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OUTAGE OM&A — NUCLEAR
PURPOSE

This evidence presents nuclear operations outage OM&A costs for the period 2020-2026.

2.0

OVERVIEW

The IR term outage OM&A expense is $279.1M in 2022, $361.2M in 2023, $212.4M in 2024,
$192.6M in 2025 and $61.3M in 2026, and forms part of the OM&A expense in the nuclear

revenue requirement. Outage OM&A costs will vary year over year depending on the number

and scope of outages and therefore cannot be trended over time.

Outage OM&A costs over the period 2020 to 2026 primarily reflect the following:

Expenditures for routine inspection and maintenance activities undertaken during
Darlington unit planned outages, consistent with Darlington’s three year planned outage
schedule. This includes non-refurbishment outage costs for those units laid up during
refurbishment (i.e., Unit 2 during 2016-2020; Unit 3 during 2020-2023, Unit 1 during
2022-2025 and Unit 4 during 2023-2026). Non-refurbishment outage costs are costs for
various inspection and maintenance activities associated with a planned outage in
accordance with OPG’s aging and life cycle management programs that are in addition to
and separate from the refurbishment of the units (“Cyclical Outages”). For example, the
non-refurbishment outage work for Unit 3 during its refurbishment outage (2020-2023)
effectively replaces a Unit 3 scheduled planned outage in 2021 which would otherwise
have been undertaken absent Unit 3 refurbishment. Similar non-refurbishment outage
work will be undertaken for Units 1 and 4.

Expenditures for routine inspection and maintenance activities undertaken during
Pickering unit planned outages, consistent with Pickering’s 30 month planned outage
schedule. With the planned shutdown of Pickering at the end of 2025, there are no
regular planned outages in 2025.

Over the period 2020-2026, additional scope was added to Pickering planned outages for
Pickering Extended Operations and Pickering Optimized Shutdown to enable Pickering’s
planned operation to 2024/2025. Outage OM&A costs also include ongoing costs
associated with the Fuel Channel Life Extension project (Ex. F2-3-2). The outage OM&A
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costs for Pickering Extended Operations, Pickering Optimized Shutdown and ongoing
costs for the Fuel Channel Life Extension project are set out in Ex. F2-4-1, Table 1.
e Qutage OM&A costs for a scheduled Vacuum Building Outage (“VBO”) at Pickering in
2022, along with preparatory inspection work during 2020 and 2021.
o Outage OM&A preparatory VBO costs in 2025 and 2026 at Darlington for a scheduled
VBO in 2027.
e OPG has scheduled six post refurbishment mini planned outages at Darlington to
address any issues that could arise after the major refurbishment of a unit is complete
and the unit has resumed operations. The outage OM&A forecast includes costs for work

that may be undertaken during these mini planned outages.

OPG continues to pursue initiatives (Ex. F2-1-1, Section 3.4) to improve operational
performance and cost effectiveness. This includes a continued focus on increasing the
efficiency of planned outage work as part of a program to achieve the production and value
for money targets in the business plan. OPG continuously seeks improvement in outage
planning and execution to ensure that the required outage work is conducted at the lowest

achievable cost as discussed in Section 4.2 below.

3.0 OUTAGE OM&A PLANNING AND RESOURCING
Nuclear planned outages are necessary to execute inspection and maintenance work related
to asset management and regulatory requirements, or project work, on systems and

equipment where access is not possible under normal operating conditions.

Planned outages also give OPG an opportunity to perform systems and equipment

upgrades, configuration changes, and other improvements and modifications.

3.1 Outage Scope and Duration Planning

The nuclear outage OM&A budget is derived in conjunction with the development of the
approved generation plan and outage schedule for each station, which is discussed in Ex.
E2-1-1. The generation plan, by reference to the station’s life cycle management plan,

establishes the number, frequency and duration of the outages for each year that are
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required to ensure the continued safe, reliable, long-term operation of the plant and that it is

in compliance with Canadian Nuclear Safety Commission (“CNSC”) regulatory requirements.

3.2 Outage Resource Planning
The Nuclear outage resource plan is established and costed on the basis of the work
activities required to execute each regular planned outage scheduled under the generation

plan.

Work activities are planned at a detailed level, and resource requirements are identified
using material requirements and resource productivity information from recently completed
outages. These resource costs are aggregated to determine total outage OMG&A
requirements. However, even with planning using best practices, unforeseen equipment

conditions discovered during outages may result in additional outage scope and cost.

The completion of specific outages requires both base resources and incremental resources.
OMG&A base resources (i.e., Regular, Term and Extended Temporary Employee (“ETE”) staff
labour) in the stations or in Operations and Project Support that work on outages are
captured in base OM&A. The cost of incremental resources in support of outage execution,
and the cost of Inspection and Reactor Innovation (“IRI”) Regular, Term and ETE staff
labour, is captured in outage OM&A. This is because the primary function of IRl is to support

outage execution.

The costs associated with the completion of projects undertaken during an outage are

captured in either project OM&A or project capital, as applicable to the specific project.

The incremental resource types associated with resources utilized during outages are as

follows:

¢ Non-Regular Labour: additional non-regular staff directly supervised by OPG staff
(typically trade workers such as electricians).

o Overtime: regular and non-regular staff working on overtime in support of outage

execution.
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o Augmented Staff: contractors directly supervised by OPG staff (typically engineers and
assessors).

o Materials: the materials and supplies installed or consumed in outage execution.

e Other Purchased Services: contractors performing specialized inspection and

maintenance work or conducting major component refurbishments.

Incremental labour is a major component in outage OM&A costs. The key consideration in
assessing the need for these resources during an outage is the ability to optimize all
available base work resources and skills. Planning and executing outages is an exercise in
balancing regular, temporary and contractor resources. Regular staff is utilized to the
greatest extent possible in order to execute complex work assignments while maintaining the
outage schedule. However, the availability of regular maintenance staff for outage work
needs to be assessed relative to the following:

¢ the demand for regular maintenance staff to meet the ongoing maintenance requirements

of the operating units; and,
e the demand and available skill set for peak staff resources to complete the outage scope

within the outage schedule and budget.

OPG uses staffing resources such as overtime or other purchased services (e.g.,
contractors), where appropriate, during outages. Due to the peaking nature of outage work, it
is more cost effective to use incremental staffing than to maintain permanent outage staff in
the base organization. Overtime is particularly useful during planned outages when base
resources are insufficient to meet all of the scheduled work. The selection of which labour
resource option to employ is an ongoing resource optimization and balancing process of
available fleet resources and depends on the specific circumstances driving the need for
labour resources. Use of contractors or other temporary staff instead of overtime during an
outage can be constrained by collective agreements. However, the nature of the activity may
mandate the use of external, highly specialized contractors or original equipment

manufacturer expertise.
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OPG’s use of staffing resources to complete outage work activities provides important

resource flexibility and is consistent with industry best practices.

4.0 OUTAGE OM&A COST DRIVERS
4.1 Factors Driving Outage Costs
Outage OM&A is directly impacted by outage scope and the number of outages and related

outage days.

The scope of outage work varies from year to year, reflecting station-specific inspection and
maintenance activities as well as unit-specific requirements reflecting the operating life
history or specific issues for a particular unit. The cost forecast and schedule are based on
actual experience from previous outages and incorporation of improvements in execution
efficiency where possible. Similar outage activities (e.g., unit shut down and start up
windows) are benchmarked to ensure that the benefits of process improvements and

efficiencies are incorporated.

Since units do not necessarily age in a uniform way or at a uniform rate, it is highly unlikely
that the outage scope for a particular unit in a certain year of operation will precisely match
the outage scope for a different unit in the same year of its operation. While there are many
standard elements included in the outage scope, there can also be unique activities,
programs or major equipment campaigns that are unit-specific. An example is the need for a
single fuel channel replacement or station-specific initiatives such as the extra outage work
required in support of Pickering Optimized Shutdown or the Fuel Channel Life Extension

project.

Other factors that drive outage scope include:

e Results from ongoing outage inspection and maintenance work, which could influence
the scope of work planned for future outages, even if the future outages are at a different
unit or station.

¢ New or evolving CNSC regulatory requirements which may influence outage scope and

cost.





0 N O 0 B~ WN -

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Filed: 2020-12-31
EB-2020-0290
Exhibit F2

Tab 4

Schedule 1

Page 6 of 9

e Operational information shared within the nuclear industry that provides OPG with
information about potential emerging issues, which may require additional inspections in

future outages to assess the impact of the emergent issue on OPG’s nuclear units.

In addition to outage scope, outage OM&A cost is impacted by the number of units in outage.

The following provides further background on the nature and timing of these outages.

Darlington units are on a three year outage cycle, but are currently impacted by the
refurbishment schedule. As a result, outage OM&A expenditures reflect two regular planned
outages in 2021," one regular planned outage in each of 2023 and 2025, and no regular
planned outages in 2020, 2022, 2024 and 2026. In addition, as noted above, the units laid up
during refurbishment (e.g., Unit 3 during 2020-2023) will be subject to Cyclical Outages. The
work activities and associated outage OM&A expenditures for Cyclical Outages are in

addition to and separate from the refurbishment of the units.

Darlington’s Unit 2, Unit 3 and Unit 1 are scheduled for a combined six short, post-
refurbishment planned outages in 2021-2026 following return to service. These post
refurbishment outages will address equipment issues that are expected to arise after the

refurbishment is complete and the unit has resumed operations (Ex. E2-1-1, Section 2.0).

Pickering units are transitioning to a 30 month planned outage cycle, such that there can be
either two or three units in outage each year (Ex. E2-1-1, Section 3.2). Outage OM&A
expenditures reflect two planned outages at Pickering in 2021, 2022 and 2024, and three
planned outages in 2020 and 2023. With the planned shutdown of Pickering in 2024/2025,

there are no regular planned outages in 2025.

Outage OM&A costs are significantly impacted by scheduled outages to inspect the station

negative pressure containment systems or VBO. For Pickering, outage OM&A expenditures

" As a result of the deferred DRP schedule, OPG moved an outage from 2020 to 2021 and also added a regular
planned outage in 2021 to support Unit 4 operation until its start of refurbishment. See Ex. E2-1-2 for further
discussion.
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reflect a station-wide VBO scheduled for 2022 as discussed at Ex. E2-1-1, including

preliminary costs for preparatory work in 2020 and 2021.

For Darlington, prior to 2015, a station-wide four-unit VBO was required every 12 years and a
Station Containment Outage (“SCQ”) every six years. A SCO also required that all four units
be shut down, but for a shorter duration. However, OPG was successful in obtaining CNSC
consent to implement a 12 year VBO/SCO cycle versus continuing with a 12 year VBO/6
year SCO cycle. In 2015, the Darlington VBO that was scheduled for 2021 was brought
forward and combined with the SCO. The next VBO/SCO is scheduled in 2027, so there is
no VBO or SCO scheduled at Darlington during the IR term or refurbishment period, although
Darlington’s outage OM&A expenditures in 2025 and 2026 include preliminary costs for
preparatory work for the 2027 VBO/SCO.

Pickering will be undertaking incremental outage days and incurring outage costs to enable
Pickering Extended Operations and the Pickering Optimized Shutdown to ensure Pickering
units are fit for service until 2024/2025. There are also ongoing costs associated with the
Fuel Channel Life Extension project, including for work activities to confirm that Darlington
units can safely operate until the scheduled refurbishment start date for Darlington Unit 4.
Outage OM&A includes expenditures for incremental planned outage scope including
maintenance and inspection of pressure tubes, steam generators, feeders, balance of plant
components, IRl tooling, and fuel channel work (including fueling machine maintenance).
Outage OM&A will also include expenditures for work performed on spacer location and

relocation, additional steam generator water-lancing and feeder replacements.

4.2 Outage Efficiency Improvements

Outage improvement has been the focus of OPG’s prior gap closure initiatives (see Ex. F2-1-
1, Attachment 1). Based on the results achieved, the outage improvement initiative was
successfully closed out in 2019 with the outage shift schedule initiative item being
incorporated into the Right Work, Right Time, Right Value initiative (Ex. F2-1-1).
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OPG seeks continuous improvement in outage planning and execution to ensure that the
required outage work is conducted at the lowest achievable cost. Key areas targeted for
continuous improvement are outage preparedness through improved planning and execution
of work, including improved outage scheduling, operations performance and resource

planning.

5.0 MANAGEMENT OF OUTAGE COSTS
Treatment of outage costs varies with the nature of the costs and whether they are actual or

forecast costs, as described below.

5.1 Forecast Outage OM&A (Bridge Year, IR Term)

The outage OM&A forecast does not include a budget for forced outages, planned derates or
forced derates, as OPG typically does not use incremental non-regular labour or augmented
staff for these events. When such situations arise, base work resources are re-prioritized to

focus existing regular staff on returning the unit to full-power operation as quickly as possible.

5.2 Actual Outage OM&A (Historical Period)
Actual outage OM&A costs include the incremental costs of the planned outages and the
cost of IRI staff. Actual outage OM&A costs also include costs due to forced extensions of

planned outages, planned outage extensions, or unbudgeted planned outages.

Actual outage OM&A costs do not include costs incurred due to forced outages, planned

derates or forced derates. These costs are recorded in base OM&A.

A summary of the treatment of actual and forecast outage costs is provided in Chart 1 below.
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Chart 1
Treatment of Outage Forecasts and Actual Costs
Forecast Cost Actual Cost
Planned Outages Outage OM&A Outage OM&A
Unplanned Outage Costs
Forced Extensions to Planned Outages Not in Forecast Outage OM&A
Planned Outage Extensions Not in Forecast Outage OM&A
Unbudgeted Planned Outages Not in Forecast Outage OM&A
Forced Outages Not in Forecast Base OM&A
Forced Derates Not in Forecast Base OM&A
Planned Derates Not in Forecast Base OM&A
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Outage OM&A - Nuclear ($M)’
Line 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
No. Division Actual Actual Actual Actual Budget Budget Plan Plan Plan Plan Plan
(a) (b) (c) (d) (e) (®) (9@ (h) (0) () (k)
Darlington Outages
1 Darlington NGS 90.2 123.5 136.9 90.6 47.9 203.1 73.6 159.1 81.9 156.9 57.8
2 Operations and Project Support2 25.2 12.7 12.6 15.4 5.9 42.3 15.8 28.1 12.7 35.7 3.5
Total Darlington Outages 115.4 136.2 149.5 106.0 53.8 245.4 89.4 187.2 94.7 192.6 61.3
Pickering Outages
4 Pickering NGS 128.3 104.1 121.1 88.1 142.5 95.3 119.3 106.8 77.5 0.0 0.0
5 Operations and Project Support? 63.0 42.4 52.1 23.3 27.7 31.5 38.0 50.6 26.4 0.0 0.0
6 [Total Pickering Outages 191.3 146.5 173.3 111.4 170.3 126.8 157.3 157.4 104.0 0.0 0.0
CRVA Eligible Costs®
7 Fuel Channel Life Extension Ongoing 0.0 31.6 12.8 22.3 16.7 25.2 29.8 14.5 0.3 0.0 0.0
8 Pickering Extended Operations Enabling 0.0 3.2 9.3 24.7 51.1 32.5 0.0 0.0 0.0 0.0 0.0
9 Optimization of Pickering Shutdown Enabling 0.0 0.0 0.0 0.0 0.1 1.2 2.6 2.2 135 0.0 0.0
10 |Total CRVA Eligible Costs 0.0 34.8 221 46.9 68.0 59.0 324 16.7 13.8 0.0 0.0
11 |Total Outage OM&A 306.7 3174 344.9 264.3 292.1 431.2 279.1 361.2 2124 192.6 61.3
Notes:
1 2016-2021 values have been restated for Nuclear organizational changes and transfers from Corporate Support (See Ex. A1-3-1 Attachment 1 and Ex. F2-2-1, Attachment 1).
2 CRVA Eligible Costs are shown separately, but were previously included in Operations and Project Support (which was called Nuclear Support in EB-2016-0152) with a footnote.
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Outage OM&A by Resource Type - Nuclear ($M)’
Bridge Years and IR Term
Other
Line Non-Regular Augmented Purchased Total
No. Division Labour Labour Overtime Staff Materials Services Other | Outage OM&A
(a) (b) (c) (d) (e) M) (@) (h)
OEB Approved - Year Ending December 31, 2020
Darlington Outages
1 Darlington NGS 19.0 18.9 0.2 25.0 87.4 0.0 150.7
2 Operations and Proiect Support? 4.0 1.1 3.0 7.3 1.0 11.5 0.1 27.9
3 |Total Darlington Outages 4.0 201 21.9 7.6 26.0 98.9 0.1 178.6
Pickering Outages
4 Pickering NGS 12.1 8.7 4.6 74.8 100.2
5 Operations and Project Support? 37 0.2 5.8 3.7 0.9 7.3 0.1 21.7
6 |Total Pickering Outages 3.7 12.3 14.5 37 5.5 82.1 0.1 121.9
CRVA Eligible Costs’
7 Fuel Channel Life Extension Ongoing 25 0.3 1.4 0.2 4.0 8.4
8 Pickering Extended Operations Enabling 54 1.4 1.1 77.6 85.5
9 Optimization of Pickering Shutdown Enabling 0.0
10 [Total CRVA Eligible Costs 8.0 1.7 25 0.0 0.2 81.6 0.0 93.9
11 |Total Outage OM&A 15.7 341 38.8 11.3 31.7 262.6 0.2 394.4
Budget - Year Ending December 31, 2020
Darlington Outages
12 Darlington NGS 3.2 47 0.6 19.9 19.5 47.9
13 Operations and Project Support? 1.0 14 2.7 0.1 07 5.9
14 |Total Darlington Outages 1.0 4.6 7.3 0.7 20.5 19.5 0.0 53.8
Pickering Outages
15 Pickering NGS 227 18.5 28.5 72.8 142.5
16 Operations and Project Support? 6.7 2.0 4.0 3.4 11.7 27.7
17 |Total Pickering Outages 6.7 247 224 0.0 31.9 84.5 0.0 170.3
CRVA Eligible Costs®
18 Fuel Channel Life Extension Ongoing 0.9 5.7 3.4 1.6 5.2 0.0 16.7
19 Pickering Extended Operations Enabling 6.0 7.8 3.2 5.1 29.0 0.0 51.1
20 Optimization of Pickering Shutdown Enabling 0.0 0.0 0.1 0.1
21 |Total CRVA Eligible Costs 7.0 13.5 6.6 0.0 6.7 34.2 0.0 68.0
22 |Total Outage OM&A 14.7 42.8 36.4 0.7 59.1 138.3 0.0 2921
OEB Approved - Year Ending December 31, 2021
Darlington Outages
23 Darlington NGS 2.8 3.7 29 44.8 54.1
24 Operations and Project Support? 0.3 0.8 0.9 1.2 0.1 6.8 10.2
25 |Total Darlington Outages 0.3 3.6 4.6 1.2 3.0 51.6 0.0 64.3
Pickering Outages
26 Pickering NGS 18.5 10.5 9.0 131.2 169.2
27 Operations and Project Support? 114 14 60.7 73.5
28 |Total Pickering Outages 11.4 18.5 11.9 0.0 9.0 191.8 0.0 242.7
CRVA Eligible Costs’
29 Fuel Channel Life Extension Ongoing 0.2 1.3 1.5
30 Pickering Extended Operations Enabling 0.0
31 Optimization of Pickering Shutdown Enabling 0.0
32 |Total CRVA Eligible Costs 0.2 0.0 0.0 0.0 0.0 1.3 0.0 1.5
33 |Total Outage OM&A 12.0 221 16.5 1.2 12.0 2447 0.0 308.5
Notes:

2016-2021 values have been restated for Nuclear organizational changes and transfers from Corporate Support (See Ex. A1-3-1 Attachment 1 and Ex. F2-2-1,
Attachment 1). In addition, the figures have been restated to separately identify FCLE ongoing costs consistent with amounts set out in EB-2016-0152 Ex L-4.1.1 Staff-

24 pp. 1-2 as approved in the EB-2016-0152 Decision and Order p.

23

2016 2017 2018 2019

2020 2021

Budget  |EB-2016-0152| EB-2016-0152 |EB-2016-0152 EB-2016-0152 | EB-2016-015:

Total

FCLE Ongoing- Base OM8A 0.0 0.0 5.0 5.0 60 60 220
FCLE Ongoing- Outage OM&A 03 8.0 266 287 84 15 734
Total 03 8.0 36 337 144 75 95.4
L 4.1 Schedule 1 Staff-024 03 8.0 316 336 144 5 95.4

CRVA Eligible Costs are shown separately, but were previously included in Operations and Project Support (which was called Nuclear Support in EB-2016-0152) with a

footnote.
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Table 2b
Outage OM&A by Resource Type - Nuclear ($M)’
Bridge Years and IR Term
Other
Line Non-Regular Augmented Purchased Total
No. Division Labour Labour Overtime Staff Materials Services Other | Outage OM&A
(a) (b) (c) (d) (e) M) (@) (h)
Budget - Year Ending December 31, 2021
Darlington Outages
34 Darlington NGS 27.9 27.3 0.5 36.8 108.0 25 203.1
35 Operations and Project Support? 11.4 2.8 5.4 0.2 3.5 19.0 42.3
36 |Total Darlington Outages 11.4 30.7 32.7 0.7 40.3 127.0 2.5 2454
Pickering Outages
37 Pickering NGS 14.7 15.5 0.3 16.2 46.7 1.9 95.3
38 Operations and Project Support? 7.3 3.1 3.4 4.3 13.3 0.0 31.5
39 |Total Pickering Outages 7.3 17.8 18.9 0.3 20.5 60.1 1.9 126.8
CRVA Eliaible Costs®
40 Fuel Channel Life Extension Ongoing 25.2 25.2
41 Pickering Extended Operations Enabling 2.9 71 3.6 1.8 171 325
42 Optimization of Pickering Shutdown Enabling 0.4 0.0 0.2 0.1 0.6 1.2
43 |Total CRVA Eligible Costs 3.3 71 3.8 0.0 2.0 42.9 0.0 59.0
44 |Total Outage OM&A 22.0 55.6 55.4 1.0 62.7 230.0 4.4 431.2
Plan - Year Ending December 31, 2022
Darlington Outages
45 Darlington NGS 6.6 9.5 25.6 31.9 73.6
46 Operations and Project Support? 4.9 0.7 2.2 0.2 2.6 5.2 15.8
47 |Total Darlington Outages 4.9 7.3 1.7 0.2 28.2 371 0.0 89.4
Pickering Outages
48 Pickering NGS 18.8 13.1 0.0 18.9 68.4 0.0 119.3
49 Operations and Project Support® 9.9 8.6 7.6 5.6 5.8 0.5 38.0
50 |Total Pickering Outages 9.9 274 20.7 0.0 245 74.2 0.5 157.3
CRVA Eligible Costs®
51 Fuel Channel Life Extension Ongoing 0.6 0.1 29.1 29.8
52 Pickering Extended Operations Enabling 0.0
53 Optimization of Pickering Shutdown Enabling 0.7 0.6 0.3 0.3 0.6 2.6
54 |Total CRVA Eligible Costs 0.7 1.2 0.4 0.0 0.3 29.8 0.0 324
55 |Total Outage OM&A 15.6 35.9 32.7 0.2 53.0 141.0 0.5 2791
Plan - Year Ending December 31, 2023
Darlington Outages
56 Darlington NGS 8.0 16.6 33.3 101.0 0.0 159.1
57 Operations and Project Support® 5.7 0.8 2.9 0.2 1.4 17.1 28.1
58 |Total Darlington Outages 5.7 8.8 19.5 0.2 34.7 118.2 0.0 187.2
Pickering Outages
59 Pickering NGS 19.0 20.1 24.9 42.8 106.8
60 Operations and Project Support? 12.2 1.8 6.3 5.4 25.0 0.0 50.6
61 |Total Pickering Outages 12.2 20.8 26.4 0.0 30.2 67.8 0.0 157.4
CRVA Eligible Costs’
62 Fuel Channel Life Extension Ongoing 0.4 0.1 14.0 14.5
63 Pickering Extended Operations Enabling 0.0 0.0
64 Optimization of Pickering Shutdown Enabling 0.5 0.3 0.2 0.3 1.0 2.2
65 |Total CRVA Eligible Costs 0.5 0.6 0.4 0.0 0.3 14.9 0.0 16.7
66 |Total Outage OM&A 18.3 30.3 46.3 0.2 65.2 200.9 0.1 361.2
Notes:

1

2016-2021 values have been restated for Nuclear organizational changes and transfers from Corporate Support (See Ex. A1-3-1 Attachment 1 and Ex. F2-2-1,
Attachment 1). In addition, the figures have been restated to separately identify FCLE ongoing costs consistent with amounts set out in EB-2016-0152 Ex L-4.1.1 Staff-
24 pp. 1-2 as approved in the EB-2016-0152 Decision and Order p. 23

2016 2017 2018 2019 2020 2021
Budget |EB-2016-0152 | EB-2016-0152|EB-2016-0152 | EB-2016-0152| EB-2016-0152 Total
FCLE Ongoing- Base OM&A 0.0 0.0 5.0 5.0 6.0 6.0 220
FCLE Ongoing- Outage OM8A 0.3 8.0 26.6 28.7 84 15 134
Total 0.3 8.0 3.6 37 144 15 95.4
L 4.1 Schedule 1 Staff-024 0.3 8.0 316 3386 144 75 954

CRVA Eligible Costs are shown separately, but were previously included in Operations and Project Support (which was called Nuclear Support in EB-2016-0152) with a

footnote.
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Table 2¢c
Outage OM&A by Resource Type - Nuclear ($M)
Bridge Years and IR Term
Other
Line Non-Regular Augmented Purchased Total
No. Division Labour Labour Overtime Staff Materials Services Other | Outage OM&A
(a) (b) (c) (d) (e) ® 9 (h)
Plan - Year Ending December 31, 2024
Darlington Outages
67 Darlington NGS 6.9 8.0 20.7 46.3 81.9
68 Operations and Project Support' 34 0.7 1.7 0.2 0.8 5.9 12.7
69 |Total Darlington Outages 3.4 7.6 9.7 0.2 215 52.2 0.0 94.7
Pickering Outages
70 Pickering NGS 12.7 13.9 18.6 32.5 77.5
7 Operations and Proiect Support’ 6.7 1.0 3.6 2.5 12.6 0.0 26.4
72 |Total Pickering Outages 6.7 13.6 17.4 0.0 211 451 0.0 104.0
CRVA Eligible Costs'
73 Fuel Channel Life Extension Ongoing 0.3 0.3
74 Pickering Extended Operations Enabling 0.0
75 Optimization of Pickering Shutdown Enabling 1.2 0.5 0.9 0.6 10.4 13.5
76 [Total CRVA Eligible Costs 1.2 0.5 0.9 0.0 0.6 10.6 0.0 13.8
77 |Total Outage OM&A 1.2 21.7 28.0 0.2 431 108.0 0.0 212.4
Plan - Year Ending December 31, 2025
Darlington Outages
78 Darlington NGS 7.8 21.0 32.7 95.4 0.0 156.9
79 Operations and Project Support’ 7.9 0.4 4.0 0.2 2.8 20.4 35.7
80 |Total Darlington Outages 7.9 8.1 24.9 0.2 35.6 115.8 0.0 192.6
Pickering Outages
81 Pickering NGS 0.0
82 Operations and Project Support’ 0.0
83 |Total Pickering Outages 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CRVA Eligible Costs'
84 Fuel Channel Life Extension Ongoing 0.0
85 Pickering Extended Operations Enabling 0.0
86 Optimization of Pickering Shutdown Enabling 0.0
87 [Total CRVA Eligible Costs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
88 [Total Outage OM&A 7.9 8.1 24.9 0.2 35.6 115.8 0.0 192.6
Plan - Year Ending December 31, 2026
Darlington Outages
89 Darlington NGS 4.5 7.8 15.3 30.3 57.8
90 Operations and Project Support’ 1.1 0.0 1.1 0.2 0.5 0.5 3.5
91 |Total Darlington Outages 1.1 4.5 8.9 0.2 15.8 30.8 0.0 61.3
Pickering Outages
92 Pickering NGS 0.0
93 Operations and Project Support’ 0.0
94 |Total Pickering Outages 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CRVA Eligible Costs'
95 Fuel Channel Life Extension Ongoing 0.0
96 Pickering Extended Operations Enabling 0.0
97 Optimization of Pickering Shutdown Enabling 0.0
98 |Total CRVA Eligible Costs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
99 [Total Outage OM&A 1.1 45 8.9 0.2 15.8 30.8 0.0 61.3
Notes:

CRVA Eligible Costs are shown separately, but were previously included in Operations and Project Support (which was called Nuclear Support in EB-2016-0152) with a

footnote.
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Table 3a
Outage OM&A by Resource Type - Nuclear ($M)1
Historic Years
Other
Line Non-Regular Augmented Purchased Total
No. Division Labour Labour Overtime Staff Materials | Services Other | Outage OM&A
(a) (b) (c) (d) (e) ® ()] (h)
Budget - Year Ending December 31, 2016
Darlington Outages
1 Darlington NGS 15.0 17.0 1.5 19.3 40.2 0.6 93.6
2 Operations and Project Sup.pc.rt2 9.0 1.3 4.1 9.9 24 4.9 0.1 31.6
3 |Total Darlington Outages 9.0 16.3 211 11.4 21.6 45.1 0.7 125.2
Pickering Outages
4 Pickering NGS 16.7 20.9 20.6 70.8 129.0
5 Operations and Project Support? 20.2 4.1 8.6 13.0 7.5 13.1 0.2 66.7
6 |Total Pickering Outages 20.2 20.8 29.5 13.0 28.2 83.9 0.2 195.7
CRVA Eligible Costs®
7 Fuel Channel Life Extension Ongoing 0.3 0.3
8 Pickering Extended Operations Enabling 0.0
9 Optimization of Pickering Shutdown Enabling 0.0
10 |Total CRVA Eligible Costs 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.3
11 |Total Outage OM&A 29.2 371 50.5 244 49.8 129.2 0.9 321.2
Actual - Year Ending D ber 31, 2016
Darlington Outages
12 Darlington NGS 11.3 13.3 1.4 12.5 50.3 1.4 90.2
13 Operations and Project Support® 6.6 1.8 2.3 8.2 1.8 4.4 0.0 252
14 |Total Darlington Outages 6.6 13.1 15.6 9.6 14.2 54.7 1.4 1154
Pickering Outages
15 Pickering NGS 14.1 215 0.3 23.7 67.0 1.7 128.3
16 Operations and Project Support® 15.7 5.3 7.4 14.6 6.9 13.1 0.0 63.0
17 |Total Pickering Outages 15.7 19.4 28.9 14.9 30.6 80.1 1.7 191.3
CRVA Eligible Costs®
18 Fuel Channel Life Extension Ongoing 0.0
19 Pickering Extended Operations Enabling 0.0
20 Optimization of Pickering Shutdown Enabling 0.0
21 |Total CRVA Eligible Costs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22 |Total Outage OM&A 22.3 325 445 246 44.9 134.9 3.1 306.7
OEB Approved - Year Ending Di ber 31, 2017
Darlington Outages
23 Darlington NGS 18.4 17.9 0.2 18.5 80.5 0.0 135.5
24 Operations and Project Suppor’(2 8.1 1.1 4.6 8.8 1.9 12.5 0.1 37.1
25 |Total Darlington Outages 8.1 19.5 225 9.0 20.4 93.0 0.1 172.6
Pickering Outages
26 Pickering NGS 225 23.4 0.5 22.7 65.2 134.3
27 Operations and Project Support? 18.5 0.7 7.3 13.4 5.6 11.9 0.2 57.6
28 |Total Pickering Outages 18.5 23.2 30.7 13.9 28.3 771 0.2 191.9
CRVA Eligible Costs®
29 Fuel Channel Life Extension Ongoing 23 0.2 1.2 0.2 4.0 8.0
30 Pickering Extended Operations Enabling 0.1 22.0 221
31 Optimization of Pickering Shutdown Enabling 0.0
32 |Total CRVA Eligible Costs 23 0.2 1.3 0.0 0.2 26.0 0.0 30.0
33 |Total Outage OM&A 289 42.9 54.5 229 48.9 196.1 0.3 394.6
Notes:

1

2016-2021 values have been restated for Nuclear organizational changes and transfers from Corporate Support (See Ex. A1-3-1 Attachment 1 and Ex. F2-2-1,
Attachment 1). In addition, the figures have been restated to separately identify FCLE ongoing costs consistent with amounts set out in EB-2016-0152 Ex L-4.1.1 Staff-24

pp. 1-2 as approved in the EB-2016-0152 Decision and Order p. 23

2018 2017 2018

2019

2020

2021

Budget |EB-2016-0152 EB-2016-0152

EB-2016-0152 EB-2016-0152 EB-2016-0152 Total

FCLE Ongoing- Base OM8A 0.0 0.0 5.0 5.0 6.0 6.0 220
FCLE Ongoing- Outage OM3A 03 8.0 266 28.7 8.4 15 734
Total 03 8.0 316 33.7 144 15 95.4
L 4.1 Schedule 1 Staff-024 03 8.0 316 336 144 15 95.4

CRVA Eligible Costs are shown separately, but were previously included in Operations and Project Support (which was called Nuclear Support in EB-2016-0152) with a

footnote.
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Table 3b
Outage OM&A by Resource Type - Nuclear ($M)1
Historic Years
Other
Line Non-Regular Augmented Purchased Total
No. Division Labour Labour Overtime Staff Materials | Services Other | Outage OM&A
(a) (b) (c) (d) (e) ® ()] (h)
Actual - Year Ending December 31, 2017
Darlington Outages
34 Darlington NGS 14.8 16.2 5.7 28.2 57.4 1.2 123.5
35 Operations and Project Sup.pc.rt2 3.8 0.9 1.7 14 0.2 4.6 0.0 12.7
36 |Total Darlington Outages 3.8 15.7 18.0 71 28.4 61.9 1.2 136.2
Pickering Outages
37 Pickering NGS 14.5 16.8 0.4 25.8 45.5 1.1 1041
38 Operations and Project Support® 11.3 2.5 4.8 0.1 4.2 19.3 0.0 42.4
39 |[Total Pickering Outages 11.3 16.9 21.6 0.5 30.0 64.9 1.2 146.5
CRVA Eligible Costs®
40 Fuel Channel Life Extension Ongoing 5.8 5.6 3.9 3.1 13.2 0.0 31.6
41 Pickering Extended Operations Enabling 0.3 1.1 04 0.1 1.3 0.0 3.2
42 Optimization of Pickering Shutdown Enabling 0.0
43 |Total CRVA Eligible Costs 6.1 6.7 4.3 0.0 3.2 144 0.0 34.8
44 |Total Outage OM&A 21.2 39.4 43.9 7.6 61.6 141.2 24 3174
OEB Approved - Year Ending D ber 31,2018
Darlington Outages
45 Darlington NGS 18.7 18.9 0.2 221 63.7 0.0 1237
46 Operations and Project Suppon2 4.7 0.6 3.1 5.1 0.4 7.8 0.0 21.7
47 |Total Darlington Outages 4.7 19.3 221 5.3 225 715 0.0 145.3
Pickering Outages
48 Pickering NGS 22.7 23.4 22.6 71.2 139.9
49 Operations and Project Support? 13.5 0.7 5.5 10.8 3.5 10.5 0.1 44.7
50 |Total Pickering Outages 13.5 234 28.9 10.8 26.1 81.7 0.1 184.6
CRVA Eligible Costs®
51 Fuel Channel Life Extension Ongoing 71 1.2 1.7 3.6 24 10.5 0.1 26.6
52 Pickering Extended Operations Enabling 24 0.1 34.8 37.3
53 Optimization of Pickering Shutdown Enabling 0.0
54 |Total CRVA Eligible Costs 9.5 1.2 1.8 3.6 24 45.3 0.1 63.9
55 |Total Outage OM&A 27.6 43.9 52.8 19.8 51.0 198.5 0.3 393.8
Actual - Year Ending D ber 31, 2018
Darlington Outages
56 Darlington NGS 20.0 17.2 1.7 37.4 59.0 1.6 136.9
57 Operations and Project Suppor’(2 3.7 1.2 2.0 0.4 1.0 4.3 0.0 12.6
58 |Total Darlington Outages 3.7 21.2 19.2 2.0 38.4 63.3 1.6 149.5
Pickering Outages
59 Pickering NGS 15.9 17.5 0.2 259 60.0 1.6 1211
60 Operations and Project Support? 11.8 3.7 5.3 0.0 6.0 25.3 0.1 52.1
61 |Total Pickering Outages 11.8 19.6 22.8 0.2 31.9 85.3 1.7 173.3
CRVA Eligible Costs®
62 Fuel Channel Life Extension Ongoing 1.7 0.5 0.8 1.5 8.3 12.8
63 Pickering Extended Operations Enabling 1.6 1.9 0.8 0.9 4.2 0.0 9.3
64 Optimization of Pickering Shutdown Enabling 0.0
65 |Total CRVA Eligible Costs 3.3 24 1.5 0.0 24 12.5 0.0 221
66 |Total Outage OM&A 18.7 43.2 43.6 23 72.8 161.1 33 344.9
Notes:

1

2016-2021 values have been restated for Nuclear organizational changes and transfers from Corporate Support (See Ex. A1-3-1 Attachment 1 and Ex. F2-2-1,
Attachment 1). In addition, the figures have been restated to separately identify FCLE ongoing costs consistent with amounts set out in EB-2016-0152 Ex L-4.1.1 Staff-24
pp. 1-2 as approved in the EB-2016-0152 Decision and Order p. 23

2016 2017 2018 2013 2020 2021
Budget  EB-2016-0152|EB-2016-0152 |EB-2016-0152 EB-2016-0152|EB-2016-0152 Total
FCLE Ongoing- Base OM3A 0.0 0.0 5.0 5.0 6.0 6.0 220
FCLE Ongoing- Qutage OM3A 0.3 8.0 26.6 28.7 84 15 734
Total 03 8.0 316 337 144 75 954
L 4.1 Schedule 1 Staff-024 03 8.0 316 336 144 75 954

CRVA Eligible Costs are shown separately, but were previously included in Operations and Project Support (which was called Nuclear Support in EB-2016-0152) with a

footnote.
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Table 3c
Outage OM&A by Resource Type - Nuclear ($M)’
Historic Years
Other
Line Non-Regular Augmented Purchased Total
No. Division Labour Labour Overtime Staff Materials Services Other | Outage OM&A
@) (b) © ) D) ® @ (h)
OEB Approved - Year Ending December 31, 2019
Darlington Outages
67 Darlington NGS 18.9 18.1 0.2 19.6 61.8 0.0 118.6
68 Operations and Project Support® 2.3 0.6 3.2 4.7 0.5 6.6 0.1 18.0
69 |Total Darlington Outages 2.3 19.5 21.2 4.9 20.1 68.4 0.1 136.5
Pickering Outages
70 Pickering NGS 23.0 21.8 22.6 61.3 128.6
71 Operations and Project Support2 7.0 1.0 7.7 53 2.2 9.5 0.2 329
72 |Total Pickering Outages 7.0 24.0 294 5.3 24.8 70.8 0.2 161.5
CRVA Eligible Costs®
73 Fuel Channel Life Extension Ongoing 6.7 1.2 3.3 3.9 2.0 11.3 0.2 28.6
74 Pickering Extended Operations Enabling 4.9 1.7 82.0 88.7
75 Optimization of Pickering Shutdown Enabling 0.0
76 |Total CRVA Eligible Costs 11.7 1.2 5.0 3.9 2.0 93.3 0.2 117.2
77 |Total Outage OM&A 21.0 44.8 55.6 14.1 46.9 2325 0.5 415.3
Actual - Year Ending December 31, 2019
Darlington Outages
78 Darlington NGS 13.2 15.4 4.2 8.2 48.8 0.7 90.6
79 Operations and Project Support® 3.6 1.8 2.3 0.4 1.1 6.2 0.0 15.4
80 |Total Darlington Outages 3.6 15.0 17.7 4.6 9.3 55.0 0.7 106.0
Pickering Outages
81 Pickering NGS 134 16.9 04 20.6 35.3 1.5 88.1
82 Operations and Project Support? 6.3 1.2 3.0 1.5 11.2 0.1 23.3
83 |Total Pickering Outages 6.3 14.7 19.9 0.4 22.0 46.5 1.5 111.4
CRVA Eligible Costs®
84 Fuel Channel Life Extension Ongoing 2.8 29 1.3 0.1 1.6 13.6 223
85 Pickering Extended Operations Enabling 3.4 1.9 2.0 0.0 2.9 14.4 0.0 24.7
86 Optimization of Pickering Shutdown Enabling 0.0
87 |Total CRVA Eligible Costs 6.2 4.7 3.3 0.1 4.5 28.1 0.0 46.9
88 |Total Outage OM&A 16.1 344 41.0 5.1 35.9 129.6 22 264.3
Notes:

1

2016-2021 values have been restated for Nuclear organizational changes and transfers from Corporate Support (See Ex. A1-3-1 Attachment 1 and Ex. F2-2-1, Attachment
1). In addition, the figures have been restated to separately identify FCLE ongoing costs consistent with amounts set out in EB-2016-0152 Ex L-4.1.1 Staff-24 pp. 1-2 as

approved in the EB-2016-0152 Decision and Order p. 23

2016 2017 2018 2019

2020 2021

Budget  EB-2016-0152 EB-2016-0152

EB-2016-0152

EB-2016-0152 | EB-2016-0152 Total

FCLE Ongoing- Base OM&A 0.0 0.0 50 5.0

6.0 6.0 220

FCLE Ongoing- Outage OM&A 03 8.0 266 287

84 15 734

Total 03 8.0 36 337

144 7.5 95.4

L 4.1 Schedule 1 Staff-024 03 8.0 e 336

144 7.5 95.4

CRVA Eligible Costs are shown separately, but were previously included in Operations and Project Support (which was called Nuclear Support in EB-2016-0152) with a

footnote.
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COMPARISON OF NUCLEAR OUTAGE OM&A

1.0 PURPOSE
This evidence presents period-over-period comparisons of outage OM&A by station for 2016-

2026 in support of the approval of OPG'’s forecast outage OM&A for the IR term.

2.0 OVERVIEW
Outage OM&A costs are impacted by the frequency, duration and scope of planned outages,

as well as specific outage initiatives requiring support work.

Period-over-period variances are presented in Ex. F2-4-2, Table 1 and are explained below,
along with the extent to which the above factors influence outage OM&A in the 2022-2026 IR

term.

3.0 PERIOD-OVER-PERIOD CHANGES - IR TERM

2022 Plan versus 2021 Budget

Planned outage OM&A in 2022 is $279.1M, which is $152.0M or 35.3% lower than the 2021
Budget of $431.2M. The variance is attributable to Darlington outages ($156.0M or 63.6%
decrease) and Capacity Refurbishment Variance Account (“CRVA”) eligible costs ($26.6M or

45.1% decrease), partially offset by Pickering outages ($30.5M or 24.1% increase).

The reportable variances are as follows:

o Darlington planned outage costs are lower due to one short post-Refurbishment outage in
2022 as compared to two regular planned outages and one short post-Refurbishment
outage in 2021, partially offset by an increase in routine station inspection and maintenance
work for Unit 1 during the refurbishment cyclical outages (Darlington station decrease
$129.5M or 63.8% and related Operations and Project Support decrease $26.5M or
62.6%).

o Pickering planned outage costs are higher primarily due to the Pickering Vacuum Building
Outage scheduled in 2022 (Pickering station increase $24.0M or 25.2% and related
Operations and Project Support increase $6.6M or 20.8%).
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Fuel Channel Life Extension Ongoing (consequential) planned outage costs are $4.6M or

18.2% higher primarily due to Pickering Unit 5 outage scope including a Single Fuel

Channel Replacement and Scrape in 2022.

Pickering Extended Operations planned outage costs are $32.5M or 100.0% lower
primarily due to the completion of outage OM&A expenditures for this program in 2021.

Pickering Optimized Shutdown planned outage costs are $1.3M or 105.9% higher primarily

attributable to ramp up of this work program for Pickering Unit 5 outage scope.

2023 Plan versus 2022 Plan

Planned outage OM&A in 2023 is $361.2M, which is $82.1M or 29.4% higher than the 2022
planned amount of $279.1M. The variance is primarily attributable to Darlington outages
($97.7M or 109.2% increase), partially offset by CRVA eligible costs ($15.7M or 48.4%

decrease).

The reportable variances are as follows:

Darlington planned outage costs are higher due to one major planned outages in 2023 as
compared to one short post-Refurbishment outage in 2022 (Darlington station increase
$85.5M or 116.1% and related Operations and Project Support increase $12.3M or 77.4%).
Pickering planned outage costs are stable with a combination of an increase due to
conducting three regular planned outages in 2023 as compared to two regular planned
outages in 2022 (increase in related Operations and Project Support $12.5M or 33.0%),
offset by a decrease primarily due to the Pickering Vacuum Building Outage and spindle
refurbishment in 2022 (Pickering station decrease $12.5M or 10.5%).

Fuel Channel Life Extension Ongoing (consequential) planned outage costs are $15.3M or
51.5% lower due to Pickering Unit 5 outage scope including a Single Fuel Channel

Replacement and Scrape in 2022.

2024 Plan versus 2023 Plan

Planned outage OM&A in 2024 is $212.4M, which is $148.8M or 41.2% lower than the 2023
planned amount of $361.2M. The variance is primarily attributable to Darlington outages
($92.5M or 49.4% decrease) and Pickering outages ($53.4M or 33.9% decrease).
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The reportable variances are as follows:

Darlington planned outage costs are lower in 2024 due to one short post-Refurbishment
outage in 2024 as compared to one regular planned outage in 2023 (Darlington station
decrease $77.1M or 48.5% and related Operations and Project Support decrease $15.4M
or 54.8%).

Pickering planned outage costs decrease due to conducting two regular planned outages
in 2024 as compared to three regular planned outages in 2023 (Pickering station decrease
$29.2M or 27.4% and related Operations and Project Support decrease $24.2M or 47.8%).
Fuel Channel Life Extension Ongoing (consequential) planned outage costs are $14.2M or
98.2% lower due to continued winding down of this program with Pickering Unit 6 and
Unit 8 outage scope completed in 2023.

Pickering Optimized Shutdown planned outage costs are $11.3M or 506.7% higher

primarily attributable to Unit 5 and Unit 7 inspection scope.

2025 Plan versus 2024 Plan

Planned outage OM&A in 2025 is $192.6M, which is $19.8M or 9.3% lower than the 2024
planned amount of $212.4M. The variance is attributable to Pickering outages ($104.0M or
100.0% decrease) and CRVA eligible costs ($13.8M or 100.0% decrease), partially offset by
Darlington outages ($97.9M or 103.4% increase).

The reportable variances are as follows:

Darlington planned outage costs are higher due to one regular planned outage and two
short post-Refurbishment outages in 2025 as compared to one short post-Refurbishment
outage in 2024, partially offset by a decrease in routine station inspection and maintenance
work for Unit 1 during the refurbishment cyclical outages (Darlington station increase
$75.0M or 91.5% and related Operations and Project Support increase $23.0M or 180.6%).
Pickering planned outage costs are lower due to no regular planned outages at Pickering
after 2024 (Pickering station decrease $77.5M or 100.0% and related Operations and
Project Support decrease $26.4M or 100.0%).

Pickering Optimized Shutdown planned outage costs are $13.5M or 100.0% lower due to

the conclusion of this work program
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2026 Plan versus 2025 Plan
Planned outage OM&A in 2026 is $61.3M, which is $131.2M or 68.2% lower than the 2025

planned amount of $192.6M. The variance is attributable to Darlington outages.

The reportable variances are as follows:

o Darlington planned outage costs are lower due to one short post-Refurbishment outage in
2026, as compared to one regular planned outage and two short post-Refurbishment
outages in 2025, partially offset by preparation costs for the 2027 VBO (Darlington station
decrease $99.1M or 63.2% and related Operations and Project Support decrease $32.1M
or 90.1%).

4.0 PERIOD-OVER-PERIOD CHANGES - BRIDGE YEARS

2021 Budget versus 2021 OEB Approved

Planned outage OM&A in 2021 is $431.2M, which is $122.6M or 39.7% higher than the 2021
OEB Approved Budget of $308.5M. The variance is attributable to Darlington outages
($181.1M or 281.4% increase) and CRVA eligible costs ($57.5M increase), partially offset by
Pickering outages ($115.9M or 47.8% decrease).

The reportable variances are as follows:

o Darlington planned outage costs are higher due to moving the Unit 1 major planned outage
from 2020 to 2021 and adding a Unit 4 regular planned outage as a result of the deferred
Darlington Refurbishment Program (“DRP”) schedule (see Ex. E2-1-2; Darlington station
increase $149.0M or 275.2% and related Operations and Project Support increase $32.1M
or 314.2%).

o Pickering planned outage costs are lower primarily due to moving the Pickering Vacuum
Building Outage from 2021 to 2022 and reducing regular planned outages from three to
two in line with the 30-month outage cycle (Pickering station decrease $73.9M or 43.7%
and related Operations and Project Support decrease $42.0M or 57.2%).

e Fuel Channel Life Extension Ongoing planned outage costs are $23.7M higher primarily

attributable to the addition of Waterlancing and Scrape Sample Analysis for Darlington
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Unit 4 and Pickering Unit 7 and Unit 8 as well as moving the Darlington Unit 1 regular

planned outage from 2020 to 2021.

Pickering Extended Operations planned outage costs are $32.5M higher primarily due to

Unit 7 and Unit 8 inspection work moved from 2020 to 2021 (there were no outage OM&A

costs forecast in 2021 OEB Approved). Total Pickering Extended Operations actual and

budgeted OM&A/capital expenditures over the period 2016-2021 are forecast to be aligned
to the estimate in EB-2016-0152 of $307M.

Pickering Optimized Shutdown planned outage costs are $1.2M higher primarily

attributable to the introduction of this work program for Unit 7 and Unit 8 inspection work.

2021 Budget versus 2020 Budget

Planned outage OM&A in 2021 is $431.2M, which is $139.1M or 47.6% higher than the 2020
planned amount of $292.1M. The variance is attributable to Darlington outages ($191.6M or
355.9% increase), partially offset by Pickering outages ($43.5M or 25.5% decrease) and CRVA
eligible costs ($9.0M or 13.2% decrease).

The reportable variances are as follows:

Darlington planned outage costs are higher due to two regular planned outages and one
short post-Refurbishment outage in 2021, as compared to no major outages in 2020
(Darlington station increase $155.2M or 323.8% and related Operations and Project
Support increase $36.4M or 616.3%).

Pickering planned outage costs are lower due to conducting two regular planned outages
in 2021 as compared to three such outages in 2020 (Pickering station decrease $47.3M or
33.1%), partially offset by Unit 8 Single Fuel Channel Replacement in 2021 (related
Operations and Project Support increase $3.8M or 13.6%).

Fuel Channel Life Extension Ongoing (consequential) planned outage costs are $8.5M or
50.5% higher primarily attributable to Pickering for Unit 5 Single Fuel Channel
Replacement pre-requisites for the 2022 outage and Unit 7 Waterlancing and Scrape
Sample Analysis.

Pickering Extended Operations Enabling planned outage costs are $18.6M or 36.3% lower

primarily attributable to conducting two regular planned outages in 2021 as compared to
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three such outages in 2020. Total Pickering Extended Operations actual and budgeted
OMG&A/capital expenditures over the period 2016-2021 are forecast to be aligned to the
estimate in EB-2016-0152 of $307M.

Pickering Optimized Shutdown planned outage costs are $1.1M higher due to Unit 7 and
Unit 8 inspection work in 2021.

2020 Budget versus 2020 OEB Approved

Planned outage OM&A in 2020 is $292.1M, which is $102.4M or 26.0% lower than the 2020
OEB Approved Budget of $394.4M. The variance is attributable to Darlington outages
($124.7M or 69.9% decrease) and CRVA eligible costs ($25.9M or 27.6% decrease), partially
offset by Pickering outages ($48.3M or 39.6% increase).

The reportable variances are as follows:

Darlington planned outage costs are lower primarily due to moving the Unit 1 major planned
outage from 2020 to 2021, as discussed above (Darlington station decrease $102.7M or
68.2% and related Operations and Project Support decrease $22.0M or 78.8%).

Pickering planned outage costs are higher due to costs incurred for spindle refurbishment
(Pickering station increase $42.3M or 42.2% and related Operations and Project Support
increase of $6.0M or 27.6%).

Fuel Channel Life Extension Ongoing (consequential) planned outage costs are $8.3M or
99.4% higher primarily attributable to higher Single Fuel Channel Replacement costs for
Darlington Unit 3 than originally planned for Darlington Unit 1.

Pickering Extended Operations Enabling planned outage costs are $34.4M or 40.3% lower
primarily due to the further definition post-2016 of scope, which resulted in a decrease in
Pickering Extended Operations outage OM&A offset by increases in Pickering Extended
Operations Base OM&A and Pickering Extended Operations Capital in 2020 (Ex. F2-3-1),
and timing of expenditures as Unit 7 and Unit 8 inspection work was moved from 2020 to
2021.
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2020 Budget versus 2019 Actual
Planned outage OM&A in 2020 is $292.1M, which was $27.8M or 10.5% higher than the 2019
Actual amount of $264.3M. The variance is attributable to Pickering outages ($58.9M or 52.9%

increase) and CRVA eligible costs ($21.0M or 44.8% increase), partially offset by Darlington
outages ($52.1M or 49.2% decrease).

The reportable variances are as follows:

¢ Darlington planned outage costs are lower due to no regular planned outages in 2020, as
compared to one such outage in 2019 (Darlington station decrease $42.7M or 47.1% and
related Operations and Project Support decrease $9.5M or 61.6%).

o Pickering planned outage costs increase due to conducting three regular planned outages
and a spindle refurbishment in 2020 as compared to two regular planned outages in 2019
(Pickering station increase $54.5M or 61.9% and related Operations and Project Support
increase $4.4M or 18.9%).

e Fuel Channel Life Extension Ongoing (consequential) planned outage costs are $5.5M or
24.8% lower primarily attributable to Darlington Unit 4 inspection and maintenance work
undertaken in 2019.

e Pickering Extended Operations planned outage costs are $26.4M or 107.1% higher
primarily due to conducting three regular panned outages and a spindle refurbishment in

2020 as compared to two regular planned outages in 2019.

5.0 PERIOD-OVER-PERIOD CHANGES - HISTORICAL YEARS

2019 Actual versus 2019 OEB Approved

Actual outage OM&A in 2019 was $264.3M, which was $151.0M or 36.4% lower than the 2019
OEB Approved Budget of $415.3M. The variance is attributable to CRVA Eligible Costs
($70.3M or 60.0% decrease), Pickering outages ($50.2M or 31.0% decrease) and Darlington
outages ($30.5M or 22.4% decrease).

The reportable variances are as follows:
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Darlington planned outage costs are lower primarily due to more pre-requisite work

executed in 2018 for the 2019 Unit 4 regular planned outage (Darlington station decrease

$28.0M or 23.6% and related Operations and Project Support decrease $2.6M or 14.3%).

Pickering planned outage costs decrease due to conducting two regular planned outages

rather than three such outages in 2019 under the 30-month outage cycle (Pickering station

decrease $40.6M or 31.5% and related Operations and Project Support decrease $9.6M

or 29.1%).

Fuel Channel Life Extension Ongoing (consequential) planned outage costs are $6.3M or

22.1% lower primarily attributable to the deferral of the Single Fuel Channel Replacement
for Pickering Unit 5.

Pickering Extended Operations planned outage costs are $64.0M or 72.2% lower primarily

due to significant scope for only one regular planned outage rather than two such outages

in 2019, along with the deferral of the Single Fuel Channel Replacement for Unit 5 until

2022, as well as a further definition post-2016 of scope, which resulted in a decrease in

Pickering Extended Operations outage OM&A offset by increases in Pickering Extended

Operations Base OM&A and Pickering Extended Operations Capital in 2019 (Ex. F2-3-1).

2019 Actual versus 2018 Actual

Actual outage OM&A in 2019 was $264.3M, which was $80.6M or 23.4% lower than the 2018
Actual amount of $344.9M. The variance is attributable to Pickering outages ($61.9M or 35.7%
decrease), Darlington outages ($43.5M or 29.1% decrease), partially offset by CRVA eligible
costs ($24.8M or 112.2% increase).

The reportable variances are as follows:

Darlington planned outage costs are lower in 2019 due to significant pre-requisite costs in
2018 for the 2019 Unit 4 regular planned outage, along with reduced Unit 2 refurbishment
cyclical outage work (Darlington station decrease $46.3M or 33.8%), partially offset by
related Operations and Project Support (increase $2.8M or 22.2%) due to inspection scope

differences between the regular planned outages in each year.
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Pickering planned outage costs decrease due to conducting two regular planned outages

in 2019 as compared to three such outages in 2018 (Pickering station decrease $33.1M or
27.3% and related Operations and Project Support decrease $28.8M or 55.3%).

Fuel Channel Life Extension Ongoing planned outage costs are $9.5M or 73.9% higher

primarily attributable to a Single Fuel Channel Replacement for Darlington Unit 3 and

Waterlancing for Pickering Unit 5 and Darlington Unit 4 in 2019.
Pickering Extended Operations planned outage costs are $15.4M or 164.7% higher

primarily due to more significant scope for the Unit 5 regular planned outage in 2019.

2018 Actual versus 2018 OEB Approved

Actual outage OM&A in 2018 was $344.9M, which was $48.9M or 12.4% lower than the 2018
OEB Approved Budget of $393.8M. The variance is attributable to CRVA eligible costs ($41.7M
or 65.4% decrease) and Pickering outages ($11.3M or 6.1% decrease), partially offset by

Darlington outages ($4.1M or 2.9% increase).

The reportable variances are as follows:

Darlington planned outage costs are higher primarily due to incurring pre-requisite costs
for the 2019 Unit 4 regular planned outage, partially offset by contractor savings related to
turbines and crew size for the Unit 3 outage (Darlington station increase $13.2M or 10.7%).
Darlington station increases were partially offset by related Operations and Project Support
(decrease $9.1M or 41.9%) primarily due to less inspection and maintenance support
required for the Unit 3 outage and for Unit 2 refurbishment cyclical outage.

Pickering planned outage costs decrease primarily as a result of the Unit 7 regular planned
outage and the Unit 5 regular planned outage pre-requisites deferred from 2018 to 2019
under the 30-month outage cycle, partially offset by the Unit 6 regular planned outage
deferred from 2017 to 2018 (Pickering station decrease $18.8M or 13.4%), partially offset
by related Operations and Project Support for 2019 pre-requisite costs (increase $7.5M or
16.7%).

Fuel Channel Life Extension Ongoing (consequential) planned outage costs are $13.8M or
51.8% lower primarily attributable to the deferral of Pickering Unit 7 regular planned outage
to 2019.
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Pickering Extended Operations Enabling planned outage costs are $28.0M or 75.0% lower
primarily due to a further definition post-2016 of scope, which resulted in a decrease in

Pickering Extended Operations outage OM&A offset by increases in Pickering Extended
Operations Base OM&A and Pickering Extended Operations Capital in 2018 (Ex F2-3-1).

2018 Actual versus 2017 Actual

Actual outage OM&A in 2018 was $344.9M, which was $27.4M or 8.6% higher than the 2017
Actual amount of $317.4M. The variance is attributable to Pickering outages ($26.8M or 18.3%
increase) and Darlington outages ($13.3M or 9.8% increase), partially offset by CRVA eligible
costs ($12.7M or 36.4% decrease).

The reportable variances are as follows:

Darlington planned outage costs are higher primarily due to pre-requisite costs for the 2019
Unit 4 major outage incurred in 2018 (Darlington station increase $13.4M or 10.8%).
Pickering planned outage costs increase due to conducting three regular planned outages
in 2018 as compared to two such outages in 2017 (Pickering station increase $17.0M or
16.4% and related Operations and Project Support increase $9.8M or 23.1%).

Fuel Channel Life Extension Ongoing planned outage costs are $18.8M or 59.5% lower
primarily attributable to Darlington Unit 1 costs related to Single Fuel Channel Replacement
and other inspection scope in 2017.

Pickering Extended Operations planned outage costs are $6.1M or 190.0% higher primarily
due to conducting three regular planned outages in 2018 as compared to two regular

planned outages in 2017.

2017 Actual versus 2017 OEB Approved

Actual outage OM&A in 2017 was $317.4M, which was $77.1M or 19.5% lower than the 2017
OEB Approved Budget of $394.6M. The variance is attributable to Pickering outages ($45.4M
or 23.7% decrease) and Darlington outages ($36.4M or 21.1% decrease), partially offset by
CRVA eligible costs ($4.8M or 15.8% increase).

The reportable variances are as follows:
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Darlington planned outage related Operations and Project Support costs decrease $24.4M
or 65.8% primarily due to less inspection and maintenance support required for the Unit 1
regular planned outage and for Unit 2 refurbishment cyclical outage work.
Pickering planned outage costs decrease primarily as a result of the Unit 6 regular planned
outage deferred from 2017 to 2018 (Pickering station decrease $30.2M or 22.5% and
related Operations and Project Support decrease $15.2M or 26.5%).
Fuel Channel Life Extension Ongoing planned outage costs are $23.6M or 297.2% higher
primarily attributable to Darlington Unit 1 costs related to Single Fuel Channel Replacement
and other inspection scope in 2017.
Pickering Extended Operations Enabling planned outage costs are $18.9M or 85.4% lower
primarily due to a further definition post 2016 of scope, which resulted in a decrease in
Pickering Extended Operations outage OM&A offset by increases in Pickering Extended
Operations Base OM&A and Pickering Extended Operations Capital in 2017 (Ex. F2-3-1).

2017 Actual versus 2016 Actual

Actual outage OM&A in 2017 was $317.4M, which was $10.8M or 3.5% higher than the 2016
Actual amount of $306.7M. The variance is attributable to CRVA eligible costs ($34.8M
increase) and Darlington outages ($20.8M or 18.0% increase), partially offset by Pickering
outages ($44.8M or 23.4% decrease).

The reportable variances are as follows:

Darlington planned outage costs increase in 2017 primarily due to refurbishment cyclical
outage work on Unit 2 in late 2016 (Darlington station increase $33.3M or 36.9%), partially
offset by scope differences between the regular planned outages for inspection and
maintenance support (related Operations and Project Support decrease $12.5M or 49.6%).
Pickering planned outage costs decrease due to conducting two major outages in 2017 as
compared to three major outages in 2016 (Pickering station decrease $24.2M or 18.8%
and related Operations and Project Support decrease $20.7M or 32.8%).

Fuel Channel Life Extension Ongoing planned outage costs are $31.6M higher primarily
due to significant Darlington Unit 1 costs related to Single Fuel Channel Replacement and

other inspection scope in 2017.
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e Pickering Extended Operations planned outage costs are $3.2M higher primarily due to

commencing the work program for outages in 2017.

2016 Actual versus 2016 Budget
Actual outage OM&A in 2016 was $306.7M, which was $14.5M or 4.5% lower than the 2016
Budget of $321.2M. The variance is primarily attributable to Darlington outages ($9.8M or 7.9%

decrease) and Pickering outages ($4.4M or 2.3% decrease).

The reportable variances are as follows:
e Darlington planned outage related Operations and Project Support costs are $6.4M or
20.3% lower primarily due to timing and scope of Unit 2 refurbishment cyclical outage work

and cost savings related to the Unit 4 regular planned outage.
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Table 1a
Comparison of Outage OM&A - Nuclear ($M !
Line 2016 (c)-(a) 2016 (9)-(c) 2017 (@)-(e) 2017 (k)-(g) 2018 (K)-(i) 2018
No. Business Unit Budget Change Actual Change | OEB Approved | Change Actual Change | OEB Approved | Change Actual
(@) (b) © @) (e) [0 @ (n) (0 [0) ®
Darlington Outages
1 Darlington NGS 93.6 (3.4) 90.2 33.3 135.5 (12.0) 123.5 13.4 123.7 13.2 136.9
2 Operations and Project Support? 31.6 (6.4) 25.2 (12.5) 37.1 (24.4) 12.7 (0.1) 21.7 (9.1) 12.6
3 |[Total Darlington Outages 125.2 (9.8) 115.4 20.8 172.6 (36.4) 136.2 13.3 145.3 4.1 149.5
Pickering Outages
4 Pickering NGS 129.0 (0.7 128.3 (24.2) 134.3 (30.2) 104.1 17.0 139.9 (18.8) 121.1
5 Operations and Proiect Support? 66.7 (3.7 63.0 (20.7) 57.6 (15.2) 424 9.8 447 7.5 52.1
6 |Total Pickering Outages 195.7 (4.4 1913 | (44.8) 1919 (45.4) 146.5 26.8 184.6 (11.3) 173.3
CRVA Eligible Costs2
7 Fuel Channel Life Extension Ongoing 0.3 (0.3 0.0 31.6 8.0 23.6 316 | (18.8 266 | (138 12.8
8 Pickering Extended Operations Enabling 0.0 0.0 0.0 3.2 221 (18.9) 3.2 6.1 37.3 (28.0) 9.3
9 Optimization of Pickering Shutdown Enabling 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10 |Total CRVA Eligible Costs 0.3 (0.3) 0.0 34.8 30.0 4.8 34.8 (12.7) 63.9 (41.7) 22.1
11 [Total Outage OM&A 321.2 (14.5) 306.7 10.8 394.6 (77.1) 317.4 274 393.8 (48.9) 344.9
Line 2018 (e)-(a) 2019 (e)-(c) 2019 (i)-(e) 2020 (i)-(9) 2020 (k)-(i) 2021
No. Busi Unit Actual Change | OEB Approved | Change Actual Change | OEB Approved | Change Budget Change Budget
(a) (b) (c) (d) (e) 0 )] (h) @@ (1)} (k)
Darlington Outages
12 Darlington NGS 136.9 (46.3) 118.6 (28.0) 90.6 (42.7) 150.7 (102.7) 47.9 155.2 203.1
13 Operations and Project Support? 12.6 2.8 18.0 (2.6) 154 (9.5) 27.9 (22.0) 59 36.4 423
14 |Total Darlington Outages 1495 | (43.5) 136.5 (30.5) 106.0 (52.1) 1786 | (124.7) 538 | 191.6 2454
Pickering Outages
15 Pickering NGS 1211 (33.1) 128.6 (40.6) 88.1 54.5 100.2 42.3 142.5 (47.3) 95.3
16 Operations and Project Support? 52.1 (28.8) 32.9 (9.6) 233 44 21.7 6.0 277 3.8 315
17 |Total Pickering Outages 173.3 (61.9) 161.5 (50.2) 111.4 58.9 121.9 48.3 170.3 (43.5) 126.8
CRVA Eligible Costs’
18 Fuel Channel Life Extension Ongoing 12.8 9.5 28.6 (6.3 223 (5.5) 8.4 8.3 16.7 8.5 25.2
19 Pickering Extended Operations Enabling 9.3 15.4 88.7 (64.0) 247 26.4 85.5 (34.4) 51.1 (18.6) 32.5
20 Optimization of Pickering Shutdown Enabling 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.1 1.1 1.2
21 |Total CRVA Eligible Costs 221 24.8 117.2 (70.3) 46.9 21.0 93.9 (25.9) 68.0 (9.0) 59.0
22 |Total Outage OM&A 344.9 (80.6) 415.3 (151.0) 264.3 27.8 394.4 (102.4) 2921 139.1 431.2
Notes:
4 2016-2021 values have been restated for Nuclear organizational changes and transfers from Corporate Support (See Ex. A1-3-1 Attachment 1 and Ex. F2-2-1, Attachment 1). In addition, the figures have been
restated to separately identify FCLE ongoing costs consistent with amounts set out in EB-2016-0152 Ex L-4.1.1 Staff-24 pp. 1-2 as approved in the EB-2016-0152 Decision and Order p. 23
2016 2017 2018 2019 2020 2021
Budget |EB-2016-0152 EB-2016-0152 |[EB-2016-0152 |[EB-2016-0152 |EB-2016-0152 Total
FCLE Ongoing- Base OM3A 0.0 0.0 5.0 5.0 6.0 6.0 220
FCLE Ongoing- Outage OMA 03 8.0 26.6 28.7 84 15 734
Total 03 8.0 3.6 337 144 75 954
L 4.1 Schedule 1 Staff-024 0.3 8.0 316 336 144 75 954
2 CRVAEligible Costs are shown separately, but were previously included in Operations and Project Support (which was called Nuclear Support in EB-2016-0152) with a footnote.
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Comparison of Outage OM&A - Nuclear ($M)'
Line 2021 (c)-(a) 2021 (e)-(c) 2022 (a)-(e) 2023 (i)-(a) 2024 (k)-(i) 2025
No. Business Unit OEB Approved | Change Budget Change Plan Change Plan Change Plan Change Plan
(@) (b) © ) © 0 @ (h) 0) 0 (k)
Darlington Outages
23 Darlington NGS 54.1 149.0 203.1 (129.5) 73.6 85.5 159.1 (77.1) 81.9 75.0 156.9
24 Operations and Proiect Support’ 10.2 32.1 423 (26.5) 15.8 12.3 28.1 (15.4) 12.7 23.0 35.7
25 |Total Darlington Outages 64.3 181.1 245.4 (156.0) 89.4 97.7 187.2 (92.5) 94.7 97.9 192.6
Pickering Outages
26 Pickering NGS 1692 | (73.9) 95.3 24.0 1193 | (12.5) 1068 | (29.2) 775 (77.5 0.0
27 Operations and Proiect Support? 73.5 (42.0) 31.5 6.6 38.0 12.5 50.6 (24.2) 26.4 (26.4) 0.0
28 |Total Pickering Outages 242.7 (115.9) 126.8 30.5 157.3 0.1 157.4 (53.4) 104.0 (104.0) 0.0
CRVA Eligible Costs’
29 Fuel Channel Life Extension Ongoing 1.5 23.7 25.2 4.6 29.8 (15.3) 14.5 (14.2) 0.3 (0.3) 0.0
30 Pickering Extended Operations Enabling 0.0 325 325 (32.5) 0.0 0.0 0.0 (0.0) 0.0 0.0 0.0
31 Optimization of Pickering Shutdown Enabling 0.0 1.2 1.2 1.3 2.6 (0.3) 2.2 11.3 13.5 (13.5) 0.0
32 [Total CRVA Eligible Costs 1.5 57.5 59.0 (26.6) 32.4 (15.7) 16.7 (2.9) 13.8 (13.8) 0.0
33 |Total Outage OM&A 308.5 122.6 431.2 (152.0) 2791 821 361.2 (148.8) 212.4 (19.8) 192.6
Line 2025 (c)-(a) 2026
No. Business Unit Plan Change Plan
(a) (b) ()
Darlington Outages
34 Darlington NGS 156.9 (99.1) 57.8
35 Operations and Project Support® 35.7 (32.1) 35
36 |Total Darlington Outages 192.6 (131.2) 61.3
Pickering Outages
37 Pickering NGS 0.0 0.0 0.0
38 Operations and Project Support? 0.0 0.0 0.0
39 |Total Pickering Outages 0.0 0.0 0.0
CRVA Eligible Costs®
40 Fuel Channel Life Extension Ongoing 0.0 0.0 0.0
41 Pickering Extended Operations Enabling 0.0 0.0 0.0
42 Optimization of Pickering Shutdown Enabling 0.0 0.0 0.0
43 [Total CRVA Eligible Costs 0.0 0.0 0.0
44 |Total Outage OM&A 192.6 (131.2) 61.3

Notes:

2016-2021 values have been restated for Nuclear organizational changes and transfers from Corporate Support (See Ex. A1-3-1 Attachment 1 and Ex. F2-2-1, Attachment 1). In addition, the figures have been
restated to separately identify FCLE ongoing costs consistent with amounts set out in EB-2016-0152 Ex L-4.1.1 Staff-24 pp. 1-2 as approved in the EB-2016-0152 Decision and Order p. 23

2018 2017 2018 2019 2020 2021
Budget |EB-2016-0152 | EB-2016-0152 |EB-2016-0152 | EB-2016-0152 | EB-2016-0152 Total
FCLE Ongoing- Base OM&A 0.0 0.0 5.0 5.0 6.0 6.0 2.0
FCLE Ongoing- Outage OM&A 0.3 8.0 26.6 287 84 15 734
Total 03 8.0 3.6 337 144 7.8 9.4
L 4.1 Schedule 1 Staff-024 03 8.0 31.6 336 144 7.5 95.4

CRVA Eligible Costs are shown separately, but were previously included in Operations and Project Support (which was called Nuclear Support in EB-2016-0152) with a footnote.
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NUCLEAR FUEL COSTS

1.0 PURPOSE
This evidence presents the forecast of nuclear fuel costs including the key cost drivers and

assumptions.

2.0 OVERVIEW

OPG is requesting approval of nuclear fuel costs of $178.3M in 2022, $182.1M in 2023,
$209.4M in 2024, $188.6M in 2025, and $148.2M in 2026. Nuclear fuel costs for 2022-2026
are provided in Ex. F2-5-1, Table 1.

As in prior applications, nuclear fuel costs consist of the following:

o The weighted average cost of manufactured uranium fuel bundles loaded into a reactor
(“nuclear fuel bundle cost”).

e Used nuclear fuel storage and disposal, which is discussed in Ex. C2-1-1.

e Fuel oil, which is used to run stand-by generators at OPG’s nuclear stations.

The annual nuclear fuel bundle cost for OPG’s nuclear facilities is forecast to decrease by

$95.0M over the 2016 to 2026 period, reflecting the impact of lower production on fuel

usage, partially offset by an increase due to changes in the individual component costs that

make up the cost of a fuel bundle (uranium concentrate, uranium conversion and fuel

bundle manufacturing costs) plus changes in fuel utilization efficiency. Specifically:

¢ Production: Nuclear fuel cost is impacted by variations in generation which drive fuel
usage. Drivers over the period include reduced generation due to the outages for the
refurbishment of the Darlington units and the planned shutdown of the Pickering units in
2024/2025. The impact of changes in production between 2016 and 2026 on the annual
nuclear fuel bundle cost is a decrease of $106.0M.

e Uranium Concentrate, Conversion Services and Nuclear Fuel Bundle
Manufacturing Costs: Offsetting the impact of reduced generation on nuclear fuel
costs is the impact of an increase in OPG’s average price of a manufactured nuclear

fuel bundles loaded into a reactor. A key driver of the increase in fuel bundle costs is the
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forecast market price of uranium concentrate. Chart 1 below shows the actual (2016 to
mid-2020) and forecast (mid-2020 to 2026) price of uranium concentrate. As shown, the
forecast price of uranium concentrate over the IR term increases from CDN$117.30
(KgU)/U308 to CDN$136.33 (KgU)/U308, or 16%. Over the 2016-2026 period, the net
impact of changes in the costs of Uranium Concentrate, Conversion Services and
Nuclear Fuel Bundle Manufacturing, on the annual nuclear fuel bundle cost, along with
changes in fuel utilization efficiency, is an increase of $11.0M.

Darlington New Fuel: Included within the above noted $11.0M impact on the nuclear
fuel bundle cost is the requirement for a one-time full load of new fuel to be included in
the reactor core of each of the refurbished Darlington units prior to start-up. As in EB-
2016-0152, one-half of the nuclear fuel bundle cost for the new fuel load is removed
from inventory and capitalized when the new fuel is loaded into the reactor and then,
after the refurbished unit is declared in service (approximately six months later), the
capital cost is declared in-service and depreciated over the station’s remaining life. This
is consistent with the concept that half of the fuel in the fuel channels will be unused at
the end of the station life. The other half of the nuclear fuel bundle cost of the new fuel
load is expensed when each unit is declared in-service. There are four one-time, full
loads of new fuel into the refurbished reactors at Darlington over the 2020-2026 period,
i.e., Unit 2 loaded in 2019 and in-service in 2020; Unit 3 to be loaded in 2023 and in-
service in 2024, Unit 1 to be loaded and in-service in 2024, and Unit 4 to be loaded in
2025 and in-service in 2026. These initial fuel loads contribute between $14.9M and

$16.5M to the nuclear fuel bundle costs.





o N ook

11
12
13
14
15
16
17

Filed: 2020-12-31
EB-2020-0290

Exhibit F2
Tab 5
Schedule 1
Page 3 of 10
Chart 1
Uranium Concentrate Prices
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More detailed explanations of nuclear fuel cost variances over the period 2016-2026 are
provided in Ex. F2-5-2.

3.0 BENCHMARKING OF NUCLEAR FUEL COSTS

Darlington and Pickering continue to rank among the top North American Electric Utility Cost
Group (‘EUCG”) plants in terms of fuel costs mainly due to the use of natural uranium by
CANDU reactors. The trends in OPG’s fuel bundle costs are also consistent with other North
American nuclear operators, based on EUCG data ((which includes CANDU, Pressurize
Water Reactors (“PWR”) and Boiling Water Reactors (“BWR”) units)) as discussed in the
2020 Benchmark Report (Ex. F2-1-1, Attachment 2, p. 73-75) and reproduced in Chart 2

below.
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Chart 2

Fuel Costs per MWh
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4.0 NUCLEAR FUEL SUPPLY
The sections below discuss OPG’s nuclear fuel supply methodology, which is substantially
unchanged from that filed in EB-2016-0152.

4.1 General

OPG’s nuclear fuel supply strategies and procurement plans are reviewed and approved by
OPG’s senior management, including consideration of nuclear fuel quality, because the
supply and quality of nuclear fuel are extremely important factors in maintaining nuclear

safety.
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To ensure high quality nuclear fuel supplies, OPG requires its fuel bundle manufacturer to
maintain a quality program which conforms to a rigorous Canadian quality standard (N299.1-
2016). This ensures that all phases, including design, procurement, manufacturing and
inspection, are appropriately controlled. OPG performs surveillance of all manufacturing
processes to monitor conformance to design requirements and verify conformance to OPG’s
quality standard requirements. Potential vulnerabilities in the supply chain need to be
carefully managed by OPG as only two vendors have been qualified by OPG and licensed by

the CNSC to manufacture the fuel bundle designs required by OPG units.

The OPG nuclear fuel supply objectives are to:

o Ensure security of supply: OPG must reduce the risk of its reactors being shut down due
to lack of fuel bundles, including the risk that any step in the supply chain is substantially
delayed due to a lack of materials from an earlier step.

¢ Minimize cost: OPG seeks to obtain its fuel supply at the lowest cost, consistent with its

fuel quality requirements.

OPG’s nuclear fuel procurement supply chain is made up of the following three stages:

e The purchase of uranium concentrates.

e The purchase of services for the conversion of uranium concentrate to uranium dioxide
pellets.

e The purchase of services for the manufacture of nuclear fuel bundles containing the

uranium dioxide pellets.

OPG’s fuel procurement planning for the IR term begins with a five-year forecast of the
required number of manufactured fuel bundles to be loaded into OPG’s reactors. OPG'’s
production forecast from the approved nuclear generation plan (Ex. E2-1-1) determines the
forecast of fuel bundles required for fueling, adjusted by forecasts of fuel burn-up and reactor
thermal efficiency rates. From this forecast and considering existing inventories, OPG
determines its need for purchasing additional manufactured fuel bundles. This determines
the need for uranium dioxide conversion services and the need to procure and deliver new

supplies of uranium concentrates.





0 N O 0B~ W DN -

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Filed: 2020-12-31

EB-2020-0290

Exhibit F2

Tab 5

Schedule 1

Page 6 of 10

OPG currently purchases each of these components separately and maintains ownership of
the uranium at each stage of the nuclear supply chain. OPG does this because its fuel
bundle manufacturing service providers are not willing to accept the supply risk associated
with the uranium concentrates and uranium conversion services portions of the supply chain.

OPG therefore arranges each stage to protect itself from possible supply disruptions.

OPG seeks to maintain a 12 month supply of fuel bundles to allow continued fueling in the
event of a disruption in the supply of fuel bundles or uranium conversion due to production
issues or labour unrest. The inventory of fuel bundles begins to decline starting in 2025
reflecting the planned shutdown of Pickering. The decline is temporarily offset by the
requirement to maintain additional inventory for the first load of fuel for Darlington Unit 4 in
late 2025. Post 2025, OPG will continue to maintain a strategic inventory of fuel bundles for
the four operating units at the Darlington station, representing approximately 12 months of

forward usage.

A three month supply of uranium dioxide is targeted to feed the fuel bundle manufacturing
process. In addition, the uranium conversion supplier is also contractually required to
maintain an inventory of certified uranium dioxide for OPG’s use in the event of a supply

interruption at the supplier’s facilities.

Beginning in 2013, OPG has adopted a minimum uranium concentrate inventory target of
288,000 KgU, representing a four month supply to feed the production of uranium dioxide.
This target continues to be viewed as reasonable and adequate relative to the current level
of supply/demand in world uranium markets. Having approached the minimum target by the
end of 2019, OPG’s inventory targets also reflect the need over the IR term to maintain
sufficient quantities of uranium concentrate (as well as uranium dioxide and manufactured
fuel bundles) in order to accommodate a one time, full load of new fuel required for each
reactor core to prior to the restart of Darlington Units 3, 1 and 4, as discussed above. In the
earlier years of the forecast period, this is expected to contribute to a temporarily higher level
of uranium concentrate inventory. Otherwise, the target of 288,000 KgU remains in effect to

the planned Pickering shutdown at the end of 2025.
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For 2026, OPG has lowered its strategic uranium concentrate inventory target to 225,000
KgU. The post-Pickering shutdown uranium concentrate inventory target will continue to be

monitored through the IR term.

Nuclear fuel inventories are set out in Ex. B1-1-1, Section 3.2.3.

4.2 Uranium Concentrate Procurement

4.2.1 Objectives

The primary objectives of OPG’s uranium concentrate procurement program are to ensure
an adequate supply of uranium is available to meet the operational requirements of OPG’s
nuclear units, while minimizing the price, market and credit risks associated with this supply.

In addition, OPG also must ensure quality standards are met.

As in EB-2016-0152, the procurement program has the following requirements:

¢ Purchase within pre-established physical coverage limits. OPG uses a quantitative
risk management model to establish long-term physical coverage limits. These limits
establish the maximum and minimum percentages of future uranium requirements that
can be under contract. The minimum limit ensures security of supply by requiring a
certain amount of OPG’s future requirements be under contract or in inventory. The
maximum limit ensures more regular entry by OPG into the market, thereby encouraging
a diversity of suppliers which reduces the impact of individual supply source disruptions.

e Purchase within pre-established financial coverage limits. OPG’s risk management
methodology also establishes financial coverage limits. Financial coverage limits specify
the maximum and minimum portion of supply to be under “fixed” price arrangements,
expressed as a percentage of OPG’s aggregate amount under contract. This mitigates
near term cost uncertainty and encourages a diversity of contract pricing mechanisms.

¢ Maintain, as market conditions dictate, a strategic target inventory of uranium.
This further mitigates the impact of supply disruptions and ensures continuous reactor
operations.

o Employ competitive and fair procurement practices. The use of these practices

provides value for money. OPG’s standard procurement practice is to employ competitive
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processes where available, using pre-determined evaluation criteria that include quality,

security of supply and costs.

OPG completed an internal review of its physical and financial coverage limits in November
2016 and November 2018. Following the 2016 review, changes were made to the financial
coverage ratios. As noted above, financial coverage limits specify the minimum and
maximum portion of supply to be under “fixed” price arrangements, expressed as a
percentage of OPG’s aggregate amount under contract. The revised range of the limit for
“fixed” price arrangements was changed from a minimum/maximum of 50% to 70% to a
minimum/maximum of 45% to 65%. This change was made to reflect the downward pressure
in uranium prices at the time. No changes were made following the 2018 review of the risk
limits. The internal review of the uranium coverage risk limits was completed in 2020, and no

changes were made to the risk limits.

4.2.2 Uranium concentrate pricing provisions and fuel contracts

OPG periodically purchases uranium concentrate under long term contracts, short-term spot
contracts, or a combination of both. OPG'’s existing term contracts for the supply of uranium
concentrates contain a mix of pricing provisions, as shown in Chart 3 below. Under contracts
with market-related pricing terms, quantities are priced at a market price established at or
near the time of delivery. Contracts with fixed or indexed pricing include base prices, set at
the time of contract signing, which escalate to the time of delivery by formula or by published,
inflation-related, indexes. Combination, or hybrid contracts, provide for a combination of
market-related pricing and fixed/indexed pricing. For spot market purchases, OPG generally

enters into contracts priced for delivery within three months of contracting.
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Chart 3
Summary of Existing Fuel Contracts'
Contract | Contract Date of Delivery Total Pricing
Award First Period Quantity (MR = Market
Delivery (000 kgU) related)
A 2014 39 Q 2016 6 years 385 MR
B 2014 39 Q 2016 6 years 385 Fixed
C 201539 Q 2017 6 years 260 MR
D 201539 Q 2017 6 years 220 Fixed
E 2016 37 Q 2019 5 years 356 Fixed
F 2016 37 Q 2019 5 years 356 MR
G 2017 4% Q 2019 6 years 692 MR / Fixed
H 2019 1stQ 2020 6 years 865 MR / Fixed
I 2020 1t Q 2021 6 years 846 MR / Fixed

OPG enters the uranium market annually by making purchases under medium to long-term
contracts typically with five or six year durations. With uranium supply and demand generally
in balance, this strategy has been effective in driving OPG’s average unit input cost lower
over the period 2016-2020. Overall, the uranium market continues to be well supplied and it
is expected that the price should remain range bound along the forward price curve with
minimum market volatility. A number of factors could impact the price going forward including
fluctuations in exchange rates, startup of new uranium production, suspension of existing
uranium production, the rate of new reactors coming on line, closures/restarts in countries
with reactors (U.S., France, Japan, Korea), as well as the role of trade policies (i.e., access

to Russian supplies).

In forecasting nuclear fuel costs and inventory balances, OPG models its existing contracts
using forecasts of cost escalators, foreign exchange rates, and market price indicators. For

its uncontracted uranium requirements, OPG uses a forecast based on information from

" Chart 3 lists all existing contracts that have deliveries within the IR term.
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industry market participants, specifically the annual average of the Ux Consulting Company’s

spot forecast and the TradeTech Company spot forecast.

4.3 Uranium Conversion Services Procurement

To meet fuel quality requirements, OPG’s uranium conversion suppliers must conform to
CSA standard N299.2-2016, Quality Assurance Program. This standard ensures that all
phases of production, including procurement, manufacturing and inspection, are
appropriately controlled. OPG performs audit and surveillance of the conversion supplier and

verifies conformance to the quality standard.

In 2011, OPG negotiated an agreement for uranium conversion services for the period 2012-
2021 inclusive. The price charged under this agreement is indexed to inflation and is subject
to adjustment for cost (or benefit) sharing if actual cost changes go beyond a threshold. OPG
anticipates entering into discussions for an extension of uranium conversion services beyond
2021 based on similar terms. OPG’s IR term forecast assumes no adjustment for cost or
benefit sharing. Cameco Corporation continues to be the only domestic CANDU provider of

uranium conversion services, and it currently supplies both OPG and Bruce Power.

4.4 Manufactured Fuel Bundles Procurement

OPG currently has a supply contract with BWXT Nuclear Energy Canada (one of the two
domestic CANDU fuel bundle manufacturers) to supply OPG’s requirements through 2023.
The base price under this contract is subject to future adjustments for inflation and changes
in zirconium costs, a key component in fuel bundles. As OPG has not negotiated pricing
terms for a fuel bundle contract post 2023, the pricing in the current contract is assumed to
continue with escalation over the remainder of the IR term, 2024-2026. OPG anticipates
entering into discussions prior to 2023 for extension of the fuel bundle manufacturing

contract beyond 2023 based on similar terms.
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Nuclear Fuel Costs ($M)
Line 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
No. Description Actual Actual Actual Actual Budget Budget Plan Plan Plan Plan Plan
(a) (b) (c) (d) (e) ) ) (h) (0] @ (k)
Uranium:

1 Darlington NGS' 113.4 86.0 87.3 83.4 101.8 67.4 53.5 40.3 60.1 67.6 103.7
2 Pickering NGS 85.3 92.0 89.2 94.4 78.2 78.7 73.8 81.7 85.7 71.6 0.0
3 |Total Fuel Bundle Cost 198.7 178.0 176.5 177.8 180.0 146.1 127.3 122.0 145.8 139.2 103.7
4 |Total Fuel Bundle Cost’ ($/MWh) 4.36 4.37 4.31 4.08 4.28 3.81 3.83 3.96 4.37 4.61 4.82
5 |Used Fuel Storage & Disposal® 61.0 451 51.8 65.0 53.6 51.7 46.2 55.2 58.6 441 42.9
Fuel Oil 2.4 2.1 3.3 1.7 4.6 4.7 4.8 5.0 5.1 5.2 1.6
Total Nuclear Fuel Costs 262.1 2252 231.6 2445 238.2 202.5 178.3 182.1 209.4 188.6 148.2

Notes:

1 Includes the impact of an initial fuel load required prior to unit start up of each of the refurbished Darlington units
2 Line 3 divided by nuclear production from Ex. E2-1-1 Table 1.
3 Used Fuel Storage & Disposal is discussed in Ex. C2-1-1.
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COMPARISON OF NUCLEAR FUEL COSTS

1.0 PURPOSE

This evidence presents period-over-period comparisons for nuclear fuel bundle costs for
2016-2026 in support of the approvals sought for nuclear fuel costs. Nuclear fuel costs
consist of Total Fuel Bundle Cost, Used Fuel Storage and Disposal, and Fuel Oil. This
exhibit only discusses period-over-period changes for Total Fuel Bundle Cost. Used Fuel
Storage and Disposal is discussed in Ex. C2-1-1. Comparisons for Fuel Oil are not

discussed because the period-over-period changes are immaterial.

2.0 OVERVIEW
Period-over-period variances are presented in Ex. F2-5-2, Table 1 and are explained below.

See Ex. F2-5-1 for a discussion of key drivers associated with nuclear fuel bundle costs."

3.0 PERIOD-OVER-PERIOD CHANGES - IR TERM

2022 Plan versus 2021 Budget

The decrease of $18.8M in nuclear fuel bundle cost is due to lower energy production of
-$19.2M and higher fuel utilization efficiency of -$0.4M, partially offset by a higher unit price

for new fuel loaded at +$0.8M.

2023 Plan versus 2022 Plan
The decrease of $5.3M in nuclear fuel bundle cost is due to lower energy production of
-$10.1M, partially offset by a higher unit price for new fuel loaded at +$3.4M and lower fuel

utilization efficiency of +$1.3M

" As discussed in Ex. F2-5-1, year over year nuclear fuel costs are impacted by the requirement for a one time full load of new
fuel into the reactor core of refurbished Darlington units prior to start-up. One half of the nuclear fuel bundle cost of the new fuel
load for each unit will start to be expensed when each unit is declared in-service during the period 2020 to 2026, i.e., Unit 2 in
2020, Unit 3 in 2024, Unit 1 in 2025 and Unit 4 in 2026.
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2024 Plan versus 2023 Plan
The increase of $23.8M in nuclear fuel bundle cost is due to higher energy production of
+$10.8M, a higher unit price for new fuel loaded at +$4.4M and lower fuel utilization
efficiency of +$8.6M. There is an impact on fuel utilization efficiency in 2024 related to the

one time requirement for a new fuel load for Darlington Unit 3 ($14.9M).

2025 Plan versus 2024 Plan

The decrease of $6.6M in nuclear fuel bundle cost is due to lower energy production of
-$9.1M and higher fuel utilization efficiency of -$2.7M, partially offset by a higher unit price for
new fuel loaded at +$5.3M. There is a one time impact on fuel utilization efficiency in 2024
and 2025 related to Darlington Unit 3 returning to service in 2024 ($14.9M) and Darlington
Unit 1 returning to service in 2025 ($15.3M).

2026 Plan versus 2025 Plan

The decrease of $35.5M in nuclear fuel bundle cost is due to lower energy production of
-$32.4M and higher fuel utilization efficiency of -$5.1M, partially offset by a higher unit price
for new fuel loaded at +$1.9M. There is an impact on fuel utilization efficiency in 2025 and
2026 related to the one time requirement for a new fuel load for Darlington Unit 1 returning to
service in 2025 ($15.3M) and Unit 4 returning to service in 2026 ($16.5M).2 The decrease in

energy production reflects the planned shutdown of Pickering at the end of 2025.

4.0 PERIOD-OVER-PERIOD CHANGES - BRIDGE YEARS

2021 Budget versus 2021 OEB Approved

The decrease of $2.3M in nuclear fuel bundle cost is due to a lower unit price for new fuel
loaded at -$14.5M, partially offset by higher energy production of +$11.6M and lower fuel
utilization efficiency of +$0.5M. The actual fuel bundle unit cost of $3.81/MWh was lower than
the fuel bundle unit cost of $4.19/MWh reflected in the EB-2016-0152 approved settlement
proposal (Ex. O1-1-1, p. 9).

2 As the new fuel load is expensed over time, only $13.3M is expensed in 2026.





0 N O O A ODN -

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Filed: 2020-12-31
EB-2020-0290
Exhibit F2
Tab 5
Schedule 2
Page 3 of 5

2021 Budget versus 2020 Budget
The decrease of $33.9M in nuclear fuel bundle cost is due to lower energy production of
-$19.5M, a lower unit price for new fuel loaded at -$5.9M and higher fuel utilization efficiency
of -$8.5M. This is also impacted by a one time requirement of new fuel load for Darlington

Unit 2 ($15.6M) prior to start-up in 2020.

2020 Budget versus 2020 OEB Approved

The increase of $16.1M in nuclear fuel bundle cost is due to higher energy production of
+$22.1M, partially offset by a lower unit price for new fuel loaded at -$5.0M and higher fuel
utilization efficiency of -$1.1M. The actual fuel bundle unit cost of $4.28/MWh was lower than
the fuel bundle unit cost of $4.39/MWh reflected in the EB-2016-0152 approved settlement
proposal (Ex. O1-1-1, p. 9). The impact related to the requirement for a load of new fuel into
the reactor core of Darlington Unit 2 prior to start-up was comparable to the EB-2016-0152
forecast ($15.6M versus $15.3M forecast).®

2020 Budget versus 2019 Actual

The increase of $2.2M in nuclear fuel bundle cost is due to lower fuel utilization efficiency of
+$12.7M, partially offset by lower energy production of -$4.7M and a lower unit price for new
fuel loaded at -$5.8M. As noted above, there is a one time impact on fuel utilization efficiency
in 2020 related to the requirement for a load of new fuel into the reactor core of Darlington
Unit 2 prior to start-up ($15.6M).

5.0 PERIOD-OVER-PERIOD CHANGES - HISTORICAL YEARS

2019 Actual versus 2019 OEB Approved

The increase of $19.2M in nuclear fuel bundle cost is due to higher energy production of
+$17.8M, a higher unit price for new fuel loaded at +$2.1M, offset by higher fuel utilization
efficiency of -$0.8M. The actual fuel bundle unit cost of $4.08/MWh was higher than the fuel
bundle unit cost of $4.07/MWh reflected in the EB-2016-0152 approved settlement proposal
(Ex. O1-1-1, p. 9).

3 EB-2016-0152, Ex. F2-5-2, p. 2.
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2019 Actual versus 2018 Actual
The increase of $1.3M in nuclear fuel bundle cost is due to higher energy production of
+$10.6M, partially offset by lower unit price for new fuel loaded at -$5.2M and higher fuel

utilization efficiency of -$4.1M.

2018 Actual versus 2018 OEB Approved

The increase of $17.4M in nuclear fuel bundle cost is due to higher energy production of
+$10.2M, a higher unit price for new fuel loaded at +$4.3M and lower fuel utilization
efficiency of +$2.9M. The actual fuel bundle unit cost of $4.31/MWh was higher than the fuel
bundle unit cost of $4.14/MWh reflected in the EB-2016-0152 approved settlement proposal
(Ex. O1-1-1, p. 9).

2018 Actual versus 2017 Actual

The decrease of $1.5M in nuclear fuel bundle cost is due to a lower unit price for new fuel
loaded at -$4.1M offset by higher energy production of +$0.9M and lower fuel utilization
efficiency of +$1.7M.

2017 Actual versus 2017 OEB Approved

The increase of $18.7M in nuclear fuel bundle cost is due to higher energy production of
+$10.7M, a higher unit price for new fuel loaded at +$6.4M and lower fuel utilization
efficiency of +$1.7M. The actual fuel bundle unit cost of $4.37/MWh was higher than the fuel
bundle unit cost of $4.18/MWh reflected in the EB-2016-0152 approved settlement proposal
(Ex. O1-1-1, p. 9).

2017 Actual versus 2016 Actual

The decrease of $20.7M in nuclear fuel bundle cost is due to lower energy production of
-$21.3M and higher fuel utilization efficiency of -$0.6M, partially offset by a higher unit price
for new fuel loaded at +$1.2M.
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2016 Actual versus 2016 Budget

The increase of $0.1M in nuclear fuel bundle cost is due a higher unit price for new fuel

loaded at +$4.2M and lower fuel utilization efficiency of +$1.4M, partially offset by lower
energy production of -$5.5M.
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Table 1a
Comparison of Nuclear Fuel Costs ($M
Line 2016 (c)-(a) 2016 (9)-(c) 2017 (9)-(e) 2017 (k)-(9) 2018 (k)-(i) 2018
No. Business Unit Budget Change Actual Change | OEB Approved | Change Actual Change | OEB Approved | Change Actual
(a) (b) (© (d) (e) () (9) (h) (i) [0)] (k)
Uranium:
1 Darlinaton NGS' 112.5 0.9 113.4 (27.5) 81.1 4.8 86.0 1.4 80.8 6.5 87.3
2 | Pickering NGS 86.0 (0.8) 85.3 6.7 78.2 13.8 92.0 (2.8) 78.3 10.9 89.2
3 |[Total Fuel Bundle Cost 198.6 0.1 198.7 (20.7) 159.3 18.7 178.0 (1.5) 159.1 174 176.5
4 _|Total Fuel Bundle Cost? ($/MWh) 4.24 4.36 4.18 4.37 4.14 4.31
5 |Used Fuel Storage & Di 14 62.0 (1.0) 61.0 (15.9) 41.6 3.5 45.1 (1.8) 43.3 8.5 51.8
6 |Fuel Oil 4.2 (1.8) 2.4 (0.3) 43 (2.2) 2.1 2.3 4.4 (1.1) 3.3
7 |Total Nuclear Fuel Costs 264.8 (2.7) 262.1 (36.9) 205.2 20.0 225.2 (1.0) 206.8 248 231.6
Line 2018 (e)-(a) 2019 (e)-(c) 2019 (i)-(e) 2020 (i)-(9) 2020 (k)-(i) 2021
No. Busi Unit Actual Change | OEB Approved | Change Actual Change | OEB Approved | Change Change
(a) (b) (© (d) (e) () (9) (h) (0] [0)] (k)
Uranium:
8 | Darlington NGS' 87.3 (4.0) 80.7 2.7 83.4 18.4 83.8 18.0 101.8 (34.3) 67.4
9 Pickering NGS 89.2 5.2 78.0 16.5 94.4 (16.2) 80.1 (1.9) 78.2 0.4 78.7
10 |Total Fuel Bundle Cost 176.5 1.3 158.6 19.2 177.8 2.2 163.9 16.1 180.0 (33.9) 146.1
11_|Total Fuel Bundle Cost? ($/MWh) 4.31 4.07 4.08 4.39 4.28 3.81
12 |Used Fuel Storage & Disp [ 51.8 13.2 53.7 11.2 65.0 (11.4) 43.3 10.3 53.6 (1.9) 51.7
13 |Fuel Qil 3.3 (1.6) 4.5 (2.8) 1.7 2.9 4.6 0.0 4.6 0.1 4.7
14 |Total Nuclear Fuel Costs 231.6 12.9 216.9 276 2445 (6.3) 211.8 26.4 238.2 (35.7) 202.5
Notes:

1 Includes the impact of an initial fuel load required prior to unit start up of each of the refurbished Darlington units

Nuclear Fuel Bundle Cost (2017-2021) reflects 2% downward adjustment per partial settlement as described in EB-2016-0152 Decision and Order, p. 52.

From Ex. C2-1-1 Table 2, line 2. Used Fuel Storage & Disposal is discussed in Ex. C2-1-1.

Adjustments to used fuel storage and disposal variable expenses to reflect actual year-end 2016 asset retirement obligation adjustment and discount rate as reflected in Ex. J21.2 (OEB Decision and
Order p. 98).

ENENAEN
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Table 1b
Comparison of Nuclear Fuel Costs ($M
Line 2021 (c)-(a) 2021 (e)-(c) 2022 (9)-(e) 2023 (i)-(9) 2024 (k)-(i) 2025
No. Business Unit OEB Approved | Change g Change Plan Change Plan Change Plan Change Plan
(a) (b) (© (d) (e) ) (9) (h) [0] G) (k)
Uranium:
15 | Darlington NGS' 70.4 (3.0) 67.4 (13.9) 53.5 (13.2) 40.3 19.8 60.1 7.5 67.6
16 | Pickering NGS 78.0 0.7 78.7 (4.9) 73.8 7.9 81.7 4.0 85.7 (14.1) 71.6
17 |Total Fuel Bundle Cost 148.4 (2.3) 146.1 (18.8) 127.3 (5.3) 122.0 23.8 145.8 (6.6) 139.2
18_|Total Fuel Bundle Cost’ ($/MWh) 4.19 3.81 3.83 3.96 4.37 4.61
19 |Used Fuel Storage & Disposal** 43.9 7.9 51.7 (5.5) 46.2 9.0 55.2 33 58.6 (14.4) 441
20 |Fuel Oil 4.7 (0.0) 4.7 0.1 4.8 0.1 5.0 0.1 5.1 0.1 5.2
21 |Total Nuclear Fuel Costs 197.0 55 202.5 (24.2) 178.3 3.8 182.1 27.3 209.4 (20.9) 188.6
Line 2025 (c)-(a) 2026
No. Business Unit Plan Change Plan
(a) (b) (©
Uranium:
22 | Darlington NGS' 67.6 36.0 103.7
23 | Pickering NGS 71.6 (71.6) 0.0
24 |Total Fuel Bundle Cost 139.2 (35.5) 103.7
25 |Total Fuel Bundle Cost” ($/MWh) 4.61 4.82
26 |Used Fuel Storage & Disposal** 441 (1.2) 429
27 |Fuel Oil 5.2 (3.6) 1.6
28 |Total Nuclear Fuel Costs 188.6 (40.4) 148.2

Notes:

1 Includes the impact of an initial fuel load required prior to unit start up of each of the refurbished Darlington units
Nuclear Fuel Bundle Cost (2017-2021) reflects 2% downward adjustment per partial settlement as described in EB-2016-0152 Decision and Order, p. 52.
From Ex. C2-1-1 Table 2, line 2. Used Fuel Storage & Disposal is discussed in Ex. C2-1-1.

Adjustments to used fuel storage and disposal variable expenses to reflect actual year-end 2016 asset retirement obligation adjustment and discount rate as reflected in Ex. J21.2 (OEB Decision and
Order p. 98).
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OM&A PURCHASED SERVICES
NUCLEAR OPERATIONS

1.0 PURPOSE
This evidence presents the purchases of OM&A services for nuclear operations
(excluding Darlington Refurbishment) that meet the threshold of 1% of the OM&A

expense before taxes, consistent with OEB filing guidelines.

2.0 OVERVIEW
This evidence supports the approval sought for the purchased services portion of
nuclear OM&A costs. An overview of OPG’s procurement process which is applicable to

the nuclear facilities is presented in Ex. F3-3-1.

The nuclear operations OM&A expense before taxes is equal to the sum of nuclear
base, project and outage OM&A. This sum is $1,690.9M in 2022, $1,759.5M in 2023,
$1,591.2M in 2024, $1,338.8M in 2025, and $739.7M in 2026 as presented in Ex. F2-1-1
Table 1. For the nuclear facilities the threshold of 1% of the operations OM&A expense

before taxes is, therefore $14.3M.

Information on vendor contracts for nuclear operations purchased services for nuclear
base, outage and project OM&A expenditures at or above the $14.3M threshold for all or

some of the years 2016-2019 is presented in Chart 1.

Total purchases for the vendors listed in Chart 1 are $209.6M in 2016, $208.5M in 2017,
$223.5M in 2018 and $196.7M in 2019.
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Purchase of Services - Nuclear Operations Contracts

Vendor Name

Description/Nature

Tendering Process

Justification, if

of Activities not Competitive
Competitive Sl
Source
Black & McDonald | Provider of general X X
Ltd. construction and
Engineering-
Procurement- Initial contracts with
Construction (“EPC”) these ESMSA
services in 2016-2019. vendors were
ES Fox Ltd. Provider of general X X competitively
construction and sourced. Thereafter,
Engineering- individual work
Procurement- packages are issued
Construction (“EPC”) to these vendors to
services in 2016-2019. obtain competitive
SLN-AECON Provider of general X X bids. In limited
JOINT VENTURE | construction and cireumstances,
Engineering- consistent with OPG
Procurement- policies and
Construction (“EPC”) procurement
services in 2016-2019. governance, work
packages may be
single sourced.
KINECTRICS / Provider of X X A mix of sole source
AMEC-NSS engineering services, and competitive bid.
safety analysis
services and Nuclear safety
specialized code analysis work is
development and primarily sole
maintenance. source, reflecting
their unique skill set
in the marketplace.
Work packages are
competitively bid
where competition is
available.
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Vendor Name

Description/Nature
of Activities

Tendering Process

Justification, if
not Competitive

Single

Competitive Source

Candu Owners
Group

The CANDU Owners
Group Inc. is a not-for-
profit organization
which provides
programs for the
support, development,
operation and
maintenance of
CANDU reactor
technology.

All CANDU Operators
in the world are
members of the
CANDU Owners
Group Inc.

X

Not applicable due
to the nature of the
services provided.

CANADIAN
NUCLEAR
LABORATORIES
LTD

Provider of nuclear
services including
research and
development, design
and engineering, waste
management and
decommissioning.

A mix of sole source
and competitive bid.
Sole sourcing will
occur (e.g., Steam
Generator
secondary side
chemistry
assessments) due to
CNLL'’s unique skill
set. Work packages
are competitively bid
where competition is
available.
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DARLINGTON REFURBISHMENT PROGRAM

OM&A

1.0 PURPOSE
This section identifies the OM&A costs associated with the Darlington Refurbishment Program
(“DRP” or "Program”).

2.0 OVERVIEW

The Program is described in Ex. D2-2-1 to Ex. D2-2-10. The DRP is primarily a capital project
but includes OM&A expenses for removal costs and low & intermediate level waste (“L&ILW”)
variable expenses related to disposal costs. These costs are also referred to as tipping fees,
as they are determined and charged to the DRP based on the volume of waste. OPG is seeking
OEB approval for DRP OM&A expenses of $24.2M for 2022, $23.6M for 2023, $29.3M for
2024, $25.0M for 2025, and $8.4M for 2026. A summary of DRP OM&A expenses is provided
in Ex. F2-7-1, Table 1, for 2016-2026.

3.0 2016-2021 EXPENDITURES

OPG budgeted DRP OM&A expenditures of $1.3M for 2016 and in EB-2016-0152, the OEB
approved DRP OM&A expenditures of $41.5M for 2017, $13.8M for 2018, $3.5M for 2019,
$48.4M for 2020 and $19.7M for 2021. Actual costs were $3.1M for 2016, $36.1M for 2017,
$31.3M for 2018 and $1.7M for 2019. OPG has forecasted $12.3M for 2020 and $42.9M for
2021.

Across the period of 2016-2021, OM&A costs are slightly below plan by $0.8M. Overall, the
OM&A cost variance is primarily due to lower net removal costs of -$9.9M (mainly driven by
lower Fuel Handling offset by higher Retube and Feeder Replacement (“RFR”) and Pre-
requisite Projects), partially offset by increased L&ILW variable expenses of $3.3M and a write-
off of $6.4M for the Steam Generator strainer project (“Strainer Project”) in 2020. This write-off
resulted from OPG’s decision not to continue the project, which had the primary purpose of
excluding foreign material during unit startup in order to prevent damage to the primary heat

transport system. OPG successfully implemented an alternative program to mitigate this risk.
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3.1 2016 OM&A Variance
The OM&A cost variance for 2016 of +$1.8M (Ex. F2-7-1, Table 2) is primarily due to removal

costs related to the Water and Sewer project.

3.2 2017 OM&A Variance
The OM&A cost variance for 2017 of -$5.4M (Ex. F2-7-1, Table 2) is due to lower Fuel Handling
removal costs of -$10.4M, partly offset by +$4.1M higher L&ILW variable expenses.

3.3 2018 OM&A Variance

The OM&A cost variance for 2018 of +$17.6M (Ex. F2-7-1, Table 2) is due to higher overall
removal costs related to RFR of +$21.0M, Balance of Plant of +$3.3M, and Fuel Handing of
$7.6M.

3.4 2019 OM&A Variance
The OM&A cost variance for 2019 of -$1.8M (Ex. F2-7-1, Table 2) is due to lower L&ILW

variable expenses.

3.5 2020 OM&A Forecast Variance

The forecasted OM&A cost variance for 2020 of -$36.0M (Ex. F2-7-1, Table 2) is due to the
Unit 3 schedule shift (from previous application) deferring RFR & Balance of Plant removal
costs of -$29.8M, lower Fuel Handling removal activities of -$11.1M, and lower L&ILW variable

expenses of -$1.5M, partially offset by the Strainer Project write-off of +$6.4M.

3.6 2021 OM&A Forecast Variance
The forecasted OM&A cost variance for 2021 of +$23.1M (Ex. F2-7-1, Table 2) is due to the
Unit 3 and Unit 1 schedule shifts moving RFR removal costs of +$22.1M into 2021 from 2020,

as well as +$1.7M for L&ILW variable expenses.

4.0 2022-2026 OM&A EXPENDITURES
OPG is seeking OEB approval for DRP OM&A expenses of $24.2M for 2022, $23.6M for 2023,
$29.3M for 2024, $25.0M for 2025, and $8.4M for 2026. The maijority of these costs are for
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removal activities associated with the replacement of existing assets totalling $83.1M, as well

as L&ILW variable expenses of $27.4M.

4.1 2022 OM&A Expenses
The $24.2M of OM&A expenses forecast in 2022 are mainly for Unit 3 and Unit 1 removal
activities including $15.9M for RFR, and $1.9M for other project bundles, as well as $6.4M

L&ILW variable expenses.

4.2 2023 OM&A Expenses
The $23.6M of OM&A expenses forecast for 2023 are mainly for removal activities across Units
3, 1, and 4 including $10.8M for RFR, and $4.1M for other project bundles, as well as $8.7M

L&ILW variable expenses.

4.3 2024 OM&A Expenses

The $29.3M of OM&A expenses forecast for 2024 are mainly for Unit 1 and Unit 4 removal
activities, $18.7M related to RFR for Unit 1 and Unit 4, $2.3M for other project bundles, as well
as $8.3M L&ILW variable expenses.

4.4 2025 OM&A Expenses
The $25.0M of OM&A expenses forecast for 2025 are mainly for Unit 4 removal activities,
$19.6M related to RFR, $2.2M for other project bundles, and $3.3M of L&ILW variable

expenses.

4.5 2026 OM&A Expenses
The $8.4M of OM&A expenses forecast for 2026 are mainly removal costs, $7.6M related to
RFR for Unit 4, and $0.8M of L&ILW variable expenses.
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Table 1
OM&A - Darlington Refurbishment ($M)
Line 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
No. Description Actual Actual Actual Actual Budget Budget Plan Plan Plan Plan Plan
(a) (b) (c) (d) (e) () (9 (h) (i) (1) (k)
1 |Darlington Refurbishment - Unit Refurbishment' 0.8 35.9 31.3 1.7 12.3 42.9 24.2 23.6 29.3 25.0 8.4
2 |Facilities and Infrastructure Projects? 23 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 |Safety Improvement Opportunities 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 [Total Darlington Refurbishment OM&A 3.1 36.1 313 1.7 12.3 429 24.2 23.6 29.3 25.0 8.4
Notes:
1 The Unit Refurbishment 2016-2021 amounts include removal costs of existing structures or facilities, and L&ILW variable expense. L&ILW expenses are shown below:
Darlington Refurbishment Proiect Cost 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
9 ) Actual Actual Actual Actual Budget Budget Plan Plan Plan Plan Plan
L&ILW variable expenses 1.0 6.5 3.0 0.9 1.4 5.5 6.4 8.7 8.3 3.3 0.8

2 The F&IP 2016-2021 numbers include removal costs of existing structures or facilities prior to construction or modification.
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Table 2
Comparison of OM&A - Darlington Refurbishment ($M
Line 2016 (c)-(a) 2016 (9)-(c) 2017 (9)-(e) 2017 (k)-(9) 2018 (k)-(i) 2018
No. Busi Unit Budget Change Actual Change | OEB Approved | Change Actual Change | OEB Approved | Change Actual
(a) (b) (c) (d) (e) (U] (9 (h) (i) @) (k)
1 |Darlington Refurbishment - Unit Refurbishment' 1.0 (0.2) 0.8 35.1 415 (5.6) 35.9 (4.6) 13.8 17.6 31.3
2 |Facilities and Infrastructure Projects® 0.3 2.0 2.3 (2.2) 0.0 0.1 0.1 (0.1) 0.0 0.0 0.0
3 |Safety Improvement Opportunities 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.0) 0.0 0.0 0.0
4 |Total Darlington Refurbishment OM&A® 1.3 1.8 3.1 33.0 415 (5.4) 36.1 (4.8) 13.8 17.6 31.3
Line 2018 (e)-(a) 2019 (e)-(c) 2019 (i)-(e) 2020 (i)-(9) 2020 (K)-(i) 2021
No. Busi Unit Actual Change | OEB Approved | Change Actual Change | OEB Approved | Change Budget Change Budget
(a) (b) (c) (d) (e) ) (9 (h) (i) (0) (k)
5 |Darlington Refurbishment - Unit Refurbishment' 31.3 (29.6) 3.5 (1.8) 1.7 10.6 48.4 (36.0) 12.3 30.5 429
6 |Facilities and Infrastructure Projects® 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 |Safety Improvement Opportunities 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 |Total Darlington Refurbishment OM&A® 31.3 (29.6) 3.5 (1.8) 1.7 10.6 48.4 (36.0) 12.3 30.5 429
Line 2021 (c)-(a) 2021 (e)-(c) 2022 (9)-(e) 2023 (i)-(9) 2024 (k)-(i) 2025
No. Busi Unit OEB Approved | Change Budget Change Plan Change Plan Change Plan Change Plan
(a) (b) (c) (d) (e) () (9 (h) (i) @) (k)
9 |Darlington Refurbishment - Unit Refurbishment' 19.7 231 429 (18.6) 24.2 (0.7) 23.6 57 29.3 (4.3) 25.0
10 |Facilities and Infrastructure Projects’ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 [Safety Improvement Opportunities 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
12 |Total Darlington Refurbishment OM&A® 19.7 231 429 (18.6) 24.2 (0.7) 23.6 5.7 29.3 (4.3) 25.0
Line 2025 (c)-(a) 2026
No. Busi Unit Plan Change Plan
(a) (b) (c)
13 |Darlington Refurbishment - Unit Refurbishment' 25.0 (16.6) 8.4
14 |Facilities and Infrastructure Projects® 0.0 0.0 0.0
15 |Safety Improvement Opportunities 0.0 0.0 0.0
16 |Total Darlington Refurbishment OM&A 25.0 (16.6) 8.4
Notes:
1 The Unit Refurbishment 2016-2021 amounts include removal costs of existing structures or facilities prior to construction modication, and L&ILW variable expense. Breakdown provided in F2-7-1 Table 1.
2 The Facilities and Infrastructure Projects 2016-2021 amounts include removal costs of existing structures or facilities prior to construction or modification.
3 OEB approved amounts are shown as those referenced in the OEB’s EB-2016-0152 Decision and Order (pp. 42-43). These amounts were based on OPG's pre-filed evidence (EB-2016-0152, Ex F2-7-1). Upon subsequently

filing an Impact Statement, OPG updated the forecast of low and intermediate level waste variable expenses (Ex. N1-1-1). This updated forecast formed the basis of the OPG Proposed figures in the EB-2016-0152 Payment
Amounts Order. As the updated amount was not presented separately between DRP and non-DRP OM&A costs in the Impact Statement, it was not identified as a specific change to OPG’s DRP-related request and thus was
not reflected in the figures referenced in the EB-2016-0152 Decision and Order. The portion of the Impact Statement attributable to DRP OM&A was +$4.8M in 2017, +$2.6M in 2018, +$3.9M in 2019, +$5.3M in 2020 and

+$6.1M in 2021.
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NEW NUCLEAR AT DARLINGTON

1.0 PURPOSE
This evidence presents an overview of the activities and expenditures associated with New
Nuclear at Darlington which includes work being undertaken at the Darlington site related to

the planning and preparation for a new technology known as a Small Modular Reactor (“SMR?”).

2.0 OVERVIEW

OPG’s nuclear revenue requirement for the IR term includes costs to preserve the option to
build new nuclear generation at the Darlington site. This is consistent with prior government
direction that OPG should continue with the environmental process and site licencing process
given long lead times for nuclear procurement and construction.” OPG is seeking approval of
annual OM&A costs of $2.2M, $2.2M, $2.3M, $2.3M, and $2.3M for the years 2022-2026,
respectively, as presented in Ex. F2-1-1, Table 1. The forecast OM&A costs during the IR term
are for work to preserve the option to build new nuclear at Darlington, and do not assume
development of an SMR generating station, pending the investment decision on the project.
Any differences between these forecasts and OPG’s actual non-capital OM&A costs will be
recorded in the Nuclear Development Variance Account (“NDVA”), in accordance with O. Reg.
53/05.2

In addition, OPG’s 2020-2026 Business Plan is forecasting OM&A expenses of $66M in 2020
and $206M in 2021 for preliminary planning and preparation expenditures for an SMR
generating station at the Darlington site. There was no forecast of planning and preparation
expenditures for the development of an SMR included in EB-2016-0156. OPG will record the
preliminary planning and preparation amounts in 2020 and 2021 related to the SMR project in
the NVDA.

T EB-2016-0152, Ex. L-6.01-7 ED-017 and EB-2013-0321, Ex. D2-2-1, Attachment 1.
2The NDVA is discussed in Ex. H1-1-1.
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Virtually all OM&A costs incurred prior to 2020 were to preserve the option to develop new
nuclear at Darlington.® This included maintaining the environmental assessment for site license
renewal and advancing a number of environmental assessment commitments necessary to be
ready for eventual site preparation. These preservation and licensing activities continue, and
their costs are included in the $272M in SMR planning and preparation costs in 2020 and 2021

described above.

Section 3.0 below provides a brief overview of the SMR project.

3.0 SMR PROJECT

SMRs are next generation nuclear reactors designed to have enhanced safety and economic
benefits. Specifically, SMRs are smaller in both physical size and output than previous
generations, modular in construction to enable shorter construction timeframes, and virtually
emissions free. Small Modular Reactors are expected to have designed-in safety
characteristics incorporating the learnings from the Fukushima events, to substantially reduce
potential for off-site consequences from a nuclear accident and thus improve public confidence
and social license. These attributes make SMRs extremely safe and quicker to build than
traditional reactors, while providing the reliable baseload generation capability of other

reactors.

Subject to approvals from the Canadian Nuclear Safety Commission (‘CNSC”), OPG is
planning to construct an SMR nuclear generating station at the Darlington site with a projected
in-service by the end of this decade, meeting anticipated energy and capacity needs in Ontario
with a clean energy source. Adding incremental, baseload, non-CO, emitting generation
capability by 2030 will allow the system to meet the expected increased demand largely driven
by modest growth in the residential, commercial and agricultural sectors, as well as the
increased electrification of transportation. An SMR will also help to address projected summer

capacity needs arising after the planned shutdown of the Pickering generation station and

3 OPG incurred total costs of $0.7M in 2018 and 2019 related to preliminary planning and preparation activities for
an SMR generating station at the Darlington site that were recorded in the NDVA. As discussed in Ex. H1-2-1,
OPG is not seeking clearance of this amount in this application.
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replace some of the baseload generation previously provided by Pickering. The need to begin

this process now reflects the lead-time required to meet the projected in-service target.

The provinces of Ontario, New Brunswick, and Saskatchewan signed a Memorandum of
Understanding (“MOU”) in 2019 committing to collaborate on the development and deployment
of SMRs in Canada.* Small Modular Reactors are seen as a source of safe, clean, reliable and
low-cost energy for both on-grid and off-grid communities, driving economic growth and export
opportunities across the country and around the world. OPG and the Province of Ontario are
uniquely positioned to lead the emerging worldwide market for clean, zero-carbon SMRs. This
opportunity presents economic benefits for the province’s nuclear industry, creating jobs and
supporting the retention of advanced manufacturing; while simultaneously meeting the

province’s capacity and energy needs.

The initial planning and preparation phase of SMR development includes the following tasks:
1) select a technology developer, 2) prepare for a construction license application, 3) develop
the necessary project and engineering organizations, and 4) obtain more certainty on project
costs, as outlined below, by the end of 2021. Progress on these activities will enable a decision
whether to proceed with the next phase gated releases in order to meet an in-service date by

the end of the decade.

More detail on the extensive and interconnected activities to be undertaken during the 2020-

2021 period is provided below:

o Technology Developer Selection: There are many different SMR technology developers in

the market currently. The first objective of this phase was to narrow the pool of potential
technology partners to two or three SMR technology developers and determine which
developers would provide the greatest overall benefit to Ontario. As of September 2020,

this objective was completed. The next objective is to conduct further due diligence and

40n August 12, 2020 the Province of Alberta entered into the MOU with Ontario, Saskatchewan and New Brunswick
to support the development of SMRs.
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development work in order to arrive at a single technology developer by the end of 2021.
OPG will fund activities to advance development and produce the necessary information
for OPG to make a final technology partner selection. OPG forecasts that the cost of these
activities and the preparation of a Class 5 cost estimate and project schedule will be

approximately $190M.

Licensing: OPG has an approved environmental assessment and holds a 10-year Site
Preparation Licence (“SPL”) for the Darlington site, which was issued in 2012 and expires
in August 2022. The licence allows OPG to undertake site preparation activities required
for new nuclear generation and is the first in a series of licences required in order to
construct and operate any new reactor. The Licence to Construct (“LTC”) is the second
licence required, and an application for this licence would need to be submitted during the
second quarter of 2022 in order to maintain the option of starting construction by the middle
of the decade. On June 30, 2020 OPG submitted an application to the CNSC to renew and
extend the existing Darlington SPL to ensure an SPL is in effect until such time as an LTC
is approved. This recent SPL renewal application is more advanced and costly than the
prior application as the preparation work moves from the option maintenance phase to
actual development of the site. At the same time, significant effort is required for OPG to
prepare the LTC application, which forms a material portion of the licensing costs. The

estimated cost of licensing activities is approximately $20M.

Project Development and Oversight: As owner of the SMR, OPG will manage the project

and provide oversight. This includes developing a framework to address:

o project management approach and governance;

o project controls to ensure effective oversight of external parties (technology developer,
engineering, procurement and construction contractor, etc.);

o cost and scheduling; and

o development of nuclear support functions.
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Other activities will include preliminary engineering assessments of proposed developers’

designs. The estimated cost of these initial planning activities is approximately $62M.

The activities described above are key components to developing a Class 5 estimate by
November 2021 upon which an investment decision can be made for continued project
development work, leading to an application for a LTC.
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