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DESCRIPTION OF THE DATA

Introduction

Data Sets
Conductor data was organized into two principal sets:

1) Conductor condition assessment data. This data was provided in two data sets:

a) The first condition assessment data set (referred to hereafter as data set 1a) was
from an earlier study conducted by Hydro One, i.e. Conductor End of Life Study
dated August 2016. This set was used to perform exploratory data analyses as
documented in Chapter 3.

b) The second condition assessment data set (referred to hereafter as data set 1b) was
provided at a later date and consists of additional OCS 4 data as well as additional
samples from “Long Test Reports”. This set was used to derive condition
assessment based Weibull models as documented in Chapter 4.

2) Replacements and in-service fleet demographic data. The replacement data was used to
derive the replacement-based Weibull model as documented in Chapter 4. The in-service
fleet demographic data was used as the basis for calculating projections of circuit-
kilometers that will reach conditions that require replacements in the future, as
documented in Chapter 5.

The remainder of this chapter provides a more detailed description of the above mentioned data
sets. Note that the following section on conductor assessment data focuses on data set 1b as this
is the data used to derive the condition-based hazard functions.

Conductor Assessment Data

The conductor assessment data set (1b) comprises 443 records extracted from test reports dated
from 2001 to 2016, with one assessment performed per conductor. Of the 443 records, 420
records applied to aluminum conductor steel reinforced (ACSR) samples, therefore the analysis
focused on ACSR conductors. Other conductor types may perform differently.

The assessment data provided for each conductor included (1) demographic description such as
age, size and stranding, and (2) condition assessment including extent of rust, severity of rust,
remaining zinc, torsional ductility, and tensile strength. From this data, the project team
explored how the conductor overall condition and its constituent assessment factors are affected
by independent variables including age, conductor stranding, conductor size, and corrosion zone
categorization.
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General Discussion
The conductor Condition Assessment (Score) data used are not from random samples.

For the replacements data, it is unclear whether all replacements were due to failures or lines
reaching condition(s) that warrant replacements or some other reasons. Analysis results from
such data can potentially be pessimistic. However, the similarity between results based on
condition assessment data and results based on replacements data lead one to believe that such a
concern is not necessarily warranted, especially when the commonalities between the two data
sources in terms of time periods and circuits represented are limited (as discussed previously and
shown in Figure 4-3).
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both OCS 5 and OCS 4, and five circuits are represented by both OCS 5 (long) and OCS 4.
Among these intersections, three circuits (C27P, D2L) are represented by all three subsets.

A5H, A7L/R1LB, A8K, B23C,

B5QK, B7, C22J, C7BM, D10H, OCS 4
38 circuits represented,
D1M/D2M, D2H, D4z, D6V, D7F, 12 of which are shared
E8V, H23B, L22H, L9C, M7E, with OCS, OCS 5 (long),
Q4C, Q6A, S2N, T2R, T61S, or both

TIK/M24, X2Y

A4L, B5G,
C28C, D3H,
E1C, K4, P1P

(231055 it OCS 5 (lonq)
circurts 57M1, A9K, C1A, P
represented A6P, B6G, 12 circuits .
10 of which ' C2P, D3A, D6, represented, six of
ot whic C25H, D1A, which are shared with
are shared Hi1L, LlS, PSS,
) H24C, H27H 0OCS4, OCS 5, or
with OCS4, Q3M6, T36B/T37B both
OCS 5 (long),
or both
Figure 2-1

Venn Diagram Showing Circuits Associated with All Three Subsets of the Conductor Assessment
Data, i.e. OCS 5, OCS 5 (long), and OCS 4, along with their Intersections

Replacements and In-Service Fleet Demographic Data

In addition to the assessment data, Hydro One provided historical replacement records. These
replacement records span from January 1988 to January 2017 and the youngest age at
replacement recorded was 41. A total of 126 replacement records were provided for 48 unique
circuit designations and totaled 3,858 kilometers. Also provided was a list of in-service line
sections and their ages representing 559 unique circuit designations. Figure 2-2 shows the
cumulative installed conductor length by age, based on in-service ACSR fleet data as of October
2017.
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possible.

MR. KEIZER: That"s fine.

MR. SIDLOFSKY: So that will be JT1.1.

MR. WALSH: Next question is on 77, thank you. So 1-°d
understood that in Hydro One®s response it is not possible
to refurbish or maintain deteriorated conductor through
repairs.

IT Hydro One were to replace a deteriorated splicer
sleeve, is this considered to be a repair to the conductor
system or the conductor?

MS. JABLONSKY: 1t would be considered a repair.

MR. WALSH: A repair to the conductor?

MS. JABLONSKY: To the conductor. It is a component.

MR. WALSH: Okay. So if you had the repair would it
change the condition assessment for the conductor?

MS. JABLONSKY: IFf that was the only component that
was deteriorated. But if we are looking at the ESL for the
conductor, it is far greater than the ESL of the sub-
component of the conductor.

MR. WALSH: Okay, thank you. So iIn response to Staff
118, Hydro One stated that conductor-caused outages are
tracked at the conductor system level and not at the
conductor sub-components level. That"s my understanding.

How does Hydro One differentiate between an outage
caused by -- or caused by deteriorated or improperly
installed splice or sleeve or connector on a conductor and
an outage caused by a deterioration of the actual

conductor?

ASAP Reporting Services Inc.
(613) 564-2727 (416) 861-8720
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MR. JESUS: We don"t differentiate. If a conductor
fails we treat it as a failure of the conductor.

MR. WALSH: Okay. Thank you. 1In Staff 119(b) you
stated that replacing a splice costs approximately 1/20th
as much as replacing the conductor section between splices.
Given the significant cost differential between replacing
splices and replacing entire conductor systems, would it be
prudent for Hydro One to track conductor system failure
causes to validate whether conductor failure risk is
primarily attributable to splice failures or to general
conductor failures?

MR. JESUS: 1 think -- 1 think we need to recognize
that a conductor is -- we take samples In sections of the
conductor. So although it"s failed in a small section, it
has not addressed the overall condition of that conductor.

So, yes, a splice if i1t fails would be used to quickly
restore supply to our customers, but the overall condition
of that conductor has not changed. So we will -- we take
samples of our sections. We don"t normally go in there and
say there®"s a 200-kilometre line and replace the whole
thing. We look at the appropriate sections where we carry
out condition maintenance and condition assessments of
various sections and we determine whether or not the entire
conductor needs to be replaced. Splicing is just a
temporary Tix, and 1t has not addressed the overall
deterioration of that steel that"s in the air.

MR. WALSH: Okay, thank you. |Is loss of tensile

strength and loss of ductility for typical Hydro One

ASAP Reporting Services Inc.
(613) 564-2727 (416) 861-8720
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Schedule 119
Page 1 of 1

OEB INTERROGATORY #119

Reference:
TSP-03-03, ISD-SR-19

Interrogatory:

a)

b)

Please confirm that the example in Figure 5 shows a failed splice rather than a failed
conductor.

Please compare the relative cost of replacing a sleeve or dead end fitting versus the
cost of replacing 3 to 4 km of conductor (i.e. the distance between splices for typical
reel lengths).

Does Hydro One preferentially replace entire reels of conductor in situations where
the conductor system deterioration is focused at sleeves and/or dead end fittings?

Response:

a)

b)

As stated in ISD SR-19, page 7, Figure 5 shows a fallen conductor as a result of an
insulator failure.

The cost of replacing a single conductor connector is approximately 1/20™ of the cost
of replacing 3 to 4 km of conductor.

Hydro One does not preferentially replace entire reels of conductor in situations
where a conductor system’s deterioration is verified to be isolated to a conductor
connector.

Witness: Donna Jablonsky
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B Needs Assessment
M Low Risk
M Fair Risk
m High Risk

Figure 1 - Distribution of Overhead Conductor Condition

ACSR conductors consist of aluminum strands that surround galvanized steel strands,
referred to as the core. Once the galvanized coating of the core wears off, for example as
a result of weather or strand movement, the exposed steel strands corrode quickly,
resulting in a loss of tensile strength or ductility. Deterioration of tensile strength results
in a failure to hold required loads, while deterioration in ductility, makes the conductor
brittle, making the suspended conductor which is moved by wind forces susceptible to

cracking and breaking, as shown in Figure 2.

Figure 2 - Broken ACSR Conductor

Witness: Donna Jablonsky
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Figure 4 - Fallen span of conductor

Figure 5 - Damage from a fallen conductor

Witness: Donna Jablonsky



Condition Assessment Methodology

The following describes the parameters considered by Hydro One when performing condition
assessment on ACSR conductors. These condition parameters are derived through 3" party
laboratory testing on conductor samples typically five meters in length. These five condition
parameters are:

1) Extent of Rust — Visual Inspection
2) Severity of Rust — Visual Inspection
3) Remaining Zinc — ASTM test

4) Torsional Ductility — ASTM test

5) Tensile Strength — ASTM test

Based on the test results, a 1 to 5 (best to worst) condition value was assigned for each test.
Strand tests were translated to overall conductor state. Conductor overall condition is expressed
as a weighted average, as shown in Table 2-1.

Table 2-1
Overall Conductor Condition: Weighted Average
(Source: Hydro One Conductor Condition Assessment Program)

Assessment (Test) Factor Weight for Overall Condition
Extent of Rust 10%
Severity of Rust 10%
Remaining Zinc 10%
Torsional Ductility 30%
Tensile Strength 40%
Total 100%

Conductor Condition Assessment Data

The Hydro One Conductor Condition Assessment Program defines an overall condition score of
5 as equivalent to “end-of-life.” Hydro One provided condition assessment data collected
between January 2001 and December 2016.

Investigators separated conductor assessment data by Overall Condition Score (OCS). Of the
initial 404 conductor samples, 28 samples were assessed as OCS 5 from 21 different circuits and
61 samples were assessed as OCS 4 from an additional 29 different circuits. The remaining 315
samples were assessed as OCS 1 through 3.

Hydro One provided an additional set of 16 ACSR condition assessments based on “Long Test
Reports” for 12 unique circuits. These were reports of more extensive laboratory investigations
of this added set of field samples. All of these samples were considered as OCS 5 providing
another 9 different circuits not assessed as OCS 5 in the previous data set.

Considering all the available assessment data, samples from a total of 30 unique circuits were
deemed to have an OCS of 5. Figure 2-1 illustrates the circuits that are represented by all three
subsets of the conductor assessment data, namely OCS 5, OCS 5 (long), and OCS 4. Note that
three circuits are represented by both OCS 5 and OCS 5 (long). Nine circuits are represented by
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e) As discussed in Exhibit B-1-1, TSP 2.2, the number of forced outages due to

conductor failures has improved over the past ten years while the outage duration has
been relatively stable over the same period. However, Hydro One aims to proactively
replace its deteriorated assets before they fail. As such, meaningful correlation
between failure rates and fleet/system condition is not available. As noted in
Interrogatory 1-01-OEB-120 part e) i) and discussed in See 1-01-OEB-125, between
2008 and 2018, 36 delivery points were interrupted as a result of failures along the
1903 circuit-km of ACSR conductor planned for replacement. This corresponds to
0.02 delivery point interruptions per km. In comparison, the overall fleet of 29,107
circuit-km of conductor experienced 126 delivery point interruptions between 2008
and 2018. This corresponds to 0.004 delivery point interruptions per km. Therefore,
the 1903 circuit-km of conductor planned for refurbishment is presently
demonstrating five times more delivery point interruption when compared to the
overall fleet.

Witness: Bruno Jesus, Donna Jablonsky, Bruno Jesus/Donna Jablonsky
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OEB INTERROGATORY #93

Reference:
TSP-03-01 p. 16 TSP-01-01 p. 43

Interrogatory:
At the first reference above, Hydro One stated the following:

Hydro One operates a condition assessment program that focuses on conductors beyond
50 years of age. Condition assessment results indicate that 13% of the conductor fleet is
at high risk. Despite a planned increased level of replacements when compared to
historical levels, the number of conductors beyond the ESL of 90 years is still increasing.
An overhead conductor failure can have severe reliability and safety consequences. If this
issue is not addressed in a proactive and timely manner, system and customer reliability
as well as safety will be placed at risk. Consequently, an increase in planned
replacements — even though it will not completely stop or reverse the trend in line
demographics — is required to maintain acceptable fleet condition and performance and to
avoid a sudden spike in future investments that would otherwise be required as a result of
deferred replacements.

At the second reference above, Hydro One stated the following:

Lines Asset Management

Hydro One’s approach to asset management for its transmission line assets is shaped by
the nature of the specific line assets and their typical service lives. In particular,
transmission conductors have an expected service life of 90 years. When a conductor fails
or based on its condition, as confirmed by testing, has been determined to have reached
end of life, replacement is the only solution.

a) How common are system events caused by overhead conductor failures? To be more
specific, what percentage of Hydro One customer delivery point interruptions are

directly caused by spontaneous condition-related conductor failures?

b) How many such events occur each year?

Witness: Bruno Jesus, Donna Jablonsky
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c)

d)

Please confirm that the stated percentages and event counts in Hydro One's response
to parts a) and b) do not include conductor failures caused by external factors such as
tree falls, vehicle contacts, lightning strikes, tornadoes/extreme wind fronts or
extreme snow/ice loads that exceed design loads.

Please provide a list of the most common conductor-related failure modes
experienced by Hydro One (e.g. sagging into objects during hot weather power loads,
heavy snow loads or heavy ice loads, blowing into other objects under extreme wind
loads, phase to phase contacts under galloping conditions, splice/sleeve failures, dead
end/termination compression hardware failures, etc.).

Please provide an associated percentage of conductor failures per mode identified in
part d).

Please distinguish between conductor life and risk of failure versus sleeve (splice) or
compression dead end failure.

Response:

a)

b)

c)

d)

Approximately 1% of delivery point interruptions are due to conductor failure.
There are on average 9 delivery point interruptions per year.

The interruptions are related to conductor failure. The mechanism of failure is not
readily available.

There are two major modes of failure with transmission conductors — loss of tensile
strength and loss of ductility. Isolated deficiencies such as surface corrosion bird-
caging, strand fraying or splice disconnects can be repaired and are not considered
failure modes for the conductor system.

Statistics on conductor modes of failure are not readily available.
This differentiation is not available. As presented in Exhibit B-1-1, TSP Section 2.2,

page 58, conductor caused outages are tracked at the conductor system level as a
whole and not down to individual conductor components.

Witness: Bruno Jesus, Donna Jablonsky
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TSP Section 3.3
Page 15 of 20

look at these projects first for reprioritization. Failure to complete Low Priority

projects is not expected to have significant detrimental effects on the system in

the near term.

4
5 Table S - System Access - Material Capital Investments Proposed
ISD Investment Name 2020 | 2021 2022 2023 2024
SA-01 | Connect New IAMGOLD Mine 24.9 0.0 0.0 0.0 0.0
SA-02 | Horner TS: Build a Second 230/27.6kV Station 29.9 0.0 0.0 0.0 0.0
SA-03 | Halton TS: Build a Second 230/27.6kV Station 8.0 17.7 6.0 0.0 0.0
SA-04 | Connect Metrolinx Traction Substations 6.5 7.9 7.1 1.0 0.0
SA-05 | Future Transmission Load Connection Plans 0.0 5.0 249 24.9 0.0
SA-06 lér;fz::t?fn and Control Modifications for Distributed 33 31 27 23 )3
SA-07 | Secondary Land Use Transmission Asset Modifications 551 15.0 13.9 15.6 3.9
System Access Projects & Programs Less Than $3M 27.6 9.4 8.5 7.8 9.2
Total Gross System Access Capital ($M) 155.7 58.1 63.0 52.0 15.8
Less Capital Contributions ($M) (130.9) | (46.7) | (51.3) | (39.3) | (11.7)
Total Net System Access Capital ($M) 24.8 11.3 11.7 12.7 4.1
6
7 Table 6 - System Renewal - Material Capital Investments Proposed
ISD Investment Name 2020 2021 2022 2023 2024
SR-01 | Air Blast Circuit Breaker Replacement Projects 107.5 128.4 133.5 129.2 98.7
SR-02 | Station Reinvestment Projects 107.0 1254 120.6 87.9 53.9
SR-03 | Bulk Station Transformer Replacement Projects 332 51.8 72.5 131.5 113.8
SR-04 | Bulk Station Switchgear and Ancillary Equipment 17.5 324 41.4 34.6 493
Replacement Projects
SR-05 | Load Station Transformer Replacement Projects 91.2 132.3 129.4 178.5 200.0
SR-06 | Load Station Switchgear and Ancillary Equipment 19.2 30.8 47.5 58.4 77.0
Replacement Projects
SR-07 | Protection and Automation Replacement Projects 6.7 8.6 12.7 12.2 21.7
SR-08 | John Transformer Station Reinvestment Project 35 17.9 25.6 24.0 20.9

Witness: Donna Jablonsky/Robert Reinmuller/Rob Berardi/Lincoln Frost-Hunt
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SR-09 ere;reli;nission Station Demand and Spares and Targeted 442 36.4 370 377 383
SR-10 | Transformer Protection Replacement 3.8 0.0 0.0 0.0 0.0
SR-11 | Legacy SONET System Replacement 4.1 26.0 27.6 28.1 28.1
SR-12 | Telecom Performance Improvements 0.0 0.9 55 3.7 0.0
SR-13 | ADSS Fibre Optic Cable Replacements 7.0 7.1 1.0 0.0 0.0
SR-14 | Mobile Radio System Replacement 2.9 6.2 6.1 4.0 0.0
SR-15 | Telecom Fibre IRU Agreement Renewals 0.0 2.8 8.5 2.6 1.5
SR-16 | NERC CIP-014 Physical Security Implementation 18.0 18.0 18.0 0.0 0.0
SR-17 | NERC CIP Transient Cyber Asset Project 35 0.0 0.0 0.0 0.0
SR-18 | PSIT Cyber Equipment Replacement 1.0 5.0 7.7 7.0 34
SR-19 gj‘;;:r“ésgggua‘g; geé‘t‘;tl’cliﬂfel:nt End of Life ACSR, 818 | 1221 945 51.0 75.9
SR-20 Xrélg;mcijs;il(zllllm{;i?e Refurbishment - Near End of Life 622 63.4 111.7 117.8 137.7
SR-21 | Wood Pole Structure Replacements 51.0 52.0 53.0 54.1 55.2
SR-22 | Steel Structure Coating Program 11.4 21.8 223 22.7 23.2
SR-23 | Tower Foundation Assess/Clean/Coat Program 11.8 223 22.8 23.3 23.7
SR-24 | Transmission Line Shieldwire Replacement 12.3 12.6 12.8 13.1 13.4
SR-25 | Transmission Line Insulator Replacement 68.3 69.7 66.3 67.6 68.9
SR-26 | Transmission Line Emergency Restoration 9.6 9.8 10.0 10.2 10.4
SR-27 | CSE/C7E Underground Cable Replacement 2.1 29.8 30.9 322 29.2
SR-28 | OPGW Infrastructure Projects 53 7.5 2.2 6.2 9.7
SR-29 | Physical Security ISL Application Replacement 5.0 1.1 0.0 0.0 0.0
System Renewal Projects & Programs Less Than $3M 77.8 67.3 60.1 44.1 41.1
Total Gross System Renewal Capital ($M) 869.1 1,109.2 1,181.1 1,181.5 1,194.9
Less Capital Contributions ($M) (3.8) (6.1) (8.3) (4.2) (1.2)

Total Net System Renewal Capital ($M) 865.2 | 1,103.1 | 1,172.8 | 1,1774 | 1,193.8

1

2 Table 7 - System Service - Material Capital Investments Proposed

ISD Investment Name 2020 2021 2022 2023 2024
SS-01 Lennox TS: Install 500kV Shunt Reactors 323 0.0 0.0 0.0 0.0
SS-02 | Wataynikaneyap Line to Pickle Lake Connection 249 1.5 0.0 0.0 0.0

Witness: Donna Jablonsky/Robert Reinmuller/Rob Berardi/Lincoln Frost-Hunt
14
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UNDERTAKING -JT 1.11

Reference:
I-07-SEC-016, part c)

Undertaking:
To re-file previous undertakings, now un-redacting the previously redacted transmission

related information.

Response:
Attachments 1 to 8 contain Hydro One's response to the undertakings J2.4 and J7.01 that

were filed in the EB-2017-0049 proceeding. These attachments are also referenced in the
interrogatory response, 1-07-SEC-016 filed in the current proceeding. Certain portions of
the attachments contain information that has been redacted with a red box or a black box
as follows:

e Red box redactions contain information that relates to the unregulated business of
Hydro One's affiliated companies and as such is not relevant and falls outside of
the scope of the current proceeding. In the EB-2017-0049 proceeding, the Board
considered the relevance of the red box redacted information and concluded that it
has little probative value to the Board in assessing the ultimate proposal submitted
by Hydro One in its application.

e Black box redactions contain information that was prepared in contemplation of
Hydro One's 2017-2018 transmission rate application (EB-2016-0160). In most
instances, the information contains plans, strategies, or considerations that were
formulated in developing the 2017-2018 transmission rate application. It also
contains historical information and values that have been reproduced in the
current proceeding. The EB-2016-0160 proceeding has been adjudicated and the
Board rendered its revised decision on November 1, 2017. As such, the
information pertaining to the concluded proceeding is not relevant and has no
probative value to the Board in assessing Hydro One's proposals that are subject
of the current proceeding.

Witness: Regulatory Affairs
15



4 Clear backlog
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Sub-Tx lines have been maintained on a 6-8 year cycle at

the expense of Dx lines

Nearly all Sub-Tx lines have been
maintained on 6-8 year cycle

kms Sub-Tx
4,000 A _
6% older
3000 m than 8 years
2,000 A
1,000 -
O T T T T T T T IDIDIDIDIDI T T T Irll

1234567 8 91011121314151617 18

Years since last trim

Current vegetation management spending insufficient to

Over one third of Dx feeders older than

8 years old
kms Dx
10,000 -
34% older
8,000 A than 8 years
6,000 -
4,000 -
2,000 -
0 _

1234567 8 91011121314151617 18

Years since last trim

maintain all ROW on <8 year cycle

Source: Hydro One Asset Portfolio Document: Right-of-Way Management

veg mgmt strategy overview v5.pptx Tae BostoN CONSULTING GROUP Draft—for discussion on Iy
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Context: Where we are in the longer-term journey
Completing Planning in preparation for Execution

Dec 2015-May 2016 May 2016-May 2017 May 2017+
< d > A < > A < >
Tx filing Dx filing
Strategy Execution Strategic growth
Develop the strategy, Optimize core business, Leverage strengths grow

set up the transformation deliver results in new markets

Framework
(December — January)

Copyright © 2016 by The Boston Consulting Group, Inc. All rights reserved.

Where we
are today

Board 5 Year Strategy May6 - April28vFINAL.pptx T BosToN CoNSULTING GROUP 2
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Overall strategic narrative (I)

Since privatization, Hydro One has embarked on a journey to becoming a best-in-class, customer-centric
commercial organization. This is consistent with the 4 core principles of the RRFE?

« Customer focus: Responding to the needs and preferences of customers

« Operational effectiveness: Meeting reliability and quality objectives while continuously driving productivity
* Public policy responsiveness: Delivering on obligations mandated by government

* Financial performance: Maintaining financial viability, sustaining operational effectiveness efforts

Our strategy translates these principles into our approach to
» Serving our customers
* Forming our investment plans (for approval in rate filings)
* Operating and managing the costs of our business
...while maintaining our strong commitment to Safety and the Environment

Serving our customers: Improving the end-to-end customer experience and satisfaction by addressing the
unique needs of our four core segments. In the near-term we will focus on:

* Residential/Small Business: Improving first-call resolution, enhancing digital experience, redesigning the bill
« Commercial & Industrial: Marketing energy conservation programs, improving first-call resolution

« Large Distribution: Marketing energy conservation programs, better communicating unplanned outages

+ Transmission: Pro-active reporting on power quality and reliability, following through on commitments made

Copyright © 2016 by The Boston Consulting Group, Inc. All rights reserved.

1. Renewed Regulatory Framework for Electricity
Board 5 Year Strategy May6 - April28vFINAL.pptx T BosToN CoNSULTING GROUP 5
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Overall strategic narrative (ll)

Forming investment plans: Be responsible stewards of assets while taking a customer-centric approach
+ Transmission: Sustain assets to meet reliability, risk, and power quality needs of customers

« Distribution: Transition to a modern, reliable grid through condition-based asset renewal and targeted
enhancement programs to increase reliability and functionality with highest return on investment

Investment plans will be presented in 3 rate filings, each with unique objectives to consider:
» 2-year Transmission filing (May 2016):
— Signal longer-term capital plan (5 year plan weighted to out-years, based on risk modeling)
— Shift to RRFE! principles (e.g. consult with customers, incorporate productivity commitment)
» 5-year Distribution filing (May 2017):
— Assess range of investment options through customer consultation
— Align on incentive rate structure based on capital flexibility and fair distribution of productivity incentives
» 5-year Transmission filing (May 2018):
— Secure investment plan previewed in May 2016 submission and replicate
— Replicate incentive rate structure established in Distribution the prior year

Operating and managing the costs of our business: Set efficiency targets informed by benchmarks and
track through a performance management system

+ Efficiency program launched to both offset customer bill impacts and capture productivity benefits
« Unconstrained potential of ~$200M (~50/50 OM&A vs. capital) with varying degrees of difficulty to capture
« Execution already underway to build early momentum and drive impact near-term

Copyright © 2016 by The Boston Consulting Group, Inc. All rights reserved.

1. Renewed regulatory framework for electricit
Board 5 Year Stragtegy I\/IrgyG - April28vFINAL.pptx Y T BosToN CoNSULTING GROUP 6
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Overall strategic narrative (lll)

Our strategy effectively balances shareholder returns and rate payer impacts over the next 5 years
« Total capital expected to grow to ~$2B+ by 2021, resulting in rate base of ~$22B (~5-6% growth)
+ OM&A expected to remain flat to 2021, with cost pressures (e.g. inflation) offset by efficiency program impacts
* Range of scenarios possible, depending on investment plan approval and efficiency potential realized
* Implies il TSR and annual tariff increases of 2-3% for Distribution and 5-6% for Transmission

As we continue our transition to a high performing culture, we have identified 10 core capabilities to
successfully deliver on this plan and prepare us for future growth

* Aspire to be best-in-class in 3 of them: customer service, regulatory, asset management
* While still early, already down path of developing and embedding improvements across 10 core capabilities
+ Assessment, development and acquisition of talent remains a critical focus

Achieving excellence in these areas prepares and earns us the right to grow beyond our core business

Copyright © 2016 by The Boston Consulting Group, Inc. All rights reserved.
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Sensitivity of key economic drivers

Earnings impact

Drivers Starting point Sensitivity ($M average annually, 2017-2021)
Approved OM&A 100% of planned OM&A
(% of investment plan) approved by OEB

Approved capital 100% of planned Capital
(% of investment plan) approved by OEB

Cost efficiencies
($M of OM&A
efficiencies realized)

No OM&A
efficiencies realized

Load

o . No variance to forecast
(% variance to forecast)

Allowed return on 9.19%

deemed equity (2016 actual)
(% return on equity)

Copyright © 2016 by The Boston Consulting Group, Inc. All rights reserved.
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Variety of appropriate delivery models considered

Delivery
Activity

Overall Typical value driver
: - Ability to influence
Engineering dosign

Ability to influence
procurement
Procurement (e.g. free issue, strategic
sourcing)

Transfer of
productivity risk

Traits

Ability to influence
constr. methodology

Construction Ability to influence
contract packaging

Ability to influence
schedule
(e.g. early works, putting
on hold)

O&M Ownership of operations

1. Includes integrated team
Good to Great SCM 1 PreRead 9Feb2016.pptx

: Engineering . Engineering : Build Own Operate /
Owner-managed : Design & H .
(OM)! = Procurement & Construct Procurement & = Build Own Operate
: Construction Mgmt Construction Transfer
: Schedule, Schedule, : .
: System performance, H Moving scope off
System performance : system cost, system H
H schedule, cost H balance sheet
. performance, cost performance =
High : High Up to dgtalled Early design input : Minimal
. design only .
High E High Medium By exception E By exception
Low — in contracting * Low—in contracting . High — market : High — market
H Medium H
model only H model only dependent H dependent
High : High Medium Early inputonly * Low
High E High Low - by exception Low E No
: Limited (claim Limited (claim = Limited (claim
Yes H Yes PR Y H R
: implications) implications) = implications)
Owner H Owner Owner Owner H Transfer over agreed
H H time
AN NN NN N NI NN NN NN N NN NN NN NN NN NN NN NN EEEEEEEEEEEEEEEE
1HE DUSTUN UUNSULIING UGROUP Draft—for discussion onlyrage 45 of 78 44

23

Copyright © 2014 by The Boston Consulting Group, Inc. All rights reserved.



Back-up hyd ro(’f

one

Opportunity to shift delivery model in certain segments
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Hydro One’s volume of replacement over the plan period is higher primarily due
replacement criteria that were not included in the EPRI report. These criteria include
obsolescence concerns, safety concerns (e.g. lack of or insufficient arc resistance rating),
change in system conditions (e.g. short circuit level), polychlorinated biphenyl (“PCB”)

mitigation per regulatory requirements and integrated investments. Further details on the

reasons can be found in Section 3.2.4 of the TSP.

1.4.2.4 DERIVATION OF OVERHEAD CONDUCTOR HAZARD FUNCTION
This report describes EPRI’s efforts to develop a conductor hazard curve and its ESL

which can be used to project expected replacement needs for planning purposes.

The results of this study based on current condition assessment data and historical
overhead conductor replacement data, indicate that ESL for overhead conductors in the
Hydro One transmission system should be approximately 90 years. Hydro One’s assigned
ESL for overhead conductors was set at 70 years before this study. The new ESL
resulting from this study does not affect the current business plan as identified

replacements are not age based decisions, they are based on verified asset condition..

1.4.2.5 OPERATING SPARE TRANSFORMERS REQUIREMENT
ASSESSMENT

The purpose of this study is to verify that Hydro One’s spare transformer requirements
are appropriate and consistent with industry best practices. Hydro One uses the Markov
Model to determine the appropriate number of spare transformers required to ensure
continuity of electricity supply to customers, safety and reliability. The Markov Model
takes into consideration the probability of failure, carrying costs and procurement lead
time to determine the most cost-effective number of spares to be kept in inventory. EPRI
has developed analytics to optimize the power transformer spares practice which was

compared with Hydro One Markov modeling.

Witness: Donna Jablonsky
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utilization of the relay fleet while managing its associated risk. For the time being,
Hydro One will maintain the current ESL for all solid state and microprocessor-based

relays systems as 25 years and 20 years, respectively as described in Section 2.2.

Specific integrated investments that include the replacement of protection system over
the next five years are further described in ISDs SR-01, SR-02, SR-03, SR-04, SR-05,
SR-06, SR-07, and SR-08.

3.24.9 Degradation Rates of Steel Tower Coating Systems

The EPRI study supports Hydro One’s current investment plan by validating the existing
approach and assumptions. Using the findings of the study, Hydro One continues to focus
on coating steel structures in C4 and C5 corrosion zones whose age has reached 35-75

years of age.

3.2.4.10 Derivation of Overhead Conductor Hazard Function

The purpose of this EPRI study is to provide valuable insights into fleet mean life
expectancy from analysis of historical condition assessment and replacement data
pertaining to overhead conductors. In particular, this study presents EPRI’s analysis to
develop a conductor hazard curve and its ESL which can be used to project expected

replacement needs for planning purposes.

As a result of the study, Hydro One has changed its conductor ESL from 70 to 90 years.
The EPRI report forecasts that 3,920 circuit km of the ACSR conductor fleet will be at
End-Of-Life (“EOL”) or near EOL condition by 2024.3 This forecast of ACSR conductor
condition aligns with the fact that by the end of 2024, about 13% or 3,653 circuit km of

the overall conductor fleet will reach or exceed their ESL without further replacements.

3 TSP Section 1.4 Attachment 4 - Derivation of Overhead Conductor Hazard Function, section 5-3, p 93.

Witness: Bruno Jesus/Donna Jablonsky/Robert Reinmuller
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INTRODUCTION AND BACKGROUND

Introduction

Hydro One Networks Inc., like many utilities, is striving to maintain the reliability of its
transmission network while controlling maintenance, repair and replacement costs. Aging
equipment, more stringent operating requirements, financial constraints and retiring expertise
have made the management of transmission line assets increasingly challenging.

To address these challenges, Hydro One is reviewing its maintenance and replacement practices
to ensure they are underpinned by sound evidence. This includes the use of condition and risked-
based maintenance and replacement scheduling using advanced analytics-based techniques.
Understanding the condition and remaining life of conductors would help transmission asset
managers make better decisions about conductor maintenance, repair, and replacement.

As part of this asset management effort, Hydro One asked EPRI to investigate available Hydro
One overhead transmission line conductor demographic and condition data and determine what
insights could be obtained to support asset management decisions.

This report describes the EPRI investigation.

Background

Hydro One’s service territory is the size of Texas plus California, and driving across it can take
three days. Most of the province’s population is concentrated along the southeastern border far
from hydroelectric generating stations. Long transmission circuits as well as widely distributed
substations are required to deliver power over these distances. These transmission and
distribution assets are exposed to environmental stresses, including severe weather and
temperature variations that can degrade equipment over time.

Hydro One defines Expected Service Life (ESL) as the average age in years that an asset can be
expected to operate under normal system conditions. Half of the assets are expected to operate
beyond this ESL. Hydro One also defines End of Life (EOL) as the state of having a high
likelihood of failure, or loss of an asset’s ability to provide the intended functionality as
determined through diagnostic data, wherein the failure or loss of functionality would cause
unacceptable consequences. EOL is always determined by condition assessment.

One asset of interest, and the focus of this report, is Hydro One’s overhead transmission line
conductor fleet. Hydro One’s estimated ESL for conductors is approximately age 70. Based on
past experience, condition assessments are not conducted before 50 years of age. As shown in
Figure 1-1, many of the fleet conductor assets are beyond their presently used ESL.

11
Page 17 of 98
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UNDERTAKING -JT 1.1

Reference:
1-01-OEB-062

Undertaking:
To confirm that Hydro One asserts that an analysis based upon data set that includes

removals for all causes, including failure and non-failure replacements, and one that does
not include non-failure removals, would generate identical condition-based end of life
results.

Response:
Hydro One has provided an update to Interrogatory I-1-OEB-62 found in Attachment 1 to

align with EPRI’s guidance regarding this Undertaking and the analysis it conducted.

The analysis referenced in the undertaking would generate a hazard function not a
condition-based end of life result.

EPRI has advised that the hazard function (or Weibull model) derived from failure and
non-failure data would not be identical to the hazard function derived from failure only
data. Any similarity between the two functions would be dependent upon the proportion
of failure removals to non-failure removals in the data set used to derive the
function. Therefore, if a large portion of the removals were for failures and only a small
portion were due to non-failures, the two functions would tend to converge i.e. they
would be similar.

Given an understanding for the basis for transformer removals, it is reasonable to
consider the removal hazard function as a good proxy for the failure hazard function,
especially for younger transformers (younger transformers are rarely replaced except for
failure). Therefore, it is expected that if the data allowed that only failure data were used,
the cumulative hazard function would look very similar to the one presented in Region 1
of Figure 1 below (red line), which was derived from Hydro One’s removal data. In this
region, the cumulative hazard function derived from the Weibull model (red line)
matches the cumulative hazard function calculated from the actual event data (black line).
In Region 2 the cumulative hazard function derived from Hydro One’s removal data
(black line) is much steeper than the cumulative hazard function derived from the

Witness: Donna Jablonsky
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Weibull model (red line). EPRI’s report® proposed that this may be due to either a
“failure process that is more dominant in older units” or a “result of discretionary
replacement decisions” or a combination of both. Hydro One does not run its transformer
fleet to failure as this would be imprudent and would elevate safety and system risk.
Rather Hydro One replaces transformers before failure driven by condition criteria that
demonstrate the transformer has reached end of life.

25 }.’
s ]
2 .'I.
3 y,
& Region 2
f_z 15
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0 10 20 30 40 50 60 70 80
TRANSFORMER AGE (YEARS)

Figure 1: Comparison of Model and Sample Cumulative Hazard Functions 115 kV
Transformers - Exhibit B-1-1 TSP 1.4 Attachment 2, Figure 2-4 on page 2-6.

! Exhibit B-1-1 TSP Section 1.4 Attachment 2 page 2-6

Witness: Donna Jablonsky
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OEB INTERROGATORY #62

Reference:
TSP-01-04-02 p. 21 & 25TSP-01-04-03 p. 21

Interrogatory:
At the first reference above, EPRI stated the following:

However, removed from service data is more abundant and consist of 419 transformers
within a period of 1981 to first quarter 2017. The reasons for removal are not supplied in
data, therefore failures and discretionary replacements cannot be distinguished. Since the
reason is not supplied a time-to-event model can be developed where the event, rather
than failure, is removal.

At the second reference above, EPRI stated the following:

Fitting the data to the Model

The removal rate model is verified by comparing the sample cumulative hazard function
calculated from the actual event data (previously described) against the cumulative
hazard functions created from the Weibull model. There are cumulative hazard functions
for each MCMC observation. For each age from 0 to 100, we calculate the median
cumulative hazard rate and the corresponding 95% credibility interval.

At the third reference above, EPRI stated the following:

Removed from Service Data

The removed from service data provided by Hydro One consists of 1218 circuit breakers
as of third quarter 2017. No reason for removal was provided.

a) Please confirm that the term “removals” is not synonymous with the term “failures”.
b) Removals are being used to create a “hazard” curve, even though the reasons for the

removals have not been categorized. Is this methodology appropriate as EPRI is
applying it here?

Witness:Donna Jablonsky
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c)

d)

A true "Hazard Rate" implies an age-related likelihood of failure. Please confirm that
the supplied input data does not support the determination of a true Hazard Rate for
these assets.

Based on the above references, it appears that EPRI has used uncategorized asset
removal data in its derivation of Hazard Rates because that was the data set provided
by Hydro One, rather than because the data is fit for purpose. Does the lack of
categorization of retirement causes in the data supplied to EPRI potentially invalidate
the conclusions drawn in the both the "Derivation of Circuit Breaker Hazard
Functions” report and the "Derivation of Transmission Substation Transformer
Hazard Functions” report?

Response:

a)

b)

d)

Confirmed. The term “removals” is not synonymous with the term “failures.”
Removals may include but are not limited to “failures”.

Yes. The methodology is mathematically appropriate for developing a removal
hazard curve. See the further discussions in c¢) and d) below.

Confirmed, the supplied data was for removals for any reason and therefore may have
included both failure and non-failure related data. No, a hazard rate does not need to
be restricted to failures only.

“Hazard rate” is a statistical term used as one way to mathematically describe the
functional relationship between the waiting time and the occurrence of a well-defined
event. The analysis of such relationships often is called time-to-event analysis. The
event depends on the focus of the study. In the EPRI analysis under discussion, the
defined event is removal for any reason. Where the hazard rate of interest is that for
failure, the terms hazard rate and failure rate are often used interchangeably.

No, the asset removal data EPRI analyzed does not invalidate the conclusions
presented. It is reasonable to believe that, given the expenses involved, removals of
transmission assets were done for well-considered reasons such as (1) actual failure,
(2) increased risk of failure beyond acceptable limits or (3) unacceptable maintenance
costs. There is very little reason for removing from service a young transformer other
than (1) or (2) above. Therefore, it is reasonable to consider the removal hazard rate
as a good proxy for the failure hazard rate, especially for younger transformers.

Witness: Donna Jablonsky
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For older transformers, the replacement rate was found to be much steeper. EPRI’s
report’ proposed that this may be due to either a “failure process that is more
dominant in older units” or a “result of discretionary replacement decisions” or a
combination of both. Hydro One does not run its transformer fleet to failure as this
would be imprudent and would elevate safety and system risk. Rather Hydro One
replaces transformers before failure driven by condition criteria that demonstrate the
transformer has reached end of life.

! Exhibit B-1-1 TSP Section 1.4 Attachment 2 page 2-6

Witness:Donna Jablonsky
Page 3 of 3

32




2.5

..Region 2
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Figure 2-4
Comparison of Model and Sample Cumulative Hazard Functions 115 kV Transformers

Figure 2-4 for the 115 kV transformer group show two regions with different levels of agreement
between the red and black lines. A good Weibull model fit for most of the life (Region 1) and a
much steeper replacement rate (black line) than provided by the Weibull model in later life
(Region 2). However, younger power transformers are rarely replaced except for failure.
Therefore, Region 1 may be a reasonable model for the failure hazard rate. The break points
between the two regions could indicate the following:

e The onset of a failure process that is more dominant in older units.
e The result of discretionary replacement decisions.
e Some combination of both failure process and discretionary replacement.

Since the reasons for removal are not noted, failures and discretionary replacements cannot be
distinguished.

Modeling Assumptions

e The starting data is complete and contains all removals and in-service units for the period
within 1981 through first quarter 2017.

e The criteria for removal have been constant over the historical period being analyzed.

o Future criteria for removals will be the same as in the past.

2-6
Page 26 of 78
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REMOVAL RATE MODELING

Data Review

Originally Hydro One sought to obtain a year-by-year prediction of the expected number of
transmission substation transformer failures for the next five years. However, the supplied failure
data appeared sparse in relation to the number of transformer-years experienced and
consequently the derivation would not provide a usable failure hazard rate. The failure data
provided for the period of 2006 through 2016 consists of 42 failures. Confidence limits for any
derived hazard rate would be large using this supplied failure data as noted in Figure 2-1. For
example, for the failure rate of derived from this data could be anywhere between approximately
0.6% and 2% for a 60 year old transformer using a 95% confidence band. For a 40 year old
transformer the failure rate could be anywhere between approximately 0.3% and 1%.

0.045

0.04

0.035
0.03

0.025

|

0.015

0'01 e m

0.005 |—_m=pm====1 L

PROBABILITY OF FAILURE

AGE

Figure 2-1
Failure Hazard Rate Derived from Spares Data

However, removed from service data is more abundant and consist of 419 transformers within a
period of 1981 to first quarter 2017. The reasons for removal are not supplied in data, therefore
failures and discretionary replacements cannot be distinguished. Since the reason is not supplied
a time-to-event model can be developed where the event, rather than failure, is removal.

Figure 2-2 show the Service Ages of the 115 kV transformer group using data from both the
removed from service (left) and failures (right). In the Service Ages plot, the horizontal axis is
the age of the transformers. Each horizontal line represents a distinct transformer denoted by an

2-1
Page 21 of 78
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3.24.1 Operating Spare Transformers Requirement Assessment
This study found that the results of Hydro One’s Markov model analysis (used to
determine the appropriate number of spare transformers), aligns with the independent and
alternative analysis from the third-party expert, Electric Power Research Institute

(“EPRI”). Hydro One continues to take steps to achieve and maintain the required

quantity of operating spare transformers to ensure reliability and improve cost efficiency.

3.24.2 Derivation of Transformer Hazard Functions

This study confirmed that Hydro One’s pacing approach to the replacement of
transformers is appropriate. This pacing of transformer replacement has been reflected in
the following ISDs: SR-02 (Station Reinvestment Projects), SR-03 (Bulk Station
Transformer Replacement Projects), SR-05 (Load Station Transformer Replacement

Projects), and SR-08 (John Transformer Station Reinvestment).

3.243 Derivation of Circuit Breaker Hazard Function

This study was performed by EPRI and describes EPRI’s efforts to (i) model and develop
circuit breaker removal rates from historical replacement records and (ii) apply them to
forecast the number of circuit breakers expected to require replacement based on past
practices. EPRI has developed a methodology using advanced statistical techniques for
analyzing circuit breaker historical removals and applied it to the Hydro One’s circuit
breaker fleet. Using Hydro One’s circuit breaker retirement data, EPRI modeled Hydro
One’s circuit breaker removals and has forecast probable future removal rates. The study
confirmed that Hydro One is replacing younger circuit breakers at a rate expected from
the statistical model. However, older circuit breakers are being replaced at a quicker rate
than expected. The reason for faster paced replacement is due to replacement criteria that

are not included in the EPRI report as explained below.

Hydro One plans to address 638 breakers over the planning period. This includes the

removal of 49 breakers as a result of station decommissioning and reconfiguration as well

Witness: Bruno Jesus/Donna Jablonsky/Robert Reinmuller
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look at these projects first for reprioritization. Failure to complete Low Priority

projects is not expected to have significant detrimental effects on the system in

the near term.

4
5 Table S - System Access - Material Capital Investments Proposed
ISD Investment Name 2020 | 2021 2022 2023 2024
SA-01 | Connect New IAMGOLD Mine 24.9 0.0 0.0 0.0 0.0
SA-02 | Horner TS: Build a Second 230/27.6kV Station 29.9 0.0 0.0 0.0 0.0
SA-03 | Halton TS: Build a Second 230/27.6kV Station 8.0 17.7 6.0 0.0 0.0
SA-04 | Connect Metrolinx Traction Substations 6.5 7.9 7.1 1.0 0.0
SA-05 | Future Transmission Load Connection Plans 0.0 5.0 249 24.9 0.0
SA-06 lér;fz::t?fn and Control Modifications for Distributed 33 31 27 23 )3
SA-07 | Secondary Land Use Transmission Asset Modifications 551 15.0 13.9 15.6 3.9
System Access Projects & Programs Less Than $3M 27.6 9.4 8.5 7.8 9.2
Total Gross System Access Capital ($M) 155.7 58.1 63.0 52.0 15.8
Less Capital Contributions ($M) (130.9) | (46.7) | (51.3) | (39.3) | (11.7)
Total Net System Access Capital ($M) 24.8 11.3 11.7 12.7 4.1
6
7 Table 6 - System Renewal - Material Capital Investments Proposed
ISD Investment Name 2020 2021 2022 2023 2024
SR-01 | Air Blast Circuit Breaker Replacement Projects 107.5 128.4 133.5 129.2 98.7
SR-02 | Station Reinvestment Projects 107.0 1254 120.6 87.9 53.9
SR-03 | Bulk Station Transformer Replacement Projects 332 51.8 72.5 131.5 113.8
SR-04 | Bulk Station Switchgear and Ancillary Equipment 17.5 324 41.4 34.6 493
Replacement Projects
SR-05 | Load Station Transformer Replacement Projects 91.2 132.3 129.4 178.5 200.0
SR-06 | Load Station Switchgear and Ancillary Equipment 19.2 30.8 47.5 58.4 77.0
Replacement Projects
SR-07 | Protection and Automation Replacement Projects 6.7 8.6 12.7 12.2 21.7
SR-08 | John Transformer Station Reinvestment Project 35 17.9 25.6 24.0 20.9

Witness: Donna Jablonsky/Robert Reinmuller/Rob Berardi/Lincoln Frost-Hunt
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1 Table 1: Summary of Transmission OM&A Expenditures ($ millions)
Historical Bridge Test
2015 2016 2017 2018 2019 2020
Actual | Plan | Actual I Plan | Actual | Plan | Actual I Plan Forecast | Forecast
Category Level
Sustainment 233.6 | 238.7 215.1 241.1 218.1 2412 | 2294 238.5 200.6 214.2
Development 6.1 12.9 4.6 13.4 5.1 4.8 5.2 5.0 6.0 6.9
Operations 59.0 58.5 62.5 59.1 61.1 61.3 53.4 62.1 46.1 48.9
Customer Care 5.1 5.5 4.5 5.5 8.5 4.0 11.0 39 7.3 7.5
Common Corporate
Costs and Other Costs! 73.9 70.2 60.1 71.3 41.5 499 54.9 47.5 29.4 30.3
Property Taxes & 639 | 663 | 613 | 670 | 507 | 636 | 653 | 643 672 68.1
Rights Payments
Adjustments
EB-2014-0140
Settlement Reduction -20.0 -20.0
EB-2016-0160
Decision Reduction -15.0 -15.0
Removal of B2M 0.9 -0.7 0.8 2.1
Expense
Pension Adjustment -11.4 -9.9
Directive * -0.1 -0.1
Envelope Level
Total Transmission 441.6 | 4312 | 408.1 | 436.8 | 385.0 | 397.7 | 4192 | 3943 | 3565 375.8
OM&A
0,
g’egrha“ge Year over 7.6% -5.6% 8.9% 9.6% 5.4%
Variance to Plan 10.4 -28.7 -12.7 24.9

*Directive refers to the Government Directive as detailed and defined in Exhibit F, Tab 4, Schedule 1.

2 Hydro One’s 2019 OM&A expenses are expected to be $38 million or 9.6 percent lower

3 than the 2018 plan funding envelope. This OM&A reduction will be achieved largely

4 through sustained productivity gains, a one-time extension of Hydro One’s planned asset

5 maintenance cycles, and corporate cost reductions, which are described further within

6  Section 6 of this Exhibit. Hydro One plans to increase its 2020 OM&A expenditures by 5

7 percent from 2019 levels while still remaining 4.7 percent below the 2018 plan funding

! Common Corporate Costs and Other Costs includes Planning, (exhibit F-02-03), CCF&S (exhibit F-02-
02), Information Technology (exhibit F-02-04), Cost of External Revenue (exhibit F-02-05), and Other
OM&A (exhibit F-02-01).

Witness: Joel Jodoin
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Figure 2-2
Comparison of Model and Sample Cumulative Hazard Functions44kV Qil Circuit breakers

Figure 2-2 for the 44 kV oil circuit breaker group show two regions with different levels of
agreement between the red and black lines. A good Weibull model fit for most of the life
(Region 1) and a much steeper replacement rate (black line) than provided by the Weibull model
in later life (Region 2). However, younger power circuit breakers are rarely replaced except for
failure. Therefore, Region 1 may be a reasonable model for the failure hazard rate. The
transition point between the two regions could indicate the following:

e The onset of a failure process that is more dominant in older units.
e The result of discretionary replacement decisions.
e Some combination of both failure process and discretionary replacement.

Since the reasons for removal are not noted, failures and discretionary replacements cannot be
distinguished.
Modeling Assumptions

e The starting data is complete and contains all removals and in-service units for the period
within 1982 through third quarter 2017.

e The criteria for removal have been constant over the historical period being analyzed.

2-3
Page 25 of 155
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e Future criteria for removals will be the same as in the past.

e Any external effects on removal rates (e.g. budget constraints) were constant over the
historical period and will be unchanged over the forecast period.

e Underlying wear-out processes will not change.

e It is important to note that the hazard rate function derived is for removals, not failures.

Modeling Results

There are currently 443 circuit breakers in service of various ages in the 44 kV oil group. Based
on the age of each individual circuit breaker, the distributions of the number of removals was
predicted from a Monte Carlo simulation.

Each of the 9,600 pair results from the analyses results (Figure 2-1) is used in a Monte Carlo
simulation to generate the expected number of removals. Each shape and scale pair defines a
Weibull distribution. This distribution is applied to each of the in-service circuit breakers and
the number of removals are summed for the total population for that particular distribution.

The resulting histogram of the sum of the number of removals recorded in each plot (Figure 2-3)
gives the probability distribution of removals. The entire process is then repeated for the next
year with each circuit breaker’s age incremented by one.

Figure 2-3 shows the predicted number of removals of the currently in-service circuit breakers
for each of the next five years and the five year total.

The figure can be interpreted as probability distributions. For example, in the plot for year 1,
adding up the probabilities corresponding to 0 through 8 removals, we can say that we are 99%
certain that the number of circuit breaker removals will be 8 or fewer.

2-4
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as the additional installation of 15 breakers resulting from customer requests to increase
operational flexibility in the Toronto area. As per the EPRI analysis, there is a 90%
probability that Hydro One will need to replace 491 breakers or fewer. However, Hydro
One’s volume of replacement over the plan period is higher primarily due to

obsolescence concerns, safety concerns (e.g. insufficient arc resistance), PCB mitigation,

and integrated investments which are not reflected in the EPRI analysis.

The EPRI analysis is derived from asset retirement data from 1981 to 2017. The analysis
does not reflect the necessary replacement of 95 ABCBs over the planning period due to
worsening reliability, as Hydro One has operated its fleet longer than industry peers.
Similarly, the historical mid-life refurbishment of oil breakers from 1950 to 2007 has
enabled Hydro One to operate approximately 300 currently in-service breakers for a
longer period prior to retirement. Based on how the calculations were performed, this
skews the predicted replacement rate. PCB mitigation also contributes to the increased
rate of replacement in order to meet federally legislated deadlines. Out of the 247 oil
circuit breakers identified for replacement over the planning period, 69 (28%) have
measured above the acceptable level of 45 ppm for PCBs. Due to increased obsolescence
concerns and the lack of, or reduction of, vendor support with respect to oil, metalclad,
and vacuum breakers, the capital plan paces breaker replacements to mitigate reliability
impact. Where breakers that are not end of life are removed from service because it is
part of an integrated investment (e.g., due to the replacement and relocation of a
switchyard), these breakers are placed into spares to support the remaining fleet. Oil
circuit breakers can be salvaged for parts to support the remaining fleet, while complete

SF6 breakers are placed into the spare equipment pool to support demand replacements.

This pacing of circuit breaker replacement has been reflected in the following ISDs: SR-
02 Station Reinvestment Projects, SR-04 Bulk Station Switchgear and Ancillary
Equipment Replacement Projects, SR-06 Load Station Switchgear and Ancillary

Equipment Replacement Projects, and SR-08 John Transformer Station Reinvestment.

Witness: Bruno Jesus/Donna Jablonsky/Robert Reinmuller
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look at these projects first for reprioritization. Failure to complete Low Priority

projects is not expected to have significant detrimental effects on the system in

the near term.

4
5 Table S - System Access - Material Capital Investments Proposed
ISD Investment Name 2020 | 2021 2022 2023 2024
SA-01 | Connect New IAMGOLD Mine 24.9 0.0 0.0 0.0 0.0
SA-02 | Horner TS: Build a Second 230/27.6kV Station 29.9 0.0 0.0 0.0 0.0
SA-03 | Halton TS: Build a Second 230/27.6kV Station 8.0 17.7 6.0 0.0 0.0
SA-04 | Connect Metrolinx Traction Substations 6.5 7.9 7.1 1.0 0.0
SA-05 | Future Transmission Load Connection Plans 0.0 5.0 249 24.9 0.0
SA-06 lér;fz::t?fn and Control Modifications for Distributed 33 31 27 23 )3
SA-07 | Secondary Land Use Transmission Asset Modifications 551 15.0 13.9 15.6 3.9
System Access Projects & Programs Less Than $3M 27.6 9.4 8.5 7.8 9.2
Total Gross System Access Capital ($M) 155.7 58.1 63.0 52.0 15.8
Less Capital Contributions ($M) (130.9) | (46.7) | (51.3) | (39.3) | (11.7)
Total Net System Access Capital ($M) 24.8 11.3 11.7 12.7 4.1
6
7 Table 6 - System Renewal - Material Capital Investments Proposed
ISD Investment Name 2020 2021 2022 2023 2024
SR-01 | Air Blast Circuit Breaker Replacement Projects 107.5 128.4 133.5 129.2 98.7
SR-02 | Station Reinvestment Projects 107.0 1254 120.6 87.9 53.9
SR-03 | Bulk Station Transformer Replacement Projects 332 51.8 72.5 131.5 113.8
SR-04 | Bulk Station Switchgear and Ancillary Equipment 17.5 324 41.4 34.6 493
Replacement Projects
SR-05 | Load Station Transformer Replacement Projects 91.2 132.3 129.4 178.5 200.0
SR-06 | Load Station Switchgear and Ancillary Equipment 19.2 30.8 47.5 58.4 77.0
Replacement Projects
SR-07 | Protection and Automation Replacement Projects 6.7 8.6 12.7 12.2 21.7
SR-08 | John Transformer Station Reinvestment Project 35 17.9 25.6 24.0 20.9

Witness: Donna Jablonsky/Robert Reinmuller/Rob Berardi/Lincoln Frost-Hunt
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1 Table 1: Summary of Transmission OM&A Expenditures ($ millions)
Historical Bridge Test
2015 2016 2017 2018 2019 2020
Actual | Plan | Actual I Plan | Actual | Plan | Actual I Plan Forecast | Forecast
Category Level
Sustainment 233.6 | 238.7 215.1 241.1 218.1 2412 | 2294 238.5 200.6 214.2
Development 6.1 12.9 4.6 13.4 5.1 4.8 5.2 5.0 6.0 6.9
Operations 59.0 58.5 62.5 59.1 61.1 61.3 53.4 62.1 46.1 48.9
Customer Care 5.1 5.5 4.5 5.5 8.5 4.0 11.0 39 7.3 7.5
Common Corporate
Costs and Other Costs! 73.9 70.2 60.1 71.3 41.5 499 54.9 47.5 29.4 30.3
Property Taxes & 639 | 663 | 613 | 670 | 507 | 636 | 653 | 643 672 68.1
Rights Payments
Adjustments
EB-2014-0140
Settlement Reduction -20.0 -20.0
EB-2016-0160
Decision Reduction -15.0 -15.0
Removal of B2M 0.9 -0.7 0.8 2.1
Expense
Pension Adjustment -11.4 -9.9
Directive * -0.1 -0.1
Envelope Level
Total Transmission 441.6 | 4312 | 408.1 | 436.8 | 385.0 | 397.7 | 4192 | 3943 | 3565 375.8
OM&A
0,
g’egrha“ge Year over 7.6% -5.6% 8.9% 9.6% 5.4%
Variance to Plan 10.4 -28.7 -12.7 24.9

*Directive refers to the Government Directive as detailed and defined in Exhibit F, Tab 4, Schedule 1.

2 Hydro One’s 2019 OM&A expenses are expected to be $38 million or 9.6 percent lower

3 than the 2018 plan funding envelope. This OM&A reduction will be achieved largely

4 through sustained productivity gains, a one-time extension of Hydro One’s planned asset

5 maintenance cycles, and corporate cost reductions, which are described further within

6  Section 6 of this Exhibit. Hydro One plans to increase its 2020 OM&A expenditures by 5

7 percent from 2019 levels while still remaining 4.7 percent below the 2018 plan funding

! Common Corporate Costs and Other Costs includes Planning, (exhibit F-02-03), CCF&S (exhibit F-02-
02), Information Technology (exhibit F-02-04), Cost of External Revenue (exhibit F-02-05), and Other
OM&A (exhibit F-02-01).

Witness: Joel Jodoin
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if you go to Staff 73 (a), there is a statement by METSCO
in which you were asked to confirm -- which essentially
saild risk is probability times consequence; | am
paraphrasing.

But your response to 71 (c) is that the sub indices in
your risk process do not inform either probability or
consequence, and I was hoping to have clarification.

MR. JESUS: So I think, for the purpose of item (c)
here, the facts associated with the specific transformer or
asset that"s In question, the asset analytics would provide
the condition information, the performance information, the
criticality of the unit, the utilization, how much money
we"re spending on the unit, how old i1t is. So they would
provide that information.

The actual probability times consequence is not being
carried out iIn the asset analytic solution. It"s actually
being carried out in our asset investment planning tool,
i.e. Copperleaf.

So the probability and the consequence are in fact
being informed by the facts presented from the asset
analytic solution.

MR. WALSH: Okay, thank you. Under Staff 73(e) and
(), parts (e) and (F), part (e) provided a graphic to
illustrate the notion of the worst reasonable outcome.

Can you confirm 1f Hydro One ever uses the worst
reasonable outcome to represent the expected consequence of
failure?

MR. JESUS: So planners are constantly using the worst

ASAP Reporting Services Inc.
(613) 564-2727 (416) 861-8720
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reasonable outcome to make asset is Investment decisions.
The assessment is iInformed by the asset risk assessment and
they"re taking what is the most reasonable, credible case
or consequence to be used in the assessment.

MR. WALSH: [I"m sorry, could you repeat that?

MR. JESUS: So planners are using the worst reasonable
outcome, i.e. the most reasonable outcome or consequence
associated with an event, to assess the consequence as part
of the risk assessment.

MR. WALSH: Okay. If I have understood correctly,
worst reasonable outcome is approximately one standard
deviation away from most probable outcome. What is the
associated probability of worst reasonable outcome?

MR. JESUS: So the worst reasonable outcome is a one
standard deviation away, and it"s not the most probable.
These are probabilities, and the intent is to identify what
a reasonable outcome or event could occur.

So a good example is a line being held by an
insulator. |If it"s a brand new insulator, is there a
probability that that conductor can fall? Absolutely. Is
it credible? 1Is it reasonable, given that it"s a new
insulator? No.

But a 60-year old insulator that is CP, or Canadian
porcelain, Canadian Ohio brass with known defect issues, 1Is
the worst credible case that the conductor could fall and
injure someone from a safety point of view? Absolutely.
That would be the most credible case.

So when we are doing the investments, we look at what

ASAP Reporting Services Inc.
(613) 564-2727 (416) 861-8720
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¢) No. It is more than a modest incremental adjustment.
d) Please refer to c) above.

e) From the perspective of a hypothetical risk distribution curve, the worst reasonable
outcome would lie approximately 1 standard deviation away from the most probable
outcome, as shown in the illustrative example below:

Maost probable outcome

It is important to

differentiate between:
The most probable
oulcome

OThe worst conceivable
outcome (“iail risk”)

Worst
reasonable
outcome

The worst credible case
[worst case that may
reasonably occur)

Likelihood =

-1S8TD | +1 81D

Worst conceivable
outcome

Average Magnitude =

f) Confirmed.
i. N/A
ii.  Hydro One subsequently applies a modifier to translate from the most probably
outcome to the worst reasonable outcome — for example, if there is a certain set of
coincident circumstances required for a worst reasonable outcome to materialize,
the joint likelihood of the triggering event and coincident event is used.
iii.  N/A

Witness: Donna Jablonsky
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condition) to be further evaluated against the relevant planning context. The investment
candidates are further scored and prioritized through Hydro One’s Investment Planning
process (as described in TSP Section 2.1.4 below) to achieve the optimal balance of risk

and benefits.

Hydro One performs a continuous asset risk assessment (“ARA”) process to determine
individual asset needs which rely on asset condition data, engineering analysis and other
information including the input of experienced planning professionals. The ARA is
primarily concerned with the major equipment groups (e.g. transformers, conductors,

breakers, and protection and control systems) that directly affect system reliability.

One of the inputs into the ARA is a quantitative asset analytics system, which combines
information from various Hydro One databases to provide an initial common
understanding of asset health. This process drives efficiency and effective planning
decisions by ensuring a consistent view of asset information for all planners. As part of
the preliminary risk assessment, asset analytics enables the review and consolidation of a
variety of information from enterprise reporting systems, such as condition information
driven by deficiency and preventive maintenance reports, demographic information
including make, model, and type, criticality to the transmission system, performance data
based on equipment outages, utilization information, and economics. While not a
determinative driver in the ARA process, asset analytics is one useful tool that aids
Hydro One planners in identifying asset risks for further screening and confirmation.
Hydro One’s planners also take into account additional factors such as load forecasts,
equipment ratings, operating restrictions, security incidents, environmental risks and
requirements, compliance obligations, equipment defects, obsolescence, and health and
safety considerations to ensure capital expenditures target the most appropriate mix of
assets. As part of the ARA process, transmission assets are evaluated on the following six

risk factors:

Witness: Bruno Jesus
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Condition - Risk related to the increased probability of failure that assets
experience when their condition degrades over time. Asset condition is defined
using different criteria, depending on the asset. For example, the condition of a
transmission station transformer is measured by visual inspections and analysis of
the oil within the transformer. The condition of a wood pole is measured by a
visual inspection, a sounding test, and if required, a boring test. While methods to
evaluate condition vary from asset type to asset type, the condition of all assets of
a given type is evaluated consistently. Assets of a given type that have a relatively
high condition risk are candidates for refurbishment or replacement.
Demographics - Risk related to the increased probability of failure exhibited by
assets of a particular make, manufacturer, and/or vintage. Typically, the
probability of asset failure increases with age. Thus, the asset demographic risk
increases as an asset ages. Assets with relatively high demographic risk are
candidates for refurbishment or replacement.

Criticality - Represents the impact that the failure of a specific asset would have
on the transmission system. Primarily, it is used to show relative importance of an
asset compared to other assets of the same type. Assets whose failure would result
in an interruption to a larger amount of load would have an asset criticality that is
higher than assets whose failure would have a smaller impact on the system load.
Asset criticality is used to prioritize the refurbishment or replacement of assets
whose condition, demographic, performance, utilization or economic risk has
already resulted in the asset being considered a candidate for refurbishment or
replacement.

Performance - Risk that reflects the historical performance of an asset, derived
from the frequency and duration of outages. Past performance can be a good
indicator of expected future performance. Therefore, assets with a relatively high-
performance risk can be considered candidates for refurbishment or replacement.
Utilization - Risk that reflects the increased rate of deterioration exhibited by an

asset that is highly utilized. The relative deterioration of some assets is highly

Witness: Bruno Jesus
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dependent on the loading placed upon them or the number of operations they
experience. For example, transformers that are heavily loaded relative to their
nameplate rating deteriorate more quickly than those that are lightly loaded.
Similarly, circuit breakers utilized for capacitor and reactor switching which are
subject to significant operations experience accelerated mechanical and electrical
wear-out of the breaker. Therefore, the asset utilization risk for transformers and
circuit breakers attempts to consider their relative deterioration based on available
loading and operational history, respectively.

e Economics - Risk based on the economic evaluation of the ongoing costs
associated with the operation of an asset. Depending on the asset type, this
evaluation may be as simple as determining the replacement cost of the asset, or
as complex as comparing the present value of ongoing maintenance to that of
complete refurbishment or replacement. While an economic evaluation can
identify assets that are candidates for replacement, more typically, the evaluation
assists in selecting the best form of remediation for assets already deemed to be

candidates for refurbishment or replacement.

It is important to recognize that although asset analytics aids in the identification of asset
needs as an initial step, it is not the sole input or driver of the ARA. Hydro One planners
take into account a range of other considerations and data sources, as informed by sound
engineering oversight and experience-based decision making, in the initial determination

of asset needs, which are then ultimately verified against asset condition assessments.

Throughout the assessment of individual asset needs, Hydro One’s planners carry out a
process of grouping identified needs into logical, functional and geographic groups. For
example, a customer need for increased capacity and an asset need to replace
transmission station equipment, such as a transformer or switchgear, might be grouped
together if the same transmission station is involved. Through this process, diverse

individual needs are brought together to form potential projects or programs that may be

Witness: Bruno Jesus
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Review of Hydro One’s Capabilities in Transmission

Asset Analytics & Reliability Risk Modelling
FINAL Report & Conclusions - Privileged & Confidential

The following section describes how the AA outputs, once generated in accordance with
specifications related to each asset class, undergo further assessments in the
subsequent stages of the ARA process.

2.1.2. Asset Risk Assessment (ARA) Capability Characteristics

Asset Risk Assessment (ARA) entails a full-spectrum asset management planning process
that identifies the asset candidates to be included in the scope of the investment
projects, of which AA is an input component used in conjunction with other input
parameters, including:

e Asset class strategy and technical assessment documents, which utilize AA
results and underlying data points in their analysis;

e Customer needs and preferences related to particular asset classes;

e Legal and regulatory requirements relevant for consideration;

e System planning and coordination requirements affecting potential
intervention options;

e Health & Safety, environmental, and obsolescence-related;

e Field inputs, maintenance notifications, and relevant event investigations;

e Results of detailed assessments and diagnostic testing; and

e Field visit validation of asset needs suggested by ARA analysis.

Figure 3 illustrates the entire scope of the ARA process.
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Business Objectives
and Strategies

Specific Customer
Needs &
Preferences

Legal & Regulatory
Requirements

Develop

System Planning Screen Asset Validate Need Investment Planni
nvesiment Needs & Condition Candidates ciiring
Coordination (Investment Process

Scoping)

Asset Information & Strategies

Asset Condition Data

Asset Analytics
(Demographics, Condition,
Performance, Economics,
Utilization, Criticality)

Detailed Asset
Assessments &
Diagnostic
Testing

Environment,
Obsolescence, |
Health & Safety Risks

Field Input &
Maintenance
Nofifications

Event Investigations
Operating Information

Field Review,
Inspection &
Validation

Figure 3. Asset Risk Assessment Process

Overall, the ARA functionality serves to expand upon the initial prioritization as
established by AA, by allowing asset planners and managers to assess and stress-test
the insights produced by the AA functionality in the context of incremental data points,
and considerations that connection field data with the broader strategic, planning, and
regulatory environment in which Hydro One operates.

2.1.3. Reliability Risk Forecasting Capability Characteristics

Reliability Risk Model is a standalone tool designed to develop system-level forecasts
of changes in values of reliability risk relative to the capital investment levels
underlying a particular scenario. METSCO understands that up to this point in its
existence, the RRM’s outputs were only used in the context of customer engagement
meetings, to represent directional implications of reliability risk relative to the range
of investment levels contemplated by the utility.

Given its current utilization, the tool and its outputs help contextualize Hydro One’s
investment considerations to customers, acting as a supporting mechanism in gathering
customer feedback that is considered in the course of investment planning. With the
exception of this indirect contribution into the investment planning activities, the tool
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