability of failure. Where condition assessment is not feasible
given the nature of a particular asset (e.g. electronic components of meters), assessments are
based on factors such as years in service, known performance issues, availability of spares and

vendor support, and/or obsolescence.

While expected service life (ESL) is a useful population-level indicator of asset demographics, it
is not a driver for replacement. Similarly, as a lagging indicator of asset condition, reliability
performance cannot replace condition as the primary basis for renewal investments. The
condition of the assets across Distribution lines and stations determines the replacement.
Leaving poor condition assets unaddressed will lead to elevated risks for reliability (e.g. failed
components resulting in unplanned customer outages), safety (e.g. submarine cables with
damaged neutrals that continue to deteriorate can become a public safety hazard), and the
environment (e.g. transformer oil leaks). In addition, unplanned equipment outages may impact
Hydro One’s ability to proceed with planned outages, potentially resulting in the cancellation or
rescheduling of required maintenance work. This can delay preventative and corrective
maintenance work and increase the risk of equipment failure that further compounds the

aforementioned risks.

Witness: FALTAOUS Peter, PAISH David
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ASSET DEMOGRAPHICS
Hydro One operates and maintains power system assets associated with 992 distributing and
regulating stations, and over 123,000 circuit kilometres of distribution lines which are critical to
the reliable transformation and delivery of power received from the transmission system to
distribution customers across the province. Distribution stations step down voltage from
transmission or sub-transmission levels to primary distribution voltage for distribution to
commercial, industrial, farm and residential customers. Regulating stations are a special type of

station that maintains voltage within prescribed limits in response to load variations and

resulting voltage fluctuations.

ESL enables a view of asset demographics based on the average number of years that an asset is
expected to operate under normal system conditions and is determined with reference to
manufacturer guidelines and Hydro One’s historical asset retirement data. The longer an asset
has been in service, the more cumulative wear and tear accrues from its ongoing utilization and
environmental exposure, and thus these assets tend to exhibit greater condition deterioration

compared to younger assets.

ESL does not drive replacement decisions. However, it can provide useful information at the
fleet level for gauging overall asset demographics. ESL sheds light on the directional magnitude
of possible replacement needs (but never to underpin the actual replacements) over the longer

term.

In limited cases where the nature of the particular assets (e.g. electronic metering devices)
means that actual condition cannot be tested, ESL is an important input for the appropriate

lifecycle management strategy in alignment with industry practices.

The current average age of Hydro One’s distribution station transformer fleet is 39 years.
Currently, 33% of the fleet is beyond their ESL of 50 years, and an additional 17% (if no capital
replacements are undertaken) will reach or exceed their ESL by 2027, which would bring the

total to 50%.

Witness: FALTAOUS Peter, PAISH David
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The average age of the MUS transformers is 34 years and currently 46% of the MUS
transformers are beyond their ESL of 40 years. The average age of the MUS trailers is 17 years,

and currently 23% of the MUS trailers are beyond their ESL of 25 years. It is important to note

that age does not drive the replacement of MUSs.

The average age of poles is 40.2 years. There are currently 378,000 poles (23%) that are 60 years
of age or older. Over the 2023 to 2027 planning period, the number of poles 60 years or older

would increase to 500,000 poles (31%) in the absence of pole replacements.

Details regarding condition and age for other Distribution Stations and Distribution Lines assets

are provided in the sections that follow.

ASSET PERFORMANCE

Asset performance can be measured by equipment-related failures or outages. Hydro One’s
distribution system is typically planned based on a radial supply, as this is the most cost-
effective means of distributing electricity to end-use customers. A radial design, however, does
not have an alternate source of power in the event of an outage. As a result, equipment outages
will often lead to customer outages until the issue can be resolved or a temporary solution can
be put in place (e.g. until an MUS is installed to restore load where a transformer failure has

caused an outage).

Reliability performance related to asset failure is a lagging indicator of asset condition and the
impact of renewal investments (or absence thereof), and do not drive replacement decisions.
Major distribution assets are renewed based on their condition assessment. Lagging
performance trends cannot reasonably provide a planning proxy for condition-based

assessments.

Assets in poor condition can lead to performance issues, but are not the only cause of outages.
At the individual asset level, forced outages can be caused by a number of issues, including

factors like animal contact, weather, and vegetation contact, and therefore may not always be

Witness: FALTAOUS Peter, PAISH David
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attributable to or directly indicative of asset condition. As such, making investment decisions
based solely on such performance statistics (as opposed to a robust investment approach driven

by actual condition) may not address the underlying condition issues impacting performance

and posing safety, reliability or environmental risks.

For these reasons, Hydro One does not generally rely on performance trends to plan future
investments, nor can Hydro One afford to allow failures to proliferate and customer reliability to
worsen over time before addressing poor condition assets through suddenly escalated capital

investments.

However, Hydro One does closely monitor equipment performance to ensure that customers
receive the appropriate level of service and that performance issues requiring urgent resolution

or planned corrective actions are effectively identified and addressed.

ASSET LIFECYCLE
Hydro One’s approach to lifecycle management maximizes benefits to Hydro One and its
customers during the asset’s service life, while balancing asset performance, condition, and risks

to Hydro One’s business objectives, as discussed further in DSP Section 3.1.

Hydro One manages distribution assets through planned and demand maintenance programs
and capital investments. Hydro One’s inspection practices and frequencies for distribution
assets are established to ensure their safe and reliable operations and to satisfy the Minimum

Inspection Requirements under the Distribution System Code.

Through inspections, the condition of distribution assets is monitored. Deficiencies that are
identified are prioritized and addressed through corrective maintenance or capital replacement
investments. The frequencies and prioritization for removing station assets from service for
maintenance are based on input such as asset condition data (obtained through inspections and
diagnostic testing), maintenance records, manufacturer recommendations, replacement plans,

bundling opportunities, and funding constraints. For identified capital replacement candidates,

Witness: FALTAOUS Peter, PAISH David
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the Risk Spend Efficiency (RSE) approach (see DSP Section 3.7) drives the replacement

prioritization.

3.2.2 ASSET COMPONENT INFORMATION — DISTRIBUTION STATIONS
This section discusses the main assets found in distribution stations including:
e Station transformers and regulators;
e Reclosers and breakers;
e Switches and fuses;
e Mobile Unit Substations (MUS); and

e Other station assets.

3.2.21 STATION TRANSFORMERS

ASSET DESCRIPTION / PURPOSE

As the most costly component of Hydro One’s distribution station asset base, station
transformers (see example depicted in Figure 1 below) convert a high level voltage (typically
115, 44 or 27.6 kV) to a lower distribution voltage (typically 27.6, 25, 13.8, 12.47, 8.32 or 4.16
kV). This asset class also includes regulating transformers, which provide voltage control on the

distribution system.

Witness: FALTAOUS Peter, PAISH David
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Figure 1: Station Transformer

ASSET DEMOGRAPHICS, CONDITION & OTHER FACTORS
Asset Demographics
Hydro One owns and operates 1,197 distribution station transformers, as categorized in Table

11 below by primary voltage level.

Table 1 - Transformer Count by Voltage Level

Primary Voltage Level Number of Transformers
230 kv 1
115 kv 140
44 kv 780
27.6 kv 234
<27.6 kv 42

The current average age of Hydro One’s distribution transformer fleet is 39 years (Figure 2).
Currently, 33% of the fleet are beyond their ESL of 50 years, and an additional 17% (if no capital
replacements are undertaken) will reach or exceed their ESL by 2027, which would bring the

total to 50%.

Witness: FALTAOUS Peter, PAISH David
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Figure 2: Demographics of the Distribution Station Transformers
ASSET CONDITION

Approximately 20% (237) of Hydro One’s distribution station transformers fall into the poor
condition category (Figure 3). These units are at a higher risk of failure compared to the overall
transformer population and are considered for replacement or corrective repair in order to
correct significant deterioration or deficiencies before failures occur and impact service to

distribution customers.

Witness: FALTAOUS Peter, PAISH David
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Figure 3: DS Transformer Condition

Many factors lead to the degradation of a transformer’s internal components over time,
including: transformer loading, switching, lightning surges, moisture contamination, and paper
insulation degradation. The internal components degrade over time and the resulting asset

condition is one of the leading predictive indicators of transformer failure.

Hydro One assesses a distribution transformer’s condition based on transformer oil test results
(obtained via industry standard diagnostic testing), visual inspections, thermographic
inspections, internal inspections and diagnostic testing. Annual oil sample test results are
obtained for all transformer main tanks and under-load tap-changer compartments. Visual
inspections identify aspects of transformer condition such as oil leaks and under-load tap-
changer operation. Thermographic inspections identify transformer components that are
overheating. Internal inspections and diagnostic testing can identify the source of the poor

transformer condition that was identified through oil sampling.

Testing and inspection results indicating poor condition identify transformers that are expected
to fail. Corrective repair or planned replacement of these transformers before they fail is crucial
to avoid reactive measures upon failure and associated lengthy customer interruptions (see

“Asset Lifecycle” section below regarding repair and replace decisions).

Witness: FALTAOUS Peter, PAISH David
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ASSET PERFORMANCE

Station transformer failures are highly impactful. Hydro One’s distribution stations typically do
not have on-site spare transformers that can be switched into service in the event of a failure,
and load cannot typically be transferred among rural stations, which are primarily fed from a
radial system. In these instances, when a station transformer fails or is failing, service
restoration requires that an MUS be transported to the station and installed (assuming the
necessary MUS connection structures already exist at the station) to provide a temporary supply
during the outage. An MUS takes 6.6 hours on average to install before power can be
temporarily restored to customers. In severe cases, these outages can take up to 21 hours

depending on the distance from the station to the nearest available MUS, and the availability

and condition of the MUS structures that are required for connecting the MUS at the station.

Hydro One categorizes distribution station transformer failures into the following two

categories:

e (lass 1 Failures — Station transformer failures which resulted in customer interruptions.
Customers are without power until an MUS is installed to restore load. On average these
interruptions last 6.6 hours. Historically, approximately 80% of Class 1 distribution

station transformer failures have required replacement, and 20% were repairable.

e (lass 2 Failures — Station transformer failures avoided through oil sampling which
indicates that failure is imminent and triggers timely corrective or capital intervention.
These failures do not result in a customer interruption. Upon observation of imminent
failure, the relevant transformers are taken out-of-service and an MUS is installed at the
station (where possible) to avoid customer interruption. Historically, approximately 40%

of Class 2 transformer failures have required replacement and 60% were repairable.

The number of transformer failures (Class 1) and number of imminent failures avoided by

removal of transformers from service (Class 2) are shown in Figure 4.

Witness: FALTAOUS Peter, PAISH David
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Figure 4: Failures of Station Transformers

From 2011 to 2020, the total Class 1 and Class 2 failures have ranged from 7 to 19 each year;
with 2020 experiencing 17 failures. Through annual oil sampling and close monitoring of
transformers with poor condition test results, Hydro One is able to avoid a number of major
failures per year which would have otherwise resulted in lengthy customer interruptions. With
planned replacements, Hydro One expects the number of Class 1 and Class 2 failures over the
2023 to 2027 planning period to be consistent with historical years. In the absence of planned
replacements, the number of failures would significantly increase, and Hydro One would not
have enough MUS to temporarily bypass the failed transformers and supply customers. Once
the MUS fleet has been depleted, subsequent failures would result in customer interruptions,

which would take more than 24 hours to restore load.

Witness: FALTAOUS Peter, PAISH David
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Figure 5 below represents the yearly contribution of station transformer Class 1 failures to
System Average Interruption Duration Index (SAIDI). The annual average transformer SAIDI

contribution resulting from Class 1 failures has been 0.021 hours (or 1 minute, 16 seconds).
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Figure 5: DS Transformer SAIDI

Currently 33% of the transformer population are beyond their 50 year ESL. From 2021 to 2027,
an additional 17% of the transformer population will reach their ESL if no planned replacements
are undertaken. It is expected that transformer condition during this period will deteriorate in
the absence of planned replacements. In order to manage the condition of the transformer
population and failure risk, planned transformer replacements based on current known
condition are required. If poor-condition transformers are not replaced, transformer failures are
expected to increase because poor-condition transformers are subject to internal overheating,
internal burning, and degradation of paper insulation around windings or water in the insulating

oil. Overheating or burning can cause a transformer to fail by melting of current carrying

Witness: FALTAOUS Peter, PAISH David
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components. Degradation of paper insulation or water in insulating oil can lead to a phase-to-

phase fault or phase-to-ground fault within the transformer.

LIFECYCLE STRATEGY
Hydro One aims to mitigate the risk of distribution station failures through predictive testing,
condition based corrective maintenance or planned replacement of transformers to avoid asset

failure and lengthy customer interruptions.

Transformers identified as in fair condition are typically addressed through corrective
maintenance activities, and monitoring of the transformer condition to help prevent further

degradation.

Transformers identified as in poor condition are considered for replacement or corrective
maintenance. The factors that inform whether a poor-condition transformer is proposed for
replacement or corrective maintenance include the age of the unit and the extent of corrective

maintenance required.

INSPECTION & MAINTENANCE PRACTICES
Preventive Maintenance
To effectively maintain its distribution transformer population, Hydro One utilizes seven types of
maintenance activities (each with associated tasks and frequency of completion). Transformer
deficiencies observed through the following testing and inspection methods can lead to either
corrective maintenance activities or transformer replacement depending on the findings and
condition:

e Station Visual Inspection — Station transformers and regulators are visually inspected on

a six month cycle for rural stations and monthly for urban stations.
e Thermographic Inspection — Each station undergoes a thermographic inspection of all

power equipment every two years to identify hot spots in station electrical components.

Witness: FALTAOUS Peter, PAISH David



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Filed: 2021-08-05
EB-2021-0110
Exhibit B-3-1
Section 3.2

Page 14 of 108

e General Oil Test — Annually, an oil sample is taken from the transformer main tank and
sent to a third party lab for analysis to obtain industry-standard diagnostic test results
including Dissolved Gas Analysis, Moisture Content and Furan Analysis.

e Transformer Diagnostic Test — Following an unsatisfactory oil sample result, the main
tank of the transformer may receive diagnostic testing and internal inspection. This
maintenance activity includes but is not limited to inspection of current carrying parts,
insulation resistance tests, turns ratio and phase angle tests, core loss test, winding
resistance test, repair of minor or moderate oil leaks, and oil level check and top-up.

e Under-Load Tap-Changer Oil Analysis — Annually, an oil sample is taken from tap-
changer oil-filled compartments and sent to a third party lab for analysis to obtain
industry-standard diagnostic test results including Dissolved Gas Analysis and Moisture
Content.

e Tap-Changer Selective Intrusive Inspection — Internal inspection and maintenance of
under-load tap-changers with mechanical moving parts are performed when
unsatisfactory tap changer oil analysis results or unsatisfactory performance are
identified. This maintenance activity includes: filtration of insulating oil, flush and
cleaning of oil compartments, visual check for oil leaks and contact wear, inspection of
current carrying parts, checks of insulation condition, collector ring, drive chains,
pushrod, reversing switch, oil compartment door gaskets, exercise isolation and
grounding switch, and function test of operating limit switches, gauges and indicators.

e Power Factor Test — 115 kV and 230 kV distribution station transformers receive a power
factor test to verify the integrity of the transformer insulation material and ensure they
are functioning correctly. This test is performed when the transformers are removed

from service for diagnostic testing or selective intrusive maintenance.

Corrective Maintenance
Based on the findings of cyclical inspections, transformer maintenance is prioritized based on
observed condition or other issues and includes the following three categories:

e Transformer Condition Based Maintenance (CBM) following high risk oil sample results

for transformer main tanks or tap-changers;

Witness: FALTAOUS Peter, PAISH David
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e Maintenance on leaking transformers to mitigate the leaks; and
e Maintenance on transformers with unsatisfactory polychlorinated biphenyl (PCB)

content! to reduce PCB content in oil filled compartments to meet Environment Canada

requirements.

REPLACEMENT & REFURBISHMENT

Fair condition transformers are candidates for corrective repair or monitoring. Fair condition
transformers experience elevated dissolved gas analysis results, moisture content in oil,
insulation paper degradation and oil leaks, just as poor condition transformers but not as

severe.

Once it is known that a transformer is in poor condition, the transformer is considered for repair
or replacement. Younger transformers in poor condition are typically candidates for corrective
repair. Performing corrective repairs on younger transformers normally allows them to reach

their 50 year ESL.

Poor condition transformers approaching or beyond their 50 year ESL tend to be candidates for
replacement as opposed to corrective repair. This is because correctively repairing an older
transformer may only slightly extend its service life, which would not be economical as more
components are expected to fail and need to be further addressed. The repair versus

replacement decision is driven by factors such as condition, age, and the cost of corrective work.

For identified transformer replacement candidates, the RSE approach (see DSP Section 3.7)
drives the replacement prioritization. Transformers in poor condition that have a lower priority
may be considered for repair as opposed to replacement, if possible and economical. Factors

that feed into the RSE prioritization include transformer condition, downstream customer

1 PCBs were used as an additive to transformer oil up until the late 1970’s.

Witness: FALTAOUS Peter, PAISH David
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counts, estimated outage duration if the transformer fails, and environmental impact (e.g. major

oil leaks that are costly to repair).

Poor condition transformers that have been prioritized for capital intervention based on RSE are
addressed through the following alternatives:

e Planned transformer replacements,

e Station rebuilds,

e Station replacements with non-fenced pad-mount solutions (load permitting), or

e Voltage conversion projects involving the elimination of the station and the transformer.

The effective long-term management of poor condition transformers requires sustained capital
investment to replace transformers on a planned basis and address poor condition transformers
before their elevated failure risk materializes. A sustained program targeting a high number of
poor condition transformers is required to maintain the number of transformer failures at a

manageable level.

3.2.2.2 STATION RECLOSERS & BREAKERS

ASSET DESCRIPTION / PURPOSE

Reclosers

Hydro One currently manages 2,288 three-phase equivalent distribution station reclosers (see
example depicted in Figure 6 below). Reclosers are used to remove assets from service under
fault conditions. Reclosers can rapidly open and reclose in an attempt to clear system faults,

restoring service to customers when faults are temporary or transient in nature.

Witness: FALTAOUS Peter, PAISH David



Filed: 2021-08-05
EB-2021-0110
Exhibit B-3-1
Section 3.2

Page 17 of 108

Figure 6: Picture of Station Reclosers

Breakers

Hydro One currently manages 152 distribution station circuit breakers (see example depicted in
Figure 7 below). Like reclosers, breakers are used to remove assets from service under fault
conditions. However, breakers cannot rapidly open and reclose like a recloser to clear system

faults.

Witness: FALTAOUS Peter, PAISH David
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Figure 7: Picture of a Metalclad Breaker

ASSET DEMOGRAPHICS, CONDITION & OTHER FACTORS

ASSET DEMOGRAPHICS

Reclosers

The reclosers within Hydro One distribution stations have either oil or vacuum interrupters and
are either hydraulic or electronic controlled. The number of devices for each type is shown in

Table 2.

Table 2 - Recloser Count by Type

Type Number of Feeders
Qil interrupter & hydraulic controlled 1,217
Qil interrupter & electronic controlled 60
Vacuum interrupter & hydraulic controlled 618
Vacuum interrupter & electronic controlled 393

Oil reclosers use oil to act as an arc extinguishing agent during interruption and to insulate
recloser contacts from each other after the arc has been extinguished. Hydro One no longer
purchases oil interrupter reclosers because they require more frequent maintenance compared

to vacuum interrupter reclosers.

Witness: FALTAOUS Peter, PAISH David
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Vacuum reclosers have interrupters that use magnetic fields to aid in extinguishing the arc. The
arc is moved around the surfaces of the recloser contacts, which minimizes contact erosion and

formation of hot spots. Vacuum interrupter technology requires less maintenance and has

higher reliability over other arc quenching media such as oil.

All reclosers Hydro One purchases today are vacuum interrupter reclosers and are either
hydraulic or electronic controlled, depending on system needs. Hydraulic reclosers use hydraulic
control to sense overcurrent and provide timed tripping, reclosing functions and
lockout.Electronic reclosers are controlled by a programmable digital protective relay, also

known as an IED, and provide additional functionality such as remote operation.
Breakers
Hydro One has three types of breakers on its distribution system. The number of devices for

each type is shown in Table 3.

Table 3 - Breakers by Type

Type Number of Breakers
Metalclad 149
SF6 2
il 1

Most metal clad breakers on the Hydro One distribution system are obsolete and replacement
parts may not be available. These breakers are no longer supported by the manufacturer. As
such, if one breaker in a bank of metalclad breakers fails and is not repairable, the entire bank of
metalclad breakers may need to be replaced. In addition, some of the metalclad breakers were
designed to be installed in small buildings, which do not meet Hydro One’s current clearance
requirements. Hydro One mitigates this risk with safe work practices, removing the breaker

from service before the execution of work.

Witness: FALTAOUS Peter, PAISH David
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ASSET CONDITION

Reclosers

The condition of reclosers is primarily driven by the condition of the recloser contacts which
provide for arc extinction. Contact wear is driven by the number of operations as well as the
interrupter type. Recloser contacts in oil interrupters wear nearly four times as quickly as
contacts in vacuum interrupters. Defects such as hot spots identified through thermographic
inspections, damaged bushings, damaged connectors, rusted tanks or oil leaks identified
through visual inspections also factor into recloser condition. Worn contacts and defects

observed through thermographic inspections and visual inspections can all lead to recloser

failure if not addressed. Figure 8 summarizes the condition of the station recloser population.

. 321

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of Population

Poor Fair  Good

Figure 8: DS Recloser Condition

Breakers

The condition of station breakers is primarily driven by deficiencies that can affect their ability to
open when required to clear system faults, or impact their ability to close when required to
restore power. Breakers have many electromechanical components which must be regularly
inspected and maintained to ensure the correct operation of the breaker. Breaker operating
mechanisms can become damaged if they are not kept lubricated. Breaker contactors will wear
based on the number of operations and the amount of fault current interrupted. Coils and
contactors must be regularly inspected and lubricated to monitor wear and ensure they are

functioning properly. The wear of other breaker components such as motor commutators and

Witness: FALTAOUS Peter, PAISH David
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1 brushes, relays, auxiliary switches must be inspected and monitored. Figure 9 summarizes the

2 condition of the station breaker population.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of Population

Poor Good

4 Figure 9: DS Breaker Condition

6  ASSET PERFORMANCE

7 Reclosers and breakers must be able to open or close when required to clear transient line faults
8  and restore load. They also must be able to carry the system current without interrupting load
9  during normal system operation. For reclosers and breakers, the following are common failure

10 modes which Hydro One tracks annually:

11 e Failure to close or reclose

12 e Failure to interrupt system faults
13 e Failure to carry rated load

14

15 Figure 10 below represents the total annual number of DS recloser failures recorded each year
16  from 2011 to 2020 for the three failure types listed above. Overall there has been an increasing

17 trend in recloser failures over this period.

Witness: FALTAOUS Peter, PAISH David
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Figure 10: DS Recloser Failures

Figure 11 below represents the annual number of DS breaker failures recorded each year from

2011 to 2020. The number of failures fluctuates each year over this period.
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Figure 11: DS Breaker Failures

Witness: FALTAOUS Peter, PAISH David
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LIFECYCLE STRATEGY
INSPECTION & MAINTENANCE PRACTICES
Reclosers
Consistent with the recommendations of recloser manufacturers, a primary factor that drives

Hydro One’s maintenance of these assets is the number of operations that they undergo (in

addition to identified visual defects and failure to operate when required).

Distribution stations are inspected in the spring and fall, at which time the station reclosers are
visually inspected for any visible defects. The recloser counter operations are checked and
recorded to ensure they have not exceeded the manufacturer recommended number of
operations since they were last inspected. Stations also receive infrared thermography scan
every two years to identify any overheating power equipment (including reclosers), which may
indicate a high probability of failure. Reclosers found to be overheating are removed for

assessment, and are replaced with a spare from inventory.

Vacuum hydraulic reclosers are expected to endure approximately four times as many
operations as oil hydraulic reclosers. Therefore oil hydraulic reclosers require four times the
maintenance compared to vacuum hydraulic reclosers. Vacuum electronic reclosers require the
least amount of maintenance compared to oil hydraulic and vacuum hydraulic reclosers. Each

type of reclosers is further discussed below.

When oil interrupter hydraulic controlled reclosers require maintenance, most model types are
replaced with refurbished recloser models of the same type that are stored in inventory. They
are maintained (i.e. removed for refurbishment) based on visual inspection results and when the
manufacturer recommended counter operations have been reached. Model Type “L” reclosers
which make up 74% of the oil interrupter hydraulic recloser population are the only exception,

and are upgraded to vacuum interrupter hydraulic reclosers when they require maintenance.

Hydro One’s fleet of oil interrupter electronic controlled reclosers receive maintenance based

on visual inspection results and when manufacturer recommended counter operations have

Witness: FALTAOUS Peter, PAISH David
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been reached. These reclosers are older technology and Hydro One is no longer installing them
in the system. They have not been posing reliability issues, and therefore Hydro One is not

proactively replacing them. However, they are bundled for replacement under stations

refurbishment projects where appropriate.

Vacuum interrupter hydraulic controlled reclosers receive maintenance based on visual
inspection results and when manufacturer recommended counter operations have been
reached. Hydro One is expanding this recloser population by replacing Model Type “L” reclosers
with these vacuum reclosers. Vacuum interrupter hydraulic controlled reclosers are the
preferred choice for most station capital projects when remote tripping capability and short

circuit interruption capability above 6 kilo-amps are not required.

Vacuum interrupter electronic controlled reclosers are visually inspected for deficiencies and
controller batteries are replaced on a time cycle. These reclosers are installed under capital
projects when remote tripping capability or short circuit interruption capability above 6 kilo-

amps is required.

Reclosers are also replaced with higher rated reclosers when fault levels in the system have

exceeded the interruption capabilities of the recloser.

Breakers

Hydro One’s strategy for the station breaker population is to continue to maintain the fleet
(through preventative maintenance every six years) and continue to keep them in-service until
they are replaced or removed through a capital project. The breakers are maintained on a time-
cycle in order to inspect, lubricate, test operate or replace the electrical and mechanical

components as needed to ensure reliable operation.

To monitor their condition and perform maintenance, breakers must be removed from service

and inspected. When these breakers are removed from service for maintenance, they undergo:

Witness: FALTAOUS Peter, PAISH David
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e Diagnostic Test — The breaker is function tested, manually operated, and undergoes
cleaning and lubrication of operating mechanisms; and

e Selective Intrusive (Sl) Inspection — Inspection of all internal components, insulation

condition, contacts and rack-in mechanisms where applicable.

REPLACEMENT & REFURBISHMENT

Reclosers

With the exception of Cooper Model Type “L” oil hydraulic reclosers (which Hydro One is
replacing with vacuum hydraulic reclosers when counter operations are reached), all other
reclosers receive maintenance based on their condition, performance and when counter

readings have exceeded the manufacturer recommended number of operations.

Hydraulic reclosers are physically removed from the station and sent to a maintenance shop. At
this time, recloser contacts, oil and other components are replaced based on their condition.

The removed hydraulic reclosers are replaced like-for-like with already overhauled reclosers.

For oil interrupter electronic controlled reclosers, when counter readings are exceeded, they are
removed from service and maintained at the station. Worn components are replaced and the

reclosers are test operated before being returned to service.

Vacuum interrupter electronic controlled reclosers are inspected for visual defects however are
considered to be maintenance free. Electronic recloser controllers have back-up batteries which
require regular battery replacement. These batteries are scheduled for replacement every five

years as recommended by manufacturers.

Replacement - Oil Interrupter Hydraulic Reclosers

In distribution stations, 1,217 feeders are equipped with oil interrupter hydraulic controlled
reclosers. Of these, approximately 900 or approximately 74% are Cooper Type L, which require
maintenance every 64 operations. The strategy for these reclosers is to replace them with

vacuum interrupter hydraulic controlled reclosers as opposed to maintaining them every 64

Witness: FALTAOUS Peter, PAISH David
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operations. The lifecycle cost of maintaining new vacuum hydraulic reclosers is much lower in

comparison to the lifecycle cost for maintaining Type L reclosers.

Vacuum hydraulic controlled reclosers is the preferred choice over more advanced vacuum
electronic reclosers because the cost of vacuum hydraulic reclosers is significantly less. To
minimize capital expenditure, vacuum electronic recloses are only utilized if the higher short

circuit rating of vacuum electronic reclosers is required to protect the feeder.

Replacement — Vacuum Interrupter Hydraulic Reclosers

Hydro One’s plans are to replace oil interrupter hydraulic reclosers with vacuum interrupter
hydraulic reclosers which have a lower lifecycle cost. Vacuum interrupter hydraulic reclosers will
only be replaced if they fail, or if they must be upgraded to vacuum electronic reclosers to

handle higher system short circuit levels.

Replacement — Electronic Reclosers

If the short circuit levels on a feeder are beyond the interruption rating of the installed
reclosers, they are upgraded to vacuum electronic as needed to satisfy system fault levels.
Otherwise, if the feeder can be safely protected by a vacuum hydraulic recloser, then a vacuum

hydraulic recloser is the preferred, less costly option.

When a distribution station undergoes refurbishment, obsolete electronic reclosers will be
replaced with vacuum hydraulic reclosers or vacuum electronic reclosers, depending on system

needs and potential benefits.

Refurbishment — Breakers
When breakers are removed from service for inspection and maintenance, any defects
identified will be addressed prior to returning the breakers to service. If station breakers fail to

operate, they will be repaired as long as replacement parts can be obtained.

Witness: FALTAOUS Peter, PAISH David
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Replacement — Breakers & Reclosers
During planned station refurbishment or transformer replacement projects, breakers which are
obsolete or non-arc resistant will be considered for replacement with vacuum interrupter
electronically controlled reclosers. Hydraulic reclosers — while less expensive — are not suitable
replacement candidates because they normally cannot interrupt the higher short circuit levels

present at these stations. Reclosers offer improved reliability compared to breakers because

reclosers can often clear faults by rapid open and close sequences prior to locking out.

Station refurbishment investments are primarily driven by high risk transformers in need of
replacement. Hydro One does not have a proactive strategy to replace breakers, other than

those bundled with transformer replacements under station refurbishment investments.

3.2.23 STATION SWITCHES & FUSES

ASSET DESCRIPTION / PURPOSE

Station switches enable the isolation of equipment such as transformers, breakers or reclosers,
including for the purpose of carrying out maintenance work. Station fuses provide a means to
protect transformers in stations when a fault occurs and to by-pass station reclosers (although
not all distribution station reclosers are equipped with by-pass fuses). Distribution stations
which do not have feeder breakers or reclosers are equipped with fuses to provide a means of

protection for the feeder.

Witness: FALTAOUS Peter, PAISH David
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Figure 12: Picture of

tation Switch and Fuse Combination

ASSET DEMOGRAPHICS, CONDITION & OTHER FACTORS

Asset Demographics

Hydro One currently manages 2,535 three-phase switches and 1,801 three-phase fuses installed

at distribution stations. The number of switches and fuses are shown in Table 4 by primary

voltage level:

Table 4 - Switches and Fuses by Voltage

Primary Voltage Number of Number of
Level Switches Fuses
230 kv 2 0
115 kv 153 92
44 kv 865 729
27.6 kv 506 214
<27.6 kV 1,009 766

Witness: FALTAOUS Peter, PAISH David
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Asset Condition
The condition of switch and fuse assets is determined during regular station maintenance
program activities. A visual inspection of switch and fuse assets is completed twice a year to
note any defects. Defects are also observed during planned station outages for transformer or

breaker maintenance work. During these outages, switches are manually test operated and

fuses undergo an airflow test.

Some of the main failure modes of switches include seized bearings, misalignment of the blade
and jaw and failure of porcelain insulators. These failure modes can render the switches
inoperable and can leave the switches stuck in an open or closed position. This can lead to
unplanned interruptions or prolonged interruptions to repair the switches and enable the

system to be returned to normal operation.

The most common defects observed for fuses include peeling of the outer coating, failed airflow
testing, water ingress, broken fuse holders or broken support insulators. Figures 13 and 14

summarize the condition of the station switches and fuses.

0% 20% 40% 60% 80% 100%

Percentage of Population

W Poor M Good

Figure 13: DS Switch Condition

Witness: FALTAOUS Peter, PAISH David
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Figure 14: DS Fuse Condition

ASSET PERFORMANCE
Switches are required to isolate station transformers for maintenance work or replacement. If
they are unable to close, planned equipment outages may be delayed. The performance of
switches is defined by their ability to open when required to isolate equipment, or close when
equipment must be returned to service. The following are common failure modes for switches
which Hydro One tracks annually:

e Failure to open/close

e Failure to align/centre in jaw

e Failure of load interrupter

e |nsulator failure

Figure 15 below represents the annual number of DS switch failures recorded each year from

2011 to 2020.

Witness: FALTAOUS Peter, PAISH David
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Figure 15: DS Switch Failures

Hydro One does not track performance for station fuses. Station fuses which blow (by design) in
order to interrupt system fault currents are replaced with spare fuses once the source of the

fault has been cleared.

LIFECYCLE STRATEGY

Inspection & Maintenance Practices

Hydro One visually inspects switches during routine station inspections, and manually test
operates them during planned station outages for transformer or breaker maintenance work.
Normally defects are discovered when the switch must be operated. Deficiencies that have been
identified are normally addressed during planned station outages for transformer or breaker
maintenance. Station switches that have been found to be defective and cannot be repaired are

planned for replacement.

Witness: FALTAOUS Peter, PAISH David
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Hydro One visually inspects fuses during routine station inspections, and performs an airflow
test on them during planned station outages for transformer or breaker maintenance work.

Fuses that have been found to be defective through visual inspection or airflow test are

replaced during planned station outages for transformer or breaker maintenance.

REPLACEMENT & REFURBISHMENT
Replacement
Station switches that have been found to be defective and cannot be repaired are planned for

replacement. Normally these defects are discovered when the switch must be operated.

Station fuses that are found to be defective upon inspection or through testing are replaced
with new fuses. Transformer or recloser replacements may also trigger the need to replace fuses
with those of different continuous current rating and interrupting speed in order to allow for

proper protection coordination.

3.2.24 MOBILE UNIT SUBSTATIONS
ASSET DESCRIPTION / PURPOSE
Hydro One currently has a fleet of 35 MUSs. MUSs have similar components to a distribution
station, however the components are mounted on a trailer (see example depicted in Figure 16).
The MUS fleet is primarily utilized for:
e Emergency power restoration in the event of a transformer or other station component
failure.

e Carrying the station load during maintenance and capital activities.

Witness: FALTAOUS Peter, PAISH David
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== e .s.f" L AR
Figure 16: Picture of Mobile Unit Substation

When MUSs are deployed for emergency restoration, they are typically deployed to stations,
installed, and connected (where connection structures are available at the station) to restore
the interrupted load. On average it takes 6.6 hours for an MUS to travel to a station and be
connected. Depending on the magnitude of work required to repair or replace the failed
equipment, MUS deployment duration can range from a few days to a year. The replacement of
failed transformer bushings is an example of emergency work where an MUS would be deployed
for a few days. MUS deployments for the replacement of failed transformers can last up to a
year if the transformer replacement requires long lead-time activities (e.g., rental or

procurement of adjacent land for a crane to access the failed transformer).

ASSET DEMOGRAPHICS, CONDITION & OTHER FACTORS
Asset Demographics
MUSs include two key components - the transformer and the trailer. The age distribution for

these two components of the MUSs is shown in Figures 17 and 18.

Witness: FALTAOUS Peter, PAISH David
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Figure 17: Demographics of the Mobile Unit Substation Transformers
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Figure 18: Demographics of the Mobile Unit Substation Trailers

The average age of the MUS transformers is 34 years and currently 46% of the MUS
transformers are beyond their ESL of 40 years. The average age of the MUS trailers is 17 years,
and currently 23% of the MUS trailers are beyond their ESL of 25 years. It is important to note

that age does not drive the replacement of MUSs.

Witness: FALTAOUS Peter, PAISH David
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ASSET CONDITION
Failure modes and condition defects of MUSs include the typical defects that station
transformers, switches, fuses and reclosers experience. Additional defects that MUSs can
experience include trailer defects such as rust, worn suspension, brakes or landing gear and

damage to MUS feeder connection cables. Currently, 40% of the MUS transformers and 26% of

the MUS trailers are in poor condition, as shown in Figures 19 and 20.

MUS Transformer Condition s

0% 20% 40% 60% 80% 100%

Percentage of Population
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Figure 19: MUS Transformer Condition

Witness: FALTAOUS Peter, PAISH David
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Figure 20: MUS Trailer Condition

ASSET PERFORMANCE

From 2011 to 2020, two MUS transformers failed. The MUS #35 transformer failed in 2014 and
the MUS #26 transformer failed in 2018. The trailers for both MUSs were in poor condition and
the decision was made at the time to retire these two MUSs. These two MUSs have been

replaced with newer units.

LIFECYCLE STRATEGY
Hydro One’s asset strategy for the MUS fleet over the 2023-2027 planning period is as follows:
1. Replace MUS transformers that are in poor condition and installed on trailers that are in
good condition.
2. Replace entire MUSs when MUS transformers and trailers are in poor condition.

3. Procure one additional MUS to enable more capital projects and DS maintenance work.

The appropriate size of MUS fleet is determined based on having MUSs which can be deployed
to stations to support failures and to have sufficient MUSs to allow for the completion of
planned and unplanned capital and maintenance work. The five year capital investment plan
includes the replacement of six MUS transformers, the replacement of two MUSs and expanding
the MUS fleet by one unit. The ISD containing details on the investment in new MUS units is SR-

02.

Witness: FALTAOUS Peter, PAISH David
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INSPECTION & MAINTENANCE PRACTICES

MUS trailers require an Ontario Ministry of Transportation (MTO) annual inspection certificate

and undergo a mandatory annual inspection to that end.

Because the MUSs are a critical component of the distribution system (relied upon for
emergency restoration, capital projects and maintenance work), each MUS receives an annual
inspection and full maintenance of all electrical components each year. The maintenance
activities for the MUS transformers, switches, fuses, reclosers and other electrical components

are the same as for those installed in stations, other than the higher (annual) frequency.

Replacement & Refurbishment

MUS transformers follow a similar strategy to station transformers. MUS transformers that are
in poor condition based on inspections or oil sample results are considered for repair or
replacement. Younger MUS transformers in poor condition are typically candidates for
corrective repair. Performing corrective repairs on younger transformers normally allows them
to reach their 40 year ESL. Poor condition MUS transformers beyond their 40 year ESL tend to be
candidates for replacement as opposed to corrective repair because performing a corrective
repair on an older transformer may only slightly extend its service life, which would not be
economical as more components are expected to break and need to be further addressed.
However, it is important to note that the repair versus replacement decision is not driven solely
by age but also accounts for the extent of the corrective work required. MUS transformers are

only replaced and installed on the same trailers if the trailers are in good condition.

MUS trailers undergo minor corrective repairs such as painting to address surface rust, or
replacement of fenders or wheels. Trailers determined to be in need of replacement are
typically those with rust that has penetrated through the metal or not expected to pass MTO
annual inspections. In cases where both the MUS transformer and MUS trailer are in poor
condition and are determined to be in need of replacement, these MUSs will be retired and

replaced with a new MUS.

Witness: FALTAOUS Peter, PAISH David
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3.2.2.5

OTHER STATION ASSETS

ASSET DESCRIPTION / PURPOSE

In addition to the above-noted station assets, Hydro One distribution station assets also

encompass station structures, MUS connection structures, fences and gates, grounding systems,

station service transformers, insulators and bus. Stations equipped with breakers or vacuum

electronic reclosers also have protection relays or intelligent electronic devices (IEDs). Stations

identified as having high environmental risk can be equipped with spill containment systems.

Station Structures are used in stations for mounting electrical components such as
switches, fuses, reclosers, station service transformers, bus, and IEDs. Some station
structures are wooden, though most are made of steel.

MUS Structures provide a connection point for MUS cables to be connected and allow
the station power equipment to be by-passed. These structures are typically wooden.
Fences separate live station equipment from the public to maintain public safety, while
gates are used as an entry point for Hydro One maintenance vehicles, construction
vehicles and staff. Most station fences are chain link, though some are wooden.
Grounding Systems are used in stations to safely dissipate fault currents into the ground
in the event of equipment failure, to protect Hydro One employees and the public.
Station Service Transformers are used to transform distribution system voltages to 120 V
to supply station equipment such as IEDs and receptacles.

Insulators provide electrical insulation between live equipment and grounded station
structures. They are also used to mount the power equipment to the station structures.
Bus work in stations is used to electrically connect the power equipment within the
station.

Spill Containment Systems are typically present in stations that have a high spill risk.
These spill containment systems contain transformer oil in the event of a transformer
tank rupture.

Protection Relays in stations are used to trip feeder breakers in the event of a system
fault.

IEDs are used to control electronic vacuum reclosers, directing the reclosers when to

open and close during system faults.

Witness: FALTAOUS Peter, PAISH David
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The approximate count of these other station components are shown in Table 5 below:

Table 5 - Other Distribution Station Components

Station Component
Station Structures
MUS Structures
Fences
Station Grounding Systems

Station Service
Transformers
Insulators

Bus Work

Spill containment systems
Protection Relays

IEDs

Witness: FALTAOUS Peter, PAISH David

Units
2,143
787
992
992
644

unknown
1,095
103
156
444
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ASSET CONDITION

The condition profile of station structures is show in Figure 21:
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Figure 21: DS Station Structure Condition

Poor condition station structures are typically addressed under station refurbishment projects
(DSP Section 3.11, D-SR-04). In instances where there is an imminent risk of failure, station
structure components will be replaced under a demand capital program (DSP Section 3.11, D-

SR-01).

The condition profile of MUS structures is shown in Figure 22:

207
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Figure 22: MUS Structure Condition

Witness: FALTAOUS Peter, PAISH David
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Poor condition MUS structures are typically replaced under a planned component replacement
program (DSP Section 3.11, D-SR-03), or are bundled in station refurbishment projects (DSP
Section 3.11, D-SR-04). In instances where there is an urgent need to replace a poor condition

MUS structure, it may be addressed through the demand capital program (DSP Section 3.11, D-
SR-01).

The condition profile of station fences is shown in Figure 23:

-, 61
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Figure 23: DS Station Fence Condition
Poor condition fences are typically replaced under station refurbishment projects (D-SR-04). In
instances where there is an urgent need to replace a poor condition fence, it may be addressed

through the demand capital program (DSP Section 3.11, D-SR-01).

The condition profile of station service transformers is shown in Figure 24:

Witness: FALTAOUS Peter, PAISH David
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Figure 24: DS Station Service Condition

Poor condition station service transformers are typically addressed under station refurbishment
projects (DSP Section 3.11, D-SR-04). In instances where there is an urgent need to replace a
station service transformer, it may be addressed through the demand capital program (DSP

Section 3.11, D-SR-01).

The condition profile of bus work is shown in Figure 25:
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Figure 25: DS Station Bus Condition

Poor condition bus is typically bundled with transformer replacements under station

refurbishment and demand capital projects (refer to DSP Section 3.11, D-SR-04 and D-SR-01).

Witness: FALTAOUS Peter, PAISH David
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The condition profile of spill containment systems is shown in Figure 26:
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Figure 26: DS Spill Containment Condition

Poor condition spill containment systems are typically repaired under corrective maintenance

programs.

Protection Relays & IEDs are replaced when they fail under corrective maintenance activities as

they are critical for feeder protection. As a result, there is no condition profile for these assets.

LIFECYCLE STRATEGY

INSPECTION & MAINTENANCE PRACTICES

These additional station assets are generally inspected for defects during routine station visual
inspections. The live electrical components will also undergo a thermography inspection. If any

defects are identified, they are addressed as corrective maintenance work where practical.

REPLACEMENT & REFURBISHMENT
Following routine inspections of these station components, any components that are defective
and cannot be repaired will be planned for replacement through planned and demand

component replacement programs or bundled with station refurbishment projects.

Witness: FALTAOUS Peter, PAISH David
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3.2.3 ASSET COMPONENT INFORMATION — DISTRIBUTION LINES
Hydro One operates and maintains power system assets associated with over 123,000 circuit
kilometres of distribution lines, which are critical to the reliable delivery of power to over 1.4
million distribution customers across the province. Distribution line assets include:
e Poles
e Cross Arms
e Conductors

e Line Transformers

e Rights of Way

3.23.1 POLES

ASSET DESCRIPTION / PURPOSE

The structural integrity of a distribution line is largely dependent on the poles that support the
line. These poles keep the electrical equipment a safe distance from the ground and other
objects. Hydro One owns, maintains and operates approximately 1.6 million poles, 99.3% of
which are wood poles and 0.7% are steel, composite, and concrete poles. In addition, Hydro One
maintains and operates overhead lines that are supported by approximately 400,000 poles

owned by joint use partners.

Wood is currently the most cost effective material for the majority of pole applications. In some
situations, a composite pole may need to be used?, however these poles are more expensive
than wood for all sizes on the distribution system. Based on the company’s overhead
distribution standards, Hydro One’s distribution engineering technicians select the appropriate
size and class of pole and framing components based on the span lengths, conductor sizing,

equipment sizing, and loading angles.

2 pursuant to Hydro One’s Overhead Distribution Standards, composite poles are utilized in areas prone to
woodpecker or insect damage and low lying areas that may be prone to water damage.

Witness: FALTAOUS Peter, PAISH David
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Wood deteriorates over time as it is exposed to the environment. Ground line rot is the most
common natural aging failure mode for wood poles. Mechanical damage (from cars, snowplows,

etc.) as well as animal damage including woodpecker and insects will also shorten the life of a

pole.

To mitigate natural deterioration over time, poles are initially treated with Chromated Copper
Arsenate (CCA) in advance of installation. This chemical fixes within the pole to prevent rot from
developing over time. Figure 27 shows a cross section of a treated pole. The green colored
section is the CCA-treated soft wood shell of the pole. The central lighter colored section is the

untreated heartwood.

Figure 27: Treated Wood Pole Cross Section

ASSET DEMOGRAPHICS, CONDITION & OTHER FACTORS

Asset Demographics

Figure 28 shows the current demographics of the Hydro One pole population. The average age
of poles is 40.2 years. There are currently 378,000 poles (23%) that are 60 years of age or older.
Over the 2023 to 2027 planning period, the number of poles 60 years or older would increase to

500,000 poles (31%) in the absence of pole replacements.

Witness: FALTAOUS Peter, PAISH David
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Figure 28: Demographics of Hydro One Owned Distribution Poles

ASSET CONDITION

Pole condition is assessed as part of regular inspections (performed as part of vegetation
management inspections) and the wood pole test and treat programs. Poles that have failed a
test or have severe visual damage are considered to be in poor condition and require either
refurbishment or replacement. Figures 29, 30, and 31 are examples of pole defects that require

remedial action.

Witness: FALTAOUS Peter, PAISH David
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Figure 29: Woodpecker Damage

Figure 30: Ground Line Surface Rot

Witness: FALTAOUS Peter, PAISH David
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Figure 31: Pole Top Damage

Figure 32 shows the breakdown of the condition ratings of Hydro One distribution poles as
determined based on observed defects or testing results. There are approximately 79,000 poles
that are in poor condition and require replacement or refurbishment. The remainder of the
poles are in good or fair condition and poles in these two categories are not treated differently
in that neither are proactively planned for replacement or refurbishment. Another 50,000 poles

are forecast to become poor condition in the 2023 to 2027 period.

0% 20% 40% 60% 80% 100%

Poor  Good/Fair

Figure 32: Pole Condition

Witness: FALTAOUS Peter, PAISH David
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ASSET PERFORMANCE
Due to the nature of Hydro One’s largely radial distribution system, pole failures directly impact
customer reliability. The number of interruptions attributed to pole failures has been increasing
at a steady rate between 2011 and 2020. Figure 33 shows that the number of outages attributed
to pole failures has increased from 134 in 2011 to 360 in 2020. At the same time, the
contribution of pole failures to the overall impact of customer interruptions has remained
relatively flat in the last 10 years (see Figures 34 and 35). This indicates that fewer customers
are being impacted on average per pole failure — a result that is consistent with the expected
outcome of Hydro One’s ongoing efforts to prioritize investments based on the RSE
methodology. Specifically with respect to poles, Hydro One prioritizes poles with the highest
impact to reliability risk to be addressed through the Pole Sustainment program (DSP Section
3.11, D-SR-07). However, it is important to recognize that it has only been a few years since the
start of Hydro One’s efforts to prioritize poles with the highest reliability impact, and the

number and reliability impact of pole failures can fluctuate from year to year.
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Figure 33: Pole Caused Interruptions Excluding FM

Witness: FALTAOUS Peter, PAISH David
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Between 2011 and 2020, the total SAIDI due to unplanned replacements of failed poles has
been as low as 9 minutes in 2013 and as high as 23 minutes in 2015. On average the
contribution has been 13 minutes. The following graph illustrates the annual SAIDI impact from

unplanned equipment caused outages that resulted in at least one pole being replaced on

normal operating days (excluding FM outages).
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Figure 34: Pole Caused SAIDI (excluding FM)

Figure 35 shows the System Average Interruption Frequency Index (SAIFI) impact of outages
over the 2011-2020 period that resulted in poles being replaced. The annual contribution has
been as low as 0.03 in 2011 and as high as 0.06 in 2015 and on average the SAIFI contribution

has been 0.04 per year.

Witness: FALTAOUS Peter, PAISH David
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Figure 35: Pole Caused SAIFI Excluding FM

LIFECYCLE STRATEGY

Inspection & Maintenance Practices

Poles are required to be inspected every six years for rural areas and three years for urban areas
as specified in the DSC, Appendix C. In 2019, the inspection program was combined with the
forestry planning process. This means that the structures are inspected in line with Hydro One’s
Optimal Cycle Protocol (OCP) (see section 3.2.3.5). These inspections are primarily intended to
identify visual deficiencies on the pole, including woodpecker holes, mechanical surface
damage, surface rot, severe leaning, or even broken poles. Other defects identified on the lines
are also recorded during the inspections, including damaged cross arms, insulator defects, and

missing guys.

In 2020, Hydro One began to collect additional condition data as part of its pole test and treat
program. This program will test and treat 103,000 poles per year on a 15 year cycle. A pole test
consists of hammering the pole to identify any hollow sections, drilling the pole in three
locations to measure the remaining shell thickness, measuring the depth of any significant

surface damage, and measuring any circumference reductions over time. These quantitative

Witness: FALTAOUS Peter, PAISH David



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Filed: 2021-08-05

EB-2021-0110

Exhibit B-3-1

Section 3.2

Page 52 of 108

measurements are used to calculate a percent remaining strength. The data collected from this

activity will supplement pole condition data and to help identify additional poles that require

replacement or poles that can be mechanically refurbished.

REPLACEMENT & REFURBISHMENT

Refurbishment

In 2020, Hydro One Distribution introduced two new refurbishment programs: (i) chemical
refurbishment that is completed as part of the pole test and treat program and (ii) mechanical

refurbishment completed under the mechanical refurbishment program.

As part of the test and treat program, a copper borate rod is inserted into the holes that were
drilled to test the pole. These rods defuse over time into the wood to rejuvenate the initial
treatment at the ground line. Sufficient levels of chemical preservative at the ground line

prevents rot and fungal growth and helps to extend the overall life of the pole.

If a pole had deteriorated at the ground line only, it may be a good candidate for mechanical
refurbishment. Mechanical refurbishment involves installing one or two steel structure braces
to support the pole (see example depicted in Figure 36). This activity will extend the life of the
existing pole for potentially 20 years or more and delay the replacement of the pole until the
steel structure has deteriorated or the pole becomes damaged in another area that the steel can
no longer support. Installing this steel structure support requires less labour and is less
expensive than replacing the pole. In order for a pole to be eligible for mechanical
refurbishment, it requires suitable soil conditions, no joint use attachments, and adequate shell
thickness measurements to ensure there is sufficient structural strength above the ground line.
When the pole’s poor condition is isolated to the ground line area and the characteristics of the
pole and ground line allow for it, mechanical refurbishment is a cost effective means of

addressing risk associated with poles in poor condition.

Witness: FALTAOUS Peter, PAISH David
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Figure 36: Mechanically Refurbished Pole

Replacement

Hydro One’s primary program for replacing poles in poor condition is the wood pole
sustainment program. Poles which have failed a condition assessment are considered for
planned replacement under this program. These poles are selected based on the risk
assessment discussed in DSP Section 3.7 and DSP Section 3.11, D-SR-07 (Pole Sustainment
Program). Poles that do not undergo planned replacement and fail structurally during the plan
period would be replaced as part of the trouble program. Hydro One also replaces poles through
other planned investments based on system needs, including voltage conversions, sustainment
projects, addressing system growth, and joint use and relocations, which all contribute to the
renewal of Hydro One’s pole fleet. However, these other investments do not target poor
condition poles and historically only 2% of poles addressed under these other planned

investments required replacement also due to their condition.

3.2.3.2 CROSS ARMS

ASSET DESCRIPTION / PURPOSE

In conjunction with poles, overhead conductor is often supported by cross members known as
“cross arms”. Cross arms are typically made of wood, though composite and steel cross arms are

utilized when increased strength is required.

Witness: FALTAOUS Peter, PAISH David
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ASSET DEMOGRAPHICS, CONDITION & OTHER FACTORS
Asset Demographics

Hydro One’s distribution system contains approximately 500,000 cross arms. Cross arms are

replaced based on their condition, and age data is not collected or maintained for this asset

type.

Asset Condition
Cross arms are visually inspected on a regular basis, and broken, cracked, or otherwise damaged
cross arms are identified (see example depicted in Figure 38). Approximately 16,700 cross arms

are identified as being in poor condition (Figure 37).

Crossarm Condition 1

0% 20% 40% 60% 80% 100%
W Poor M Good

Figure 37: Cross Arm Condition

/

Figure 38 — Cross Arm in Poor Condition

Witness: FALTAOUS Peter, PAISH David
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Asset Performance
As with poles, the radial nature of Hydro One’s distribution system means that when cross arms
fail, they typically cause an outage that cannot be restored until the cross arm is replaced. The
overall reliability impact of cross arm failures, however, is relatively low. From 2011 to 2020, the
average number of outages attributed to cross arm failures has been 74 per year, with an
average SAIDI and SAIFI contribution of 0.09 hours and 0.02 interruptions, respectively. Figures
39, 40 and 41 provide the number of interruptions, SAIDI and SAIFI contributions attributed to
cross arm failures, excluding interruptions during force majeure events. While the volume of
interruptions in recent years has been higher than historical levels, the SAIDI and SAIFI impact of

these outages has been decreasing since 2018, indicating a lower number of customers being

impacted per interruption.
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Figure 39: Number of Interruptions Attributed to Cross Arm Failures (Excluding FM)

Witness: FALTAOUS Peter, PAISH David
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Witness: FALTAOUS Peter, PAISH David
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LIFECYCLE STRATEGY
Inspection & Maintenance Practices
Cross arms are subject to the same six-year (rural)/three-year (urban) inspection requirements
as other distribution lines assets. These inspections primarily consist of visual assessments as

part of an integrated line and vegetation assessment activity, as discussed in Exhibit E-03-02.

Broken, cracked or otherwise damaged cross arms are identified as part of these inspections.

Replacement

Hydro One’s dedicated program for replacing cross arms in poor condition is the cross arm
replacement program. Cross arms identified as being in poor condition are candidates for
inclusion in this program. Cross arms are selected for inclusion in the program based on the
projected impact of failure. Cross arms that do not undergo planned replacement and fail during

the plan period would be replaced as part of the trouble program.

Hydro One also replaces cross arms through other investments, including the pole replacement
program, voltage conversions, addressing system growth, and joint use and relocation activities.

All such activities contribute to the renewal of Hydro One’s cross arm fleet.

3.2.3.3 CONDUCTORS

ASSET DESCRIPTION / PURPOSE

As it relates to distribution lines, conductor generally refers to one or more strands of a
conducting metal used to connect the distribution network. The main focus of this section is the
primary conductor, which refers to conductor that connects the distribution network to the
primary side of a service transformer. Hydro One owns and operates approximately 123,000

circuit kilometres of primary conductor on its distribution system.

Conductor can be further classified by the nature of its installation. Conductor that is supported
by poles generally consists of a series of bare metal wires, and is referred to as overhead
conductor. Conductor that is buried underground is generally in the form of a cable which

consists of both a phase conductor and a neutral conductor separated by an insulating material,

Witness: FALTAOUS Peter, PAISH David



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Filed: 2021-08-05

EB-2021-0110

Exhibit B-3-1

Section 3.2

Page 58 of 108

and is referred to as underground cable. While the majority of existing underground cables in
the Hydro One distribution system are direct buried, beginning in 2019, new underground cable
installations have moved to an all-in-duct design. This design will simplify ongoing maintenance
and streamline future replacement of underground cables. Conductor that is partially or fully
installed underwater is also generally in the form of a cable consisting of both a phase conductor

and a neutral conductor separated by an insulating material, and is referred to as submarine

cable.

ASSET DEMOGRAPHICS, CONDITION & OTHER FACTORS
Asset Demographics
Hydro One’s distribution system contains a total of 123,000 circuit kilometers of primary line of
the following conductor types:
e Overhead conductor: 113,000 km
e Underground cable: 6,000 km
e Submarine cable: 4,000 km

ASSET CONDITION

Overhead Conductor

Overhead conductor is visually inspected on a regular basis as part of an integrated line and
vegetation assessment activity, where broken strands, severe corrosion, insufficient clearance
and other conductor defects are identified. There are currently approximately 11,000 overhead

conductor defects identified on the distribution system.

Underground Cable
Underground cable is visually inspected on a regular basis via dedicated underground system
patrols, and exposed or damaged cables are identified. There are currently approximately 2,400

underground cable defects identified on the distributions system.

Witness: FALTAOUS Peter, PAISH David
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Submarine Cable
Submarine cables are visually inspected on a regular basis via dedicated submarine patrols, and
exposed or damaged cables are identified. There are currently approximately 400 “exposed”

submarine cables defects, along with approximately 600 “damaged” submarine cable defects.

Figure 42 shows examples of exposed and damaged submarine cables.

Figure 42: Example of (Left) an Exposed Cable Showing Initial Signs of Corrosion, and (Right) a

Corroded Cable with Significant Damage

ASSET PERFORMANCE

Overhead Conductor

Overhead conductor failures are typically due to external forces (e.g., trees failing into
conductors). These types of failures are not attributed to the conductor. Nonetheless, there are
situations where an overhead conductor itself fails, for example, at a splice. From 2011 to 2020,
there have been an average of 639 interruptions directly attributed to overhead conductor
failures per year, with an average annual SAIDI and SAIFI contribution of 0.28 hours and 0.07
interruptions, respectively. Figures 43, 44, and 45 provide the number of interruptions, SAIDI
and SAIFl contributions attributed to overhead conductor failures, excluding interruptions

during force majeure events.

Witness: FALTAOUS Peter, PAISH David
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Figure 43: Number of Interruptions Attributed to Overhead Conductor Failure (Excluding FM)
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Figure 44: SAIDI Contribution of Interruptions Attributed to Overhead Conductor Failure
(Excluding FM)

Witness: FALTAOUS Peter, PAISH David



10

11

12

13

Filed: 2021-08-05
EB-2021-0110
Exhibit B-3-1
Section 3.2

Page 61 of 108

0.12

0.10

0.08

SAIFI

[e)]

0.0
0.0

0.0
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

N

N

Figure 45: SAIFI Contribution of Interruptions Attributed to Overhead Conductor Failure
(Excluding FM)

Underground Cable

Due to the nature of their installation, underground cables are generally protected from foreign
interference, including weather related damage. As a result, underground cables tend to
experience good reliability for the majority of their service lives. As cables age, however,
electrical stresses can begin to cause breakdown of the cable insulation, leading to faults and
other power quality issues. From 2011 to 2020, there have been an average of 68 interruptions
attributed to underground cable failures per year, with an average annual SAIDI and SAIFI
contribution of 0.012 hours and 0.035 interruptions, respectively. Figures 46, 47, and 48 provide
the number of interruptions, SAIDI and SAIFI contributions attributed to underground cable

failures, excluding interruptions during force majeure events.

Witness: FALTAOUS Peter, PAISH David
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Figure 46: Number of Interruptions Attributed to Underground Cable Failure (Excluding FM)
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Figure 47: SAIDI Contribution of Interruptions Attributed to Underground Cable Failure
(Excluding FM)

Witness: FALTAOUS Peter, PAISH David
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Figure 48: SAIFI Contribution of Interruptions Attributed to Underground Cable Failure
(Excluding FM)

Submarine Cable

Submarine cable is primarily used to supply island dwellings or substitute for overhead water
crossings where such crossings are not technically or economically feasible. Submarine cable
applications are often characterized by relatively low customer density and loading. As a result,
cable failures usually impact a low number of customers. From 2011 to 2020, there have been
an average of 87 interruptions attributed to submarine cable failures per year, with an average
annual SAIDI and SAIFI contribution of 0.043 hours and 0.027 interruptions, respectively. Figures
49, 50, and 51 provide the number of interruptions, SAIDI and SAIFI contributions attributed to

submarine cable failures, excluding interruptions during force majeure events.

While the impact to overall system reliability of submarine cables is small, the inaccessibility of
submarine cables during the winter season can lead to situations where a failed cable can result
in an extended outage for the affected customers. These situations are rare, but can lead to an

unusually high customer impact to a small group of customers, as occurred in 2011.

Witness: FALTAOUS Peter, PAISH David
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Figure 49: Number of Interruptions Attributed to Submarine Cable Failure (Excluding FM)
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Figure 50: SAIDI Contribution of Interruptions Attributed to Submarine Cable Failure
(Excluding FM)?

32011 saw an unusually high number (11) of long duration (>100 hour) outages attributed to submarine
cable failures. These were typically due to failed cables being inaccessible due to winter conditions, and
which could not easily be repaired or replaced until spring. Customers were notified and accepted the
outages due to the seasonal nature of these properties.

Witness: FALTAOUS Peter, PAISH David
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Figure 51: SAIFI Contribution of Interruptions Attributed to Submarine Cable Failure

(Excluding FM)

LIFECYCLE STRATEGY
INSPECTION & MAINTENANCE PRACTICES

Overhead Conductor

Overhead conductor is subject to the same six-year (rural)/three-year (urban) inspection
requirements as other distribution lines assets. These inspections primarily consist of visual
assessments by technicians as part of an integrated line and vegetation assessment activity.
Broken strands, severe corrosion, and other conductor defects would be recorded as part of

these inspections.
While some advanced testing techniques are available to evaluate the condition of overhead

conductor, these are complex and generally not cost-effective for distribution lines. As a result,

unless there is a specific need, detailed conductor testing is not typically performed.

Witness: FALTAOUS Peter, PAISH David



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Filed: 2021-08-05
EB-2021-0110
Exhibit B-3-1
Section 3.2

Page 66 of 108

Underground Cable

Underground cables are subject to the same six-year (rural)/three-year (urban) inspection
requirements as other distribution lines assets. Dedicated underground system inspections are
scheduled to meet these requirements. Since underground cables are not typically accessible,
these inspections primarily consist of visual assessment of cables within enclosed equipment
(e.g., pad-mounted switchgear) and the connections between cables and such equipment as

well a visual identification of cables that have become exposed.

While some advanced testing techniques are available to evaluate the condition of underground
cables, these are typically complex and require the cables to be taken out of service. As a result,
unless there is a specific need (such as evaluating the cable for suitability of cable injection),

detailed cable testing is not typically performed.

Submarine Cable

Submarine cable inspections are subject to the same six-year (rural)/three-year (urban)
inspection requirements as other distribution lines assets. Dedicated submarine system
inspections are scheduled to meet these requirements. As part of the submarine cable
inspection, a detailed visual inspection of the submarine cable is completed to identify any
damage to the concentric neutral of the cable. This inspection is essential in areas that have a
high likelihood of public contact (i.e. near swimming, boating or other recreational areas). In

addition, any other defects that are present are recorded.
In some cases, if the cable is at a location that has the potential of public contact, and a visual

inspection cannot be completed, a Time Domain Reflectometer (TDR) test can be performed to

verify the condition of the cable.

Witness: FALTAOUS Peter, PAISH David
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REPLACEMENT & REFURBISHMENT

Refurbishment

Overhead Conductor

Overhead conductor requires repair when it becomes damaged, either naturally over time (e.g.,
due to corrosion) or as a result of a specific event that causes damage (e.g., vegetation contact
or third party vehicle contact). Repairs can be completed by splicing new sections of conductor

in place of the damaged sections.

Underground Cable

Underground cables require repair when their insulation has failed, when they experience
damage due to a “dig-in”, or when an existing splice fails. These repairs are done by either
replacing a small section of cable or installing a splice at the point of failure. If a cable cannot be

repaired due to technical, physical and/or cost constraints, it must be replaced.

Submarine Cable

If an inspection reveals one or more of the following conditions, a submarine cable is considered
to have sustained damage requiring emergency response:

e Over 75% of the concentric neutral cross section is missing or broken

e A non-standard temporary repair of the neutral has been made

e Any other condition that is deemed to pose a hazard

Typically, a response to concentric neutral damage would include repairing the submarine cable.
If such a repair cannot be feasibly completed or would not mitigate the identified hazard, the

damaged cable would require immediate replacement.

Replacement

Overhead Conductor

Due to the relatively long service life and less complex repair of overhead conductor,

replacement of large sections of conductor alone is not generally driven by condition. Rather,

Witness: FALTAOUS Peter, PAISH David
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conductor is usually replaced as part of feeder renewal or line relocation projects, or as a result

of line upgrades that require higher capacity conductor.

Underground Cable

Due to the relatively low reliability impact of underground cable failures, renewal of
underground cables is based on a run-to-failure approach. Cables are only replaced when they

fail and cannot be suitably repaired.

In 2018, an innovative approach to extend the life of underground cables was piloted in the
Orleans area. This approach involves injecting cables with a proprietary fluid in order to fill
defects in the cable insulation that may have developed over time. Cable injection, where
feasible, represented a 65% savings compared to traditional cable replacement. Cable injection
can be a viable solution to extend the life of aging underground cables in an efficient manner.
Over the 2023 to 2027 plan period, Hydro One will continue cable injection across its service

territory.

Submarine Cable

Hydro One replaces submarine cables that are identified as being in substandard condition or
that otherwise pose safety risks. Depending on the circumstances, a cable may be fully or
partially replaced (i.e. by splicing a new section). For example, localized cable damage on a

newer, otherwise good cable may be addressed by a partial replacement of the cable.

Hydro One also renews submarine cable mechanical protection where a cable is otherwise in
good condition but is missing such protection. Regardless of whether a cable is fully replaced,
partially replaced, or if mechanical protection is being installed, at the completion of the work,
the cable installation must conform to Hydro One Underground Distribution Standards which

outline the installation requirements for submarine cable.

Witness: FALTAOUS Peter, PAISH David
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3.2.3.4 LINE TRANSFORMERS
ASSET DESCRIPTION / PURPOSE
Distribution Line Transformers are used to convert electricity from primary distribution voltage

levels (e.g., 44 kV, 27.6 kV, 12.48 kV) to secondary voltage levels (e.g., 600 V or 240 V/120 V) so

the power can be utilized by residential and small business customers.

Depending on the proximity of adjacent customers, each single-phase pole top or pad mounted
transformer may supply one or several customers at 240 V/120 V. A three-phase pole top or pad

mounted transformer generally supplies a single customer at 600 V/347V or 208 V/120 V.

' Ll
Figure 52: Picture of Pole-Top Line Transformer

ASSET DEMOGRAPHICS, CONDITION & OTHER FACTORS

ASSET DEMOGRAPHICS

Hydro One maintains a total fleet of approximately 522,000 transformers in overhead (pole
mounted) or underground (pad mounted, submersible, transclosure or pole-transformer)
configurations. Table 6 provides a breakdown of the approximate number of transformers by
type, and Figures 53 and 54 provide the age profile of overhead and underground transformers,

respectively.

Witness: FALTAOUS Peter, PAISH David
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Table 6 - Line Transformer Type

Transformer Type Quantity
Overhead: Pole Mounted Transformers 457,000
Underground: Pad Mounted Transformers 64,000
Underground: Submersible Transformers 150
Underground: Transclosures and Pole-Transformers 800

7,203
2,239 ’

0-9 10-19 20-29 30-39 40-49 50-59 60-69 70+ No Age
Data
Years

Overhead Transformers No Age Data

Figure 53: Overhead Transformer Demographics

Witness: FALTAOUS Peter, PAISH David
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Figure 54: Underground Transformer Demographics
ASSET CONDITION

The primary consideration in assessing line transformer condition is internal degradation due to
the electrical stresses placed upon it, including both the normal loading of the transformer, as
well as abnormal electrical events (e.g. electrical faults or lightning strikes on the feeder

supplying the transformer).

Due to the limited number of customers served by a line transformer, and given the cost of
internal condition assessment relative to the replacement cost of the transformer, it is not cost
effective to assess the condition of either overhead or underground distribution line

transformers. As a result, asset condition is not available for these assets.

ASSET PERFORMANCE

Overhead Transformers

Due to the low density of Hydro One’s distribution system, overhead transformers typically
supply a limited number of customers. As a result, individual transformer failures have a small
impact on overall customer reliability and system performance. From 2011 to 2020, there have

been an average of 1,167 interruptions attributed to overhead transformer failures per year,

Witness: FALTAOUS Peter, PAISH David
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with an average annual SAIDI and SAIFI contribution of 0.016 hours and 0.003 interruptions,
respectively. Figures 55, 56, and 57 provide the number of interruptions, SAIDI and SAIFI

contributions attributed to overhead transformer failures, excluding interruptions during force

majeure events.

1600
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o

Figure 55: Number of Interruptions Attributed to Overhead Transformer Failures

(Excluding FM)

Witness: FALTAOUS Peter, PAISH David
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Figure 56: SAIDI Contribution of Interruptions Attributed to Overhead Transformer Failures

(Excluding FM)

Witness: FALTAOUS Peter, PAISH David
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Figure 57: SAIFI Contribution of Interruptions Attributed to Overhead Transformer Failure

(Excluding FM)

Underground Transformers

From 2011 to 2020, there have been an average of 72 interruptions attributed to underground
transformer failures per year, with an average annual SAIDI and SAIFI contribution of 0.0024
hours and 0.0007 interruptions, respectively. Figures 58, 59, and 60 provide the number of
interruptions, SAIDI and SAIFI contributions attributed to underground transformer failures,

excluding interruptions during force majeure events.

Witness: FALTAOUS Peter, PAISH David
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1 Figure 58: Number of Interruptions Attributed to Underground Transformer Failures
2 (Excluding FM)
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Figure 60: SAIFI Contribution of Interruptions Attributed to Underground Transformer Failures

(Excluding FM)

LIFECYCLE STRATEGY
Distribution line transformers are generally run to failure and not proactively replaced due to:
e The high cost of condition assessment relative to asset replacement; and
o The relatively small reliability impact of failure due to the limited number of customers

served and the ability to quickly replace failed transformers

However, there are situations when transformers are replaced before failure. These include:
e PCB contaminated transformers
e Substandard transformers that pose an unusually high reliability or safety risk
e Transformers replaced during the course of other work, for example, customer

upgrades or voltage conversions

INSPECTION & MAINTENANCE PRACTICES

Distribution line transformers are subject to the same six-year (rural)/three-year (urban)

inspection requirements as other distribution lines assets. These inspections primarily consist of

Witness: FALTAOUS Peter, PAISH David
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visual assessments by technicians as part of an integrated line and vegetation assessment

activity, as discussed in section 3.2.3.5.

Further, in order to support PCB-driven transformer replacements, a number of specific
inspections are undertaken. Since the risk of PCB contamination is generally only present in
transformers manufactured before 1981, manufacture dates are collected as part of the visual
inspection. If transformers are found to be manufactured before 1981, oil samples are taken

and analyzed for PCB contamination. For further details, please refer to Exhibit E-03-02.

REPLACEMENT & REFURBISHMENT
As discussed, distribution line transformers are run to failure, with the following exceptions:
e Transformers with a PCB concentration greater than 50 ppm, or which are older than
1981 and whose PCB levels cannot de determined, are replaced on a planned basis
e Transformers that are deemed to be substandard transformers and that pose an
unusually high reliability or safety risk, are replaced on a planned basis
e Transformers are also replaced as a result of distribution feeder rebuilds, when they are
damaged by external forces or when they pose an environmental hazard due to oil

leakage.

3.2.35 RIGHTS OF WAY
ASSET DESCRIPTION / PURPOSE
Hydro One’s distribution system is comprised of approximately 123,000 circuit kilometers of

lines built on about 105,000 km of right-of-way (ROW) spanning across the Province (Figure 61).

Witness: FALTAOUS Peter, PAISH David
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Figure 61: Map of Hydro One Distribution Asset Location

Adjacent to Hydro One’s ROWs is a potential workload of millions of trees that are a significant

cause of distribution outages.

ASSET DEMOGRAPHICS, CONDITION & OTHER FACTORS
ASSET DEMOGRAPHICS

Through its vegetation management program (referred to as the Optimal Cycle Protocol or
OCP), Hydro One Distribution manages the reliability and safety risk created by incompatible
vegetation along the ROWSs. Prior to the initiation of OCP, Hydro One Distribution’s vegetation
management clearing was focused on full ROW clearing, managing an average of 10,890 kms
annually (for 2006-2016), which implies a cycle length of approximately 9.5 years. Since the

introduction of OCP in 2018, one of the key objectives was to reduce and optimize cycle times

without increasing the overall cost of the vegetation management program.

Witness: FALTAOUS Peter, PAISH David
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Figure 62 below shows the year in which the ROW kms were last treated, as of year end 2020.
Since the introduction of OCP, Hydro One has more than doubled the average number of kms
managed every year. The cycle length of the vegetation management program can provide an
indication of the “condition” of ROWs (i.e., number of vegetation defects requiring work, as

further discussed below). The amount and species of vegetation along the ROW and climatic

region of the Province all impact ROW condition.
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Figure 62: Year of Last Vegetation Treatment

The above chart shows that since the implementation of OCP, Hydro One’s ROWs are treated
more frequently than under the previous vegetation management strategy. The results include
benefits to public safety as defects are addressed more frequently, and improvement in tree
caused outages and lower unit costs (see discussion of expert studies regarding OCP

performance in DSP Section 3.3). These concepts are discussed further in Exhibit E-03-02.

Witness: FALTAOUS Peter, PAISH David
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ASSET CONDITION
Vegetation defects refer to trees and vegetation in close proximity to energized apparatus and

trees with strike potential that are observably dead, diseased, decayed, or structurally unsound.

Figure 63: In-Contact Trim on the Left; Hazard Tree Removal on the Right.

As an example, the left side picture in Figure 63 shows a line section with overgrown trees
where the branches are in close proximity to the power line. In such a case, the branches must
be trimmed back to restore optimal clearance from power lines. The picture on the right shows
a dead Maple hazard tree that has a high strike potential for the power line. If such a tree were
to fall, the power line could be severely damaged resulting in a customer outage of up to 10
hours depending on the location of the damage. In severe cases, trees of this size can damage
adjacent poles and equipment as well. To mitigate this risk, the dead tree in close proximity to

the line needs to be removed.

ROW vegetation defects data is collected during Hydro One’s OCP inspections. Defect-based

vegetation work prescriptions are then generated for field execution. While the volume of

Witness: FALTAOUS Peter, PAISH David
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defects will depend on the species of vegetation and the climactic region in which the line is

located, it is generally expected that the longer the ROWs have not been cleared the more

defects per km and the higher the volume of tree removals that will be required.

The condition of a ROW deteriorates over time as vegetation grows and the health of over-
mature, diseased or infected trees adjacent to the ROW gradually declines. When ROW
condition deteriorates, it requires more work in the next clearing cycle. Generally, the longer the
time elapsed since vegetation management, the higher the vegetation defect backlog on a ROW.
The implementation of OCP has significantly increased ROW kms managed every year and
reduced the backlog of vegetation defects on Hydro One ROWSs. The kms of ROWs managed
through the OCP program has increased from 11,753 kms in 2016 (and a 2006-2016 average of
10,890 km annually, which implies a 9.5 year cycle length) to an average of 25,695 kms annually

(implying a 4.1 year cycle length) over the 2018-2020 period.

ASSET PERFORMANCE

Hydro One Distribution incurs OM&A expenditures to reduce the likelihood of vegetation
caused outages and to manage safety hazards by maintaining clearance between vegetation and
energized apparatus. Vegetation related outages account for 39% of SAIDI based on a three year
average. The SAIDI and SAIFI contributions attributed to vegetation caused outages are shown

in Figures 64 and 65, excluding interruptions during force majeure events.

Witness: FALTAOUS Peter, PAISH David
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Figure 65: Tree Caused SAIFI Contribution with FM Excluded
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Hydro One’s non-force majeure SAIDI due to vegetation contacts from 2010 to 2017 shows a
worsening trend and the trend was not expected to change without intervention. Based on the
recommendation from the 2017 Forestry Assessment study by Clear Path, Hydro One switched
from a corridor-driven vegetation management program to a defect driven program (i.e., OCP).
The implementation of OCP has resulted in a 13% improvement in overall system wide reliability
from 2017 to 2020. It should also be noted that 2020 was an above average storm year where

Hydro One’s service territory experienced 41 storm days, excluding force majeure days,

compared to an average of 32 storm days annually from 2015 to 2019.

LIFECYCLE STRATEGY

ROW assets are acquired through capital expansion of the distribution network and are
managed through the sustainment OM&A budget. ROW maintenance is accomplished through
planned and demand investments. Deferring vegetation management activities not only
exacerbates the asset risk factors discussed below, but also leads to increased efforts and costs
to address vegetation that has grown unchecked for a longer period of time. Failure to address
trees that are dead, diseased, infected or structurally unsound in a timely manner results in a
higher risk of tree caused outages. According to the above-noted Clear Path report, 90% of such
outages were caused by off-ROW trees and branch failures. Removing these trees where
possible has a positive impact on reliability. Sustaining the ROW through an effective and
sustainable OM&A program is essential to avoiding future escalations in OM&A costs and

increased safety and reliability risks.

The ROW kms managed through the OCP program has increased from 11,753 kms in 2016
(which implies a vegetation management cycle length of 9.5 years) to an average of 25,695 kms
annually over 2018-2022 (implying a 4.1 year cycle length). Shorter vegetation management
cycles result in lower volumes of hazard trees and in-contact vegetation which can impact public
safety. The OCP program will be further optimized for each feeder to ensure a sustainable
clearing cycle going forward. In addition to the OCP and associated defect correction activities,

Hydro One’s Public Safety and Reliability Program and Quality Assurance and Quality Control

Witness: FALTAOUS Peter, PAISH David
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Program also contribute to the management of vegetation-related risks, as discussed in Exhibit

E-03-02.

3.24 ASSET COMPONENT INFORMATION — WHOLESALE REVENUE & RETAIL REVENUE
METERS

METERS

Hydro One currently owns, operates and maintains two types of revenue meters: (i) wholesale
revenue meters; and (ii) retail revenue meters. Wholesale revenue meters are used to settle the
purchase of energy where the point of supply is directly connected to the IESO-controlled grid.
Retail revenue meters are used to measure energy consumption for retail customers. The
primary objective of meter management is to maintain compliance with legal and regulatory
metering requirements, including those set out under the Electricity and Gas Inspection Act,
Weights and Measures Act, the OEB’s DSC, provisions of the Standard Supply Service Code, and
IESO Market Rules. Importantly, meters must be managed to enable accurate and reliable
customer billing, enhance Hydro One’s ability to monitor the distribution system and respond to

outages, and support the utility’s financial operations.

Wholesale Revenue Metering

Wholesale Revenue Metering Installations (WRMls) are employed to settle the purchase of
energy, and where the point of supply is directly connected to the transmission system, the
purchase of transmission services with the IESO. WRMIs can vary in size and complexity
depending on the number of meter points in the installation. Major components of a WRMI
include two revenue meters (main and alternate), a lockable and sealable meter cabinet,
instrument transformers, and secondary cabling. The instrument transformers that provide a
metering-related function at each meter point consist of current transformers and potential
transformers that step down the current and voltage to a level that is consistent with the

requirements of meter and control equipment.

Witness: FALTAOUS Peter, PAISH David
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Retail Revenue Metering

Advanced Metering Infrastructure (AMI) for retail revenue metering refers to all of the
components (smart meters, repeaters, regional collectors, Head End System, and related
software and firmware) that work together as a system to reliably obtain over-the-air meter
readings for accurate and reliable Time-of-Use and Two-Tier customer billing in accordance with
the OEB’s Standard Supply Service Code. AMI can also provide a platform for improving
customer service and reducing costs through enabling technology such as outage detection, the
provision of customer usage information, tamper detection, and remote disconnect/reconnect

capabilities.

Hydro One began the deployment of its first-generation AMI system (known as AMI 1.0) in 2007
in accordance with the direction of the Province of Ontario, which was among the first large-
scale AMI deployments in the world. The AMI 1.0 system consists of approximately 1.4 million
smart meters across a hybrid network of both “mesh” and “cellular point-to-point” systems.
Mesh meters, comprising the overwhelming majority of meters, send data to their respective
Head End System through meters, repeaters and collectors. The collectors send data back to
Hydro One over cellular networks. Cellular point-to-point meters send data directly to their

Head End System through cellular networks.

The AMI 1.0 network covers the vast majority (97%) of Hydro One customers; however there are
still gaps in coverage due to a combination of factors including lack of a viable backhaul
technology, low customer density where the cost to connect is not economic, and AMI 1.0
technology limitations.* Coverage is provided by three distinct AMI vendor systems (Trilliant,
Honeywell, and Sensus). The primary Trilliant system serves the overwhelming majority of
customers. Through LDC acquisitions, Hydro One also operates a Sensus system (serving

customers of the former Norfolk Hydro and Haldimand Hydro service territories), and a

4 HONI has received a Time-of-Use exemption until 2024 (EB-2019-0259) for approximately 94,000 hard to
reach customers.

Witness: FALTAOUS Peter, PAISH David
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Honeywell system (serving customers from the former Woodstock Hydro). Figure 66 illustrates

AMI 1.0 service territory coverage by vendor.

Southern Ontario

[ other LDC
Hydro One AMI:

[ ] Trilliant

[ ] Sensus
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F

Northern Ontario

: ¥

Figure 66: Service Territory AMI 1.0 Network Coverage by System Type

These first-generation AMI systems are not interoperable and operate with their own

proprietary meters, communication networks, and IT infrastructure.

DEMOGRAPHICS

Wholesale Revenue Meters

Figure 67 and Table 7 provide an overview of the number of WRMI meters by manufacturer and
model. All meters, with the exception of one, are Schneider Electric ION meters. The 8650 is a
newer model of the 8600. These models are further differentiated as “C” or “A” series. The C

series is typically used as the main meter while the A series is used as the alternate meter. The A

series provides additional advanced power quality analysis capability.

Witness: FALTAOUS Peter, PAISH David
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Figure 67: WRMI Meters by Manufacturer Models

Table 7 - WRM Meters by Manufacturer and Model

Model # Meters %
ION 8600C 254 31%
ION 8600A 404 49%
ION 8650C 101 12%
ION 8650A 68 8%
ELSTER ABBC 1 0.1%
TOTAL 828 100%

Instrument Transformers

Instrument transformers are a fundamental component of WRMlIs. Figure 68 and Table 8
provide an overview of the number of instrument transformers, which span a wide variety of
manufacturers and models due to these assets’ long life (60+ years). Sadtem, ABB and Arteche
represent a newer category of dry, epoxy encapsulated instrument transformers, representing
approximately 60% of the total population. The remaining 40% are a mixture of bushing, bar,

and oil filled tank type instrument transformers.

Witness: FALTAOUS Peter, PAISH David
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Figure 68: Instrument Transformers by Manufacturer

Table 8 - Instrument Transformers by Manufacturer

Manufacturer Installations %
Sadtem 173 42%
ABB 73 18%
Trench Electric 49 12%
Ferranti Packard 34 8%
General Electric 21 5%
Ritz 15 4%
Arteche 5 1%
Westinghouse 5 1%
Sangamo 3 1%
Misc 36 9%
Total 414 100%

Witness: FALTAOUS Peter, PAISH David
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Retail Revenue Meters

Table 9 provides an overview of the number of AMI 1.0 network devices by communication
technology. Hydro One owns and operates a population of approximately 1,370,000 meters,
11,000 collectors, and 40,000 repeaters. The overwhelming majority of AMI meters and

network devices (95% of meters, and almost 100% of collectors and repeaters) are supplied by

Trilliant.
Table 9 - AMI 1.0 Network Devices by Communication Technology (2019)
AMI Network Devices by Technology (2019)
Meter Communication Meters Meters  Collectors  Collectors = Repeaters Repeaters
Technology (#) (%) (#) (%) (#) (%)
Trilliant Mesh 1,300,000 94.83 11,000 99.77 40,000 99.94
Trilliant Cellular P2P 4,000 0.29
Sensus P2MP 43,000 3.14
Honeywell Mesh 17,000 1.24 25 0.23 23 0.06
Honeywell Cellular P2P 5,000 0.36
Ethernet w/modem 1,600 0.12
Phone Line 100 0.01
No Communication 150 0.01
Total Devices 1,370,850 100 11,025 100 40,023 100
CONDITION

The assessment of the condition of modern electronic meters is primarily age-based and
measured against manufacturers’ recommended service life, in contrast to other types of assets
that are primarily assessed based on physical condition. This approach is due to a number of
related factors including: (i) the sealed and complex electronic nature of the devices; (ii) the
volume and geographic distribution of devices (1.4M meters across Hydro One Distribution’s
service territory); and (iii) the high cost of individual meter assessment (involving removal,
shipping, laboratory testing and assessment, repair if feasible, resealing in accordance with
regulatory requirements, and re-shipping). This age-based approach is supported by the analysis
of empirical meter failure rates and trends, the identification and analysis of failure root causes,

industry benchmarking, and related technical and other studies.

Witness: FALTAOUS Peter, PAISH David
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Wholesale Revenue Metering

Figure 69 and Table 10 provide an overview of the age demographics of Hydro One’s WRMI

meters. Approximately 72% (598 meters) are 10 years of age or less while the remaining 28%

(230 meters) are between 11-15 years of age.
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Figure 69: Wholesale Meter Age Distribution

Witness: FALTAOUS Peter, PAISH David
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Table 10 - Wholesale Meter Age Distribution

11
21

10

Age (years) ION ION ION ION
8600C 8600A 8650C 8650A
0 48
1 8
2 11
3 14
4 4
5 3
6 9
7 2 2 4
8 22 101
9 101 79
10 54 68
11 41 53
12 34 53
13 42
14 6
15
TOTAL 254 404 101
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TOTAL

50
17
22
35

19
14
123
180
122
94
87
42

828

%

6%
2%
3%
4%
1%
1%
2%
2%
15%
22%
15%
11%
11%
5%
1%
0%
100%

Figure 70 and Table 11 provide an overview of the age demographics of Hydro One’s WRMI

instrument transformers.

Witness: FALTAOUS Peter, PAISH David
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Figure 69: WRMI Instrument Transformer Age Profile

Table 11 - WRM Instrument Transformer Age Profile

Age Group # Percentage
0-10years 98 23.7%
11 -20years 244 58.9%
21 -30years 29 7.0%
31 -40years 17 4.1%
41 — 45 years 7 1.7%
46 —50 years 2 0.5%
51 —-55 years 0 0.0%
56 — 60 years 17 4.1%

Totals 414 100%

Criticality of Instrument Transformers

The majority of WRMI instrument transformers are located inside transformer stations on either

the bus structure or inside metal clad equipment. Although the probability is low, there is a risk

Witness: FALTAOUS Peter, PAISH David
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that an instrument transformer may fail catastrophically which can result in a station outage and
loss of customer load. In this regard, station outage loss risk is minimized and managed in

accordance with the IESO’s Market Rules related to the Emergency Instrument Transformer

Restoration Plan.

Trends and Impacts of Instrument Transformer Failures

Compared to meters that are typically reliable and easily sourced, instrument transformer
failures pose a higher impact in terms of power system reliability and timely restoration. There
are two trends of concern in this regard: (i) ABB instrument transformer failures; and (ii)

instrument transformers approaching end of service life, as discussed below.

Figure 70 and Table 12 provide the total incidence of instrument transformer failures between
2015 and 2020. There has been a trend of increasing ABB instrument transformer failures with

eight ABB WRMIs failing in 2020 alone.
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Figure 70: Instrument Transformer Failures by Manufacturer: 2015-2020

Witness: FALTAOUS Peter, PAISH David
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Table 12 — Instrument Transformer Failures by Manufacturer

Failures by Make Installations = % of Total Failures Ave Age @ Failure

(#) (Yrs)
ABB 20 67% 13.4
Ferranti Packard 3 10% 60.0
Sadtem 3 10% 13.3
Trench Electric 2 7% 15.5
Khulman Electric 1 3% 19.0
Ritz 1 3% 13.0

The age profile of instrument transformers at the time of failure is illustrated in Figure 71 below.

Count (#)

1 33
1 2
EEN i
0
5 7 8 11 12 13 14 15 16 17 19 20 60
Age (Years)
ABB Ferranti Packard Khulman Electric Ritz Sadtem Trench Electric

Figure 71: Number of Instrument Transformer Failures at Age of Failure

The ABB models contributing to these failures are current transformer models KOR, and voltage
transformer models VOZ and VOY. The greatest portion of failures occurred with 20 installations
failing at an average age of 13.4 years. As an example, Figure 72 below provides photographs of

certain failed instrument transformers.

Witness: FALTAOUS Peter, PAISH David
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Figure 72: Failed Instrument Transformers

There are a total 65 WRMIs employing these ABB instrument transformer models. Hydro One
plans to proactively replace these problematic models to reduce reliability risk and minimize
costly and urgent corrective maintenance associated with a run-to-failure approach. Hydro One
plans to replace these specific models that are older than 10 years (49 installations) within the

2023 to 2027 period.

In addition to the ABB instrument transformers, there is also an increasing risk of failure
associated with instrument transformers over 60 years of age. Manufacturer ESL data is not
available for instrument transformers older than 30 years. Over the 2015-2020 period, 3 (15%)
of Hydro One’s 20 WRMI instrument transformers that are over 60 years old have failed and
required full upgrades. Based on this failure rate and the age of the devices, Hydro One believes

their risk of failure is increasing and will closely monitor their performance.

Retail Revenue Meters

Meter age and meter failures are key indicators of the health of the retail revenue meter
population. Figure 73 below provides the age distribution of meters by year and vendor for the
meter population. Approximately 840,000 meters (approximately 65% of the meter population)

are between 11-13 years old and will begin to reach the end of their 15-year service life in 2022.

Witness: FALTAOUS Peter, PAISH David
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Figure 73: Meter Age Distribution by Year/Vendor (as of 2020)

Figure 74 presents the annual volume of Trilliant L+G ALF meter failures for the period 2017-

2020.° Meter failures have almost doubled over this period, with approximately 22,500 meters

(1.8% of the total meter population) failing in 2020.

5 Meter failure data began to be reliably collected in 2017.

Witness: FALTAOUS Peter, PAISH David
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Figure 74: Trilliant Residential Meter Failures: 2017-2020 (L&G ALF Meter)

Figure 75 below illustrates the failure rates of meters by age for the meter population. The
figure shows that older meters fail at a greater rate than newer meters, with the oldest

population of meters (13 to 14 years old) failing at a rate of 4% and 6% per year respectively.
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5.0%

4.0%
Wear Out
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2.0% Infant Mortality 1.64% Normal Service 1.99%
. 0.92%~0.96% 1.16% 1.09% 0.81% 0.60%
1.0%

0.0%
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Failure Rate (%
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Figure 75: Meter Failure Rate by Age of Meter (as of 2020)

Witness: FALTAOUS Peter, PAISH David
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The polynomial trend line applied to the meter failure rates exhibits a classic product lifecycle
“bathtub curve”, a common engineering term describing a product’s failure characteristics over
its service life, comprising three discrete periods:
e Aninfant mortality period in the early years with a decreasing failure rate;
e A normal life period with a low, relatively constant failure rate; and

e A wear out period exhibiting increased failures as the population reaches end of service

life.

Notably, the trend line indicates older meters are entering their wear out period with increasing

failure rates.

Hydro Quebec performed an Accelerated Life Testing (ALT) study for Hydro One (see DSP
Section 3.3) to better understand meter failure mechanisms. ALT is the process of testing
samples from a meter population and subjecting them to stressors that simulate the service life
by reducing time-to-failure without introducing any new failure mechanisms. By analyzing the
meter’s response to such tests, predictions can be made with confidence levels on meter service
life. The study included accuracy tests, communication tests, load profile and register
verification, Liquid Crystal Display (LCD) discolouration measurement, super capacitor
characterization, and electronic circuit analysis. The study found multiple issues causing the
meters to fail including:

e Electrolyte leakage from capacitors preventing meters to communicate;

e Transformer failures cutting power supply to the meter;

e LCD component failures resulting in corrupted displays or no display at all; and

e Cracked solder joints connecting the metrology board to the communication board

impacting meter communication.

Figures 76, 77, and 78 provide illustrative examples of meters in deteriorated condition and

associated failure modes.

Witness: FALTAOUS Peter, PAISH David
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Figure 76: Capacitor Electrolyte Leakage

Figure 77: Meter LCD Failures

Figure 78: Cracked Solder Joints

It should be noted that meters with faulty indicating displays, as illustrated above, are not
normally considered compliant with a utility’s “good repair” obligations for meters under the
Electricity Gas and Inspection Act as they are unable to be read manually by field personnel or

customers. Although Hydro One has received a temporary regulatory exemption for meters with

Witness: FALTAOUS Peter, PAISH David
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faulty displays manufactured between 2008 and 2011 to extend their service lives,

Measurement Canada has directed Hydro One to immediately replace meters with faulty

displays when found in-service.®

Technological Obsolescence Considerations

Unlike traditional electromechanical meters, AMI systems are complex and subject to both
physical mortality (discussed above) and technological obsolescence factors. The Ontario
Auditor General, in its report on Ontario’s smart meter initiative, found a 15-year service life
estimate for meters is likely overly optimistic given technological obsolescence considerations.’
AMI systems, in general, are subject to significant technological changes and are similar to other
types of information technology requiring significant upgrades or more frequent replacement as
the technology matures. However, unlike other forms of information technology, making
physical updates to already installed meters is more challenging given the number of devices

and their geographic distribution across an expansive service territory.

Hydro One is experiencing multiple conditions of technological obsolescence with its first
generation AMI 1.0 system driving operational challenges and costs including:

e Short notice product de-listings and the related effort to qualify replacement products;

e Reduced vendor support for older technology and unavailability of original parts;

e The modernization of third party technology (e.g., the upgrade from CDMA to LTE by
cellular service providers) rendering first generation AMI 1.0 equipment incompatible;
and

e lLost opportunities for potential cost effective customer and operational benefits
associated with advancements in technology since 2007 (e.g., improved network
reliability and customer coverage, enhanced meter memory, cost-effective remote

disconnect/reconnect functionality, etc.).

6 Exemption Letter from Measurement Canada: Deficient Indicating Display on L+G Focus Meters (MC
NOA AE-1559), May 18, 2016. Guy Dacquay, Manager, Utility Metering Division, Measurement Canada.
72014 Annual Report of the Auditor General of Ontario, 2014, pg. 391

Witness: FALTAOUS Peter, PAISH David
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Trends and Impacts of AMI 1.0 Failures

AMI 1.0 meters will begin to reach the end of their 15-year service life in 2022. Since 2017,

meter failures have close to doubled from 11,500 in 2017 to 22,500 in 2020. As meters age, they

have begun to fail at an increasing rate, indicating that meters have reached the wear out

period in their product lifecycle. Significantly, meter failure projections based on the

independent ALT Study (see DSP Section 3.3 and DSP Section 3.11, D-SR-12) estimate that

approximately 579,000 meters will by the end of 2027. Increasing meter failures beyond normal

operating levels pose impacts and critical risks to Hydro One, including:

Reduced billing reliability and customer dissatisfaction from estimated billing and bill
corrections;

Increasing field work and associated costs as a result of unplanned individual meter
replacements and unscheduled manual meter reading;

Higher labour costs for individual meter replacements relative to peers and relative to
mass meter replacements (see DSP Section 3.3);

Higher meter costs relative to peers and relative to bulk purchases of meters associated
with mass meter deployments (see DSP Section 3.3) ;

Reactive replacement of individual failed meters with obsolete technology;

The testing and resealing of over 90% of the meter population that will have reached
the end of their service life by the end of 2027, and the associated risk of needing to
replace failed samples with more expensive obsolete technology;

Lost opportunities for customer service and operational benefits associated with up-to-
date technology; and

Non-compliance with Federal and Provincial regulatory requirements.

PERFORMANCE

Wholesale Revenue Meter

The performance of WRMlIs is measured primarily by “Successful Daily Meter Communication”,

which is a function of the communication network performance, equipment failures (instrument

transformers and meters), and the ability to replace this equipment in a timely manner. In 2020,

Witness: FALTAOUS Peter, PAISH David
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Hydro One achieved average successful daily meter communication of 98% versus a target of

95%. As WRMI components age, this performance measure will be closely monitored.

Retail Revenue Meters

The performance of the AMI 1.0 system is measured primarily by billing accuracy as defined in
the OEB Distribution System Code.® Billing accuracy is a function of the general performance of
the AMI network overall, the number of individual meter failures, and the ability to replace
meters and/or perform unscheduled manual meter reading in time to avoid an estimated bill.
Without significant intervention, meter failures will continue to increase as discussed above, and
the associated volume of field work in replacing individual meters and unscheduled manual
meter reading will also continue to increase, leading to a higher risk of inaccurate bills. In the
2017-2019 period, field work associated with meter issues increased by 47% (23,383 to 34,274

field visits) with an approximately $1M increase in costs.

LIFECYCLE STRATEGY
Wholesale Revenue Meters
Hydro One’s WRMI replacement strategy has historically been run to failure. This strategy has
had minimal impact on customer load as WRMI failures in the majority of cases have not
resulted in customer load interruption. Typically, one component of the WRMI fails (either a
meter which has backup or one of the 6 instrument transformers), allowing the WRMI to
continue to operate (although with reduced accuracy where the instrument transformer failed)
while corrective maintenance or full installation replacement plans are executed. In the event of
total WRMI failure, revenue metering data is managed by:

e Installing temporary metering;

e Executing the Emergency Instrument Transformer Restoration Plan pursuant to IESO

Market Rules requiring the failed WRMI to be remediated within a 12 week period; and

8 Ontario Distribution System Code, Section 7.11, March 1, 2020

Witness: FALTAOUS Peter, PAISH David
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e Transferring the customer load to an alternate transformer/bus/feeder. WRMlIs are
typically within DESN transformer stations where in the event of load interruption, the

load is transferred to the other transformer/bus/feeder which has been sized to

accommodate the full load of both transformers for a temporary period.
Retail Revenue Meters
Hydro One, similar to other utilities and asset types, employs different maintenance strategies

for retail revenue meters depending on the stage in the asset’s lifecycle.

Normal Service Life

Shortly after AMI installation and a period of stabilization, the AMI network enters a period of a
consistent performance (i.e., normal service life). In the normal service life stage, a cost-
effective, low customer impact, run to failure approach is employed where individual failed
meters are replaced like for like with functioning meters. Meters are replaced rather than
repaired because the cost of repair (involving removal, shipping, lab assessing and diagnostics,

repairing if feasible, resealing, and re-shipping back to the field) is higher than replacement.

End-of-Service Life

In the end-of-service life stage, as meter digital components begin to deteriorate due to age and
environmental conditions, and individual meter failures, individual meter replacement costs,
and associated risks begin to increase, the need for mass meter replacements is assessed. This
assessment is based on a combination of factors including manufacturer service life information,
empirical failure trends and root causes, independent testing, and best industry practices from
benchmarking and other sources. All of these inputs, discussed below, allow for the best

correlation between age of device, risk of failure, and future costs.

Meter 15-Year Service Life

Hydro One’s primary meter vendor, Trilliant, has attested that it designs its products to operate
for a minimum period of 15 years. Independent laboratory analysis by Trilliant of its SecureMesh

radio, the key meter component that enables it to reliably communicate, supports a minimum

Witness: FALTAOUS Peter, PAISH David
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ESL of 15-years. However, Trilliant does not guarantee a minimum 15-year meter service life and
states that actual meter performance may differ materially from minimum service life. It
recommends a conservative approach to replacing metering equipment with a meter

replacement cycle that supports up to and including the 15" year of service to balance

maximum service life and security of service.®

AMI Benchmarking (see DSP Section 3.3) and other industry studies also support an
approximately 15-year service life for first generation AMI meters. The AMI Benchmarking Study
(involving comparisons against 36 Canadian and U.S. utilities) found that Hydro One was among
44% of respondents with an expected meter service life of 15-years and that the 15-year service
life represented the mode of the respondent group. An OEB commissioned Asset Depreciation
Study prepared by Kinectrics Inc. found that the appropriate service lives for smart meters is in
the range of 5-15 years.’® The Ontario Auditor General, in its report on Ontario’s smart meter
initiative discussed previously, also found that the estimated useful life for a typical first

generation smart meter was 15 years.?

In order to verify vendor meter service life attestations, confirm industry benchmarking data,
corroborate information from other sources, and better understand root causes, Hydro One
engaged Hydro Quebec to independently design and perform an ALT study, as noted above.. the
ALT study found critical failure modes involving the rapid degradation of the capacitor that
enables GEN 1 meters to reliably communicate (GEN 1 meters were the vendor’s initial meter
design deployed in the 2007-2009 period totalling approximately 661,000 meters). Meter failure
projections, based on ALT study results and recommended confidence levels, estimate
approximately 579,000 meter failures by the end of 2027. Most significantly, the ALT study

findings of accelerating meter failures align with information from vendor, benchmarking, and

° DSP Section 3.3 Attachment 4, Correspondence from Stephen Lupo, Senior VP Trilliant on Meter
Expected Service Life (November 29, 2019).

10 Asset Depreciation Study for the Ontario Energy Board, Kinectrics Inc. Report No K-418033-RA-001-
ROO0O, July 8, 2010.

112014 Annual Report of the Auditor General of Ontario, 2014, pg. 391

Witness: FALTAOUS Peter, PAISH David
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other industry studies supporting an approximately 15-year service life (or less) for Hydro One’s
AMI 1.0 meters. The study, “Accelerated Life Testing of Focus ALF meters with GEN 1 and GEN 3

Communications Boards, September 2020” is provided in DSP Section 3.3 and discussed in detail

in DSP Section 3.11, D-SR-12.

Given vendor attestations of meter service life, meter failure rates and trends, industry
benchmarking and other studies, independent ALT study results, and technological obsolescence
considerations, Hydro One considers it prudent to plan AMI investments based on an
approximately 15-year service life for its AMI 1.0 system. Hydro One’s plan to replace the legacy

AMI 1.0 system with a new AMI 2.0 system is presented in DSP Section 3.11, D-SR-12.

INSPECTION & MAINTENANCE PRACTICES

Wholesale Revenue Meters

WRMI capital corrective and preventative maintenance programs are employed to ensure
compliance with applicable legal and regulatory requirements. The decision to perform
corrective maintenance or replacement is dependent on IESO Market Rules, failure trends, age,

and repair costs.

Meter Accuracy Verification

The federal Electricity and Gas Inspection Act requires meters to be tested for accuracy on a pre-
determined schedule (at typically the 10 year, 18 year, and 24 year marks). Based on test

results, meters are either resealed and placed back into service or removed from service.

Corrective Maintenance

Corrective maintenance is conducted in accordance with IESO Market Rules. As an example,
where one of six instrument transformers fail in a WRMI governed by the IESO’s Alternative
Metering Installation Standard (i.e., installations not meeting full requirements at market
opening), a single instrument transformer replacement is required. Where more than one
instrument transformers fail in a WRMI, the entire installation must be brought to full

compliance which typically results in the replacement of all six instrument transformers.

Witness: FALTAOUS Peter, PAISH David
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Preventive Maintenance

WRMI preventative maintenance is comprised of:

e Annually inspecting WRMIs for rust, corrosion, physical damage of components, loose
and damaged connections, and indications of burning or discoloration indicating
overheating;

e Confirming the current transformer ratio every six years; and

e Replacing seal expired meters.

Retail Revenue Meters

The federal Electricity and Gas Inspection Act requires all meters to be verified through a
sampling program at specified intervals in order to ensure a customer’s electricity usage is
metered accurately. Once a meter seal expires, the meter cannot legally be used for billing
purposes and must either have its seal period extended (through compliance testing), or be

replaced. Figure 79 below provides an overview of AMI 1.0 meter seal expiries by year.
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Figure 79: AMI 1.0 Meter Seal Expiries by Year

Approximately 1,250,000 meters, or 92% of the total meter population, will have their seals

expire between 2023 and 2027. As a result, sample testing and resealing of over 90% of the

Witness: FALTAOUS Peter, PAISH David
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meter population would need to be conducted on meters that will have significantly exceeded

their 15-year service life. This poses the risk of needing to replace meters with expensive

obsolete technology should a sample fail.

REPLACEMENT & REFURBISHMENT

Wholesale Revenue Meters

The approach to WRMI replacement varies based on WRMI component. Meters are replaced as
a result of an expired seal that fails accuracy testing, a failed meter, or technological
obsolescence (e.g., incompatibility with third party telecom upgrades). Instrument transformers
are replaced if they are unable to be economically repaired or a condition assessment indicates

imminent failure (e.g. corroding oil tank).

The refurbishment of WRMI components is executed via the corrective maintenance program

where it is cost effective.

Retail Revenue Meters

The AMI meter replacement approach (individual replacement vs. mass replacement) is
dependent on the assets’ lifecycle stage (normal service life and end-of-service life) as discussed

above under “Lifecycle Strategy”.

The continued refurbishment/repair of AMI 1.0 meters is not feasible or cost effective given a
variety of considerations, including: (i) the volume and geographic distribution of individual
meters (over 1.4M devices distributed across 90% of the Province of Ontario); and (ii) the high
costs of refurbishment (shipping, lab assessing and diagnostics, repairing if feasible, resealing,

and re-shipping back to the field) relative to the cost of a new meter.
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SECTION 3.3 — DSP — BENCHMARKING AND OTHER STUDIES

Benchmarking can provide valuable insights into a utility’s performance, especially when used in
combination with specific cost drivers and other sources of utility performance information to
enable a meaningful overall assessment from an industry lens. Where applicable, the studies
also allow Hydro One to assess the work practices that underpin its accomplishments as well as

to better understand relevant industry standards/best practices.

In the Decision in Hydro One’s last Distribution Rate Application (EB-2017-0049), dated March 7,
2019, page 35, the OEB found that Hydro One had taken a “positive step forward” with respect
to benchmarking for key programs. For the subsequent rebasing application, the OEB directed
Hydro One Distribution to continue with its benchmarking and expand it to include other capital
programs and administration functions and to state how the results of studies have been
reflected in the program plans. Further, the OEB required Hydro One to “file information in its
next rebasing application for vegetation management, pole replacement, station refurbishment
and IT, reporting on the extent to which the projected outcomes from each of the benchmarking
studies considered in this application have been realized” (page 36 of the Decision in the last

Distribution Rate Application).

Hydro One has responded to the OEB'’s direction by continuing with and expanding upon various
benchmarking studies to gauge and inform a number of key functions and program plans. These
studies presented Hydro One with the opportunity to assess and pursue continuous
improvement based on comparison against its own past performance or the performance of
industry comparators. Notably, in addition to studies related to distribution poles/stations and
vegetation management, advanced metering infrastructure (AMI) end-of-life testing and
replacement cost benchmarking were included in the suite of studies to evaluate the meter life
assumptions, work practices and costs associated with this important work program. More

specifically, this exhibit presents the following studies:

Witness: FALTAOUS Peter, NG Chong Kiat, PAISH David
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1 Programs benchmarked in last distribution application:?

2 1. Pole Replacement Program Study - Guidehouse (formerly Navigant) and First Quartile
3 2. Station Refurbishment Program Study - Guidehouse and First Quartile

4 3. Vegetation Management Program - CN Utility

5 4. Optimal Cycle Protocol - ClearPath

7 New studies undertaken to expand benchmarking:

8 5. AMI Replacement Costs Benchmarking - Guidehouse and First Quartile

9 6. Accelerated Life Testing of Meters - Hydro Quebec

10 7. Billing and Call Center Costs Benchmarking - Information Services Group (ISG)
11 8. Smart Meter Efficiency Report

12
13 Additional third party and internal studies correspond to other aspects of the Application are

14 discussed elsewhere, as indicated below:

15 e The Total Factor Productivity Study and Econometric Total Cost Benchmarking Study is
16 discussed in Exhibit A-04-01;

17 e Review of the Productivity Framework is discussed in SPF Section 1.4;

18 e First Nations Reliability Report 2021 - Report on Initiatives to address reliability
19 challenges in First Nations, and northern communities (Internal Report) is discussed in
20 Exhibit A-07-02, Attachment 1;

21 e Report on the Execution of the DX Capital Program Relative to Plan (Internal Report) is
22 discussed in DSP Section 3.9, Attachment 2;

23 e Benchmarking of Corporate Costs & Administrative Functions is discussed in Exhibit E-
24 04-02;

25 e The Comparison of Common Corporate Costs Capitalization with Utilities in Ontario,
26 Canada and USA is discussed in Exhibit E-04-08; and

27 e The Total Compensation Cost Benchmarking Study is discussed in Exhibit E-06-01.

1 The IT benchmarking study is presented in GSP Section 4.3.
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331 POLE REPLACEMENT PROGRAM STUDY - GUIDEHOUSE & FIRST QUARTILE

3.3.1.1 STUDY OVERVIEW

The consortium of Guidehouse and First Quartile completed a study (which also covered station
refurbishment, as discussed in Section 3.3.2 below) to quantify and evaluate the unit costs of
Hydro One’s distribution pole replacements through benchmarking comparison and analysis
against a group of comparator utilities. In addition to cost data, data collected in relation to
demographics and work practices helped to inform a proper understanding of the cost
performance results in light of the utility’s unique operating context. As detailed below, the
study concluded, among other things, that Hydro One’s distribution poles are on average older
than the comparator group and replacement costs are comparable to the mean of the

comparator group.

3.3.1.2 STUDY RESULTS
The key findings of the Pole Replacement Program Study are set out in Table 1 below. A copy of

the report is provided as Attachment 1 to this Section 3.3.

Table 1 - Pole Replacement Program Study - Key Findings

# Key Study Finding Study Reference
Hydro One’s service territory covers more surface area than the average
comparator and includes a significant proportion of rural and remote
locations that can be difficult or require specialized equipment and
procedures to access.

In 2020, Hydro One initiated an annual standardized pole refurbishment
2 program and a test and treat program that are similar to those of Section 3.1.2
comparator utilities.

Hydro One utilizes both visual and data dependent sound and bore

Section 3.1.1

3 . . L . Section 3.1.3
inspection methods, with inspection rates that are lower than comparators.

4 Hydro One’s distribution poles are on average older than the comparator Section 3.1.4
group.
Hydro One replaces poles based upon condition and has a higher pole

5 replacement rate (including poles replaced upon failure) as compared with Section 3.1.4
comparators.

6 Hydro One’s pole replacement costs are comparable to the mean of the Section 3.1.4

comparator group.
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The consideration and/or impacts of these key findings in the context of Hydro One’s

investment plan are discussed below:

Finding 1: Large Service Area

Hydro One has the lowest customer density in terms of customers per circuit-kilometer of line
and per square kilometer of service territory (see DSP Section 3.3, Attachment 1, Figures 4 and
5). This observation highlights the challenges faced by Hydro One (including the difficulty in
accessing rural and remote locations) due to the unique demands and characteristics of its
distribution service territory and density of customers served. There are no actions required on

the part of Hydro One in relation to this finding.

Finding 2: Pole Refurbishment

Hydro One introduced a structural refurbishment program and chemical retreatment program
as recommended in the previous distribution pole replacement benchmarking study (which is
further discussed below). Both programs will continue over the planning period, providing
alternatives to pole replacement and extending the service life of Hydro One’s distribution poles
where feasible. To cost effectively mitigate pole-related risks through the DSP, Hydro One will
continue to balance the opportunity to deploy structural/chemical retreatment solutions with

the need for planned traditional pole replacement, in line with industry best practices.

Finding 3: Pole Inspections

Hydro One’s overhead inspection program has been combined with its vegetation inspection
program. This bundled work allows for more frequent visual inspections of Hydro One’s
overhead assets, including poles, without having to dispatch multiple crews to patrol the same

assets.

In addition to the more frequent visual inspections, Hydro One will test poles on a 15 year cycle

through the new test and treat program. These tests will collect additional data about pole
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condition and will through the application of retreatment (where appropriate) help extend the

life of the poles.

Finding 4: Older Poles on Average

While the study found that Hydro One’s distribution poles are on average older than the
comparator group, it is important to note that Hydro One does not proactively replace poles
based on the age of the pole. If poles are still in good condition, they will remain in service until
replacement is required due to a change in their condition or other system needs. In terms of
long-term expectations at the asset fleet level, this finding does highlight the existence of a
sizeable population of older than average distribution poles that would be reasonably expected
to deteriorate over time. There are no specific actions required on the part of Hydro One in

relation to this finding.

Finding 5: Pole Replacement Rate

Hydro One has a higher pole total replacement rate (which notably includes an average of 0.2%
of poles replaced annually by Hydro One due to failure) than comparator utilities. Between the
many projects and programs that involve pole replacements (e.g., planned replacement
program, emergency replacements, and other projects), Hydro One had an annual average total
replacement rate of 1.2% between 2015 and 2019 and a forecasted average total pole
replacement rate of 1.1% between 2020 and 2024 (DSP Section 3.3, Attachment 1, Figure 11).
Moreover, the report noted that the comparators’ replacement rates appear insufficient to
sustain their poles over the long term and that Hydro One has the largest percentage of poles
requiring replacement (4.62%) among the comparator group. When viewed in context of these

factors, the study results show that Hydro One’s overall pole replacement rate is reasonable.

Finding 6: Pole Replacement Unit Cost
Figure 14 in DSP Section 3.3, Attachment 1 compares Hydro One’s unit price for the pole
replacement program with other utilities costs. Hydro One’s unit costs are at the mean of the

comparator group.
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3.3.1.3 PAST STUDY

In accordance with OEB’s direction, this section provides an update on Hydro One’s
response/actions stemming from the previous pole replacement benchmarking study (see EB-
2017-0049, Exhibit B1-1-1, Section 1.6, Attachment 1). Table 2 is a list of the recommendations

from that study.

Table 2 - Past Study Pole Replacement Program — Key Recommended Actions

# Recommended Actions

Consider modifying the pole replacement program to include more complete pole inspections (sound, bore,
excavation) and a longer (approximately 10-year) inspection cycle — the OEB would need to approve the
change in inspection cycle.

Expand the existing centralized program management and pole selection approach to cover 90-95% of the
replacement / refurbishment work on poles in a given year, leaving the remainder to be guided by the local

staff while still meeting the centralized strategy and replacement criteria.
3 | Where geography and/or pole density permit, consider the use of dedicated pole replacement crews.
Consider modifying the program to include a rigorous pole refurbishment option, when appropriate.

Recommendation 1: Pole Inspection Process
This recommendation has been implemented in line with the intended objectives, as further

discussed in relation to the test and treat program under Finding 3 in Section 3.3.1.2 above.

Recommendation 2: Program Management

This recommendation has been implemented. Asset Management leverages inspection and
testing data to determine which poles are in poor condition and appropriately prioritizes them
as part of the investment planning process (for details, please see DSP Section 3.7). The result is
all poles prioritized for replacement are based on a centralized strategy and replacement

criteria.

Recommendation 3: Pole Replacement Crew
When there is a large number of poles that require replacement on the same section of line,
crews are often dedicated to completing this work. While having dedicated crews for a pole

replacement program may be the most efficient approach insofar as pole replacements are

Witness: FALTAOUS Peter, NG Chong Kiat, PAISH David
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concerned, it may negatively affect the efficiency of other work programs. For example,
sometimes flexibility in work assignments is needed to respond to other work demands (e.g.,
new connections, defect corrections and restoring power in a storm situation). Further, if there
is component replacement in the same area as a pole replacement, it is likely more efficient to
have the same crew complete both types of work instead of sending two dedicated crews to the
same site. Hydro One’s productivity and continuous improvement plan is detailed in SPF Section

1.4.

Recommendation 4: Pole Refurbishment Program
This recommendation has been implemented as discussed under Finding 2 in Section 3.3.1.2

above.

3.3.2 STATION REFURBISHMENT PROGRAM STUDY - GUIDEHOUSE & FIRST QUARTILE
3.3.21 STUDY OVERVIEW

The consortium of Guidehouse and First Quartile completed a study to quantify and evaluate
the unit costs of Hydro One’s distribution station refurbishment program through benchmarking
comparison and analysis against a group of comparator utilities. Similar to the pole replacement
study, in addition to cost data, data collected in relation to demographics and work practices
help to inform a proper understanding of the cost performance results in light of the utility’s
unique circumstances. As detailed below, the study concluded, among other things, that Hydro
One has lower than average costs to replace power transformers and refurbish distribution

stations (on a per transformer basis).

3.3.2.2 STUDY RESULTS

The key findings of the Distribution Station Refurbishment Program Study are shown in Table 3.

A copy of the study report is provided as DSP Section 3.3, Attachment 1.

Witness: FALTAOUS Peter, NG Chong Kiat, PAISH David
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Table 3 - Distribution Station Refurbishment Program Study - Key Findings

# Key Finding Study Reference

1 Hyd'ro One’s distribution substation assets service a higher percentage of rural Section 3.2.1
territory versus comparators.

Hydro One’s distribution substations have higher average peak loading (as a

) percentage of nameplate capacity) than comparators, and in contrast with Section 3.2.2
comparators are primarily comprised of single transformers that are sufficient for -
the population that they serve.

3 Hydro One has lower than average costs to replace power transformers as they are Section 3.2.3
primarily comprised of smaller transformers. -
Hydro One has lower than average costs for distribution substation refurbishments .

4 . Section 3.2.4
on a per transformer basis.

Hydro One has recently focused more on component-centric projects, which aligns

5 with the most common approach to station refurbishment among comparator Section 3.2.5

utilities.
Hydro One has also introduced a lower cost unfenced pad mount transformer
6 solution for replacement of smaller substations (where feasible), which most other Section 3.2.6

utilities have not considered.

The consideration and/or impacts of these key findings on Hydro One’s investment plan are

discussed below:

Finding 1: Substation assets service a higher percentage of rural territory

The study noted that 70% of Hydro One’s service territory are rural areas with low population
density. This shows the unique demands/characteristics associated with Hydro One’s
distribution system — one that is characterized by low customer density and small substation
transformers to serve smaller numbers of local customers. There are no actions required on the

part of Hydro One in relation to this finding.

Finding 2: Higher peak loading single transformer substations

The study stated that Hydro One had by far the highest percentage of single-transformer
stations in the comparator group. Hydro One has the highest percentage of single transformer
substations since the system is setup such that in the event of contingencies involving the failure
of single bank transformers, Hydro One relies on the availability of a fleet of Mobile Unit
Substations (MUSs) (see DSP Section 3.2, subsection 3.2.2.4) that are driven to the relevant

station and connected (where connection poles are available) to restore load in place of the
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failed transformer. The sharing of MUSs amongst many substations is a less costly alternative

compared to designing rural substations with a second transformer bank for failure contingency.

The study also noted that Hydro One’s Distribution substation transformers had the highest
peak loading as a percentage of their nameplate rating in the comparator group. Consistent with
this finding, Hydro One notes that its planned loading limits for distribution substations are

normally above the manufacturer nameplate rating.

No specific actions are required on the part of Hydro One in relation to these findings.

Finding 3: Lower than average transformer replacement costs

The study found that Hydro One has lower than average costs to replace power transformers,
with a partial reason being that Hydro One substations are primarily comprised of smaller
transformers. Hydro One’s transformer replacement costs are appropriate based on the study

findings.

Finding 4: Lower than average substation refurbishment costs

With respect to station refurbishment projects, the study found that Hydro One had lower than
average costs than the comparators. In this regard, costs were normalized and compared on a
per-transformer basis in the study, consistent with the single-transformer configuration of most
of Hydro One’s distribution stations. This finding provides further support and validation for

Hydro One’s approach to station refurbishment from a cost perspective.

Finding 5: Focused more on component-centric projects

Under its current approach for managing the distribution station transformer fleet, Hydro One
releases projects that focus on planned transformer replacements and other station component
replacements as required to accommodate the transformer replacement. If there are other
station assets that are in poor condition and in need of replacement, they are bundled with the

transformer replacement project, however other component assets in good or fair condition are

Witness: FALTAOUS Peter, NG Chong Kiat, PAISH David
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not be replaced. Through this approach, Hydro One aims to more effectively target the high risk
components in Hydro One’s distribution stations. Programs for the replacement of individual
stations components including reclosers and MUS connection structures, will continue. Hydro
One’s planned approach is in line with the finding that most comparator utilities also focus more

on component-centric projects.

Finding 6: Introduced a lower cost unfenced pad mount transformer solution

The study noted that Hydro One has a lower cost unfenced pad mount transformer solution for
smaller substations. This solution is an alternative to a station refurbishment project that
involves removing the station components, including the power equipment, structures and
fence. The station is then replaced with pad mounted transformers located with underground
primary and secondary cables. This lower cost solution is not feasible at all of Hydro One’s
substations due to feeder loading requirements and other technical reasons. Where feasible,
the solution offers a less costly alternative to a full station rebuild. Based on the findings of the
study, Hydro One is one of the few companies in the comparator group that is leading the way

in deploying this innovative solution.

3.3.23 PAST STUDY

In accordance with the OEB’s direction, this section provides an update on Hydro One’s
response/actions stemming from its previous station refurbishment benchmarking study (see
EB-2017-0049, Exhibit B1-1-1, Section 1.6, Attachment 1). Table 4 outlines the key

recommendations from that study.

Table 4 - Past Study Distribution Station Refurbishment Program — Recommended Actions

# Recommended Actions
data and incorporating that information into the asset condition scoring and project planning process.

process.

Develop and implement more comprehensive key performance indicators, including in-progress project
3 | cost performance measures, assessments of project/program impacts on substation reliability, maintenance

costs, and overall asset health.

Witness: FALTAOUS Peter, NG Chong Kiat, PAISH David
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Recommendation 1: Project Planning Process
The study recommended implementing a formal data governance process for equipment
performance and maintenance data, and to incorporate that information into the asset

condition scoring and project planning process.

Hydro One has a formal governance process in-place for maintenance data which informs asset
condition scoring. Additionally, Hydro one continuously looks for ways to improve this data.
Examples of such improvements include the creation of new SAP measurement
points/documentation to track condition-related issues, such as transformer oil leaks, under-
load tap changer minimum and maximum positions, and poles and station structures that lean

excessively.

The study also recommended incorporating test results and maintenance history data for
switching and protection equipment and relays into the asset condition scoring and project
planning process. In this regard, Hydro One notes that its station projects are driven by
condition-based replacements of major components (e.g., transformers, reclosers and
structures). By contrast, switches, protection and relay equipment — as relatively minor assets
whose failures pose less risks — do not drive such projects and are instead repaired or replaced

when deemed defective.

Recommendation 2: Project Management Execution
The study recommended enhancing cost and work completed reporting for individual projects,

and implementing a formal change control process.

Hydro One has a formal change control process in place. Station refurbishment projects
(including full station rebuilds, planned transformer replacements and pad-mount transformer
installations) are released as separate investments, which facilitates enhanced cost reporting

and progress tracking.
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Recommendation 3: Key Performance Indicators (KPlIs)
The study recommended developing a more comprehensive set of key performance indicators,
including project cost performance measures and assessments of project impacts on substation

reliability, maintenance costs and overall asset health.

Hydro One tracks project cost performance through the “Station Refurbishment Gross Cost Per
MVA in $” metric (DSP Section 3.5, subsection 3.5.1.3). This metric measures Hydro One’s
success in cost-effectively delivering station refurbishment projects. Since these projects will
vary in costs due to the different scope of work for each project, this metric should be viewed as
a trend over a number of years to enable cost performance comparisons over time and inform

potential improvements.

Hydro One tracks the impact of station transformer failures on the reliability of the distribution
system as a whole. The intention of station refurbishment projects is to replace assets in poor
condition prior to failure (not after), so monitoring the impact of station projects on the

reliability of individual stations is not meaningful.

Hydro One monitors the impact of station projects on overall asset condition. Details of the

condition of station assets can be found in DSP Section 3.2, subsection 3.2.2.

333 VEGETATION MANAGEMENT PROGRAM STUDY - CN UTILITY

3.3.3.1 STUDY OVERVIEW

CN Utility Consulting, Inc. (CNUC) carried out a benchmarking study of Hydro One’s Utility
Vegetation Management (UVM) program against industry comparators (DSP Section 3.3,
Attachment 2). Hydro One’s UVM program is known as the Optimal Cycle Protocol (OCP), which
was introduced pursuant to the recommendations outlined in Clear Path Utility Solutions, LLC's
(Clear Path) 2017 Forestry Assessment report. Hydro One’s transition to OCP represented a shift
from a corridor-based UVM strategy to a defect-driven program that is focused on high-risk

trees and tree-power line defects. CNUC previously completed the 2009 and 2016 UVM
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benchmarking studies for Hydro One. The 2020 benchmarking study had the following three
objectives.
1. Review Hydro One’s distribution system attributes in relation to peers and other
industry survey respondents.
2. Compare and contrast Hydro One’s UVM program with peers and other industry survey
respondents.

3. Analyse the results to date of Hydro One’s OCP implementation.

CNUC leveraged data from its survey — Utilities & Vegetation Management in North America: A
2019 Utility Forestry Census of Tree Activities & Operations survey (CN-UWSP Survey) in
partnership with the University of Wisconsin-Stevens Point (UWSP). CNUC also used a
supplemental survey for 2020 to generate additional insights into Hydro One’s UVM practices.
The various comparator groups referenced below (e.g. “Peer 2019” and “AR 2019”, where “AR”
denotes “All Respondents” that participated in a particular survey) are described in detail in the

benchmarking report (see DSP Section 3.3, Attachment 2, page 1).

Witness: FALTAOUS Peter, NG Chong Kiat, PAISH David
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3.3.3.2 STUDY RESULTS

Table 5 - Vegetation Management Benchmarking Study (CNUC) - Key Findings

# Key Study Findings Study Reference

HONI’s number of customers is statistically less than the Peer 2019

average and is statistically greater than the AR 2019 average. But,

HONI has a significantly larger system in terms of distribution ROW km Section 4.1

compared to both the Peer 2019 and AR 2019 groups. The result is System Attributes

that HONI has a customer density that is much lower than other

utilities.

HONI has a distribution system that is much more rural and remote in

2 comparison to other utilities. This is notable because rural and remote

areas are more difficult and expensive to access and manage.

HONI’s scope of UVM work, though statistically different from the

Peer 2019 and AR 2019 group generally, is not significantly different

from the Peer 2019 group for under clearances. HONI’s clearances and Section 4.2

the interval of work result in percentages of reactive work and trees in Program Attributes

contact at the time of work that have no statistical difference from

that of the Peer 2019 group but differ from the AR 2019 group.

HONI has a rate of removal that is three-times greater than other

survey respondents. HONI has shifted its scope of work to include-

ROW hazard trees as well. The 2017 Forestry Assessment estimated

that 90% of HONI’s distribution outages are caused by this tree

population. Therefore, this high rate of removal is likely to pay Section 4.2

dividends in the future in improved reliability from hazard tree Program Attributes

reduction. Additionally, any tree removal reduces the total tree

inventory on the system. A percentage of in-growth is expected each

year as new trees seed in or resprout, so to avoid increasing future

workloads, reducing this inventory is key.

HONI’s use of herbicides was behind that of Peer 2016 respondents

and has not decreased since that time, while the Peer 2020 group has

5 increased adoption by over 20%. The use of herbicides is an industry

best management practice in reducing the in-growth and regrowth of

removed trees.

HONI reduced the work interval by more than half and has done so Section 4.3

without increasing the average program budget. Operational Outcomes

HONI has an average program budget 2.5 times that of the Peer 2019

group, however, this disparity is largely explained by HONI’s unique

7 and challenging UVM setting. HONI has a similarly sized customer
base as the Peer 2019 group but twice the number of distribution
ROW kilometres.

Section 4.1
System Attributes

Section 4.2
Program Attributes

Section 4.3
Operational Outcomes
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HONI has seen a reduction in cost per managed ROW km of over 50%
from 2016 compared to the average of the OCP period (2018-2020).
HONI’s non-FM SAIDI remains higher than the Peer 2020 group. A
higher non-FM SAIDI is expected due to HONI’s rural and remote
9 service territory. However, since the OCP implementation began, Section 4.3,4.4
there has been a clear shift in the HONI Non-FM SAIDI trend for the

better

Through implementation of the OCP, HONI has reduced its

maintenance interval from 9.5 years to a projected first cycle of 4.1 Section 4.3, 4.4
years. This interval will continue to be optimized through a defect-

driven approach in subsequent cycles.

Section 4.3,4.4

10

Finding 1: HONI has a significantly lower customer density compared to Peers

Hydro One Distribution serves a large majority of customers in some of the lowest population
density regions in the Province of Ontario. 98% of Hydro One Distribution’s ROWs are classified
as rural in the CNUC study. HONI's number of customers is statistically lower than the
comparator groups in the CNUC study; however, due to a significantly larger service territory,
HONI has a significantly lower customer density than the comparators. This is a critical
consideration, particularly when examining UVM program expenditures. There are no actions

required on the part of Hydro One in relation to this finding.

Finding 2: HONI has a largely rural distribution service territory

The rural and remote nature of HONI’s service territory is an important system attribute and a
driver for low customer density. 98% of HONI’'s ROW km are classified as rural or remote
compared to less than 60% for the relevant comparator groups. This means that only 2% of
HONI’'s ROW km are suburban or urban in comparison to over 40% for the relevant comparator
groups. This is notable because urban and suburban areas are more easily accessed and

managed. There are no actions required on the part of Hydro One in relation to this finding

Finding 3: HONI’s reactive work and trees in-contact are in-line with its Peer group with
certain Scope of Work differences

Hydro One’s defect driven program (OCP) focuses on high risk trees and tree power line conflicts
that through the use of highly skilled arborists ensures the required clearance without removal

of all limbs of a tree on the side closest to the powerline along a ROW. In contrast, several
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comparator utility respondents remove all tree limbs on the wire side of a tree. These under
clearances are not significantly different from the Peer 2019 group. The 2017 Forestry
Assessmentecommended a defect-driven strategy (which HONI has shifted to) that focuses on
defects (hazard trees and contacts) to reduce costs per km while still producing positive safety

and reliability outcomes (see EB-2017-0049, Exhibit B1-1-1, Section 1.6, Attachment 2).

Finding 4: Hydro One has a tree removal rate much greater than its Peer group

The 2017 Forestry Assessment recommended a greater emphasis on reducing high risk trees.
HONI has responded by increasing its removals from 20% in 2016 to 60% in the period 2018-
2020 of all vegetation defects treated. This increase in tree removal comes due to a change in
work scope as part of HONI’s OCP strategy that includes off ROW trees. In the 2017 Forestry
Assessment, it was estimated that as much as 67% of the three-year projected defect workload
would be related to off-ROW trees that were not part of the pre-OCP UVM work scope. The
report also estimated that 90% of distribution system outages appeared to be caused by off-
ROW tree and branch failures. The high tree removal rate is expected to decrease in the second
cycle of the OCP program and reduce future vegetation management work needed. There are

no further actions required on the part of Hydro One in relation to this finding.

Finding 5: Decrease in Herbicide use on Hydro One ROWs.

When Hydro One switched to OCP, off ROW trees were included in the specification and the
resulting tree removal rate increased to 60% from 20% of all defects managed. In order to fund
the increased removal rate without additional funding to the program, road side brush control
was paused until the second cycle of the OCP which is expected to see a reduction in the tree
removal rate. The pause of road side brush control limited the opportunities for herbicide
application which resulted in the reduction of herbicide use. As CNUC noted, the use of
herbicides is an industry best management practice and is a key tool in reducing the in-growth
and regrowth of removed trees. During the second cycle of OCP, Hydro One will increase its use

as brush control is resumed.
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