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FESTIVAL HYDRO - 2022 RELIABILITY REPORT

This report reviews the reliability of the distribution system owned and operated by Festival Hydro for the year
2022. Comparisons are made to provincial and international standards. Root causes are identified and
recommendations made to improve the system reliability. This report is an annual report presented to Festival
Hydro management and the Board of Directors. Comments or questions should be directed to the author.

BACKGROUND

Festival Hydro is required by the Ontario Energy Board (OEB) to achieve minimum performance
standards regarding customer service and system reliability. The standards for reliability are not
prescriptive, but the OEB expects utilities to maintain their systems to prevent degradation in reliability.
The OEB anticipates requiring minimum acceptable levels of reliability as part of the second generation
of performance-based rates. For the present time, a 5-year rolling average is used and five years’ worth
of data is presented in this report.

Data regarding outages is collected daily and reported every year to the OEB. For system reliability, five
indicators are used, and the first two are reported to the OEB. The information that is submitted to the
OEB includes outage duration and frequency for the entire year. The same information is also submitted
to the OEB with outages due to Loss of Supply and outages that occurred during Major Events excluded.

The standard reliability indices are weighted by customer and presented as averages. For example, a
System Average Interruption Duration Index (SAIDI) of 2.0 means the average customer was off for 2
hours during the entire year. Not all customers on that feeder or in that area were off for 2 hours — some
were off for more; some were off for less. Likewise, with the System Average Interruption Frequency
Index (SAIFI) — a SAIFI of 3.2 means some customers had more than 3 outages while some had less.
This concept is particularly important when looking at feeder specific data — it is still an average value.
The way the indices are calculated means that a 15-minute outage to 5000 customers will have a much
greater impact than a 15-minute outage to only 10 customers, even though both outages may have been
caused by a tree contact. With a relatively small customer base, it only takes one or two outages to a
main feeder in any given year to push the reliability indices higher than average. This could give the
impression that the reliability is getting worse, when in reality the actual number of outages is declining
and the increase in the reliability indices is more related to chance than poor performance. To account
for this, data regarding the number of outages and causes of the outages is also examined and
summarized on the following pages.

For this report’s purposes, the total number of FHI customers that was used to calculate the system
averages was 22,261. This number was calculated using the monthly average customer counts for 2022.

The Festival MTS1 8051M3 feeder is a dedicated circuit for one large customer and there are no other
customers on it. The Festival MTS1 8051M6 feeder is also a dedicated feeder for the Wright Blvd battery
storage facility. Those 2 circuits are not included as part of this report as any outages on those circuits
have practically no impact on the overall statistics.
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FESTIVAL HYDRO - 2022 RELIABILITY REPORT

1. RELIABILITY INDICIES

A) System Average Interruption Duration Index (SAIDI) — This is the length of time in hours during the
year that power was not available to the average customer.

SAIDI - Historical Performance
Outage Hours/Year

Area 2018 2019 | 2020 | 2021 | 2022 Avg
Ontario Avg* 4.38 1.77 1.77 1.67 2.40
FHI - Total 4.69 2.22 2.08 2.61 1.33 2.59
Stratford 3.21 2.31 0.99 2.47 1.06 2.01

68M2 | 2.57 0.29 0.16 0.30 1.95 1.05
68M3 | 2.68 3.73 1.18 4.38 0.47 2.49
68M4 | 2.27 0.26 2.92 131 0.92 153
68M5 | 5.15 2.17 0.81 2.77 0.50 2.28
68M8 | 7.96 3.00 2.52 0.31 1.99 3.16
8051M1 | 1.05 1.83 0.13 112 2.01 1.23
8051M2 | 0.62 0.66 0.00 0.38 0.00 0.33
8051M4 | 0.65 0.03 0.54 0.57 6.67 1.69
St Mary's 3.48 1.97 3.80 2.70 131 2.65
M1 | 2.17 1.33 2.65 0.10 1.26 1.50
9M2 | 0.08 1.04 2.44 1.26 2.44 1.45
OM3 | 1.77 0.06 2.69 6.48 0.47 2.29
9M4 | 5.47 2.82 6.48 0.01 1.58 3.27

In 2022, the average Festival Hydro customer would have been without power for a total of 1.33 hours
over the course of the entire year. Stratford customers would have been without power for an average of
approximately 1 hour, while St. Mary’s customers would have been without power for an average of 1.3

hours.
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* Ontario average does not include Hydro One Networks
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FESTIVAL HYDRO - 2022 RELIABILITY REPORT

SAIDI — Excluding Loss of Supply
Outage Hours/Year

Area 2018 2019 2020 2021 2022 Avg
Ontario Avg* 2.13 1.39 1.36 1.31 1.55
FHI — Total 1.83 1.79 1.27 1.95 0.81 1.53
Stratford 1.64 2.27 0.99 1.95 0.76 1.52

68M2 | 0.48 0.18 0.16 0.30 1.63 0.55
68M3 0.6 3.62 1.18 3.66 0.14 1.84
68M4 | 0.22 0.26 2.92 1.22 0.56 1.04
68M5 | 3.25 2.17 0.81 1.72 0.17 1.62
68M8 | 5.88 2.90 2.52 0.26 1.51 2.61
8051M1 | 0.85 1.83 0.13 1.12 2.01 1.19
8051M2 | 0.43 0.66 0.00 0.38 0.00 0.29
8051M4 | 0.46 0.03 0.52 0.57 0.04 0.32
St Mary’s 2.95 0.42 1.62 2.66 1.26 1.78
9M1 | 0.17 1.28 0.51 0.00 1.26 0.64
9M2 | 0.08 0.82 0.16 1.26 2.32 0.93
9M3 | 1.59 0.01 0.04 6.39 0.47 1.70
9M4 | 5.13 0.06 4.83 0.01 1.48 2.30

Loss of Supply did not have a significant impact for customers in St. Mary’s, however it did impact
customers within the rest of our system. Loss of Supply in Stratford (16%) and the remaining 5
communities (23%) accounted for 39% of outage minutes, system wide. At a community level, Loss of
Supply was responsible for 28% of all Stratford outage minutes and 81% of all outage minutes in the
remaining communities, excluding St. Mary’s.

SAIDI - Loss of Supply Exluded
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FESTIVAL HYDRO - 2022 RELIABILITY REPORT

RELIABILITY INDICIES - Cont’d

B) System Average Interruption Frequency Index (SAIFI) — This is the number of outages (greater than
1 minute) during the year that affects the average customer.

SAIFI — Historical Performance
Number of Outages/Year

Area 2018 2019 2020 2021 2022 Avg
Ontario Avg* 2.06 1.59 1.61 151 1.69
FHI - Total 3.12 2.73 1.50 2.58 1.68 2.32
Stratford 3.32 2.81 1.09 2.80 1.57 2.32

68M2 | 3.73 1.13 0.10 0.31 2.15 1.49
68M3 | 3.57 4.93 111 4.42 1.07 3.02
68M4 2.1 0.19 1.22 3.11 1.40 1.60
68M5 | 4.02 2.35 2.08 3.18 1.13 2.55
68M8 | 3.52 1.71 0.69 0.22 3.45 1.92
8051M1 | 2.37 2.28 0.09 1.38 2.14 1.65

8051M2 2 1 0 0.08 0.00 0.62
8051M4 | 2.03 0.03 1.07 0.06 8.14 2.27
St Mary’s 3.11 2.57 2.61 2.22 1.68 2.44

OM1 | 1.11 1.44 1.17 1.02 0.98 1.14
9M2 | 0.04 2.87 2.30 141 2.33 1.79
9M3 | 2.06 1.02 131 4.64 0.86 1.98
9M4 | 5.08 3.03 4.90 0.01 2.90 3.18

In 2022, the average Festival Hydro customer would have experienced 1.68 outages greater than 1
minute in length. Customers outside of Stratford and St. Mary’s were affected the most, followed by those
in St. Mary’s and Stratford.

SAIFI — Historical Performance
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FESTIVAL HYDRO - 2022 RELIABILITY REPORT

SAIFI — Excluding Loss of Supply
Number of Outages/Year

Area 2018 2019 2020 2021 2022 Avg
Ontario Avg* 154 1.25 1.3 1.24 1.33
FHI - Total 153 1.78 1.00 1.63 0.77 1.34
Stratford 154 2.40 1.09 1.85 0.71 1.52

68M2 | 1.72 0.16 0.10 0.31 1.15 0.69
68M3 | 1.58 3.93 111 3.42 0.07 2.02
68M4 0.1 0.19 1.22 2.11 0.40 0.80
68M5 2.1 2.35 2.08 1.18 0.14 1.57
68M8 | 1.52 0.71 0.69 0.20 1.45 0.91
8051M1 | 1.27 2.28 0.09 1.38 2.14 1.43

8051M2 1 1 0.00 0.08 0.00 0.42
8051M4 | 1.03 0.03 1.06 0.06 0.01 0.44
St Mary’s 2.32 0.28 1.15 1.66 1.23 1.33

9M1 | 0.11 0.46 0.16 0.00 0.98 0.34
9M2 | 0.04 0.87 0.27 141 1.35 0.79
9M3 | 1.06 0.02 0.06 3.63 0.86 1.13
9M4 | 4.08 0.03 3.40 0.01 1.90 1.88

Loss of Supply had a considerable impact on frequency of outages in 2022, as system wide the SAIFI is
reduced by 54% with loss of supply outages excluded which equates to nearly 1 additional outage
experienced by the average customer.

SAIFI - Loss of Supply Excluded
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FESTIVAL HYDRO - 2022 RELIABILITY REPORT

RELIABILITY INDICIES - Cont’d

C) Customer Average Interruption Duration Index (CAIDI) — This is the average length of an outage in
hours seen by the average customer and is calculated as SAIDI divided by SAIFI.

CAIDI — Historical Performance
Average Length of Outage in Hours

Area 2018 2019 2020 2021 2022 Avg
Ontario Avg* 2.13 1.11 1.1 1.10 1.36
FHI - Total 15 0.81 1.38 1.01 0.79 1.10
Stratford 0.97 0.82 0.91 0.88 0.67 0.85

68M2 | 0.69 0.26 155 0.95 0.91 0.87
68M3 | 0.75 0.76 1.07 0.99 0.44 0.80
68M4 | 1.08 1.34 2.40 0.42 0.65 1.18
68M5 | 1.28 0.92 0.39 0.87 0.44 0.78
68M8 | 2.26 1.75 3.65 1.42 0.58 1.93
8051M1 | 0.44 0.8 142 0.81 0.94 0.88

8051M2 | 0.31 0.66 0 4.50 0.00 1.09
8051M4 | 0.32 1.03 0.50 10.03 0.82 2.54
St Mary’s 1.12 0.77 1.46 1.22 0.78 1.07

9M1 | 1.96 0.92 2.28 0.09 1.28 1.31
9M2 | 1.98 0.36 1.06 0.89 1.05 1.07
9M3 | 0.86 0.06 2.06 1.40 0.54 0.98
9M4 | 1.08 0.93 1.32 2.16 0.54 1.21

In 2022 the average length of an outage for FHI customers was 0.79 hours, the lowest in the past 5 years.

CAIDI — Excluding Loss of Supply
Average Length of Outage in Hours

Area 2018 2019 2020 2021 2022 Avg
Ontario Avg* 1.39 111 1.05 1.06 1.15
FHI - Total 1.19 1.00 1.26 1.20 1.06 1.14
Stratford 1.07 0.94 0.91 1.05 1.07 1.01

68M2 | 0.28 1.16 1.56 0.95 1.42 1.07
68M3 | 0.38 0.92 1.06 1.07 2.10 1.11
68M4 | 2.16 1.34 2.40 0.58 1.40 1.57
68M5 | 1.55 0.92 0.39 1.46 1.23 1.11
68M8 | 3.86 4.09 3.65 1.31 1.05 2.79
8051M1 | 0.67 0.8 1.42 0.81 0.94 0.93
8051M2 | 0.43 0.66 0.00 4.50 0.00 1.12
8051M4 | 0.45 1.03 0.49 10.03 2.68 2.94
St Mary’s 1.27 15 1.41 1.60 1.02 1.36
9M1 | 1.56 2.78 3.16 0 1.28 1.76
o9M2 | 1.98 0.95 0.59 0.89 1.72 1.23
9M3 | 1.49 0.57 0.66 1.76 0.54 1.00
9M4 | 1.26 1.88 1.42 2.16 0.78 1.50

Loss of Supply impacted the average outage duration in 2022 system wide with CAIDI increasing by 34%
when loss of supply is excluded. This can be attributed to Loss of Supply outages having a greater effect
on SAIFI as compared to SAIDI and therefore the remaining outages result in fewer customers being
affected for a longer duration.

* Ontario average does not include Hydro One Networks
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RELIABILITY INDICIES - Cont’d

FESTIVAL HYDRO - 2022 RELIABILITY REPORT

D) Index of Reliability — This identifies the percentage of the time that service was available during a
given year. There are 8760 hours in one year; therefore, 1 hour is equal to 0.011%.

Index of Reliability — Historical Performance

Percentage of Time Available

Area 2018 2019 2020 2021 2022 Avg
Ontario Avg* 99.950 99.98 99.98 99.98 99.980
FHI - Total 99.945 99.974 99.976 99.970 99.985 99.970
Stratford 99.962 99.973 99.989 99.972 99.988 99.977
68M2 99.97 99.997 99.998 99.997 99.978 99.988
68M3 99.969 99.956 99.986 99.950 99.995 99.971
68M4 99.973 99.997 99.967 99.985 99.990 99.982
68M5 99.94 99.975 99.991 99.968 99.994 99.974
68M8 99.907 99.965 99.971 99.996 99.977 99.963
8051M1 99.988 99.979 99.999 99.987 99.977 99.986
8051M2 99.993 99.992 100 99.996 100.000 99.996
8051M4 99.992 99.999 99.994 99.993 99.924 99.980
St Mary’s 99.959 99.977 99.957 99.969 99.985 99.969
IM1 99.975 99.985 99.970 99.999 99.986 99.983
o9M2 99.999 99.988 99.972 99.986 99.972 99.983
9M3 99.979 99.999 99.969 99.926 99.995 99.974
oM4 99.936 99.967 99.926 99.999 99.982 99.962

In 2022, the average FHI customer could expect the power to be available 99.985% of the time, which is
above the 5-year average. By excluding Loss of Supply Index of Reliability would increase to 99.991%.

E) Major Event and Loss of Supply Excluded — 5 Year Trend — The table below shows the SAIDI and

SAIFI values over the last 5 years for the entire Festival Hydro system, with both loss of supply and major
event causes excluded as well as the OEB Scorecard targets for these same indices. 2022 was the fourth
year in a row year in which no major events occurred.

A major event is an interruption or group of interruptions caused by conditions that exceed the design and
operational limits of the system. A major event occurs when the daily SAIDI exceeds a threshold value,
Tmeb, as calculated per IEEE Standard 1366. For 2022 our Tmep value was 54.61 which correlates to
1,215, 673 total customer outage minutes (20,261 hours).

Index 2018 2019 2020 2021 2022 Avg.
SAIDI - FHI 0.92 1.79 1.27 1.95 0.81 1.35
SAIDI - OEB Target 1.19 1.19 1.35 1.35 1.35 1.29
SAIFI - FHI 0.73 1.78 1 1.63 0.77 1.18
SAIFI - OEB Target 1.57 157 1.31 1.31 1.31 1.41
SAIDI - 5 Year Trend SAIFI - 5 Year Trend
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FESTIVAL HYDRO - 2022 RELIABILITY REPORT

RELIABILITY INDICIES - Cont’d

F) Momentary Average Interruption Frequency Index (MAIFI) — This is the average number of momentary
interruptions (less than 1 minute) seen by the average customer in one year.

MAIFI — Historical Performance

Average Number of Momentary Interruptions/Year

Area 2018 | 2019 | 2020 | 2021 2022 Average
FHI - Total 6.62 5.91 6.20 4.74 5.44 5.8
Stratford 7.17 5.49 6.04 3.90 4.84 5.5
68M2 2 1.05 0.99 2.00 3.00 1.8
68M3 | 3.9 2.00 3.01 3.00 1.00 2.6
68M4 4 1.00 2.97 2.00 9.00 3.8
68M5 | 10.8 | 12.62 | 10.00 | 6.00 6.99 9.3
68M8 4.9 1.00 1.07 3.00 9.01 3.8
8051M1 | 9.4 5.00 9.00 4.02 4.97 6.5
8051M2 1 1.00 0.00 0.00 0.00 0.4
8051M4 0 3.00 2.99 0.99 16.25 4.6
St Mary’s 7.32 8.79 8.30 8.68 7.53 8.1
oM1 | 3.9 5.77 | 10.03 | 4.98 3.00 5.5
9M2 | 10.3 | 12.00 | 9.01 | 10.43 7.05 9.8
9M3 3 9.00 | 10.66 | 7.36 9.73 7.9
9M4 8.1 8.43 4.52 12.01 7.99 8.2

In 2022, the average Festival Hydro customer would have experienced nearly 5.5 outages of less than 1
minute in length, which is slightly below the 5-year average. St. Mary’s customers experienced about 7.5
momentary outages which is just below the 5-year average and the second lowest level in the past 5
years.

MAIFI - Historical Performance
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FESTIVAL HYDRO - 2022 RELIABILITY REPORT

DATA ANALYSIS

To get a better understanding of what is happening to the distribution system, the data is analyzed
excluding the number of affected customers from Loss of Supply Outages (which are upstream of the

distribution system) and from Scheduled Outages (which are not a result of problems with the distribution
system).

A) Number Of Outages — The quantity of outages greater than 1 minute each year, excluding Loss of
Supply and Scheduled causes. It should be noted that the number of outages does not mean the entire
feeder experienced an outage, only that an outage occurred somewhere on that feeder.

Number of Outages/Year

Area 2018 | 2019** [ 2020** | 2021** | 2022** [ Average

FHI - Total 82 92 75 91 74 82.8

Stratford 49 52 44 56 40 48.2
68M2 2 4 2 2 5 3.0

68M3 16 20 10 22 6 14.8

68M4 3 3 6 4 3 3.8

68M5 11 17 14 12 12 13.2
63M8 5 1 0 4 3 2.6
8051M1 11 5 10 12 10 9.6
8051M2 1 1 0 0 0 0.4
8051M4 1 1 2 0 1 1.0

St Mary’s 20 17 17 23 21 19.6
9M1 1 3 3 0 0 1.4
IM2 3 8 3 6 4 4.8
9M3 1 2 2 15 7 54
9M4 15 4 9 2 10 8.0

B) Number Of Qutages by Cause — The quantity of outages greater than 1 minute for each cause each
year, excluding Loss of Supply and Scheduled outage causes.

Number of Outages/Year

Cause 2018 | 2019** | 2020** [ 2021** [ 2022** | Average
Adverse Environment 0 2 0 0 0 0.4
Adverse Weather 14 15 3 10 8 10.0
Defective Equipment 39 35 23 33 31 32.2
Foreign Interference 19 28 30 29 23 25.8
Human Error 2 3 1 0 1 1.4
Lightning 0 0 3 4 0 1.4
Tree Contacts 4 1 10 8 9 6.4
Unknown 4 8 5 7 2 5.2

Total 82 92 75 91 74 82.8

**Only initial outages are shown. When restoration of the same outage event occurs in stages until service
is restored to all customers it will be considered a single outage rather than multiple outages.
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FESTIVAL HYDRO - 2022 RELIABILITY REPORT

DATA ANALYSIS — Cont’d

C) Number Of Feeder Lockouts — The quantity of outages greater than 1 minute each year that affected
the entire feeder, excluding Loss of Supply causes (Feeder Lockout).

Number of Feeder Lockouts/Year

Area 2018 2019 2020 2021 2022 | Average
FHI - Total 15 5 8 9 5 8.4
Stratford 10 5 5 7 3 6.0
68M2 1 0 0 0 0 0.2
68M3 1 2 1 3 0 14
68M4 0 0 1 2 0 0.6
68M5 2 1 2 1 0 1.2
68M8 1 0 0 0 1 0.4
8051M1 1 2 0 1 2 1.2
8051M2 1 1 0 0 0 0.4
8051M4 1 0 1 0 0 0.4
St Mary’s 4 0 3 1 1 1.8
IM1 0 0 0 0 0 0.0
IM2 0 0 0 0 0 0.0
IM3 1 0 0 1 0 0.4
IM4 3 0 3 0 1 14

3. TREND ANALYSIS

It should be noted that 2021 was the first full year with the St. Mary’s 9M3 and 9M4 feeders reconfigured.
The reconfiguration balanced customer counts by shifting approximately 785 customers from the 9M4 to
the 9M3 including the Victoria and Thomas Street reclosers. As a result, the 5-year averages for the 9M3
and 9M4 are not representative of their current configuration.

SAIDI (duration)

SAIDI/Feeder - All Cause Codes
8.00

7.00
6.00
5.00
4.00
3.00
2.00 +— —
1.00
0.00

W 2022

5Yr. Avg.

With Loss of Supply included the average outage duration for the entire FHI territory is well below
the 5-year average and is the lowest in the past 5 years. With Loss of Supply excluded the outage
durations are also the lowest in the past 5 years. Loss of Supply did not have an impact in
St. Mary’s however in Stratford, Loss of Supply accounted for 28% of outage minutes (16%
system wide) affecting the 8051M4, 68M3 and 68M5 feeders. Loss of supply also had a significant
impact on the other 5 communities causing 81% of those outage minutes (23% system wide).
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FESTIVAL HYDRO - 2022 RELIABILITY REPORT

TREND ANALYSIS - Cont’d

The 8051M4 had 1 outage caused by Loss of Supply which accounted for 99% of all outage
minutes on this feeder causing it to have the highest SAIDI of the entire system. This value,
however, is overstated due to the outage occurring while the 8051M4 was supplying part of the
68M2 during the Romeo St capital job, resulting in more customer outage minutes than otherwise
would have occurred.

The high average outage duration on the 9M2 was due to a Foreign Interference outage caused
by a squirrel that resulted in 81% of outage minutes for this feeder while 2 outages on the 8051M1
caused by Foreign Interference (vehicle accident, 48%) and Tree Contacts (47%) accounted for
95% of its outage minutes.

SAIFI (frequency)

SAIFI/Feeder - All Cause Codes

9.00
8.00

7.00 m 2022
6.00

5.00 5 Yr. Avg.
4.00

3.00 —
2.00
1.00
0.00

Outage frequencies in 2022 were below the 5-year average with and without Loss of Supply
included. Outage frequencies for the system are second lowest in the past 5 years.

Outages in Stratford on the 8051M1 (20%), 68M3 (13%) and the 68M5 (13%) together with the
were the main contributors to the entire system’s outage frequency.
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FESTIVAL HYDRO - 2022 RELIABILITY REPORT

TREND ANALYSIS - Cont’d

MAIFI (frequency of momentary outages)

MAIFI/Feeder - All Cause Codes
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5Yr. Avg.

The number of customers that experienced momentary outages for the entire system is slightly
below average this year and is the second lowest level in the last 5 years. Most feeders in St.
Mary’s saw momentary outages below their 5-year average, however 4 Stratford feeders had a
notably higher MAIFI than their historical 5-year averages. Momentary outage causes for these
feeders include Foreign Interference, Unknown causes, Defective Equipment and Loss of Supply
while the remaining communities were caused by Loss of Supply.

Like SAIDI and SAIFI, the 8051M4 is inflated due to the momentary outages occurring while the

feeder supplied a portion of the 68M2 as part of the Romeo St capital job, resulting in significantly
more customers connected than usual.
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FESTIVAL HYDRO - 2022 RELIABILITY REPORT

TREND ANALYSIS - Cont’d

Number of Outages (excluding Loss of Supply and Scheduled)

Outages/Year - Excl. LoS & Sched.
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The number of outages in 2022 was below the 5-year average. As in previous years, most of the
outages occurred in Stratford and St. Mary’s on the feeders with more exposure. The 68M3 feeder
in Stratford experienced outages significantly below its average with all other feeders in Stratford
experiencing their average number of outages. St. Mary’s experienced a similar number of
outages compared to previous years, with most occurring on the 9M4 as opposed to the 9M3 in
2021.

It should be noted that the process of restoration may require restoring service in stages to small
sections of the system until service has been restored to all customers. As required by the OEB,
each of these individual stages is tracked, collecting the start time, end time and number of
affected customers for each stage. This philosophy allows the Utility to restore power more quickly
to some of the affected customers however as a result, the total number of outages may be
misleading. To provide a more accurate representation of the system’s performance only the
initial outage has been counted rather than each individual stage (where applicable). This change
has been applied retroactively to 2019 to better represent the 5 year averages.
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FESTIVAL HYDRO - 2022 RELIABILITY REPORT

TREND ANALYSIS - Cont’d

Number of Feeder Lockouts (outages to entire feeder, excluding Loss of Supply)

Number of Feeder Lockouts - Excl. LoS
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The number of feeder lockouts in 2022 was 40% below the 5-year average with all lockouts
occurring on Stratford feeders 68M8 and 8051M1 as well as the 9M4 in St. Mary’s. Multiple
lockouts were experienced by 8051M1 due to Tree Contacts and Foreign Interference (vehicle
accident). Defective Equipment, Foreign Interference (animal) and Unknown were causes for the
remaining lockouts.
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TREND ANALYSIS - Cont’d

Number of Outages by Cause (excluding Loss of Supply and Scheduled)

Outages/Year - Excl. LoS & Sched.
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It is worth noting that only the initial outage will be counted rather than each individual restoration
stage (when applicable) which will provide a more accurate representation of the system’s
performance. To maintain the 5-year average as best as possible, this change was applied
retroactively to 2019.

Adverse Weather was attributed to 8 outages in 2022, which is below the 5-year average despite
significant weather events occurring throughout the year.

The number of outages that occurred because of Defective Equipment was slightly below the 5-
year average and very comparable to the previous year. Of all the outages, 42% were due to
Defective Equipment (excluding Loss of Supply and Scheduled). Defective switches and
connections were responsible for 18 of the 31 outages.

Foreign interference outages (animals, vehicles) were marginally lower compared the 5-year
average. 14 of the 23 outages were caused by animal contacts, 7 were caused by motor vehicle
accidents and 2 from contractor dig-ins.

Tree Contacts were attributed to 9 outages in 2022, which is similar to the previous year and
above the 5-year average. 2 of 9 outages affected only a single customer.

There were 2 outages in 2022 for which no cause was found, which is about half the 5-year
average. All outages occurred in St. Mary’s on the 9M3 feeder.

There was 1 sustained outage in 2022 attributed to Human Element that occurred in Seaforth.

There were no sustained outages in 2022 that were attributed to Adverse Environment or
Lightning.

Overall, the number of outages greater than 1 minute was 11% below the 5-year average. Nearly three

guarters of outages were due to Foreign Interference or Defective Equipment, which is consistent with
the 5-year trend.
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4. DETAILED ANALYSIS

DURATION:

The 6 longest outages in terms of customer minutes accounted for about 33% of the total
customer minutes in 2022 occurring in Stratford on the 8051M1, 68M3 and 68M5 feeders and in
Zurich/Dashwood on the 6102F1. Of these 6 outages, 4 occurred because of Hydro One station
issues (Loss of Supply), 1 occurred because of a vehicle accident (Foreign Interference) and 1
was caused by a fallen branch (Tree Contact). The 10 longest outages, accounting for 49% of
the total customer minutes, occurred in Stratford (26%), St. Mary’s (8%) and Zurich/Dashwood
(15%). Of these 10 outages, Loss of Supply (25%), Foreign Interference (18%) and Tree Contacts
(6%) were the common cause codes.

FREQUENCY:

The SAIFI numbers for the entire system were below the 5-year average since the larger Stratford
feeders experienced fewer outages in 2022 compared to the 5-year average. The 8 outages that
affected most customers in 2022 accounted for 50% of all customers that experienced an outage
throughout the year. For all outages, Loss of Supply (54%) and Foreign Interference (17%) were
responsible for impacting most customers in 2022.

OUTAGE CAUSES:
The total number of outages remained nearly the same as in 2021 however, the number of

affected customers decreased by 34% while total customer minutes decreased by over 48% when
compared to 2021.
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Weather = outage caused by high winds, blowing debris, ice, flooding
Equipment = outage caused by failure of distribution equipment

Foreign Interference = outage caused by animals, vehicles, vandalism
Human Element = outage caused by human error

Lightning = outage caused by lightning strike

Loss of Supply = Outages on Hydro One System Supplying Festival Hydro
Scheduled = planned outage by Festival Hydro needed to upgrade system
Tree Contact = outage caused by contact with tree or tree limb

Unknown = no cause could be found

17/21



FESTIVAL HYDRO - 2022 RELIABILITY REPORT

DETAILED ANALYSIS - Cont’d

Loss of Supply outages had a significant impact for customers in Stratford and our outlying
communities where 98% of these outage minutes occurred (40% from Stratford and 58% from
remaining 5 communities) in 2022. Loss of Supply accounted for 39% of all outage minutes
system wide.

Adverse Weather had a minor impact in 2022, contributing to only 1% of all outage minutes.

Foreign Interference outage minutes were the second highest level in the past 5 years,
responsible for roughly 28% of all outage minutes system wide. The largest 4 of 28 outages were
responsible for 64% of all Foreign Interference related customer outage minutes due to animal
contacts (2) and motor vehicle accidents (2).

Tree Contacts number of outages remained the same compared to 2021 however outage
minutes decreased substantially and accounted for only 8% of all outage minutes. A single outage
in Stratford affecting the entire 8051M1 feeder was responsible for 76% of those outage minutes.

Defective Equipment number of outages in 2022 were slightly less than in 2021 however outage
minutes were 80% higher yet still below the 5-year average, contributing to 14% of all outage
minutes. The 4 of 38 longest outages in this category accounted for 49% of all outage minutes
due to defective equipment and 93% of outage minutes occurred in Stratford. The largest amount
of customer outage minutes this year was attributed to defective connections.

Outages due to Unknown causes accounted for approximately 2% of all outage minutes in 2022,
well below the 5-year average with all 3 outages occurring in St. Mary’s.

Human Element outage minutes did not have a significant impact on the overall system.
MOMENTARY OUTAGES:
The MAIFI (Momentary Average Interruption Frequency Index) measures the number of outages

less than 1 minute, as seen by the average customer. The graph below shows the causes of the
outages for the past five years based on number of customers affected.
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DETAILED ANALYSIS - Cont’d

Overall, the number of customers affected by momentary outages increased by about 16% in
comparison to 2021, which is also approximately 4% below the 5-year average. Unknown cause
was responsible for 36% of affected customers with Defective Equipment, Loss of Supply and
Foreign Interference responsible for 19%, 19% and 17% respectively.

Approximately 49% of the total number of customers affected in 2022 were on the 68M4, 68M5
and 8051M1 feeders. There was a significant improvement to the number of affected customers
on the 68M3 while the 68M4 saw an increase, mainly resulting from Foreign Interference.

POOR PERFORMING FEEDERS:

Using the historical records, the worst performing feeders have been identified using customer
minutes of outage as the primary criteria (excluding scheduled and loss of supply outages).

The decision to rank the feeders based on customer outage minutes assumes that the objective
is to improve the overall system reliability by identifying those areas that contribute the most to
the overall indices of SAIDI and SAIFI. This will have the effect of decreasing the duration and
frequency of outages to the average customer. The feeders with the most customers respectfully
become the targets for potential improvements.

The chart below ranks the Stratford and St. Mary’s feeders with over 500,000 cumulative
customer outage minutes over the past 5 years from worst to best.

Feeder % of % of
Customer 2018 2019 2020 2021 2022 Total Outage
Base in 2022 Minutes

68M3 20.4% 143,001 | 922,089 | 285557 | 969,396 | 14,763 | 2334806 | 30.78%

68M5 19.7% 749,759 | 485,004 | 208,967 | 353,715 | 42,575 | 1840110 | 24.26%

IM4 3.8% 535,066 6,042 314,234 581 74,827 930,750 11.15%

8051M1 15.4% 105,158 | 291,569 | 16,467 86,288 | 402,454 | 901036 | 11.89%

M3 6.1% 26,220 35 150 514,724 | 37,962 579,001 7.63%

Poor Performing Feeders
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1.

68M3 Feeder in Stratford

This feeder supplies primarily residential customers in the south-central area of Stratford and is
almost exclusively overhead distribution in older residential areas. The proximity to mature trees
also makes this feeder susceptible to animal and tree contacts. This feeder had outage minutes
substantially below its 5-year average in 2022 and was responsible for only 1% of outage minutes
system wide (excluding Loss of Supply and Scheduled). The average customer on this feeder
experienced almost no outages (0.07) in 2022 with Loss of Supply excluded. 99% of all outage
minutes on this feeder were attributed to either Loss of Supply or Scheduled outages. Of its 14
outages, one Loss of Supply issue at the Stratford TS was responsible for 94% of the outage
minutes.

68M5 Feeder in Stratford

This feeder supplies mostly residential customers in the north-west part of Stratford. It is one of
the longest feeders with a lot of exposure to weather, animals and tree contacts. This feeder’s
outage minutes were 88% lower than its 5-year average in 2022. 50% of outage minutes on this
feeder were the result of one defective switch. The average customer on this feeder experienced
0.14 outages in 2022 with Loss of Supply excluded.

9M4 Feeder in St. Mary’s

This is the second full year with the 9M4 feeder reconfigured. Prior to April 2020, this feeder
supplied power to over half of the customers in St. Mary’s, mostly in the west part of town and a
portion of the downtown core. After April 2020, the 9M3 and 9M4 feeders in St. Mary’s were
reconfigured to reduce the number of customers on the 9M4, as well as to help reduce outage
durations during sustained outages using smart switches. The 9M4 now supplies power to a
quarter of the customers in St. Mary’s, mostly throughout the center of Town. While still high on
the list due to outage minutes from 2018 to 2020, in 2022 this feeder performed 57% below its 5-
year average and was responsible for 10 outages contributing to 8% of system wide outage
minutes (excluding Loss of Supply and Scheduled). A single Foreign Interference outage was
responsible for 77% of the outage minutes on this feeder with the average customer experiencing
nearly 2 outages in 2022 with Loss of Supply excluded.

8051M1 Feeder in Stratford

This feeder supplies mostly residential customers in the west part of Stratford. This feeder had
outage minutes substantially (123%) above its 5-year average and was the worst performing
feeder in 2022 with 44% of outage minutes system wide (excluding Loss of Supply and
Scheduled). The two largest outages on this feeder caused over 52% of its outage minutes; Tree
Contacts and Foreign Interference (vehicular) with 29% caused from another Foreign Interference
(vehicle) outage. Customers on this feeder experienced an average of just over 2 outages in
2022.

9M3 Feeder in St. Mary’s

This is the second year with the 9M3 feeder reconfigured. In April 2020 the 9M3 and 9M4 feeders
in St. Mary’s were reconfigured to better balance the load and customer count between them,
adding more customers and exposure primarily on the west side of Town to this feeder compared
to previous years. This feeder's outage minutes were 67% less than the 5-year average and
accounted for only 4% of outage minutes system wide (excluding Loss of Supply and Scheduled).
This feeder remains on the list due to an uncharacteristically high number of outage minutes from
2021 caused in large part by a tree that has since been removed.

2022 Poor Performers

This year many of the historically poor performing feeders operated quite well, with only the
8051M1 being above its 5-year average for outage minutes. As a result, it's worth briefly noting
the remaining top 3 worst performing feeders. The 9M2 in St. Mary’s was the second worst feeder
and it experienced 3.4 times more outage minutes in 2022 than its 5-year average however, 90%
of these minutes are from a single Foreign Interference event. The 68M2 in Stratford was the third
worst feeder in 2022 and it had outage minutes 4.3 times above its 5-year average for 11% system
wide (excluding Loss of Supply and Scheduled). Two outage events on this feeder were
responsible for 96% of its outage minutes, all caused by Defective Equipment.
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RECOMMENDATIONS
CAPITAL BUDGET ITEMS

There are several projects in the 2023 budget that are focused solely on reducing momentary and
prolonged outages, including the following:

- Continue live front padmount switchgear replacement and removal in Stratford and St. Mary’s with
elimination of all Live front units by 2025.

- Animal guarding equipment will be installed around poles difficult to re-insulate in an attempt to further
reduce momentary outages in St. Mary’s.

- Smart Fault Indicators which relay information back to our SCADA system are being deployed to give
insight into pinpointing outage locations.

- Deployment of a new team of smart switches in St. Mary's that will work to automatically restore and
reroute power during outage situations, minimizing length of time customers will be out of power.

- The Utilismart Outage Management System will give Festival Hydro new insights into outage locations
and times. By leveraging existing information Festival Hydro has from its smart meters and
distribution system, the location and potential causes of outages will be identified in near real time,
allowing for a quicker and more focused response.

OPERATING BUDGET ITEMS

Asset Condition Assessment and Distribution System Plan to update and prioritize our biggest risk assets
to ensure we are optimizing the spending of our budget dollars.

The Operations Manager will continue to meet with the City of Stratford and Town of St Mary’s
representatives on a regular basis to review tree trimming requirements and performance.

Festival Hydro will continue with transformer painting as an economical approach to extending the useful
life of existing transformers that have started to show signs of rust and otherwise would continue to
deteriorate, eventually requiring replacement or causing an outage. This preventative measure aims to
reduce Defective Equipment outages specifically related to transformer replacement and pre-mature
aging of the asset.

Festival Hydro will continue with infrared inspections, pole inspections, manhole inspections and the use
of the maintenance matrix to ensure all systems are being inspected at regular intervals. We will also be
continuing maintenance on load interrupter switches.

This information has been prepared by Jordan Murray, Distribution Engineer. Any questions should be
directed to the author.

Festival Hydro Inc.
187 Erie Street

PO Box 397

Stratford, ON N5A 6T5

Attention: Jordan Murray, Distribution Engineer
Phone: 519-271-4703 x 312

Fax: 519-271-7204

Email: jmurray @festivalhydro.com
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DISCLAIMER

Kinectrics prepared this report as a work of authorship sponsored by their Client. This report has been prepared solely for the
benefit of the Client and may not be used or relied upon in whole or in part by any other person or entity without Client permission
or without Kinectrics’ permission if required by the Contract between Client and Kinectrics Inc. Neither Kinectrics, their client nor
any person acting on behalf of them: (a) makes any warranty or representation whatsoever, express or implied, or assumes any
legal liability of responsibility for any third party’s use, or the results of such use, with respect to (i) the use of any information,
apparatus, method, process, or similar item disclosed in this report including the merchantability or fitness for any particular
purpose of any information contained in this report or the respective works or services supplied or performed or (ii) that such
use does not infringe on or interfere with privately owned rights, including any party’s intellectual property; or (b) assumes
responsibility for any damages or other liability whatsoever (including any consequential damages resulting from a third party's
selection or use of this report or any information, apparatus, method, process, or similar item disclosed).

© Kinectrics Inc., 2023
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EXECUTIVE SUMMARY

In 2023 Festival Hydro Inc. (FHI) determined a need to perform a condition assessment of its key
distribution assets. FHI selected and engaged Kinectrics Inc. (Kinectrics) to assist with this work.
This report presents the results of 2023 Asset Condition Assessment (ACA) study, based on the
available condition data as of the end of June 2023.

Asset Categories Considered

The 11 asset categories (19 sub-categories in total) included in the 2023 ACA are as follows:

Power Transformers

MS Switchgear

Distribution Transformers (Pad, Pole)

Poles (Wood, Concrete)

OH Primary Conductors

UG Primary Cables (XLPE, TRXLPE)

OH Gang Switches

Pad Mounted Switchgear (Solid Dielectric, Air)
Structures (Vault, Manhole)

Fleet Vehicles (Pickup, Bucket)

Meters (Residential, Industrial/Commercial, Primary Metering Unit)

For each asset category, available data are assessed, Health Index distribution is determined, and
condition-based Flagged-for-action plan is developed.

For asset categories inside substations, specifically Power transformers and MS switchgear, assets
are typically replaced proactively, i.e., before they fail, while for the rest of the asset categories
assets (except for poles) are typically run to failure and replaced reactively. For the asset
categories with assets replaced proactively, a risk-based prioritized list that identifies specific units
and required time of action is developed. For assets replaced reactively, quantities of units
expected to be replaced each year is estimated without identifying specific units.

Overall Health Index Distribution

In general, 9 of the 19 sub-categories have more than 70% of their units classified as “good” or
“very good” and with an average Health Index score of greater than 70%.

With respect to the asset categories of concern, Poles (Wood), Pad Mounted Switchgear (Air),

Structures (all types), Fleet Vehicles (all types), and Meters (all types) have more than 25% of units
classified as “poor” or “very poor” condition.

K-814374-RA-0001-R0O1
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Flagged-for-action Plans

Flagged-for-action plan refers to a 10-year plan identifying how many units within each asset
category require some action. In most cases the required action is replacement, however, for the
asset categories replaced proactively other options are available, e.g., refurbishment, enhanced
maintenance, operating solution, real time monitoring, or even “do nothing”. For that reason, the
numbers presented in the Flagged-for-action plan are not necessarily equal to the number of
assets to be replaced, as units to be replaced represent a subset of the Flagged-for-action units.

It is worth noting that nearly the entire populations of Pad Mounted Switchgear (Air Insulated),
Fleet Vehicles (all types), and Meters (Residential, Industrial/Commercial) have been flagged for

action in the next 10 years.

Additionally, over one quarter of Poles (Wood), UG Primary Cables (XLPE), OH Gang Switches, and
Structures (Manhole) are expected to require some action to be taken to address their condition.

Data Availability

All the asset categories have basic information to develop health index scores.

Power Transformers and MS Switchgear have relatively complete data sets, with both test and
inspection data available in addition to age.

Poles (wood) have relatively complete data sets with both test and inspection data, but only
available for roughly half of the population.

Poles (concrete), Structures (all types) and Fleet Vehicles (all types) have inspection data available
for the majority of the population.

Distribution Transformers (all types) and Pad Mounted Switchgear have either very limited
inspection data available, or inspection data for small portion of the asset population.

The remaining asset categories have age information only.
Distribution Transformers (pole mounted), Pad Mounted Switchgear and Meters have historic

removal data available for developing FHI specific degradation curves.

Recommendations

The following are recommended:

1. It is recommended that FHI use the HI and FFA results of this ACA study as an input into its
Asset Management process. The results of the HI and FFA provides insight to the condition
of FHI's key distribution assets and the quantities of assets that need to be addressed in the
coming years. This information can be used to facilitate decisions related to the key aspects

Vi
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of the asset management process, including inspection and maintenance practices, as well
as investment or capital planning decisions.

2. Conduct an ACA study on a regular basis. This will show how the condition of FHI’s key assets
change over time. It will provide insight to the impact of FHI’s operation and maintenance
as well as capital investments.

3. To improve the data collection process and the quality and quantity of data of subsequent
ACA studies, the following are recommended:

e Standardize inspection forms to ensure consistency of inspections records collected in the
field.

e Standardize the collection of by-exception routine inspection records for assets. This is
important even for the newer units to establish long-term degradation trends.

e Start tracking of OH Conductors and UG Cables failures by location in the outage
database, as well as cable testing data. Once sufficient data are available, they could be
incorporated in ACA.

e Start collecting loading data for the distribution transformers using the new SmartMAP
software at FHI on a go-forward basis.

e Create a single file (instead of separate files) for storing inspection and test data for all
the individual units collected for an asset category.

e Continue to collect removal and failure records for all asset groups to enable development
of FHI specific asset degradation curves.

Findings and recommendations of this study are based on asset condition only as determined
from available data and information. Note that there are numerous other considerations that
may influence FHI’s planning process, such as obsolescence, system growth, corporate priorities,
technological advancements, etc.

It is also important to note that the Flagged-for-action plans are based solely on asset condition
using a probabilistic, non-deterministic, approach and, as such, can only show expected failures
or probable number of units that are expected to be candidates for replacement or other action.
While this condition-based Flagged-for-action plan can be used as a guide for Renewal Investment
category within Distribution System Plan, it is not expected that it be followed directly or as the
final deciding factor in making investment decisions. There are numerous other factors and
considerations that will influence FHI’s Asset Management decisions, such as obsolescence,
system expansion, regulatory requirements, municipal projects, customer preferences, etc.

vii
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DEFINITIONS

Terminology

Acronym

Definition

Age Limiting

Asset Condition
Assessment

Condition Parameter
Score

Condition Parameters

Criticality

Criticality Index

Cumulative Distribution
Function

K-814374-RA-0001-R0O1

AL

ACA

CPS

cp

cl

CDF

The final HI assigned to an individual asset may also
be limited by the asset’s age. The AL is generally
equal to the cumulative survival probability at a
given age of an asset category. If the calculated Hl
is less than or equal to the AL, the final HI assigned
is the calculated HI. Otherwise, the final HI
assigned is equal to the AL.

Process of using asset information to determine the
condition of assets. Condition data can include
nameplate information, test results, asset
inspection records, corrective maintenance records,
operational experience, etc.

Score of an asset for a particular condition
parameter. In this study, the scoring system used
ranges from 0 through 4 (0 = worst; 4 = best).

Asset characteristics or properties that are used to
derive the HI.

Metric used to quantify consequence of failure in
this methodology.

Index used to determine asset Criticality. Cl ranges
from 0% to 100%, with 100% representing the unit
with the highest possible consequence of failure.

Cumulative distribution function. Assumed in this
methodology as the Weibull function representing
the cumulative likelihood of removals.
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Terminology

Acronym

Definition

Data Availability Indicator

Data Gap

De-rating Multiplier

Flagged-for-action plan

Flagged-for-action Year

Health Index

Probability Density
Function

Removal Rate

Risk

Sample Size

K-814374-RA-0001-R0O1

DAI

DR

FFA Plan

FFA Year

HI

PDF

A measure of the amount of condition parameter
data that an asset has, as measured against the full
data sets that are practically available and included
in the Hl formula. It is determined by the weighted
ratio of the condition parameters availability of an
individual unit, over the maximum condition
parameters availability of an asset category.

A data gap is the case where none of the units in an
asset category has data for a particular item as
requested by “ideal” data sets. A data gap means
the data is either unavailable or not in a useable
format.

Multipliers used to adjust a condition or sub-
condition parameter score or calculated Health
Index to reflect certain conditions.

Number of units that are expected to require
attention annually.

The year that a particular unit is flagged for action.

Health Indexing quantifies equipment condition-
based on numerous condition parameters that are
related to the factors that cumulatively lead to an
asset’s end of life. Hlis given in terms of a
percentage range of 0%-100%, with 100%
representing as new condition.

Probability density function. Assumed in this
methodology as the Weibull function representing
the likelihood that an asset will be removed from
service when its age is within a particular range.

Weibull hazard function. Assumed in this
methodology as the rate of removal (removals per
year for given age, including failures, proactively
replaced, removal for non-condition reasons).

Product of likelihood of removal and consequence
of failure.

Subset of an asset population with enough data
(i.e., age or condition data) to calculate the HI.
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Terminology

Acronym

Definition

Sub-Condition Parameter
Score

Sub-Condition Parameters

Weibull Distribution

Weight of Condition
Parameter

Weight of Sub-Condition
Parameter

K-814374-RA-0001-R0O1

SCPS

cp

wCP

WSCP

Score of an asset for a particular sub-condition
parameter. In this study, the scoring system used
ranges from O through 4 (0 = worst; 4 = best).

Asset characteristics or properties that are used to
derive the HI. Each condition parameter can be
comprised of multiple sub-condition parameters.

Continuous function used, in this methodology to
model, the removal rates of assets.

In the HI formula, condition parameters are
assigned a weight that is based on the degree of
contribution or relevance to asset degradation.

In the HI formula, condition parameters are
assigned a weight that is based on the degree of
contribution or relevance to asset degradation.
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I INTRODUCTION

Festival Hydro Inc. (FHI) engaged Kinectrics Inc (Kinectrics) in 2023 to perform an Asset Condition
Assessment (ACA) on selected distribution assets. ACA produces a quantifiable evaluation of asset
condition and aids in prioritizing and allocating sustainment investments. This undertaking, if
done continuously over time, would allow FHI to monitor trends in the condition of its assets and
to continuously improve its ACA process and asset management practices. This ACA covers FHI's
asset population as of December 2022. This report presents results based on the available data.
Year 0 shown in all figures is for 2023, year 1 for 2024, year 2 for 2025 etc.

.1  Objective and Scope of Work
The categories and sub-categories of assets considered in this study are as follows:

Power Transformers

MS Switchgear

Distribution Transformers (Pad, Pole)

Poles (Wood, Concrete)

OH Primary Conductors

UG Primary Cables (XLPE, TRXLPE)

OH Gang Switches

Pad Mounted Switchgear (Solid Dielectric, Air)
Structures (Vault, Manhole)

Fleet Vehicles (Pickup, Bucket)

Meters (Residential, Industrial/Commercial, Primary Metering Unit)

1.2 Deliverables

The deliverable in this study is a Report that includes the following information:

e Description of the Asset Condition Assessment methodology
e For each asset category the following are included:
o Health Index formulation
Age distribution
Health Index distribution
Condition-based Flagged-for-action plan

o O O O

Assessment of data availability and a Data Gap analysis

e Additionally, prioritized risk-based lists are provided for Power transformers and MS
Switchgear, as these assets are typically replaced before they fail.

K-814374-RA-0001-R0O1



Festival Hydro Inc.
2023 Asset Condition Assessment

This page is intentionally left blank.

K-814374-RA-0001-R0O1



Festival Hydro Inc.
2023 Asset Condition Assessment

II ASSeET CONDITION ASSESSMENT METHODOLOGY

The Asset Condition Assessment (ACA) Methodology involves the process of determining asset
Health Index, as well as developing a condition-based Flagged-for-action plan for each asset
category. The methods used are described in the subsequent sections.

1.1  Health Index

Health Indexing quantifies equipment condition-based on numerous condition parameters that
are related to the degradation factors leading to an asset’s end of service life. The Health Index
is an indicator of the asset’s overall health and is typically given in terms of percentage, with 100%
representing an asset in brand new condition and 0 asset at the end of its life. Health Indexing
provides a measure of long-term degradation and thus differs from defect management, whose
objective is finding defects and deficiencies that need correction or remediation to keep an asset
operating prior to reaching its end of life.

Condition parameters are the asset characteristics or properties that are used to derive the Health
Index. A condition parameter may be comprised of several sub-condition parameters. For
example, a parameter called “Oil Quality” may be a composite of parameters such as “Moisture”,
“Acid”, “Interfacial Tension”, “Dielectric Strength” and “Color”.

In formulating a Health Index, condition parameters are ranked, through the assignment of
weights, based on their contribution to asset degradation. The condition parameter score for a
particular parameter is a numeric evaluation of an asset with respect to that parameter.

Health Index (HI), which is a function of scores and weightings, is therefore given by:
Vm

> a,(CPS, xWCP,)

HI = Wm=1 x DR
> @, (CPS,, .. xWCP,)
" Equation 1
where
Yn
" B,(CPF, xWSCP,)
CpS == o
> B,0VSCP)
" Equation 2
CPS Condition Parameter Score
WCP Weight of Condition Parameter
Om Data availability coefficient (1 if available; O if not available)
CPF Sub-Condition Parameter Score
WSCP Weight of Sub-Condition Parameter
Bn Data availability coefficient for sub-condition parameter (1 if available; 0 if not
available)
DR De-Rating Multiplier
3
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The scale that is used to determine an asset’s score for a particular parameter is called the
condition criteria. For this project, a condition criterion scoring system of O through 4 is used. A
score of O represents the worst score while 4 represents the best score, i.e., CPFnax = 4.

De-Rating multipliers are applied to the calculated HI. These may be used to represent the impact
of non-condition issues such as design or operating environment.

Age is used as a limiting factor to reflect the degradation of asset over time.

The calculated overall HI result (after considering all the possible de-rating multipliers) is then
compared with an age limiting factor.

Hlcqicutatea  Uf Hlegicutatea <= Age_Limiter
Final overall HI =
Age_limiter  if Hl.qicuiatea > Age_Limiter

1.1.1 Health Index Results

As stated previously, an asset’s Health Index is given as a percentage, with 100% representing “as
new” condition. The Health Index is calculated only if there is sufficient condition data. The
subset of the population with sufficient data is called the sample size. Results are generally
presented in terms of number of units and as a percentage of the sample size. If the sample size
is sufficiently large and the units within the sample size are sufficiently random, the results may
be extrapolated for the entire population.

The Health Index distribution given for each asset category illustrates the overall condition of the
asset category. Further, the results are aggregated into five categories and the categorized
distribution for each asset category is given. The Health Index categories are as follows:

Very Poor Health Index < 25%

Poor 25 < Health Index < 50%
Fair 50 < Health Index <70%
Good 70 < Health Index <85%

Very Good Health Index > 85%

Note that for critical asset categories, such as Power Transformers, the Health Index of each
individual unit is given.

II.2  Condition-Based Flagged-for-action plan

The condition-based Flagged-for-action plan outlines the number of units that are expected to
require attention in the next 10 years. The numbers of units are estimated using either a proactive
or reactive approach. In the proactive approach, units are considered for action prior to failure,
whereas the reactive approach is based on expected failures per year.
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Both approaches consider asset removal rate and probability of failure. The removal rate is
estimated using the method described in the subsequent section.
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1.2.1 Removal Rate and Probability of Removal

Based on Kinectrics’ experience in removal rate studies of multiple power system asset categories,
Weibull equation is used to model the removal curves. The Weibull function has no specific
characteristic shape and, as such, can model the exponentially increasing removal rate using
empirically derived parameters.

The Weibull removal density function is defined as:

B-1
f) = IB;B e_(é)ﬁ
Equation 3
f = removal rate per unit time
t =time
a, B = constant that control the scale and shape of the curve

The corresponding cumulative removal distribution also sometimes referred to as Probability of
Failure is:

0O =1—-R(®) = 1— @’

Equation 4

Q(t) = cumulative failure distribution

R(t) = survival function

Finally, the removal rate function also known as hazard function) is:
t th-1
G
1-0(t) af

Equation 5

Alt) = hazard function (removals per year)

Different asset categories have different removal rates corresponding to different removal
distributions. The parameters a and B are determine the shapes of these curves. For each asset
category, the values of these constant parameters are selected to reflect typical useful lives for
assets in this asset category.

Consider, for example, an asset class where at the ages of 40 and 75 the asset has cumulative
probabilities of removal of 20% and 95% respectively. It follows that when using Equation 5, a
and B are calculated as 57.503 and 4.132 respectively. The removal rate and probability of
removal graphs for these parameters are as follows:
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Weibull Distributions
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Figure 1 Removal rate vs. Age

1.2.2  Projected Flagged-for-action plan Using a Reactive Approach

For assets that have low consequences of failure that are run to failure and are replaced reactively,
a probabilistic approach is taken to estimate the number of units that are expected to fail/get
removed and flagged-for-action in each year.

For these asset categories, the number of units expected to be replaced in a given year is
determined based on the asset’s failure/removal rates. The number of failures per year is given
by Equation 5.

An example of such a Flagged-for-action plan is as follows: Consider an asset distribution of 100
- 5-year-old units, 20 — 10-year-old units, and 50 - 20-year-old units. Assume that the removal
rates for 5-, 10-, and 20-year-old units for this asset class are As = 0.02, Ao = 0.05, Ay = 0.1 failures
/ year respectively. In the current year, the total number of replacements is 100(.02) + 20(0.05)
+50(0.1)=2+1+5=8.

In the following year, the expected asset distribution is, as a result, as follows: 8 — 1 year old units,
98 — 6-year-old units, 19 — 11-year-old units, and 45 - 21-year-old units. The number of
replacements in year 2 is therefore 8(A1) + 19(As¢ ) + 45(A11 )+ 45(A21 ).

Note that in this study the “age” used is in fact “effective age”, or condition-based age if available,
as opposed to the chronological age of the asset.

7
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For all the asset categories below, the probabilistic approach is used to estimate the FFA Plan. It
is also important to note that the FFA gives the estimated number of assets per year that need to
be addressed; the year that a specific unit needs to be addressed is not calculated.

OH Conductors

OH Gang Switches

Poles (wood, concrete)

Distribution transformers (pole mounted, pad mounted)
Pad mounted switchgear

UG Cables

Structures

Fleet Vehicles

Meters

1.2.3 Projected Flagged-for-action plan Using a Proactive Approach

For some asset categories costs of replacement and/or consequences of failure are more
substantial, and they are typically replaced proactively, i.e., before they fail. For such assets
planning for replacement requires a risk-based approach when developing the FFA Plan. This risk-
based methodology considers both the asset likelihood of removal (as related to HI) and its
consequence of failure (criticality). The product of likelihood or removal and consequence of
failure determines asset risk.

Health Index
(Likelihood of
Removal) T Risk
(Likelihood of
Removal x

Consequence
Criticality of Failure)
(Consequence

of Failure)

Flagged-for-
—> action plan

Figure 2 Risk Assessment Procedure

For all the asset categories below, the risk-based approach is used to estimate the FFA Plan:
e Power Transformers
e MS Switchgear

Relating Health Index and Probability of Removal

Typically, a stress asset is exposed is not constant and has normal frequency distribution. This is
illustrated by the probability density curve of the stress below. The vertical lines in the figure
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represent condition or strength (Health Index) of an asset and bell-shaped curved stress
distribution.

Probability Density Curve of Stress

_ Condstion{Strengih  ——_

— e BT — i nt 0% — il OO, —er g Phigiribesbion

Figure 3 Stress Curve

An asset is in as-new condition (100% strength) should be able to withstand all levels of stress. As
the condition of the asset deteriorates, it may be less able to withstand higher levels of stress.
Consider, for example, the green vertical line that represents 70% condition/strength. The asset
should be able to withstand magnitudes of stress to left of the green line. If, however, the stress
is of a magnitude to the right of the green line, the asset will fail.

To create a relationship between the Health Index and likelihood of removal, assume two “points”
on the stress curve that correspond to two different Health Index values. In this example, assume
that an asset that has a condition/strength (Health Index) of 100% can withstand all magnitudes
of stress to the left of the purple line. It then follows that probability that an asset in 100%
condition will fail is the probability that the magnitude of stress is at levels to the right of the
purple line. This corresponds to the area under the stress density curve to the right of the purple
line. Similarly, if it assumed that an asset with a condition of 15% will fail if subjected to stress at
magnitudes to the right of the red line, the probability of failure at 15% condition is the area under
the stress density curve to the right of the red line.

The likelihood of removal at a particular Health Index is found from plotting the Health Index on

X-axis and the area under the probability density curve to the right of the Health Index line on Y-
axis, as shown on the graph of the figure below.
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Likelihood of Removal vs. Health Index
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Figure 4 Likelihood of Removal vs. Health Index
Criticality

The metric used to measure consequence of failure is referred to as Criticality. Criticality may be
determined in numerous ways, with monetary consequence or degree of risk to corporate
business values being examples. The higher the criticality value assigned to a unit, the higher it’s
consequence of failure. According to FHI, all Power Transformers and all MS Switchgear are of
equal criticality.

Risk-Based Flagged-for-action plan

As previously mentioned, risk is the product of a unit’s likelihood of removal and its consequence
of failure. To develop a Flagged-for-action plan, the risk of removal of each unit must be
quantified. An asset is flagged for action when the calculated risk value exceeds a pre-set
threshold. With this approach, the FFA Year (i.e., the years that a particular unit is flagged for
action) is determined for each asset.

.3 Data Assessment
The condition data used in this study include the following:

Test Results (e.g., Oil Quality, DGA)
Inspection Records

Loading

Make, Model, and Type

10
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e Age

The Health Index formulae developed and used in this study are based only on FHI’s available
data. There are additional parameters or tests that FHI may not collect at the present time but
that are important indicators in determining the extent of assets degradation. While these will
not be included in the HI formula, they are referred to as data gaps. A data gap is the case where
none of the units in an asset category has data for a particular item as requested by “ideal” data
sets.

As part of this study, the data gaps of each asset category are identified. In addition, the data
items are ranked in terms of importance. There are three priority levels, the highest being most
indicative of asset degradation.

Priority Description Symbol
High Impactive data; most useful as an indicator of
g asset degradation
. Important data; can indicate the need for

Medium P . . . L * K
corrective maintenance or increased monitoring
Helpful ;| indicative of

Low e py daFa, east indicative of asset e
deterioration

When closing data gaps, it is generally recommended that data collection be initiated for the items
marked with higher priority because when more impactive and important data are included in the
Health Index formula the higher is confidence in the calculated Health Index score.

If an asset category has significant data gaps and lacks good quality condition, there is less
confidence that the Health Index score of a particular unit accurately reflects its condition,
regardless of the value of its DAI.

To facilitate the incorporation of data gap items into improved Health Index formulas for future
assessments, the data gaps are shown at sub-condition parameters level. For each of them, the
parent condition parameter is identified. Also given are the object or component addressed by
the parameter, a description of what to assess for each component or object, and the possible
source of data.

The following is an example for “Tank Corrosion” on a Pad-Mounted Transformer:

Data Gap Condition Object or Source of
(Sub-Condition | Parameter | Priority | Component Description Data
Parameter) Group Addressed
Physical Tank surface rust or Visual
Tank Corrosion y . * % Oil Tank deterioration due to .
Condition . Inspection
environmental factors

11
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III RESULTS

This section summarizes the findings of this study.

1.1 Health Index Results

A summary of the Health Index results is shown in Table 1. For each asset category the population,
sample size (number of assets with sufficient data for Health Indexing), average age, age
availability and average DAl are given. The average Health Index and distribution are also shown.
A summary of the Health Index distribution for all asset categories are also graphically shown in
Figure 5. Note that the Health Index distribution percentages are based on the asset category’s
sample size.

It can be observed that out of the 19 sub-categories, 9 of them have over 70% of their units
classified as “good” or “very good”. Additionally, the 9 categories have average Health Index
scores greater than 70%.

The asset categories that have all the units in “very good” condition are OH Primary Conductors
and UG Primary Cables (TR-XLPE).

The results show that Meters (residential) have a high percentage of assets, i.e. 85% of the sample
size, classified as “poor” or “very poor”. The other two categories, Meters (industrial/commercial)
and Meters (primary metering unit) respectively have 66% and 44% of their assets in “poor” and
“very poor” categories.

Pad Mounted Switchgear (air) also have over 80% of the entire population in “poor” or “very
poor”. However, given that there are only 12 assets in entire fleet, this represented only 10 assets.

Approximately 70% and 36% of Fleet Vehicles (bucket trucks) and Fleet Vehicles (pick up)
respectively were classified in the “poor” and “very poor” categories.

In the case of Poles (wood), 42% were categorized as “poor” or “very poor”.

The assessment of Structures (both types), which were based on inspections and repair records,
showed close to 30% of asset in “poor” or “very poor” condition.

Power Transformers have 25% of asset in “poor” condition. This however refers to only 1
individual asset that has low HI score due to its physical age.

13
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lII.2 Condition-Based Flagged-for-action plan

The Flagged-for-action plan estimates the number of units expected to require attention in a given
year, with the attention being replacement or other actions described earlier in this document.

It is important to note that the Flagged-for-action plan is based solely on asset condition. It uses
a probabilistic, non-deterministic, approach and, as such, can only show expected failures or
probable number of units that are expected to be candidates for replacement or other action.
While this condition-based Flagged-for-action plan can be used as a guide for Renewal Investment
category within Distribution System Plan, it is not expected that it be followed directly or as the
final deciding factor in making investment decisions. There are numerous other factors and
considerations that will influence FHI's Asset Management decisions, such as obsolescence,
system expansion, regulatory requirements, municipal demand, customer preferences, etc.

Table 2 shows the Year O (year 2023) and 10 Year cumulative Flagged-for-action plan. Table 3
shows annual 10 Year Flagged-for-action plan.

Table 2 Summary of Flagged-for-action

1st Year 10 Year Action
Asset Category Action in Total
Quantity # | Percentage | Quantity # | Percentage

Power Transformers 0 0.0% 0 0.0%
MS Switchgear 0 0.0% 0 0.0%
Distribution Transformers - Pad Mounted 20 2.0% 211 20.7%
Distribution Transformers - Pole Mounted 16 1.6% 164 16.6%
Poles - Wood 66 3.1% 556 26.1%
Poles - Concrete 49 1.2% 481 12.3%
OH Primary Conductors 0* 0.0% 2.5% 0.6%
UG Primary Cables - XLPE 6.7* 6.6% 59.9*

UG Primary Cables - TR_XLPE 0* 0.0% 0*

5.7% 57
0.0%

OH Gang Switches 7
Pad Mounted Switchgear - Solid Dielectric 0
Pad Mounted Switchgear - Air Insulated 4
0
1
2

Structures - Vault

Structures - Manhole

Fleet Vehicles - Pickup

Fleet Vehicles - Bucket 4

Meters - Residential 3491

Meters - Industrial/Commercial 458 14.7%

Meters - Primary Metering Unit 3 12.0% 24

*in km High- Low

The above FFA summary reflects the percentagewise severity in terms of near future or long term
action. A percentage over 100% suggests that the entire fleet will get replaced within the 10 year
period. Due to low population sizes in some asset groups (e.g. pad mounted switchgear in the
above table), a high percentage does not always present a concern in practice. Therefore a utility
needs to take into account the asset population size when interpreting this stable.

16
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1.3 Data Assessment Results

Data assessment determines the data availability of each asset category and identifies data gaps
for each asset category. Data gaps are data that are not collected or available for any asset in an
asset category. The higher the DAI and the fewer the data gaps, the higher the confidence in the
Health Index results.

Data for Power Transformers include age, loading, test results on oil and bushings, inspection
records on windings and insulations. Data gaps are inspection records for oil storage and cooling
system.

Data for MS Switchgear include age, test results and inspection records. There are no data gaps
for this asset category.

Data for Distribution Transformers include age and limited inspection (Infrared)/maintenance
(painting) records (by exceptions). Data gaps include routine inspection records and maintenance

work order counts.

Data for Poles include age and test/inspection results. There are no data gaps for this asset
category.

Data for OH Conductors and UG Cables include age only. Data gaps include routine inspection
records, cable testing results and failure rate records at segment level.

Data for OH Switches include age only. Data gaps include routine inspection records.

Data for Pad Mounted Switchgear include age and limited inspection (Infrared) records (by
exceptions). Data gaps include routine inspection records and maintenance work order counts.

Data for Structures include installation decades and inspection results. Data gaps include more
accurate age estimates.

Data for Fleet Vehicles include age, mileage and maintenance costs. There are no data gaps for
this asset category.

Data for Meters include age only. As Meters are assessed based on age only, there are no data
gaps for this asset category.

18
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IV ConcLusions

An Asset Condition Assessment is conducted for 11 distribution asset categories of FHI (19 sub-
categories in total). For each asset category, the Health Index distribution is determined, and a
condition-based Flagged-for-action plan is developed.

Risk-based prioritized lists are developed for Power Transformers. These lists indicate the
projected flagged-for-action year for each individual unit.

Flagged-for-action plan presented in this study is based solely on available asset condition data
and there are other considerations that may influence FHI's Asset Management Plan, such as
obsolescence, system growth, regulatory requirements, municipal initiatives, etc.

The following conclusions are drawn based on the ACA findings of this study.

1)

In general, FHI's assets are in good condition, with 9 out of 19 sub-categories having an
average Health Index score of greater than 70%.

Among all the asset categories, OH Primary Conductors are in the best condition, having all
the units classified as “very good”.

Meters in general have higher percentage of its assets in “poor” or “very poor” condition
than other asset groups. This is mainly due to its aged units and relatively shorter life
expectancy. For 10-year long term flagged-for-action plans, Meters (residential and
industrial/commercial) have the most assets to be addressed, both percentagewise and by
number of assets. Nearly all Meters have been flagged for action in the next 10 years.

Pad Mounted Switchgear (Air) have 83% of its assets in “poor” or “very poor” condition.
Given the that there are in total 12 Pad Mounted Switchgear (air), this represents only 10
assets. However, the flagged-for-action analysis shows that 11 of the 12 switchgear need to
be addressed in the next 10 years.

A large percentage of Fleet vehicles were classified as “poor” or “very poor”. Nearly all
vehicles were flagged for action in the next 10 years.

Approximately 42% of Poles (wood) were classified as “poor” or “very poor”. It was found
that over 25% will need to be addressed in the next 10 years.

Nearly 30% of Structures were found to be in “poor” or “very poor” condition. The flagged-
for-action plan shows that more than 25% of Structures (manholes) should be addressed in
the next 10 years.

It is also worth noting that 23% of OH Gang switches and 18% of UG Primary Cables (XLPE)
were classified “poor” or “very poor”. About half these populations were flagged for action
in the next 10 years

19
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9) The assessment of data used as input to the ACA showed the following:
a) All the asset categories have basic information to develop health index scores.

b) Power Transformers and MS Switchgear have relatively complete data sets, with both
test and inspection data available in addition to age. However, inspection information
was not available for Power Transformers.

c) Poles (wood) have relatively complete data sets with both test and inspection data, but
only available for roughly half of the population. Poles (concrete) have inspection data
available for most of the population. No data gaps were identified for Poles.

d) Structures (all types) have inspection data available for the majority of the population,
but accurate age information was not available.

e) Fleet Vehicles (all types) have inspection data available for the majority of the
population. No data gaps were identified.

f) Distribution Transformers (all types) and Pad Mounted Switchgear have either very
limited inspection data available, or inspection data for small portion of the asset
population. Data gaps include routine inspection records and maintenance work order
counts.

g) OH Conductors and UG Cables have age information only. Data gaps include routine
inspection records, testing results and failure rate records at segment level. Similarly,
only age was available for OH Switches; data gaps include routine inspection records.

h) Meters only have age information. However, because Meters are generally assessed
based on age, there are no data gaps.

i) Distribution Transformers (pole mounted), Poles, Pad Mounted Switchgear and Meters
have historic removal data available for developing FHI specific degradation curves.
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V RECOMMENDATIONS

The following recommendations are made based on the study results:

1.

Use the Hl and FFA results of this ACA study as an input into FHI’s Asset Management process.
The results of the Hl and FFA provides insight to the condition of FHI’s key distribution assets
and the quantities of assets that need to be addressed in the coming years. This information
can be used to facilitate decisions related to the key aspects of the asset management
process, including inspection and maintenance practices, as well as investment or capital
planning decisions.

Conduct ACA study on a regular basis. This will show how the condition of FHI’s assets change
over time and provide insight on the impact of operation and maintenance and capital
investments.

To improve the data collection process and the quality and quantity of data of subsequent
ACA studies, the following are recommended:

a)

b)

d)

e)

Standardize inspection forms to ensure consistency of inspections records collected in
the field.

Standardize the collection of by-exception routine inspection records for Power
Transformers, Distribution Transformers, OH Gang Switches, OH Conductors, UG Cables
and Pad Mounted Switchgear.

Start tracking failure records at segment level for OH Conductors and UG Cables in the
outage database, as well as cable testing data. to improve the input granularity for better
assessment of component condition status.

Start standardizing the collection of loading data by the newly available SmartMAP
software, for both pole mounted and pad mounted distribution transformers. . Although
these transformers are usually sized with some margin to meet forecasted load, the
expected proliferation of EVs will results in reduced margins and different loading
patterns.

For Power transformers and MS switchgear collect Inspection and test data for the
individual units in extractable electronic format (e.g., Excel) for each asset category.

Continue collecting asset failure and removal records for all the asset categories, to
improve the accuracy of asset degradation curves.

21
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VI APPENDIX A: RESULTS FOR EACH ASSET CATEGORY
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1 POWER TRANSFORMERS

1.1 Health Index Formula

1.1.1 Condition and Sub-Condition Parameters

For substation transformers without a separate tap changer tank, the overall calculated health
index is simply Hlrx. For transformers with tap changers, a composite health index, Hlcowm, is
calculated. Hlcom is a weighted composite of the transformer main tank and tap changer
component. The formula is as follows, where Hlwx refers to the Health Index of the main tank:

Table 1-1 Power Transformers Composite Health Index Formula
If (Hlx < 50%) then Hlcom = Hlxx

If (Transformer has LTC) | Elself (Hl.rc < 50%) then Hicom = Hlirc
Else Hlcom = 60%HIx + 40%HI ¢

Else chom = H|1'x

Main Tank (LTC and Non-LTC)

Table 1-2 Main Tank Condition Parameter and Weights — Power Transformers

m Condition Parameter WCP, Sub-Condition Parameters
1 Internal Components 5 Table 1-3
2 Insulation Oil 4 Table 1-4
3 Winding 3 Table 1-5
4 Paper 4 Table 1-6
5 Bushing 4 Table 1-7
6 Service Record 5 Table 1-8
Age Limiting Overall Limiter Figure 1-1

Table 1-3 Internals Sub-Condition Parameters and Weights (m=1) — Power Transformers

n Sub-Condition Parameter WCPF, Condition Criteria Table
1 H2 5 Table 1-10
2 CH4 3 Table 1-10
3 C2H6 3 Table 1-10
4 C2H4 3 Table 1-10
5 C2H2 5 Table 1-10

Table 1-4 Insulation Oil Sub-Condition Parameters and Weights (m=2) — Power Transformers
n Sub-Condition Parameter WCPF, Condition Criteria Table
1 Dissipation Factor 2 Table 1-12

25
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1 - Power Transformers

2 Moisture 4 Table 1-12
3 IFT 3 Table 1-12
4 Acid Number 2 Table 1-12

Table 1-5 Winding Sub-Condition Parameters and Weights (m=2) — Power Transformers

n Sub-Condition Parameter WCPF, Condition Criteria Table
1 TTR 1 Equation 1-1
2 Excitation Resistance 1 Equation 1-1
3 Winding Resistance 1 Equation 1-1
Table 1-6 Paper Sub-Condition Parameters and Weights (m=3) — Power Transformers
n Sub-Condition Parameter WCPF, Condition Criteria Table
1 Dissipation Factor 5 Equation 1-1
2 Insulation Resistance 1 Equation 1-1
3 Cco 2 Table 1-10
4 COo2 1 Table 1-10
5 Degree of polymerization 3 Table 1-13
Table 1-7 Bushing Sub-Condition Parameters and Weights (m=3) — Power Transformers
n Sub-Condition Parameter WCPF, Condition Criteria Table
1 Bushing PF 1 Equation 1-1
Table 1-8 Service Record Sub-Condition Parameters and Weights (m=4) — Power Transformers
n Sub-Condition Parameter WCPF, Condition Criteria Table
1 Loading 1 Table 1-16
LTC
Table 1-9 Condition Parameters and Weights — LTC
n Condition Parameter WCP,, Condition Criteria Table
1 Oil Quality 3 Table 1-12
2 Oil DGA 4 Table 1-11
Age Limiting Overall Multiplier Figure 1-1

K-814374-RA-0001-R0O1
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1.1.2 Condition Criteria

Oil DGA — Transformer QOil

1 - Power Transformers

--- Main Tank
Table 1-10 DGA Criteria — Transformers
Scores
Dissolved Gas
<>"~ 4 3.2 24 1.6 0.8 0
=
=
8 H2 (Hydrogen) X<70 70 <X <100 100 < X <200 200 < X < 400 400 < X < 1000 X >1000
<
2 CH4 (Methane) X<70 70<X<120 120 < X < 200 200 < X < 400 400 < X < 600 X > 600
2 C2H6 (Ethane) X<75 75 <X <100 100 < X <150 150 < X < 250 250 < X < 500 X>500
3 C2H4 (Ethylene) X <60 60 < X < 100 100 < X < 150 150 < X < 250 250 < X < 500 X >500
©
§ C2H2 (Acetylene) X<3 3<X<7 7<X<35 35<X<50 50 <X <100 X >100
= €O (Carbon x<750 | 750<x<1000 | 1090<X= | 4300<x<1500 | 1500<X<1700 | X>1700
Monoxide) 1300
I X< 7500 <X < 8500 <X < 9000 < X < 12000 < X < X>
€02 (Carbon Dioxide) | ;, 8500 9000 12000 15000 15000
H2 (Hydrogen) X <40 40 <X <100 100<X <300 | 300 <X <500 500<X<1000 | X>1000
<>t CH4 (Methane) X< 80 80<X<150 150 < X <200 200 < X < 500 500 < X <700 X>700
E C2H6 (Ethane) X<70 70<X <100 100 < X < 150 150 < X < 250 250 < X < 500 X > 500
-
A C2H4 (Ethylene) X< 60 60 <X <100 100 < X <150 150 < X< 250 250 <X <500 X>500
% C2H2 (Acetylene) X<3 3<X<7 7<X<35 35<X<50 50<X<80 X >80
@
£ co (Car.b on X<350 | 350<X<500 | 500<X<600 | 600<X<1000 | 1000<X<1500 | X>1500
s Monoxide)
I X< 3000 <X < 4500 < X < X>
CO2 (Carbon Dioxide) 3000 4500 5700 5700 <X <7500 | 7500 < X < 12000 12000

K-814374-RA-0001-R0O1
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1 - Power Transformers

—LTC
Table 1-11 DGA Criteria — LTC
Scores Weight
Dissolved Gas (X)
1 2 3 4 5
X=C2H4/C2H2 | X<0.33 0'3§§7X< 067<X<1 1<X<133 | X>1.33 3
X = C2H6/CH4 X<0.20 | 0.2<X<0.4 0.4<X<0.6 0.6<X<0.8 X >0.80 2
500 < X <
H2 X< 70 70 <X <500 1000 1000 < X < 1500 | X > 1500 1
Note: Overall Factor =1.2 when ALL the following conditions meet
e H2 (hydrogen)< 1500 ppm
e (C2HA4 (Ethylene) < 1000 ppm
e (C2H2 (Acetylene) < 1000 ppm
A test must have been conducted within the past 5 years to be considered.
General Oil Quality
Table 1-12 Oil Quality Test Criteria
. . Voltage Score
Oil Quality Test Class [KV] 7 | 3 5 | 4 0
Mineral Oil
Water V<69 <30 [30, 33.3) [33.3, 36.6) [36.6, 40) > =40
Content 69<V<
(01533) 230 <20 [20, 25) [25, 30) [30, 35) >=35
[ppm] V >230 <15 [15, 18.3) [18.3,21.6) [20, 25) >=25
Dielectric V<69 >20 (20, 17.5] (12.5,17.5] (10, 12.5] <=10
Strength
(D1816 — 69 < V< >25 (21, 25] (17, 21] (13,17] <=13
230
1mm gap)
[kV] V >230 >27 (23,27] (20, 23] (17, 20] <17
V<69 >25 (21.6, 25] (18.3, 21.6] (15, 18.3] <=15
IFT
(D971) 69 <V< >30 (26, 30] (22, 26] (18, 22] <=18
230
[dynes/cm]
V >230 >32 (28, 32] (24, 28] (20, 24 <=20
V<69 <0.05 [0.05, 0.1) [0.1,0.15) [0.15,0.2) >=0.2
Acid Number o<V
(D974) <0.04 [0.04,.077) | [0.077,0.113) | [0.113,0.15) | >=0.15
230
[mg KOH/g]
V>230 <0.03 [0.03,0.053) | [0.053,0.076) | [0.076,0.1) >=0.1
28
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Degree of polymerization

Table 1-13 Furan Criteria

Score Description
4 2FAL < 100
3 100 <= 2FAL < 200
2 200 <= 2FAL < 600
1 600 <= 2FAL < 1000
0 2FAL >= 1000

Multiple years of test records

Whenever there are multiple years of test records for a parameter, the score of the parameter is
calculated as the weighted average scores of multiple years, with more recent years being
assigned of higher year weights as follows:

¥ (S;W;
Test Score = M
X W
Equation 1-1
Where i refers to the year the inspection was conducted

W refers to the assigned year weight as follows

Year Weight
2023 1
2022 0.9
2021 0.8
2020 0.7
2019 0.6
2018 0.5
2017 0.4
2016 0.3
2015 0.2
2014 0.1
2013 0

S refers to the score in a specific year, as per criteria as follows
- Insulation Resistance

Table 1-14 Insulation Resistance Criteria

Score Description
4 Insulation Resistance >=1.58 G Ohm
0 Insulation Resistance < 1.58 G Ohm
29
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- Transformer Turns Ratio (TTR)

The “turns ratio” parameter compares the TTR variation between phases in all tap
positions.

If Maximum TTR variation between three phases across any tap position is greater
than 0.5% Then Score =0

Else Score=4

- Excitation Current

There will be two high readings (Readingigh1 and Readinguign2) and one low reading
(Readingiow). Evaluation is done by comparing the two similar high readings.

Score = Max(Score;, Score;, ..., Scorey)

Where
Score: are scores for different tap positions and

And
If Readingyigh1 or Readinguign, > 50 mA
If Variation between Readinguigh: and Readinguigh, > 10%
Scorewp =0
Else Scorewp =4
Else
If Variation between Readinguighs and Readinguigh > 5%
Scorewp =0
Else Scorewp =4
End if

- Power Factor Test

Table 1-15 Power Factor Test Criteria

Score Description
4 PF < 0.05%
3 0.05% < PF < 0.5%
2 0.5% < PF <1%
1 1% < PF <2%
0 PF>2%

30
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- Winding Resistance

The “winding resistance” parameter compares the winding resistance variation between
phases in all tap positions.

If Maximum winding resistance variation between three phases across any tap
position (LV or HV) is greater than 5% Then Score = 0

Else Score =4

Loading History

Table 1-16 Loading History - Power Transformers
Data: S1,S2, S3, ..., Sirecorded data (average daily loading)
SB=rated MVA

NA=Number of Si/SB which is lower than 0.6

NB= Number of Si/SB which is between 0.6 and 0.8
NC= Number of Si/SB which is between 0.8 and 1.0
ND= Number of Si/SB which is between 1 and 1.2
NE= Number of Si/SB which is greater than 1.2

NAx4+ NBx3+NCx2+ ND x1
N

Score =

Age Limiting Factor

The age derating is the Weibull survival function (1 — cumulative distribution function).

_(ﬁ)ﬁ
Age Derating = Sy =e 'a
Equation 1-2
Sy = survivor function
X =ageinyears
o = constant that controls scale of function
B = constant that controls shape of function

The parameters of Power Transformers age limiting curve are shown in the following table and
are based on industry information.

Table 1-17 Age Limiting Curve Parameters - Power Transformers
Asset Type a B
Power Transformers 58.1804 9.8989
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1 - Power Transformers

Ape Limiting Factor
Povweer Transhormens

E

D )
g

Figure 1-1 Age Limiting Factor Criteria - - Power Transformers
De-Rating Multiplier

The de-rating is based on the following equation and DR is described in the subsequent table.

DR = min (DR4,DR;)
Where DR1 and DR; are as follows:

Equation 1-3
Table 1-18 De-Rating Multiplier Based on Oil Quality Score

DR; = min (DR_Scoreyistures DR_SCOTepjclectric Strength)
Scoreoil Quality Test
DR_Score
Scoreoil quality is defined in Table 1-12
0.25 0 < Score oil uality Test < 1
0.5 1 < Scoreoil quality Test < 2
1 Scoreoil Quality Test > 2

32
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DR;: Dissolved Gas Trend
DR; is based on total dissolved combustible gas (TDCG) concentration daily rate increase.

Table 1-19 De-Rating Multiplier Based on TDCG Trend

IEEE C57.104 Condition Codes for TDCG
Daily Increase Condition 1 Condition 2 Condition 3 Condition 4
(ppm/day) 0<TDCG <720 | 720<TDCG<1920 | 1920<TDCG <4630 | TDCG > 4630
DR_Score
0<X<0.33 1 1 1 1
0.33<X<1 0.9 0.9 0.85 0.75
1<X<1.43 0.9 0.9 0.75 0.75
1.43<X<4.29 0.9 0.9 0.75 0.5
X>4.29 0.9 0.9 0.5 0.25

1.2 Age Distribution

The average age is 29 for Power Transformers. The age distribution is as follows.

P Tranaformers fge Distribution
[Age fAvadlable for 100% of Population)

Pl it
o Uniti

Figure 1-2 Age Distribution —Power Transformers
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1.3 Health Index Results

There are 4 units of Power Transformers, with 2 of them equipped with LTC. The average Health
Index is 84%.

Power Transformers
Mealth index Distribution Transformer
Sample Size = 4
% 1% (1]
T
B
Lo
Peeniage
arsd
Fumibser .
al iy
> L]
for !
1%
s [0} % (Y % 0]
L]
Very Pogr P Fade Gand Yy oo
[ 298] (25 - <50 843 - £ TO%) {70 - <) |2= BR]

Haalth indax Distribution

Figure 1-3 Health Index Distribution —Power Transformers
In the above diagram, the only unit categorized in poor condition is due to its physical age, while
its test results do not show anything abnormal. It is recommended that FHI keep on monitoring
the condition status of this individual asset.

1.4 Flagged-for-Action Plan

Power Transformers are proactively replaced and the risk assessment and methodology described
in Section 11.2.3 is used to develop flagged-for-action plan.

In this study, the same criticality value is assigned to each of Power Transformers asset.

The following is the flagged-for-action plan in the next 10 years. In the diagram, the only one that
is flagged for action is the individual unit that is categorized in poor condition due to physical age.
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Power Transformars
Annual Flagged for Action Plan
Population = 4
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Figure 1-4 Flagged-for-action plan — Power Transformers

1.5 Risk-Based Prioritized List

The following table shows the risk-based prioritization list if units.

Table 1-20 Risk-Based Prioritization List - Power Transformers

Risk Index
100% = Most
Risk
0% = Least
Risk

FFA Year

Rank ID Substation Position MVA Age
1 Welsh-T1 Welsh 1 5 57
2 Chalk-T1 Chalk 1 5 36 96%
3 MTS-T2 MTS 2 25 11 95%
4 MTS-T1 MTS 1 25 11 98%
35
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1.6 Data Gaps

1 - Power Transformers

Available data for Power Transformers include age, loading, oil, DGA and other transformer test
results. The following table shows the data gaps.

Table 1-21 Data Gap for Power Transformers

Data Ga .
(Sub- P Condition
L. Parameter Priority Description Source of Data
Condition Grou
Parameter) P
. Defect due to
Oil Level, . . .
. ageing, installation Maintenance and/or
Conservator, Oil Storage * .
or lack of Inspection records
Tank Breather .
maintenance
. Defect due to
Radiators, . L . .
Cooling ageing, installation Maintenance and/or
Coolers * .
Fans System or lack of Inspection records
maintenance

K-814374-RA-0001-R0O1
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2 MS SWITCHGEAR

2.1 Health Index Formula

2.1.1 Condition and Sub-Condition Parameters

2 - MS Switchgear

Table 2-1 Condition Parameter and Weights - MS Switchgear

m Condition parameter WCPn, Sub-Condition Parameters
1 Bus and Cable 2 Table 2-2
2 Fuse Compartment 1 Table 2-3
3 Switch 4 Table 2-4
4 Service Record 2 Table 2-5
Age Limiting Figure 2-1

Table 2-2 Physical Condition Sub-Condition Parameters and Weights (m=1) - MS Switchgear

n Sub-Condition Parameter WSCP, Condition Criteria Table
1 Cable Termination 2 Table 2-6
2 Insulator 3 Table 2-6
3 Barrier 3 Table 2-6
4 Grounding 1 Table 2-6
5 Lightning Arrester 1 Table 2-6

Table 2-3 Fuse Compartment Sub-Condition Parameters and Weights (m=2) - MS Switchgear

n Sub-Condition Parameter WSCP, Condition Criteria Table
1 Fuse Contact R 1 Table 2-7

Table 2-4 Switch Sub-Condition Parameters and Weights (m=3) - MS Switchgear
n Sub-Condition Parameter WSCP, Condition Criteria Table
1 Operating Mechanism 5 Table 2-6
2 Switch Contact R 4 Table 2-7

Table 2-5 Service Record Sub-Condition Parameters and Weights (m=4) - MS Switchgear
n Sub-Condition Parameter WSCP, Condition Criteria Table
1 Overall 1 Table 2-6
37
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2.1.2 Condition Criteria

Multiple years of test records

Whenever there are multiple years of test records for a parameter, the score of the parameter is
calculated as the weighted average scores of multiple years, with more recent years being
assigned of higher year weights as follows:

¥ (S;W;
Test Score = M
X W
Equation 2-1
Where i refers to the year the inspection was conducted

W refers to the assigned year weight as follows

Year Weight
2023 1
2022 0.9
2021 0.8
2020 0.7
2019 0.6
2018 0.5
2017 0.4
2016 0.3
2015 0.2
2014 0.1
2013 0

S refers to the score in a specific year, as per criteria as follows

- Inspection
Table 2-6 Inspection Criteria
Score Description
4 OK
2 Fair
1 Poor
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— Contact Resistance

Table 2-7 Contact Resistance Criteria

Description (R in pQ)
Score Air Switch Fuse
4 [0, 120) [0, 5920)
3 [120, 150) [5920, 7400)
1 [150, 180) [7400, 8880)
0 [180, o=) [8880, =)

Age Limiting Factor

The parameters of MS Switchgear age limiting curve are shown in the following table and are
based on other utility’s historical removal data.

Table 2-8 Age Limiting Curve Parameters - MS Switchgear
Asset Type o B
MS Switchgear 37.1098 2.2246
Age Limiter
M5 Switchgear
—
il |
E a5
®
£
aa
il
Qg
] o ¥ L 1 = ] | M o I
Age

Figure 2-1 Age Limiting Factor Criteria - - MS Switchgear
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2.2 Age Distribution

In total there are 2 MS switchgear. Both have age information. The average age is 39. The age
distribution is as follows.

M35 Switchgear - All Age Distribution
[Age Avadabla for 100% of Papulation)

Figure 2-2 Age Distribution —MS Switchgear

2.3 Health Index Results
The average Health Index of MS Switchgear is 68%.

IS Switchgear - &ll Health Index Distribution
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Figure 2-3 Health Index Distribution —MS Switchgear
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2.4 Flagged-for-Action Plan

MS Switchgear are proactively replaced and the risk assessment and methodology described in
Section 11.2.3 is used to develop flagged-for-action plan.

Minimum criticality value is assigned for each of MS Switchgear asset so that a unit becomes a
candidate for action when its cumulative probability of failure is greater than or equal to 80%.

According to analysis, no asset is flagged for action in the next 10 years.

2.5 Risk-Based Prioritized List
The following table shows the risk-based prioritization list if units.

Table 2-9 Risk-Based Prioritization List - MS Switchgear

Risk Index
HI 100%=Most
Rank ID Busbar Manufacturer Type Age (Final) Risk FFA Year
0% = Least Risk
1 SWGR-Welsh Welsh S&C Electric Air 39 67.0
2 SWGR-Chalk Chalk S&C Electric Air 38 69.0

2.6 Data Gaps

Available data for MS Switchgear include age, inspection, and test results. There are no data gaps
for this asset category.
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3 DISTRIBUTION TRANSFORMERS

3.1 Health Index Formula

3.1.1 Condition and Sub-Condition Parameters

Table 3-1 Condition Parameter and Weights — Distribution Transformers

. WCP,, Sub-Condition
m Condition Parameter
Pole | Pad Parameters
1 Corrosion 3 Table 3-2
2 Termination 5 Table 3-3
Age Limiting Figure 3-1

3.1.2 Condition Criteria

Painting
Table 3-2 Painting Criteria
Score Description (in the past 5 years)
4 Painted

Infrared Inspection

Table 3-3 Infrared Inspection Criteria

Score Description (total count of IR issues in the past 5 years)
4 0
3 1
2 2
1 3
0 >=4

Age Limiting Factor

The parameters for Distribution Transformers age limiting curve are shown in the following table
and are based on industry curve for pad mounted type, and FHI's historical removal data for pole
mounted type.

Table 3-4 Age Limiting Curve Parameters - Distribution Transformers

Asset Type a B
Pad Mounted 42.01 3.51
Pole Mounted 46.26 3.86
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Age Limiter
Pad Mounted Transfermers
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Figure 3-1 Age Limiting Factor Criteria - - Distribution Transformers

3.2 Age Distribution

The average ages of all in service units are 19 and 21, for Pad Mounted and Pole Mounted
Distribution Transformers respectively. The age distributions are as follows.
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Figure 3-2 Age Distribution - Distribution Transformers

3.3 Health Index Results

There are 1017 Pad Mounted Distribution Transformers. Among them, 985 units have age or
other data for calculating a Health Indexing score.

There are 989 Pole Mounted Distribution Transformers. Among them, 921 units have age or other
data for calculating a Health Indexing score.
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The average Health Index are 88% and 90%, for Pad Mounted and Pole Mounted Distribution
Transformers respectively.

Pad Mounted Trarsformers - &ll Health Index Bistribution
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Figure 3-3 Health Index Distribution - Distribution Transformers

3.4 Flagged-for-action Plan

The flagged-for-action plan for Distribution Transformers is based on the asset removal rate and
age distribution.

The flagged-for-action plan for Distribution Transformers is as follows:
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Pad Mourbed Transforssers - All Annusl Flagged b Brtion Flan (Levelised)
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Figure 3-4 Flagged-for-action plan — Distribution Transformers

3.5 Data Gaps

The data for in service Distribution Transformers include age, tank corrosion and connection
infrared inspection information.

The data gaps for this asset category are as follows:
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Table 3-5 Data Gap for Distribution Transformers

Da(;augi_ap Condition
. Parameter Priority Description Source of Data
Condition Grou
Parameter) P
Access * * Physically locked ‘On-5|te.V|suaI
. inspection
Physical
Condition L
Base * * Physically worn-out 'On-5|te.V|suaI
inspection
Oil Leak Leakage Qn-5|te'V|suaI
inspection
. Connect|on' . On-site visual
Grounding and Insulation * Loose connection inspection
Condition P
Insulator * % Insulation Defect Test
Service Monthly 15 min peak
Loading Record * load throughout Operation Record
years
* Pad Mounted Transformers only
48
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4 POLES

4.1 Health Index Formula

Assume a parameter scoring system of 0 through 4, where 0 and 4 represent the “worst” and
“best” scores respectively. Thus, the maximum score for any condition or sub-condition
parameter (maximum CPS and CPF) is “4”.

4.1.1 Condition and Sub-Condition Parameters

Table 4-1 Condition Parameter and Weights - Poles

m Condition parameter WCPm Sub-Condition
P Wood Concrete Parameters
1 Pole Strength 7 Table 4-2
2 Pole Condition 5 5 Table 4-3
3 Pole Accessories 3 Table 4-4
4 Service Record 6 6 Table 4-5
Age Limiting Figure 4-1
Table 4-2 Pole Strength Sub-Condition Parameters and Weights (m=1) - Poles
n Sub-Condition Parameter WSCP, Condition Criteria
Table
1 Pole Strength 1 Table 4-6
Table 4-3 Pole Condition Sub-Condition Parameters and Weights (m=2) - Poles
WSCP, Condition Criteria
n Sub-Condition Parameter
u ™ Wood Concrete Table
1 Crack 2 2 Table 4-6
2 Rot/Rust Rebar 2 2 Table 4-6
3 Decay/Spalling 3 3 Table 4-6
4 Woodpeckers 2 Table 4-6
5 Damage 1 1 Table 4-6
Table 4-4 Pole Accessories Sub-Condition Parameters and Weights (m=3) - Poles
n Sub-Condition Parameter WSCP, Condition Criteria
Table
1 Crossarm 3 Table 4-6
2 Leaning 4 Table 4-6
Table 4-5 Service Record Sub-Condition Parameters and Weights (m=4) - Poles
n Sub-Condition Parameter WSCP, Condition Criteria
Table
1 Overall 1 Table 4-6
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4.1.2 Condition Criteria

Individual Inspection

The score based on individual inspection in the past years is calculated as:

A S Y. W;Score;
verage Score = —————
W
Equation 4-1
Where i represents the year of inspection
Table 4-6 Individual Inspection Criteria - Poles
Score Inspection Defect Pole Strength Test %
4 0, False St
- Score = — X4

3 1, Good Sa

2 2, Fair

1 3, Fair-Poor Where S; — test strength in psi

0 4 Poor. True Sq — design strength in psi **

And the weights for different inspection years are as follows

Year (i) Weight (W)
2023 1
2022 0.9
2021 0.8
2020 0.7
2019 0.6
2018 0.5
2017 0.4
2016 0.3
2015 0.2
2014 0.1
2013 0
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** Where the design strength limits are summarized in the following table

Wood Pole Species

Design Strength (psi) *

Douglas Fir 6800
Lodgepole Pine 6600
Red Pine 6000
Southern Yellow Pine 7800
Western Red Cedar 5600
Jack Pine 6400
Default 6000

* (CSA standard 015

Age Limiting Factor

4 - Poles

Age is used as a limiting factor to reflect the degradation of asset over time. Methodology for

applying the degradation survival curve is described in Equation 1-2 of Section 1.1.2.

The parameters of Poles age limiting curve are shown in the following table and based on other

utility’s historical removal data.

Table 4-7 Age Limiting Curve Parameters - Poles

Figure 4-1 Age Limiting Factor Criteria - Poles

K-814374-RA-0001-R0O1
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Asset Type a B
Wood Poles 52.9706 2.4198
Concrete Poles 57.1481 2.2686
Ape Limiter
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4.2 Age Distribution

The average ages of all units are 36 years and 20 years, for Wood Poles and Concrete Poles
respectively.
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Figure 4-2 Age Distribution — Poles
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4.3 Health Index Results

There are 2133 units of Wood Poles. Among them, 2093 units have sufficient data for obtaining
Health Indexing results.

There are 3924 units of Concrete Poles. Among them, 3774 units have sufficient data for obtaining
Health Indexing results.

The average Health Index scores are 60% and 88%, for Wood Poles and Concrete Poles
respectively.

Poles - Wood Health Index Distribution
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Figure 4-3 Health Index Distribution - Poles
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4.4 Flagged-for-Action Plan
The flagged-for-action plan of Poles is based on the asset removal rate and age distribution.

The following diagram shows the flagged-for-action plan:

Pales - Wood Annual Flagged for Action Plan {Levelized)
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Figure 4-4 Flagged-for-action plan - Poles

4.5 Data Gaps
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The data used for assessing condition of Poles assessment include age, test and inspection results.
There are no data gaps for this asset category.
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5 OH PRIMARY CONDUCTORS

5.1 Health Index Formula

The HIl assessment for this asset category is based on age and the cumulative likelihood of survival
at a given age.

Age is used as a limiting factor to reflect the degradation over time as described in section 1.1.2.

5.1.1 Condition and Sub-Condition Parameters

Table 5-1 Condition Parameter and Weights — OH Primary Conductors

WCP - iti
m Condition Parameter - Sub-Condition
Parameters
Age Limiting Figure 5-1

5.1.2 Condition Criteria

Age Limiting Factor

The parameters of OH Primary Conductors age limiting curve are shown in the following table and
are based on industry information.

Table 5-2 Age Limiting Curve Parameters - OH Primary Conductors

Asset Type ol B
OH Primary Conductors 59.2788 4.364
Ape Limiter

OH Primary Conductars

ni Y
H""-.

0.4 %
4 \
i \
F \

nd "._‘
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Bt e,
o 0 a0 & [ 100
Apt

Figure 5-1 Age Limiting Factor Criteria - - OH Primary Conductors
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5.2 Age Distribution

The average age of OH Primary Conductors segments is 13 years. The age distributions for OH
Primary Conductors are as follows:

OH Primary Conductons - All Ape Distribution
[Age Amilable for 32% of Population)

i
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£ 1 rlE et

I
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Figure 5-2 Age Distribution - OH Primary Conductors
5.3 Health Index Results

There are 393.5 km OH Primary Conductors. Among them, 125.5 km have age data used for
Health Indexing and the average Health Index for this asset category is close to 100%.

OH Primary Conductors - &ll Healith indes Distribution
Sample Size = 1255 out of 3935 Condwsctor-km
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Figure 5-3 Health Index Distribution - OH Primary Conductors
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5.4 Flagged-for-action Plan

The flagged-for-action plan for OH Primary Conductors is based on asset removal rate and age
distribution and is extrapolated to the entire population.

OH Primary Condwctors - All Annual Flagged for Action Plan
Papailatian = 3935 Conducton-m
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Figure 5-4 Flagged-for-action plan — OH Primary Conductors
5.5 Data Gaps
The data used for assessing condition of OH Primary Conductors assessment include age only.

The data gaps are as follows:

Table 5-3 Data Gap for OH Primary Conductors

Data Ga -
(Sub- P Condition
L. Parameter Priority Description Source of Data

Condition Grou

Parameter) P
Spllce:s &. . * % Connection defect .
Termination | Physical Inspection &

Condition Maintenance

Clamp & e Loose installation & | Records
Insulator crack
Fault rate at Service
Segment * % Failure records Historic records
Level Record
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6 UG PRIMARY CABLES

6.1 Health Index Formula

As there is insufficient condition data available and HI assessment for this asset category is based
simply on age and the cumulative likelihood of survival at a given age.

6.1.1 Condition and Sub-Condition Parameters

Table 6-1 Condition Parameter and Weights — UG Primary Cables
WCP Sub-Condition
m Condition Parameter =
Parameters
Age Limiting Figure 6-1
6.1.2 Condition Criteria

Age Limiting Factor

The parameters of UG Primary Cables age limiting curve are shown in the following table and are
based on industry information.

Table 6-2 Age Limiting Curve Parameters - UG Primary Cables
Asset Type a B
TR XLPE cables 53.13 9.03
XLPE cables 32.80 5.53
fgge Limiter

LG Primary Cabiles

\\ -"-\."'H.
Ny
,
l\'.
o8 !

TRELFE

Figure 6-1 Age Limiting Factor Criteria - - UG Primary Cables
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6.2 Age Distribution

The average age of Primary XLPE UG Primary Cables segments is 24 years.
The average age of Primary TRXLPE UG Primary Cables segments is 6 years.
The age distributions for UG Primary Cables is as follows:

UG Primary Cables - MLPE Age Distribution
{Age Awailable for 100% of Population)

H ooz
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Figure 6-2 Age Distribution - UG Primary Cables
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6.3 Health Index Results

There are 101.6 km XLPE UG Primary Cables. All of them have age data used for Health Indexing.
The average Health Index for this asset category is 76%.

There are 51.9 km TRXLPE UG Primary Cables. All of them have age data used for Health Indexing.
The average Health Index for this asset category is close to 100%.

UG Primary Cables - XLPE Mealth Index Distribution
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Figure 6-3 Health Index Distribution - UG Primary Cables
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6.4 Flagged-for-action Plan

6 - UG Primary Cables

The flagged-for-action plan for UG Primary Cables is based on asset removal rate and age

distribution and is extrapolated to the entire population.

UG Primary Cables - XUPE Annual Flagged for Action Plan
Population = 1006 Conductor-km
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e
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Figure 6-4 Flagged-for-action plan — UG Primary Cables (XLPE Type)

According to analysis, no asset is flagged for action for TRXLPE UG Primary Cables in the next 10

years.
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6.5 Data Gaps
The data used for assessing condition of UG Primary Cables assessment include age only.
The data gaps are as follows:

Table 6-3 Data Gap for UG Primary Cables

Data Ga .
(Sub- P Condition
i Parameter Priority Description Source of Data
Condition Grou
Parameter) P
Conductor Conductor
s Conductor . .
Condition * K resistance, damage Off-line test
Splices & Accessories . Test, IR scan, visual
P . * % Connection defect . .
Terminations inspection
Fault rate at Service
Segment ¢ Failure records Historic records
Level Record

Since 2022, FHI has started the following UG cable tests:

- Very-low frequency (VLF) tan-delta (TD) to assess the overall (global) aging of the cable
insulation

- Offline Partial Discharge (PD) measurement to assess the condition of the cable
insulation

- Time Domain Reflectometry (TDR) to verify the cable reel length and the condition of
the concentric neutral and identify

Such test results will be collected and incorporated in future ACA study.
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7 OH GANG SWITCHES

7.1 Health Index Formula

As there is insufficient condition data available and Hl assessment for this asset category is based
simply on age and the cumulative likelihood of survival at a given age.

Age is used as a limiting factor to reflect the degradation of asset over time, refer to section 1.1.2
for the description.

7.1.1 Condition and Sub-Condition Parameters

Table 7-1 Condition Parameter and Weights — OH Gang Switches

m Condition Parameter WCP, Sub-Condition
Parameters
Age Limiting Figure 7-1

7.1.2 Condition Criteria

Age Limiting Factor

The parameters of OH Gang Switches age limiting curve are shown in the following table and are
based on other utility’s historical removal data.

Table 7-2 Age Limiting Curve Parameters - OH Gang Switches

Asset Type a B
OH Gang Switches 31.35 2.647
Age Limiter
0O# Gang Switches
e
xlx"'\.
A
hY

[ ."'III.

i \

L N\

"""\-
o

Figure 7-1 Age Limiting Factor Criteria - - OH Gang Switches
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7.2 Age Distribution

The average age of all units is 22 years for OH Gang Switches.

OH Gang Switches - All Age Distribution
{hge Mpsailable for 95% of Population)
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Figure 7-2 Age Distribution — OH Gang Switches
7.3 Health Index Results
There are 122 OH Gang Switches. Among them, 116 units have age data for a Health Indexing.

The average Health Index is 66% for OH Gang Switches.

O Gang Switches - All Health index Distribution
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Figure 7-3 Health Index Distribution - OH Gang Switches
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7.4 Flagged-for-action Plan

The flagged-for-action plan of OH Gang Switches is based on the asset removal rate and age
distribution.

O Gang Padtches - All Annaal Flagged for fAction Plan
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Figure 7-4 Flagged-for-action plan — OH Gang Switches
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7.5 Data Gaps

7 - OH Gang Switches

The data used for OH Gang Switches assessment include age only. The data gaps are as follows.

Table 7-3 Data Gap for OH Gang Switches

K-814374-RA-0001-R0O1

Data Ga Parent
... P Condition Priority Description Source of Data
(Sub-Condition Parameter)
Parameter
Mechanical
Load Break handle * % part and
Operation linkage issue
Mechanism
. . Loose
Switch Mounting * . .
installation
Inspection/
h Maintenance
Arc Arc horn Records
Arc Horn N surface worn-
Extinction
out
Insulator Insulation * Crack
68
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8 PAD MOUNTED SWITCHGEAR

8.1 Health Index Formula

As there is insufficient condition data available and Hl assessment for this asset category is based
simply on age and the cumulative likelihood of survival at a given age.

Age is used as a limiting factor to reflect the degradation of asset over time, refer to section 1.1.2

for the description.

8.1.1 Condition and Sub-Condition Parameters

8 - Pad Mounted Switchgear

Table 8-1 Condition Parameter and Weights — Pad Mounted Switchgear

m Condition Parameter WCPnm Sub-Condition
Solid | Air Parameters
1 Termination 1 Table 8-2
Age Limiting Figure 8-1

8.1.2 Condition Criteria

Infrared Inspection

Table 8-2 Infrared Inspection Criteria

Score Description (total count of IR issues in the past 5 years)
4 0
3 1
2 2
1 3
0 >=4

Age Limiting Factor

The parameters of Pad Mounted Switchgear age limiting curve are shown in the following table

and are based on FHI’s historical removal data.

Table 8-3 Age Limiting Curve Parameters - Pad Mounted Switchgear

Asset Type

a

Pad Mounted Switchgear

30.5

3.64

K-814374-RA-0001-R0O1

69




Festival Hydro Inc. 8 - Pad Mounted Switchgear

2023 Asset Condition Assessment

Age Lismiter
Pad Mownted Switchgear
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Figure 8-1 Age Limiting Factor Criteria - - Pad Mounted Switchgear

70
K-814374-RA-0001-R0O1



Festival Hydro Inc.

8 - Pad Mounted Switchgear

2023 Asset Condition Assessment

8.2 Age Distribution

The average ages of the units are 6 years and 33 years, for Solid Dielectric and Air Insulated Pad
Mounted Switchgear respectively.

of Uning

Fad Mounted $witchgear - Solid Déelectric - Dead Front Age Distribution
{Age Available for 100% of Population)

»
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Figure 8-2 Age Distribution - Pad Mounted Switchgear
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8.3 Health Index Results

There are a total of 25 units of Solid Dielectric Pad Mounted Switchgear. All the units have age
and/or inspection data for deriving Health Indexing results.

There are a total of 12 units of Air Insulated Pad Mounted Switchgear. All the units have age
and/or inspection data for deriving Health Indexing results.

The average Health Index scores are 97% and 21%, for Solid Dielectric and Air Insulated Pad
Mounted Switchgear respectively.

Pad Maounted Switchgear - Solid Dielectric - Dead Front Health Index
Distribution
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Figure 8-3 Health Index Distribution - Pad Mounted Switchgear
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8.4 Flagged-for-action Plan

The flagged-for-action plan of Pad Mounted Switchgear is based on the asset removal rate and
age distribution.

The following diagram shows the flagged-for-action plan:

Pad Mounted Switchgear - Solid Dislectric - Dead Front Annual Flagged
for Action PFlan
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Figure 8-4 Flagged-for-action plan - Pad Mounted Switchgear
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8.5 Data Gaps
The data used for Pad Mounted Switchgear assessment include age only.

The data gaps are as follows.

Table 8-4 Data Gap for Pad Mounted Switchgear

Data Gap Parent Object or
.. .. .. .. Source of
(Sub-Condition Condition Priority Component Description Data
Parameter) Parameter Addressed
Physicall On-site
Concrete Pad * Foundation y Y visual
worn-out . .
inspection
. On-site
. Physical External Physically .
Corrosion - * % visual
Condition status worn-out . .
inspection
Humid On-site
Excess Moisture * Environment | operating visual
condition inspection

FHI is phasing out all the Air Insulated Pad Mounted Switchgear and replace them with Solid
Dielectric Switchgear. The above table represents the data gaps for solid dielectric switchgear.
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9 STRUCTURES

9.1 Health Index Formula

Assume a parameter scoring system of 0 through 4, where 0 and 4 represent the “worst” and
“best” scores respectively. Thus, the maximum score for any condition or sub-condition

parameter (maximum CPS and CPF) is “4”.

9.1.1 Condition and Sub-Condition Parameters

Table 9-1 Condition Parameter and Weights - Structures

m Condition parameter WCP,, Sub-Condition Parameters
1 Structure 3 Table 9-2
2 Access 1 Table 9-3
3 Service Record 2 Table 9-4
Age Limiting Factor Figure 9-1
De-rating Factor Table 9-7
Table 9-2 Structure Sub-Condition Parameters and Weights (m=1) - Structures
n Sub-Condition Parameter WSCP, Condition Criteria Table
1 Roof 3 Table 9-5
2 Wall 3 Table 9-5
3 Floor 1 Table 9-5
Table 9-3 Access Sub-Condition Parameters and Weights (m=2) - Structures
n Sub-Condition Parameter WSCP, Condition Criteria Table
1 Lid 1 Table 9-5
Table 9-4 Service Record Sub-Condition Parameters and Weights (m=3) - Structures
n Sub-Condition Parameter WSCP, Condition Criteria Table
1 Overall 1 Table 9-5

9.1.2 Condition Criteria

Multiple years of test records

Whenever there are multiple years of test records for a parameter, the score of the parameter is
calculated as the weighted average scores of multiple years, with more recent years being
assigned of higher year weights as follows:

2iSwy)
Test Score = ———
W
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Equation 9-1

Where i refers to the year the inspection was conducted
W refers to the assigned year weight as follows

Year Weight
2023 1
2022 0.9
2021 0.8
2020 0.7
2019 0.6
2018 0.5
2017 0.4
2016 0.3
2015 0.2
2014 0.1
2013 0

S refers to the score in a specific year, as per criteria as follows
- Inspection
Table 9-5 Inspection Criteria

Score Description (inspection entry)
4 1

ORr|N|W
vibhjw|nN
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Age Limiting Factor

Age was used as a limiting factor to reflect the degradation of asset unit as time passed by. Refer
to section 1.1.2 for principle.

In this project, the parameters of Structures age limiting curve are shown in the following table,
based on industry practice.

Table 9-6 Age Limiting Curve Parameters - Structures

Asset Type a B
Structures 56.4249 2.005
Age Limiter
Structurcs
1
04
E
. 39
nJl
—
. i ! ' [=i] i) 1]
hgE

Figure 9-1 Age Limiting Factor Criteria - - Structures

De-rating Factor

De-rating factor is applied when the following conditions meet:

Table 9-7 De-rating Criteria
De-rating Factor Description
0.5 Min (Score_roof, Score_wall) <=1
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9.2 Age Distribution

The average ages are 58 and 51, for Vault and Manhole Structures respectively. The age
distributions are as follows.

Structures - Vault Age Distribution
[Age Available for 100% of Population]
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F=
mn
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Age [Feary]

Figure 9-2 Age Distribution —Structures
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9.3 Health Index Results
There are 7 units of Vault Structures. All of them have sufficient data for a Health Indexing.
There are 38 units of Manhole Structures. All of them have sufficient data for a Health Indexing.

The average Health Index scores are 75% and 71%, for Vault and Manhole Structures respectively.

Structures - Vault Health Index Distribution
Sample Ske = 7 out of 7
B
TI% S}
%
s -
L,
BRI
o
e 0% 1
off Limity
0% 29% (1]
b1
1%
0% (0] 0% 4] % |Of
Viery Poor Poor Fair Good viery Good
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=
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Figure 9-3 Health Index Distribution —Structures

79
K-814374-RA-0001-R0O1



Festival Hydro Inc. 9 - Structures
2023 Asset Condition Assessment

9.4 Flagged for Action Plan
The flagged for action plan of Structures was based on the asset removal rate.
The flagged for action plans for Structures were based on the data from sample size and

extrapolated to the entire population. The following diagram shows the flagged for action plans:

Serikranes - Mankobs dnedisl Flagged for dotion Plas
Pepulation = 1L

=

e =

Figure 9-4 Flagged for Action Plan — Structures (Manhole)

According to analysis, no asset is flagged for action for Vault Structures in the next 10 years.

9.5 Data Gaps

The data used for assessing condition of Structures assessment include age (estimated by decade)
and inspection results. There are no data gaps for this asset category. However, more accurate
age information remains to be obtained.
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10 FLEET VEHICLES

10.1 Health Index Formula
Assume a parameter scoring system of 0 through 4, where 0 and 4 represent the “worst” and
“best” scores respectively. Thus, the maximum score for any condition or sub-condition

parameter (maximum CPS and CPF) is “4”.

10.1.1 Condition and Sub-Condition Parameters

Table 10-1 Condition Parameter and Weights — Fleet Vehicles

m Condition Parameter WCPn Sub-Condition
Pickup | Bucket Parameters

1 Depreciation 1 Equation 10-1
2 Mileage 2 Table 10-2
Age Limiting Figure 10-2

10.1.2 Condition Criteria

Depreciation

Depreciation Score = MAX (Dpy qges Dpy cost)*4
Equation 10-1

Where Duwyage Depreciation by age as per Figure 10-1
Dbycost Remaining value after up-to-date maintenance cost,
Original Purchase Value — Total Maintenance Cost

i.e., T
Original Purchase Value

Figure 10-1 Fleet Yearly Depreciation Criteria - - Fleet Vehicles
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Mileage
] Actual Mileage
Mileage Score = (1 - - - ) *
Design Mileage
where
Table 10-2 Default Design Mileage
Vehicle Type Design Mileage
Pickup 200 k miles
Bucket 750 k miles

Age Limiting Factor

The parameters of Fleet Vehicles age limiting curve are shown in the following table and are based
on industry practice.

Table 10-3 Age Limiting Curve Parameters - Fleet Vehicles

Asset Type a B
Pickup 14.923 3.7469
Bucket 17.0299 4.2847

Apge Limiter
Flept

Age Limdder

Figure 10-2 Age Limiting Factor Criteria - - Fleet Vehicles
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10.2 Age Distribution

10 - Fleet Vehicles

The average ages of the asset units are 8 years and 17 years, for Pickup and Bucket Fleet Vehicles

respectively.

Fleet - Pickup Age Distribution
(Age Aailable for 1000 of Pogulation)
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Figure 10-3 Age Distribution - Fleet Vehicles
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10.3 Health Index Results

There are 11 units of Pickup Fleet Vehicles. All of them have age or other data for a Health
Indexing.

There are 10 units of Bucket Fleet Vehicles. All of them have age or other data for a Health
Indexing.

The average Health Index scores for this asset category are 56% and 41%, for Pickup and Bucket
Fleet Vehicles respectively.

Fleet - Pickup Health index Distribution
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Figure 10-4 Health Index Distribution - Fleet Vehicles

84
K-814374-RA-0001-R0O1



Festival Hydro Inc. 10 - Fleet Vehicles

2023 Asset Condition Assessment

10.4 Flagged-for-action Plan

The flagged-for-action plan of Fleet Vehicles is based on the asset removal rate and age
distribution.

The following diagram shows the flagged-for-action plan:

Flieet - Pickup Annual Flagged for Acticn Plan
Population = 11
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Fleet - Bucket Annual Flagged for Action Plan
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Figure 10-5 Flagged-for-action plan - Fleet Vehicles
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10.5 Data Gaps

The data used for single phase Fleet Vehicles assessment include age, mileage and maintenance
costs. There are no data gaps for this asset category.
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11 METERS

11.1 Health Index Formula

HI assessment for this asset category is based simply on age and the cumulative likelihood of
survival at a given age.

11.1.1 Condition and Sub-Condition Parameters

Table 11-1 Condition Parameter and Weights — Meters

m Condition Parameter WCP, Sub-Condition
Parameters
Age Limiting Figure 11-1

11.1.2 Condition Criteria

Age Limiting Factor

The parameters of Meters age limiting curve are shown in the following table and are based on
FHI’s historical removal data.

Table 11-2 Age Limiting Curve Parameters - Meters

Asset Type a B
Meters 12.22 6.96
Age Lmniter
Metery

\

0L

Figure 11-1 Age Limiting Factor Criteria - - Meters
11.2 Age Distribution

The average ages of Meters are 12 vyears, 10 years and 9 vyears, for residential,
commercial/industrial, and primary types respectively. The age distributions for Meters is as
follows:
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Mieters - Revidential Age Divtribution
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Figure 11-2 Age Distribution - Meters
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11.3 Health Index Results

There are 19348 units of Residential Meters. Among them, 19320 have age data used for Health
Indexing. The average Health Index for this asset category is 33%.

There are 3117 units of Commercial/Industrial Meters. Among them, 3097 have age data used
for Health Indexing. The average Health Index for this asset category is 47%.

There are 25 units of Primary Meters. All of them have age data used for Health Indexing. The
average Health Index for this asset category is 61%.
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Bdwrters - Residential Heahh Index Hstribation
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11.4 Flagged-for-action Plan

The flagged-for-action plan for Meters is based on asset removal rate and age distribution and is
extrapolated to the entire population.
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11.5 Data Gaps

The data used for assessing condition of Meters assessment include age only. There are no data
gaps for this asset category.
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	Greater Bruce/Huron Region Participants 
	Companies 
	Independent Electricity System Operator  
	Hydro One Networks Inc.  (Transmission) 
	Hydro One Networks Inc.  (Distribution) 
	Festival Hydro 
	Entegrus Powerlines Inc. 
	ERTH Power 
	Wellington North Power Inc. 
	Westario Power Inc. 
	Scoping Assessment Outcome Report Summary 
	Region: Greater Bruce/Huron 
	Start Date: Jun 26, 2019  
	End Date: September 19, 20191 
	1 Updated September 17, 2020 
	1 Updated September 17, 2020 

	1. Introduction 
	This Scoping Assessment Outcome Report is part of the Ontario Energy Board (OEB)’s regional planning process. The Board endorsed the Planning Process Working Group’s Report to the Board in May 2013 and formalized the process and timelines through changes to the Transmission System Code and Distribution System Code in August 2013.   
	The first cycle of regional planning for the Greater Bruce/Huron region was completed in August 2017. Needs were identified in the near- to medium-term time frames, and a number of solutions were recommended to address them.  
	The second cycle of the regional planning process for the Greater Bruce/Huron region was triggered in April 2019.  The Needs Assessment (NA) is the first step in the regional planning process and was carried out by the study team led by Hydro One Networks Inc. (Hydro One). The needs identified in the resulting report, issued on May 31, 2019, identified a number of needs. These needs are inputs to the scoping process to determine the planning process required.  
	During the Scoping Assessment process, regional participants reviewed the nature and timing of known needs to determine the most appropriate planning approach going forward, as well as the best geographic grouping of the needs in order to efficiently facilitate further studies. The planning approaches considered include:  
	• An Integrated Regional Resource Plan (IRRP), where regional coordination is needed and there is a potential for wide range of options including both wires and non-wires options; 
	• An Integrated Regional Resource Plan (IRRP), where regional coordination is needed and there is a potential for wide range of options including both wires and non-wires options; 
	• An Integrated Regional Resource Plan (IRRP), where regional coordination is needed and there is a potential for wide range of options including both wires and non-wires options; 

	• A Regional Infrastructure Plan (RIP), which considers wires-only options; and 
	• A Regional Infrastructure Plan (RIP), which considers wires-only options; and 

	• A local plan undertaken by the transmitter and the affected local distribution company (LDC), where no further regional coordination is needed.  
	• A local plan undertaken by the transmitter and the affected local distribution company (LDC), where no further regional coordination is needed.  


	This report: 
	• Lists the needs requiring more comprehensive planning and regional coordination; 
	• Lists the needs requiring more comprehensive planning and regional coordination; 
	• Lists the needs requiring more comprehensive planning and regional coordination; 

	• Reassesses the areas that need to be studied and the geographic grouping of needs; 
	• Reassesses the areas that need to be studied and the geographic grouping of needs; 

	• Determines the appropriate regional planning approach and scope for each sub-region where a need for regional coordination or more comprehensive planning is identified; 
	• Determines the appropriate regional planning approach and scope for each sub-region where a need for regional coordination or more comprehensive planning is identified; 

	• Creates terms of reference for an IRRP if one is required; and 
	• Creates terms of reference for an IRRP if one is required; and 

	• Establishes the composition of the Working Group for the IRRP. 
	• Establishes the composition of the Working Group for the IRRP. 


	2. Team 
	The Scoping Assessment was carried out by a study team of the following Regional Participants:  
	• Independent Electricity System Operator  
	• Independent Electricity System Operator  
	• Independent Electricity System Operator  

	• Hydro One Networks Inc.  (Transmission) 
	• Hydro One Networks Inc.  (Transmission) 

	• Hydro One Networks Inc.  (Distribution) 
	• Hydro One Networks Inc.  (Distribution) 

	• Festival Hydro Inc. 
	• Festival Hydro Inc. 

	• Entegrus Powerlines Inc. 
	• Entegrus Powerlines Inc. 

	• ERTH Power 
	• ERTH Power 

	• Wellington North Power Inc. 
	• Wellington North Power Inc. 

	• Westario Power Inc. 
	• Westario Power Inc. 


	3. Categories of Needs, Analysis and Results 
	I. Overview of the Region 
	The Greater Bruce/Huron region is located in southwestern Ontario, and comprises the counties of Bruce, Huron and Perth, as well as portions of Grey, Lambton, Wellington, Waterloo, Oxford, Lambton, and Middlesex counties.  
	Several Indigenous communities reside in the region, including Saugeen First Nation, Nawash First Nation, Chippewas of the Thames First Nation, Aamjiwnaang First Nation, Bkejwanong (Walpole Island First Nation), Chippewas of Kettle and Stony Point, Historic Saugeen Métis and Métis Nation of Ontario. 
	The electricity infrastructure supplying the Greater Bruce/Huron region is shown in 
	The electricity infrastructure supplying the Greater Bruce/Huron region is shown in 
	Figure 1
	Figure 1

	.  

	Local distribution companies (LDCs) that serve this region include Hydro One Distribution, Festival Hydro Inc., Entegrus Powerlines Inc., ERTH Power, Wellington North Power Inc., and Westario Power Inc. 
	Figure 1: Electricity Infrastructure in the Greater Bruce/Huron Region2 
	2 The region is defined by electricity infrastructure; geographical boundaries are approximate 
	2 The region is defined by electricity infrastructure; geographical boundaries are approximate 

	 
	 
	The region is supplied by the 230 kilovolt (kV) and 115 kV transmission lines and stations shown in 
	The region is supplied by the 230 kilovolt (kV) and 115 kV transmission lines and stations shown in 
	Figure 1
	Figure 1

	. Main sources of supply come from the Bruce Nuclear Generating Station and local renewable generation facilities. The Bruce A transformer station (TS) and stations in adjacent regions, such as South Georgian Bay/Muskoka and Kitchener-Waterloo-Cambridge-Guelph (KWCG), are connected through 230 kV circuits B4V/B5V, B22D/B23D, B27S/B28S. The recent identified capacity needs in NA are on the 115 kV circuit L7S, located in the southern portion of the region. The L7S circuit provides supply from Seaforth TS and 

	Figure 2: Single Line Diagram of Greater Bruce/Huron Region3 
	3 The 500kV side of Bruce A TS, Bruce B SS, and 500 kV lines are not included in the Greater Bruce/Huron study area. 
	3 The 500kV side of Bruce A TS, Bruce B SS, and 500 kV lines are not included in the Greater Bruce/Huron study area. 

	 
	II. Background: the previous planning process 
	The regional planning process was formalized by the OEB in August 2013. To manage this process, Ontario was organized into 21 regions, each of which was assigned to one of three groups by order of priority, with Group 1 regions scheduled to be reviewed first. Greater Bruce/Huron was assigned to Group 3.  
	The first cycle of regional planning for Greater Bruce/Huron was triggered in February 2016. Completed in May 2016, the NA – the initial stage in the regional planning process identified a number of near- and medium-term needs. Following the NA, the study team agreed that there was no need for further integrated regional planning for the region and localized wires-only plans would be developed to address identified needs.  
	In August 2016, a Regional Infrastructure Plan (RIP) was published that summarized findings from local planning, and reviewed new needs from updated load forecasts in the Kincardine area. The Local Planning Report and RIP recommended: monitoring loading on L7S and increasing the emergency rating once loading approaches capacity; a two-stage plan to reduce frequency and duration of interruptions due to adverse weather; and monitoring load growth in the Kincardine area to identify any potential step-down tran
	These recommendations and current status are summarized in Section III. 
	The second cycle of regional planning was triggered due to potential incremental load from customer connection requests received in 2018 that would exceed the capacity of L7S. The second cycle started in early 2019 with the NA report published by Hydro One on May 31.   
	The needs identified in this report form the basis of the analysis for this scoping assessment, and are discussed in further detail in Section III.  
	III. Needs Identified  
	Based on the most up-to-date sustainment plans and 10-year demand forecast, Hydro One’s NA identified a number of needs in the Greater Bruce/Huron region. This section outlines the needs and projects/plan identified in the previous cycle of regional planning, and the needs to be addressed in the new cycle.  
	Needs and plans identified in the last cycle of Greater Bruce/Huron regional planning 
	The needs and plans recommended in the first cycle of regional planning for the Greater Bruce/Huron region are summarized in 
	The needs and plans recommended in the first cycle of regional planning for the Greater Bruce/Huron region are summarized in 
	Table 1
	Table 1

	, including summaries of their current statuses. 

	Table 1: Status of needs and plans from the first cycle of regional planning 
	Type of Need 
	Type of Need 
	Type of Need 
	Type of Need 
	Type of Need 

	Plan 
	Plan 

	Status 
	Status 



	Delivery Point Performance 
	Delivery Point Performance 
	Delivery Point Performance 
	Delivery Point Performance 

	Enhance delivery point performance for L7S to reduce frequency and duration of outages by installing spacers, ground rods, and remote-controlled load interrupting switches. 
	Enhance delivery point performance for L7S to reduce frequency and duration of outages by installing spacers, ground rods, and remote-controlled load interrupting switches. 

	Projects to install spacers and ground rods to be initiated and completed in 2020. Installation of remote-controlled load interrupting switches at Kirkton JCT, Biddulph JCT, and St Marys TS are currently in execution phase, expected to be in service by end of 2020. 
	Projects to install spacers and ground rods to be initiated and completed in 2020. Installation of remote-controlled load interrupting switches at Kirkton JCT, Biddulph JCT, and St Marys TS are currently in execution phase, expected to be in service by end of 2020. 


	Capacity 
	Capacity 
	Capacity 

	Monitor loading on L7S, and execute solutions from Local Plan that increase emergency thermal rating once loading is anticipated to exceed capacity. 
	Monitor loading on L7S, and execute solutions from Local Plan that increase emergency thermal rating once loading is anticipated to exceed capacity. 

	L7S capacity has been re-assessed in the recent NA and capacity needs will be addressed in the new cycle of regional planning. 
	L7S capacity has been re-assessed in the recent NA and capacity needs will be addressed in the new cycle of regional planning. 


	Capacity 
	Capacity 
	Capacity 

	Monitor load growth in Kincardine area connected to Douglas Point TS, and execute solutions when load is anticipated to exceed capacity. 
	Monitor load growth in Kincardine area connected to Douglas Point TS, and execute solutions when load is anticipated to exceed capacity. 

	Need is deferred because of slower load growth from latest forecast. 
	Need is deferred because of slower load growth from latest forecast. 




	 
	Needs to be addressed in the new regional planning cycle 
	The needs identified in the 2019 NA are summarized in 
	The needs identified in the 2019 NA are summarized in 
	Table 2
	Table 2

	 below and are grouped by type.  Needs that arise in the next five years are marked as near-term while those arise in the five to ten-year time frame are marked as medium-term timeframe. 

	Table 2: Needs to be addressed in the new planning cycle 
	Type of Need 
	Type of Need 
	Type of Need 
	Type of Need 
	Type of Need 

	Facilities 
	Facilities 

	Need Date 
	Need Date 



	Equipment End-of-Life 
	Equipment End-of-Life 
	Equipment End-of-Life 
	Equipment End-of-Life 

	Wingham TS  
	Wingham TS  
	T1/T2 supply transformers and component replacement 

	2022 (near-term) 
	2022 (near-term) 


	Equipment End-of-Life 
	Equipment End-of-Life 
	Equipment End-of-Life 

	Stratford TS  
	Stratford TS  
	T1 supply transformer and component replacement   

	2023 (near-term) 
	2023 (near-term) 


	Equipment End-of-Life 
	Equipment End-of-Life 
	Equipment End-of-Life 

	Seaforth TS 
	Seaforth TS 
	T1/T2/ supply transformers, T5/T6 autotransformers, and component replacement   

	2023 (near-term) 
	2023 (near-term) 


	Equipment End-of-Life 
	Equipment End-of-Life 
	Equipment End-of-Life 

	Hanover TS 
	Hanover TS 
	T2 supply transformer and component replacement 

	2024 (near-term) 
	2024 (near-term) 


	Capacity 
	Capacity 
	Capacity 

	L7S emergency rating exceeded under contingency (with one element D8S out) 
	L7S emergency rating exceeded under contingency (with one element D8S out) 

	2022 (near-term) 
	2022 (near-term) 


	Capacity 
	Capacity 
	Capacity 
	 

	L7S continuous rating exceeded with all elements in service 
	L7S continuous rating exceeded with all elements in service 

	2027 (medium-term) 
	2027 (medium-term) 




	IV. Analysis of Needs and Identification of Sub-Regions 
	A number of factors were considered in determining recommended planning approaches to address identified needs in NA, and the overall approach for further study in this area. Broadly speaking, where there is a need for regional coordination, and a potential for a wide range of solutions – including conservation, generation, new technologies, wires infrastructure, and non-wires solutions – an integrated approach is optimal.  
	The Regional Participants have discussed the needs in the Greater Bruce/Huron region and have identified one sub-region for further study through the regional planning process. The sub-region, “Southern Huron Perth” is shown in 
	The Regional Participants have discussed the needs in the Greater Bruce/Huron region and have identified one sub-region for further study through the regional planning process. The sub-region, “Southern Huron Perth” is shown in 
	Figure 3
	Figure 3

	. 

	Figure 3: Southern Huron-Perth Sub-Region 
	 
	Southern Huron-Perth Sub-Region 
	An integrated approach is recommended to address the capacity needs in the Southern Huron Perth sub-region. This sub-region is summer-peaking, and includes the following infrastructure:  
	• 115 kV Connected Stations – Grand Bend East DS, Centralia TS, St. Marys TS,  
	• 115 kV Connected Stations – Grand Bend East DS, Centralia TS, St. Marys TS,  
	• 115 kV Connected Stations – Grand Bend East DS, Centralia TS, St. Marys TS,  

	• Four customer owned transformer stations 
	• Four customer owned transformer stations 

	• 115 kV Transmission Lines – L7S, B8S 
	• 115 kV Transmission Lines – L7S, B8S 


	Customers in this sub-region are supplied by Entegrus Powerlines Inc., Festival Hydro Inc. or Hydro One Distribution. However, the sub-region’s transmission connected customers are supplied directly by Hydro One Transmission.  
	There are potential opportunities to assess wires and non-wires solutions to meet the needs in the area, and coordinate end-of-life needs within the context of updated forecast data.  
	The section below provides additional details on needs to be assessed in the IRRP planning process. 
	Integrated capacity planning in the Southern Huron-Perth Sub-region 
	The NA identified both near- and medium-term capacity needs on L7S resulting from load growth in the area it supplies.  
	This near-term need is expected to arise in 2022, when the emergency rating will be exceeded once D8S is out of service. This need was first identified in the previous cycle of regional planning, and the Local Planning Report, L7S Thermal Overload, was developed in 2016 to evaluate alternatives and recommended solutions.  
	In the medium-term, the continuous rating of L7S will be exceeded in 2027, even when all facilities are in service. While the existing infrastructure cannot accommodate the 20-year demand forecast in this area, with the slow load growth, non-wires solutions – such as integration of community energy plans, demand response, distributed generation, and storage – should be explored alongside wires solutions. A capacity margin also needs to be considered to prepare for potential additional load growth. 
	Opportunities to optimize end-of-life investments 
	Facilities reaching end-of-life provide an opportunity to re-examine their current use and configuration in the context of the latest load forecast and generation data. This will ensure that any new assets installed in their place will continue to appropriately service both the impacted LDCs and their customers, over their lifetime. To allow enough lead time to conduct planning for facilities that are reaching end-of-life, expected service life (ESL) information will be considered to optimize future end-of-
	The study team recommends that the assessment of needs outlined above will benefit from an integrated view. There are potential opportunities to assess wires and non-wires solutions to meet the needs in the area, and to address multiple needs in an optimal manner. The study team recommends that capacity needs in the area supplied by L7S be studied through an IRRP that focuses on the Southern Huron-Perth sub-region, and opportunities for optimizing future end-of-life investments be investigated.  
	Local Planning 
	The remaining needs identified in the 2019 Greater Bruce/Huron NA report are related to end-of-life needs at four transformer stations, as noted in 
	The remaining needs identified in the 2019 Greater Bruce/Huron NA report are related to end-of-life needs at four transformer stations, as noted in 
	Table 3
	Table 3

	 below.  

	Local planning is recommended to address these needs as they are singular in nature, and there is limited opportunity to reconfigure and resize the facilities to align with other regional needs. In addition, given that all of these end-of-life needs will arise in the near-term, the study team recommends local planning involving the transmitter and the impacted LDCs as the optimal approach for ensuring reliable supply in the region. 
	Table 3: Needs to be addressed through local planning 
	Type of Need 
	Type of Need 
	Type of Need 
	Type of Need 
	Type of Need 

	Facilities 
	Facilities 

	Need Date 
	Need Date 

	Planning Approach 
	Planning Approach 



	Equipment End-of-Life 
	Equipment End-of-Life 
	Equipment End-of-Life 
	Equipment End-of-Life 

	Wingham TS  
	Wingham TS  
	T1/T2 supply transformers and component replacement 

	2022 (near-term) 
	2022 (near-term) 

	Local Planning 
	Local Planning 


	Equipment End-of-Life 
	Equipment End-of-Life 
	Equipment End-of-Life 

	Stratford TS  
	Stratford TS  
	T1 supply transformer and component replacement   

	2023 (near-term) 
	2023 (near-term) 

	Local Planning 
	Local Planning 


	Equipment End-of-Life 
	Equipment End-of-Life 
	Equipment End-of-Life 

	Seaforth TS 
	Seaforth TS 
	T1/T2/ supply transformers, T5/T6 autotransformers, and component replacement   

	2023 (near-term) 
	2023 (near-term) 

	Local Planning 
	Local Planning 


	Equipment End-of-Life 
	Equipment End-of-Life 
	Equipment End-of-Life 

	Hanover TS 
	Hanover TS 
	T2 supply transformer and component replacement 

	2024 (near-term) 
	2024 (near-term) 

	Local Planning 
	Local Planning 




	 
	In addition, the IESO has identified low voltage issues at Hanover TS upon the loss of 230 kV circuits B4V/B5V. This issue will be further investigated in a bulk study of the Bruce area.  
	4. Conclusion 
	The Scoping Assessment concludes that: 
	• An IRRP be undertaken for the Southern Huron-Perth sub-region to: 
	• An IRRP be undertaken for the Southern Huron-Perth sub-region to: 
	• An IRRP be undertaken for the Southern Huron-Perth sub-region to: 

	o Plan for near- and medium-term capacity needs in the sub-region supplied by L7S, taking into account of non-wires alternatives  
	o Plan for near- and medium-term capacity needs in the sub-region supplied by L7S, taking into account of non-wires alternatives  

	o Explore opportunities to optimize end-of-life investments  
	o Explore opportunities to optimize end-of-life investments  

	• Additional needs identified in the NA (outlined below) will be addressed through local planning involving the transmitter and relevant LDC: 
	• Additional needs identified in the NA (outlined below) will be addressed through local planning involving the transmitter and relevant LDC: 

	o End-of-life replacements 
	o End-of-life replacements 

	▪ T1/T2 transformers and components at Wingham TS  
	▪ T1/T2 transformers and components at Wingham TS  

	▪ T1 transformer and component at Stratford TS 
	▪ T1 transformer and component at Stratford TS 

	▪ T5/T6 autotransformers, and T1/T2 transformers at Seaforth TS 
	▪ T5/T6 autotransformers, and T1/T2 transformers at Seaforth TS 

	▪ T2 transformer and component at Hanover TS 
	▪ T2 transformer and component at Hanover TS 

	• Hanover TS voltage issue upon loss of 230 kV circuits B4V/B5V will be further investigated in a bulk study of the Bruce area. 
	• Hanover TS voltage issue upon loss of 230 kV circuits B4V/B5V will be further investigated in a bulk study of the Bruce area. 


	The draft Terms of Reference for the Southern Huron-Perth sub-region IRRP is attached in Appendix A.  
	List of Acronyms 
	Acronym 
	Acronym 
	Acronym 
	Acronym 
	Acronym 

	Description 
	Description 



	CDM 
	CDM 
	CDM 
	CDM 

	Conservation and Demand Management 
	Conservation and Demand Management 


	DG 
	DG 
	DG 

	Distributed Generation 
	Distributed Generation 


	IESO 
	IESO 
	IESO 

	Independent Electricity System Operator 
	Independent Electricity System Operator 


	IRRP 
	IRRP 
	IRRP 

	Integrated Regional Resource Plan 
	Integrated Regional Resource Plan 


	kV 
	kV 
	kV 

	Kilovolt 
	Kilovolt 


	LDC 
	LDC 
	LDC 

	Local Distribution Company 
	Local Distribution Company 


	MW 
	MW 
	MW 

	Megawatt 
	Megawatt 


	NA 
	NA 
	NA 

	Needs Assessment 
	Needs Assessment 


	OEB 
	OEB 
	OEB 

	Ontario Energy Board 
	Ontario Energy Board 


	ORTAC 
	ORTAC 
	ORTAC 

	Ontario Resource and Transmission Assessment Criteria 
	Ontario Resource and Transmission Assessment Criteria 


	RIP 
	RIP 
	RIP 

	Regional Infrastructure Plan 
	Regional Infrastructure Plan 


	TS 
	TS 
	TS 

	Transformer Station 
	Transformer Station 




	 
	Appendix A: Southern Huron-Perth Sub-region IRRP Terms of Reference 
	1.  Introduction and Background  
	These Terms of Reference establish the objectives, scope, key assumptions, roles and responsibilities, activities, deliverables and timelines for an Integrated Regional Resource Plan (IRRP) for the Southern Huron-Perth sub-region, as part of the Greater Bruce Huron Region. 
	Based on the needs identified within the sub-region, including opportunities for coordinating demand and supply options with capacity needs in the sub-region supplied by L7S, an integrated regional resource planning approach for the Southern Huron-Perth sub-region is recommended. 
	The Greater Bruce/Huron Region 
	The Greater Bruce/Huron region is located in southwestern Ontario that comprises the counties of Bruce, Huron and Perth, as well as portions of Grey, Wellington, Waterloo, Oxford, Lambton, and Middlesex counties. Several Indigenous communities reside in the region, including Saugeen First Nation, Nawash First Nation, Chippewas of the Thames First Nation, Aamjiwnaang First Nation, Bkejwanong (Walpole Island First Nation), Chippewas of Kettle and Stony Point, Historic Saugeen Métis and Métis Nation of Ontario
	The Southern Huron-Perth Sub-Region 
	This IRRP is for the Southern Huron-Perth sub-region supplied by L7S, which includes municipalities of Bluewater, South Huron, Lambton Shores, Lucan Biddulph, Middlesex Centre, North Middlesex, Thames Centre, Zorra, Perth South, Town of St. Marys, and West Perth.  
	The approximate geographical boundaries of the sub-region are shown in Figure A-1. 
	Figure A-1: Electricity Infrastructure in the Southern Huron-Perth Sub-Region4 
	4 The region is defined by electricity infrastructure; geographical boundaries are approximate 
	4 The region is defined by electricity infrastructure; geographical boundaries are approximate 

	 
	Greater Bruce/Huron Region Electricity System  
	The Greater Bruce/Huron region’s electricity demand is comprised of a mix of residential, commercial and industrial loads. It is a winter-peaking region, although the Southern Huron-Perth sub-region, which is the focus of this IRRP, is summer-peaking.  The Greater Bruce/Huron region is supplied by 230 kV and 115 kV transmission lines and stations as shown in Figure A-2.  In the Southern Huron-Perth sub-region, L7S provides supply from Seaforth TS and a local wind farm to seven local load stations, including
	Figure A-2: Single Line Diagram of Southern Huron-PerthSub-Region 
	 
	1. Background  
	The regional planning process was formalized by the OEB in August 2013.  To manage the regional planning process, Ontario was organized into 21 regions, each of which was assigned to one of three groups by order of priority, where Group 1 region were reviewed first. Greater Bruce/Huron was assigned to Group 3. 
	The first cycle of regional planning of the Greater Bruce/Huron region started in February 2016 with the Needs Assessment (NA) process, and proceeded to local planning. Subsequently, and in accordance with the OEB’s process, Hydro One Transmission published a regional infrastructure plan (RIP) in August 2017.  
	The second cycle of regional planning, triggered primarily by connection requests in the Southern Huron-Perth sub-region, launched in early 2019, starting with the NA process. Hydro One published its NA report on May 31, 2019. Multiple needs identified in the report require an integrated regional consideration. The Scoping Assessment led by the IESO with Hydro One and LDCs in the region has concluded that an IRRP be undertaken to address these needs in the Southern Huron-Perth sub-region. 
	2.  Objectives 
	The Southern Huron-Perth IRRP will assess the adequacy of electricity supply to customers in the sub-region supplied by L7S, explore opportunities to optimize future end-of-life investments, and make recommendations to maintain reliability of supply to the sub-region over the next 20 years. Specifically, the IRRP will: 
	• Assess the adequacy of electricity supply to customers in the study area over the next 20 years; 
	• Assess the adequacy of electricity supply to customers in the study area over the next 20 years; 
	• Assess the adequacy of electricity supply to customers in the study area over the next 20 years; 

	• Determine whether there is a need to initiate development work or to fully commit infrastructure investments in this planning cycle;  
	• Determine whether there is a need to initiate development work or to fully commit infrastructure investments in this planning cycle;  

	• Identify and coordinate major asset renewal needs with customer needs, and develop a flexible, comprehensive, integrated electricity plan for Greater Bruce/Huron; and, 
	• Identify and coordinate major asset renewal needs with customer needs, and develop a flexible, comprehensive, integrated electricity plan for Greater Bruce/Huron; and, 

	• Develop an implementation plan, while maintaining the flexibility required to accommodate changes in key assumptions over time. 
	• Develop an implementation plan, while maintaining the flexibility required to accommodate changes in key assumptions over time. 


	3.  Scope 
	This IRRP will develop and recommend an integrated plan to meet the needs in the Southern Huron-Perth sub-region within the Greater Bruce/Huron region. The plan is a joint initiative involving the IESO, Hydro One Transmission, and LDCs in this sub-region including Hydro One Distribution, Festival Hydro Inc., and Entegrus Powerlines Inc., which are the five members of the Working Group for the SHPIRRP.  
	The IRRP will focus on these specific items in order of priority: 
	• Integrated planning for capacity needs for the Southern Huron-Perth sub-region supplied by L7S, including documentation of outcomes and rationale of capacity needs related to L7S emergency rating, and the development of plans for longer term needs related to the L7S continuous rating; and, 
	• Integrated planning for capacity needs for the Southern Huron-Perth sub-region supplied by L7S, including documentation of outcomes and rationale of capacity needs related to L7S emergency rating, and the development of plans for longer term needs related to the L7S continuous rating; and, 
	• Integrated planning for capacity needs for the Southern Huron-Perth sub-region supplied by L7S, including documentation of outcomes and rationale of capacity needs related to L7S emergency rating, and the development of plans for longer term needs related to the L7S continuous rating; and, 

	• Opportunities to optimize future end-of-life investments 
	• Opportunities to optimize future end-of-life investments 


	Like all IRRPs, in its identification or confirmation of any capacity or restoration needs, an analysis of options for addressing end-of-life needs, the plan will integrate:  
	• Forecast electricity demand growth, conservation and demand management (CDM) with transmission;  
	• Forecast electricity demand growth, conservation and demand management (CDM) with transmission;  
	• Forecast electricity demand growth, conservation and demand management (CDM) with transmission;  

	• Distribution system capability 
	• Distribution system capability 

	• Relevant community plans 
	• Relevant community plans 

	• Other bulk system developments; and,  
	• Other bulk system developments; and,  

	• Distributed energy resources (DER) uptake 
	• Distributed energy resources (DER) uptake 


	Based on the identified needs, the Southern Huron-Perth IRRP process will: 
	1) Create an updated 20-year demand forecast for the study area 
	1) Create an updated 20-year demand forecast for the study area 
	1) Create an updated 20-year demand forecast for the study area 

	2) Confirm the adequacy of transformer station ratings and the area’s load meeting capability and reliability through: 
	2) Confirm the adequacy of transformer station ratings and the area’s load meeting capability and reliability through: 

	a. Identification or confirmation of transformer station capacity needs and sufficiency of the area’s load meeting capability for the study period using the updated load forecast 
	a. Identification or confirmation of transformer station capacity needs and sufficiency of the area’s load meeting capability for the study period using the updated load forecast 

	b. Confirmation of identified restoration needs using the updated load forecast 
	b. Confirmation of identified restoration needs using the updated load forecast 


	c. Collection of information on any known reliability issues and load transfer capabilities from the local distribution companies (LDCs) 
	c. Collection of information on any known reliability issues and load transfer capabilities from the local distribution companies (LDCs) 
	c. Collection of information on any known reliability issues and load transfer capabilities from the local distribution companies (LDCs) 

	3) For confirmed needs, carry out an assessment of options using decision-making criteria included, but not limited to, technical feasibility, economics, reliability performance, and environmental and social factors    
	3) For confirmed needs, carry out an assessment of options using decision-making criteria included, but not limited to, technical feasibility, economics, reliability performance, and environmental and social factors    


	The options analysis has been divided into groupings based on the priority/timing of the needs, any known lead time information, and the depth of analysis required 
	4) Develop long-term recommendations and the implementation plan 
	4) Develop long-term recommendations and the implementation plan 
	4) Develop long-term recommendations and the implementation plan 

	5) Complete the IRRP report, and document near-, mid-, and long-term needs and recommendations 
	5) Complete the IRRP report, and document near-, mid-, and long-term needs and recommendations 


	In order to carry out this scope of work, the working group will consider the data and assumptions outlined in section 4 below. 
	4.  Data and Assumptions  
	The plan will consider the following data and assumptions: 
	• Demand Data  
	• Demand Data  
	• Demand Data  

	o Historical coincident and non-coincident peak demand information for the region 
	o Historical coincident and non-coincident peak demand information for the region 

	o Historical weather correction, for median and extreme conditions 
	o Historical weather correction, for median and extreme conditions 

	o Gross peak demand forecast scenarios by region, TS, etc.   
	o Gross peak demand forecast scenarios by region, TS, etc.   

	o Coincident peak demand data including transmission-connected customers 
	o Coincident peak demand data including transmission-connected customers 

	o Identified potential future load customers 
	o Identified potential future load customers 

	• Conservation and Demand Management  
	• Conservation and Demand Management  

	o LDC CDM plans 
	o LDC CDM plans 

	o Incorporation of verified results and CDM programs/opportunities in the area 
	o Incorporation of verified results and CDM programs/opportunities in the area 

	o Long-term conservation forecast for LDC customers based on planned provincial CDM activities 
	o Long-term conservation forecast for LDC customers based on planned provincial CDM activities 

	o Conservation potential studies, if available 
	o Conservation potential studies, if available 

	o Potential for CDM at transmission-connected customers’ facilities 
	o Potential for CDM at transmission-connected customers’ facilities 

	o Load segmentation data for each TS based on customer type (e.g., residential, commercial, industrial, agricultural) and the proportion of LDC service territory within the study area  
	o Load segmentation data for each TS based on customer type (e.g., residential, commercial, industrial, agricultural) and the proportion of LDC service territory within the study area  

	• Local resources 
	• Local resources 

	o Existing local generation, including distributed generation (DG), district energy, customer-based generation, non-utility generators and hydroelectric facilities as applicable  
	o Existing local generation, including distributed generation (DG), district energy, customer-based generation, non-utility generators and hydroelectric facilities as applicable  

	o Existing or committed renewable generation from Feed-in-Tariff (FIT) and non-FIT procurements 
	o Existing or committed renewable generation from Feed-in-Tariff (FIT) and non-FIT procurements 

	o Future resource proposals as relevant 
	o Future resource proposals as relevant 


	• Relevant local plans, as applicable 
	• Relevant local plans, as applicable 
	• Relevant local plans, as applicable 

	o LDC Distribution System Plans 
	o LDC Distribution System Plans 

	o Community Energy Plans, Indigenous Community Energy Plans, and Municipal Energy Plans 
	o Community Energy Plans, Indigenous Community Energy Plans, and Municipal Energy Plans 

	o Municipal Growth Plans 
	o Municipal Growth Plans 

	o Any transit plans impacting electricity use or tied to community developments 
	o Any transit plans impacting electricity use or tied to community developments 

	• Criteria, codes and other requirements 
	• Criteria, codes and other requirements 

	o Ontario Resource and Transmission Assessment Criteria (ORTAC) 
	o Ontario Resource and Transmission Assessment Criteria (ORTAC) 

	▪ Supply capability 
	▪ Supply capability 

	▪ Load security 
	▪ Load security 

	▪ Load restoration requirements 
	▪ Load restoration requirements 

	o NERC and NPCC reliability criteria, as applicable 
	o NERC and NPCC reliability criteria, as applicable 

	o OEB Transmission System Code 
	o OEB Transmission System Code 

	o OEB Distribution System Code 
	o OEB Distribution System Code 

	o Reliability considerations, such as the frequency and duration of interruptions to customers 
	o Reliability considerations, such as the frequency and duration of interruptions to customers 

	o Other applicable requirements 
	o Other applicable requirements 

	• Existing system capability  
	• Existing system capability  

	o Transmission line ratings as per transmitter records 
	o Transmission line ratings as per transmitter records 

	o System capability as per current IESO PSS/E base cases 
	o System capability as per current IESO PSS/E base cases 

	o Transformer station ratings (10-day LTR) as per asset owner 
	o Transformer station ratings (10-day LTR) as per asset owner 

	o Load transfer capability 
	o Load transfer capability 

	o Technical and operating characteristics of local generation 
	o Technical and operating characteristics of local generation 

	• End-of-life asset considerations and sustainment plans 
	• End-of-life asset considerations and sustainment plans 

	o Transmission assets 
	o Transmission assets 

	o Distribution assets 
	o Distribution assets 

	o Impact of ongoing plans and projects on applicable facility ratings 
	o Impact of ongoing plans and projects on applicable facility ratings 

	• Other considerations, as applicable 
	• Other considerations, as applicable 


	5.  Working Group  
	The core Working Group will consist of planning representatives from the following organizations including embedded LDCs that have identified needs in the Southern Huron-Perth sub-region: 
	• Independent Electricity System Operator (Team Lead for IRRP) 
	• Independent Electricity System Operator (Team Lead for IRRP) 
	• Independent Electricity System Operator (Team Lead for IRRP) 

	• Hydro One Distribution 
	• Hydro One Distribution 

	• Festival Hydro Inc. 
	• Festival Hydro Inc. 

	• Entegrus Power Lines Inc. 
	• Entegrus Power Lines Inc. 

	• Hydro One Transmission 
	• Hydro One Transmission 


	Authority and Funding 
	Each entity involved in the study will be responsible for complying with regulatory requirements as applicable to the actions/tasks assigned to that entity under the implementation plan resulting from this IRRP. For the duration of the study process, each participant is responsible for their own funding. 
	6.  Engagement  
	Integrating early and sustained engagement with communities and stakeholders in the planning process was recommended by the IESO and adopted by the provincial government to enhance the regional planning and siting processes in 2013. The Working Group is committed to conducting plan-level engagement throughout the development of the Southern Huron-Perth IRRP.   
	The first step in engagement will consist of meetings with municipalities (lower tier and upper tier) and Indigenous communities within the planning area to discuss regional planning, the development of the Southern Huron-Perth IRRP, and integrated solutions.  
	Regional and community engagement will continue throughout the development and completion of the plan. The Working Group will develop a comprehensive stakeholder engagement plan, according to the Activities Timeline shown in Section 6. 
	7.  Activities, Timeline and Primary Accountability 
	Table A-1: Summary of IRRP Timelines and Activities 
	# 
	# 
	# 
	# 
	# 

	Activity 
	Activity 

	Lead Responsibility 
	Lead Responsibility 

	Deliverable(s) 
	Deliverable(s) 

	Time frame 
	Time frame 



	1 
	1 
	1 
	1 

	Prepare Terms of Reference 
	Prepare Terms of Reference 
	considering stakeholder input 

	IESO 
	IESO 

	Finalized Terms of Reference 
	Finalized Terms of Reference 

	July-Sept 2019 
	July-Sept 2019 


	2 
	2 
	2 

	Develop the planning forecast for the sub-region 
	Develop the planning forecast for the sub-region 

	- 
	- 

	- 
	- 

	- 
	- 


	2 
	2 
	2 

	Establish historical coincident and non-coincident peak demand information 
	Establish historical coincident and non-coincident peak demand information 

	IESO 
	IESO 

	Long-term planning forecast scenarios 
	Long-term planning forecast scenarios 

	Sept-Nov 2019 
	Sept-Nov 2019 


	2 
	2 
	2 

	Establish historical weather correction, median and extreme conditions 
	Establish historical weather correction, median and extreme conditions 

	IESO 
	IESO 

	Long-term planning forecast scenarios 
	Long-term planning forecast scenarios 

	Sept-Nov 2019 
	Sept-Nov 2019 


	2 
	2 
	2 

	Establish gross peak demand forecast and high/low growth scenarios 
	Establish gross peak demand forecast and high/low growth scenarios 

	LDCs 
	LDCs 

	Long-term planning forecast scenarios 
	Long-term planning forecast scenarios 

	Sept-Nov 2019 
	Sept-Nov 2019 


	2 
	2 
	2 

	Establish existing, committed and potential DG 
	Establish existing, committed and potential DG 

	LDCs 
	LDCs 

	Long-term planning forecast scenarios 
	Long-term planning forecast scenarios 

	Sept-Nov 2019 
	Sept-Nov 2019 


	2 
	2 
	2 

	Establish near- and long-term conservation forecasts based on planned CDM activities 
	Establish near- and long-term conservation forecasts based on planned CDM activities 

	IESO 
	IESO 

	Long-term planning forecast scenarios 
	Long-term planning forecast scenarios 

	Sept-Nov 2019 
	Sept-Nov 2019 


	2 
	2 
	2 

	Develop planning forecast scenarios - including the impacts of CDM, DG and extreme weather conditions  
	Develop planning forecast scenarios - including the impacts of CDM, DG and extreme weather conditions  

	IESO 
	IESO 

	Long-term planning forecast scenarios 
	Long-term planning forecast scenarios 

	Sept-Nov 2019 
	Sept-Nov 2019 




	# 
	# 
	# 
	# 
	# 

	Activity 
	Activity 

	Lead Responsibility 
	Lead Responsibility 

	Deliverable(s) 
	Deliverable(s) 

	Time frame 
	Time frame 



	3 
	3 
	3 
	3 

	Provide information on load transfer capabilities under normal and emergency conditions 
	Provide information on load transfer capabilities under normal and emergency conditions 

	LDCs 
	LDCs 

	Load transfer capabilities under normal and emergency conditions 
	Load transfer capabilities under normal and emergency conditions 

	Sept-Nov 2019 
	Sept-Nov 2019 


	4 
	4 
	4 

	Provide and review relevant community plans, if applicable 
	Provide and review relevant community plans, if applicable 

	LDCs and IESO 
	LDCs and IESO 

	Relevant community plans 
	Relevant community plans 

	Sept-Nov 2019 
	Sept-Nov 2019 


	5 
	5 
	5 

	Review expected service life (ESL) information to optimize future end-of-life (EOL) investment 
	Review expected service life (ESL) information to optimize future end-of-life (EOL) investment 

	IESO and Hydro One Transmission 
	IESO and Hydro One Transmission 

	Summary of ESL/EOL review findings regarding optimization opportunities 
	Summary of ESL/EOL review findings regarding optimization opportunities 

	Sept-Nov 2019 
	Sept-Nov 2019 


	6 
	6 
	6 

	Capacity planning of the Southern Huron-Perth subregion 
	Capacity planning of the Southern Huron-Perth subregion 

	- 
	- 

	- 
	- 

	- 
	- 


	6 
	6 
	6 

	Obtain PSS/E base case, include bulk system assumptions as identified in the key assumptions 
	Obtain PSS/E base case, include bulk system assumptions as identified in the key assumptions 

	IESO 
	IESO 

	Summary of needs based on demand forecast scenarios for the 20-year planning horizon 
	Summary of needs based on demand forecast scenarios for the 20-year planning horizon 

	Q4 2019 – Q2 2020 
	Q4 2019 – Q2 2020 


	6 
	6 
	6 

	Apply reliability criteria as defined in ORTAC to demand forecast scenarios 
	Apply reliability criteria as defined in ORTAC to demand forecast scenarios 

	IESO 
	IESO 

	Summary of needs based on demand forecast scenarios for the 20-year planning horizon 
	Summary of needs based on demand forecast scenarios for the 20-year planning horizon 

	Q4 2019 – Q2 2020 
	Q4 2019 – Q2 2020 


	6 
	6 
	6 

	Confirm and refine the need(s) and timing/load levels 
	Confirm and refine the need(s) and timing/load levels 

	IESO 
	IESO 

	Summary of needs based on demand forecast scenarios for the 20-year planning horizon 
	Summary of needs based on demand forecast scenarios for the 20-year planning horizon 

	Q4 2019 – Q2 2020 
	Q4 2019 – Q2 2020 


	7 
	7 
	7 

	Develop options and alternatives 
	Develop options and alternatives 

	- 
	- 

	- 
	- 

	- 
	- 


	7 
	7 
	7 

	Develop conservation options 
	Develop conservation options 

	IESO and LDCs  
	IESO and LDCs  

	Develop flexible planning options for forecast scenarios 
	Develop flexible planning options for forecast scenarios 

	Q2-Q4 2020 
	Q2-Q4 2020 


	7 
	7 
	7 

	Develop local generation options 
	Develop local generation options 

	IESO and LDCs 
	IESO and LDCs 

	Develop flexible planning options for forecast scenarios 
	Develop flexible planning options for forecast scenarios 

	Q2-Q4 2020 
	Q2-Q4 2020 


	7 
	7 
	7 

	Develop transmission (see Action 7 below) and distribution options  
	Develop transmission (see Action 7 below) and distribution options  

	Hydro One, and LDCs 
	Hydro One, and LDCs 

	Develop flexible planning options for forecast scenarios 
	Develop flexible planning options for forecast scenarios 

	Q2-Q4 2020 
	Q2-Q4 2020 


	7 
	7 
	7 

	Develop options involving other electricity initiatives (e.g., smart grid, storage) 
	Develop options involving other electricity initiatives (e.g., smart grid, storage) 

	IESO/ LDCs with support as needed 
	IESO/ LDCs with support as needed 

	Develop flexible planning options for forecast scenarios 
	Develop flexible planning options for forecast scenarios 

	Q2-Q4 2020 
	Q2-Q4 2020 


	7 
	7 
	7 

	Integrate with bulk needs 
	Integrate with bulk needs 

	IESO  
	IESO  

	Develop flexible planning options for forecast scenarios 
	Develop flexible planning options for forecast scenarios 

	Q2-Q4 2020 
	Q2-Q4 2020 




	# 
	# 
	# 
	# 
	# 

	Activity 
	Activity 

	Lead Responsibility 
	Lead Responsibility 

	Deliverable(s) 
	Deliverable(s) 

	Time frame 
	Time frame 



	7 
	7 
	7 
	7 

	Develop portfolios of integrated alternatives 
	Develop portfolios of integrated alternatives 

	All 
	All 

	Develop flexible planning options for forecast scenarios 
	Develop flexible planning options for forecast scenarios 

	Q2-Q4 2020 
	Q2-Q4 2020 


	7 
	7 
	7 

	Complete technical comparison and evaluation 
	Complete technical comparison and evaluation 

	All 
	All 

	Develop flexible planning options for forecast scenarios 
	Develop flexible planning options for forecast scenarios 

	Q2-Q4 2020 
	Q2-Q4 2020 


	8 
	8 
	8 

	Plan and undertake community and stakeholder engagement 
	Plan and undertake community and stakeholder engagement 

	- 
	- 

	- 
	- 

	- 
	- 


	8 
	8 
	8 

	Early engagement with local municipalities and Indigenous communities within study area, First Nation communities who may have an interest in the study area, and the Métis Nation of Ontario 
	Early engagement with local municipalities and Indigenous communities within study area, First Nation communities who may have an interest in the study area, and the Métis Nation of Ontario 

	All 
	All 

	• Community and stakeholder engagement plan  
	• Community and stakeholder engagement plan  
	• Community and stakeholder engagement plan  
	• Community and stakeholder engagement plan  

	• Input from local communities 
	• Input from local communities 



	Q4 2019 
	Q4 2019 


	8 
	8 
	8 

	Develop communications materials 
	Develop communications materials 

	All 
	All 

	• Community and stakeholder engagement plan 
	• Community and stakeholder engagement plan 
	• Community and stakeholder engagement plan 
	• Community and stakeholder engagement plan 

	• Input from local communities 
	• Input from local communities 



	Q4 2019 
	Q4 2019 


	8 
	8 
	8 

	Undertake community and stakeholder engagement 
	Undertake community and stakeholder engagement 

	Input from local communities 
	Input from local communities 

	• Community and stakeholder engagement plan 
	• Community and stakeholder engagement plan 
	• Community and stakeholder engagement plan 
	• Community and stakeholder engagement plan 

	• Input from local communities 
	• Input from local communities 



	Q3-Q4 2020 
	Q3-Q4 2020 


	8 
	8 
	8 

	Summarize input and incorporate feedback  
	Summarize input and incorporate feedback  

	All 
	All 

	• Community and stakeholder engagement plan 
	• Community and stakeholder engagement plan 
	• Community and stakeholder engagement plan 
	• Community and stakeholder engagement plan 

	• Input from local communities 
	• Input from local communities 



	Q3-Q4 2020 
	Q3-Q4 2020 


	9 
	9 
	9 

	Develop long-term recommendations and implementation plan based on community and stakeholder input 
	Develop long-term recommendations and implementation plan based on community and stakeholder input 

	IESO 
	IESO 

	• Implementation plan  
	• Implementation plan  
	• Implementation plan  
	• Implementation plan  

	• Monitoring activities and identification of decision triggers 
	• Monitoring activities and identification of decision triggers 

	• Hand-off letters 
	• Hand-off letters 

	• Procedures for annual review 
	• Procedures for annual review 



	Q4 2020 - Q1 2021 
	Q4 2020 - Q1 2021 


	10  
	10  
	10  

	Prepare the IRRP report detailing the recommended near-, medium- and long-term plan for approval by all parties 
	Prepare the IRRP report detailing the recommended near-, medium- and long-term plan for approval by all parties 

	IESO 
	IESO 

	IRRP report 
	IRRP report 

	Q1-Q2 2021 
	Q1-Q2 2021 




	 







