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BASE OM&A — NUCLEAR OPERATIONS

1.0 PURPOSE
This evidence presents nuclear base OM&A expense for the historical period, bridge year,

and test period (excluding OM&A expense for Darlington Refurbishment).

2.0 OVERVIEW

The nuclear base OM&A expense for 2013-2021 is provided in Ex. F2-2-1 Table 1. OPG is
requesting approval of base OM&A expense of $1,210.6M in 2017, $1,226.0M in 2018,
$1,248.4M in 2019, $1264.7M in 2020 and $1,276.3M in 2021. The average annual increase

over the test period is 1.24 per cent.

The modest increases in the face of labour and material cost escalation reflect a continued
focus on controlling staff levels, cost discipline and work reduction or elimination through re-
prioritizing and streamlining work. OPG continues to implement various value for money,

fleet wide and site initiatives to reduce costs as part of a focus on continuous improvement.

OPG’s staff resource plan forecasts an increase in Nuclear regular staff FTEs (excluding
Darlington Refurbishment) in 2016 to ensure resources are available following a period of
higher than budgeted attrition. Thereafter, FTEs experience a net decline over the test period
(Ex. F2-1-1 Table 3).

3.0 BASE OM&A BACKGROUND
Base OM&A provides the main source of funding for operating and maintaining the nuclear
stations in support of:

e the ongoing production of electricity from the operating nuclear units;

e ensuring the safe operation of the plants;

e improving the reliability of the nuclear assets, and

e ensuring compliance with applicable legislation and nuclear regulatory requirements.

3.1 Base OM&A Description by Function and Resource Type
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This evidence is substantially the same as that provided in Ex. F2-2-1 in OPG’s last rates

application (EB-2013-0321).

Base OM&A cost information for 2013 through 2021 is presented by station and support
function in Ex. F2-2-1 Table 1. The station and support functions are described in Attachment
1 to this exhibit.

Details of base OM&A costs by function for 2013 through 2021 are provided in Ex. F2-2-1
Tables 3 through 14. Exhibit F2-2-1 Tables 3 through 7 (i.e., for the 2017-2021 period) show
that the majority of test period station base OM&A costs are in the Operations and
Maintenance functions, reflecting the significance of these core activities to ongoing station
performance. Within the Nuclear support divisions, the largest cost is in Nuclear Engineering,

primarily for ensuring plant safety and reliability.

In addition to the operational functions described in Attachment 1, Nuclear base OM&A also
funds the following:

e The cost of regular staff supporting the execution of planned outages, with the
exception of Inspection and Maintenance Services (“‘IMS”). The cost of IMS regular
staff involved in the execution of planned outages is charged directly to outage
OM&A.

e All costs for forced outages, planned derates and forced derates. Forced outages, in
particular, can require significant effort and materials to address the cause of the
outage and return a unit to operation. As forced outages are unplanned events for
which no budget is provided, other base OM&A work must be deferred to
accommodate them (see Ex. F2-4-1 for further details on outage costing).

¢ An inventory obsolescence provision.

Base OM&A cost information is presented by standard OPG resource types in Ex. F2-2-1
Table 2, which indicates that OPG staff labour is the most significant contributor to base
OMG&A costs, representing approximately 70 per cent of base OM&A. The resource types are

as follows:
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1. Labour: The salary and benefits cost of OPG full-time regular staff, non-regular staff
and part-time staff. Base OM&A labour costs are derived using standard labour rates
for job families within Nuclear. In addition to base salary and statutory benefits (e.g.
El, CPP), these standard labour rates include a component for pension and other
post employment benefits earned by employees for current service (discussed in Ex.
F4-3-2) as well as a component for current employee health, dental and other
benefits provided during employment.

2. Overtime: The incremental pay for work outside of core hours, for example during
forced outages or urgent repairs.

3. Augmented Staff: External personnel providing specialized expertise (e.g.,
engineering) to supplement internal capability and/or to fill temporary vacancies.

4. Other Purchased Services: The costs of specialized external services, including
construction and maintenance services, personal protective equipment, laundry
services, and specialized technical services (e.g., nuclear safety analysis, research
and development, and specialized testing services).

5. Materials: The costs of all consumables, replacement parts, and associated
transportation service costs supporting station operations (e.g., ongoing maintenance
and repair work).

6. License Fees: The cost of licensing-related fees paid to the Canadian Nuclear Safety
Commission (“CNSC”).

7. Other Costs: Costs for miscellaneous items such as travel and utility expenses
(water, sewage, and electricity for administration buildings) and inventory

obsolescence provision.

In order to operate the nuclear facilities safely, reliably and efficiently, OPG uses incremental
short-term labour resources to address temporary staffing shortages. Incremental labour
resources used by OPG include overtime, temporary staff (e.g., non-regular staff) and
external contractors. Three primary factors drive the use of incremental short-term labour
resources in Nuclear: 1) to meet peak work requirements, 2) to maintain coverage for key
staff positions in accordance with licensing requirements, and 3) to complete priority work

impacted by short term or unexpected staff shortages due to factors such as temporary
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vacancies, maternity leaves or vacations. The selection of which incremental labour resource
to employ is an ongoing resource optimization and balancing process and depends on the
specific circumstances at the time. For example, OPG uses base OM&A overtime to maintain
coverage of key positions (e.g., authorized nuclear operators) and provide backup for absent

staff so as to maintain minimum staff complement on each shift.

The 2013 Ontario Auditor General Report recommended that OPG should decrease
overtime costs for outages by planning outages and arranging staff schedules in a more
cost-beneficial way, and review other ways to minimize overtime. Nuclear has since
implemented changes in crew shift schedules, resulting in reduced overtime during
outages, and enhanced controls have been implemented to monitor overtime and take
actions to ensure that overtime is used only when it is the most efficient form of incremental
labour. The 2015 Ontario Auditor General Report concluded that its 2013 recommendations
had been fully implemented based on these actions’, noting that OPG has implemented
new policies to strengthen its overtime pre-approval process, ensure overtime approvals
are carried out as per the approval authority and to facilitate the monitoring and tracking of

overtime worked so as to minimize overtime costs?.

3.2 Major Objectives and Focus Areas

The 2016-2018 Corporate Business Plan, and the three-year financial projection for 2019-
2021 which has been prepared on a consistent basis with the 2016-2018 Corporate Business
Plan, identify specific objectives and focus areas that impact base OM&A costs. These
include initiatives discussed in Ex. F2-1-1 section 3.5 (Human Performance, Equipment
Reliability, Outage Performance, Parts Improvement, Inventory Reduction and Workforce
Planning and Resourcing) designed to achieve the nuclear performance targets for safety,
reliability, value for money and human performance, which will be largely executed by base
OM&A resources. Base OM&A resources will also be employed for inspection and

maintenance and project support to address life cycle aging of equipment at Darlington to

1 2015 Ontario Auditor General Report, p. 631.
2 2015 Ontario Auditor General Report, p. 627.
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ensure safe and reliable operation before, during, and after refurbishment as well as similar

support at Pickering as part of OPG’s plan to operate Pickering until 2022/2024.

3.3 Base OM&A Trends

Base OM&A is forecast to increase year over year by 0.73 per cent in 2017, 1.27 per cent in
2018, 1.83 per cent in 2019, 1.31 per cent in 2020 and 0.92 per cent in 2021. Exhibit F2-2-1
Table 1 demonstrates that cost containment is relatively consistent across the stations and
support functions, with all functions exhibiting flat costs or modest increases in the test period
until 2019. An explanation of period-over-period variances in base OM&A is provided in Ex.
F2-2-2.
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Attachment 1:

ATTACHMENTS

Nuclear Operations Function Descriptions
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NUCLEAR OPERATIONS FUNCTION DESCRIPTIONS

OPERATIONAL FUNCTIONS WITHIN THE GENERATING STATIONS

At each of the generating stations, operational functions are broken down into three main

components: Operations and Maintenance, Work Management, and Site and Support

Services, as described below. Darlington also operates the Tritium Removal Facility.

e QOperations and Maintenance is comprised of:

@)

Operations, which operates the plant on a 24-hour basis. The CNSC approves the
operations organizational structure, including mandating a minimum shift complement
to address foreseeable emergency response requirements.

Maintenance, which performs all activities directly related to the preventive, elective,
and corrective maintenance of structures, systems, or components to address
material condition issues, maintain equipment reliability, and optimize equipment life.
Fuel Handling, which includes all activities in support of refuelling the reactor during
unit operation; maintenance of the fuelling machines and related systems; support of
outage activities requiring the fuelling machine or related systems; and management
of new fuel storage.

Chemistry and Environment, which includes the operation of the chemistry lab;
environmental compliance and monitoring; and assistance in managing plant
chemistry.

Common Services (Pickering), which operates and maintains station and site support
systems for the Pickering station, specifically management of heavy water and
operation of facilities such as heavy water upgraders, station containment systems

and radioactive waste management.

¢ Work Management includes:

O

Work Control, which ensures that corrective, elective, and preventive maintenance is

planned effectively and efficiently.
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o Outage Planning, which develops specific milestones for scope definition, long lead

materials, schedule development, and pre-requisite work.

e Site and Support Services includes:

o Site Vice President’s office.
o Interface with World Association of Nuclear Operators (“WANO”) and other external

parties (including the interface for Darlington refurbishment).

e Tritium Removal Facility

o Located at Darlington, the Tritium Removal Facility (“TRF”) provides tritium removal

services to all OPG nuclear stations and third party customers (see Ex. G2-1-1).

2.0 OPERATIONAL FUNCTIONS WITHIN THE SUPPORT DIVISIONS
Support divisions are accountable for providing specialized services to the stations, as well

as establishing the common procedural framework within which the stations operate.

Subsequent to EB-2013-0321, a number of changes were made to the Nuclear Support
organizations. The new Decommissioning and Nuclear Waste Management organization was
formed with the added mandate of preparing the Pickering station for the next phase of its life
post end of commercial operations. Nuclear Services was discontinued, and Nuclear
Regulatory Affairs was moved to Decommissioning and Nuclear Waste Management.
Performance Improvement, Generation Planning, and Radiation Safety were moved to Fleet
Operations and Maintenance, and Strategic and Business Planning was moved to Nuclear

Finance.
Key functions of the support divisions are as follows:
Engineering is accountable for the following:

o Components Engineering; provides specialized technical support for nuclear station

components and equipment, major nuclear plant equipment (including life cycle plans
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for steam generators and fuel channels), engineering programs, selected systems
(such as real-time process computers and security), chemistry, cyber security, human
factors engineering, plant information systems, and administration of the nuclear
research and development program.

o Design Engineering provides design services such as, preparation of modifications;
parts procurement support; and expert-level support on nuclear industry codes and
standards for the nuclear stations and the Decommissioning and Nuclear Waste
Management organization.

o Engineering Strategy provides strategic support to Nuclear Engineering long range
planning, develops international relationships and provides strategic advice on
matters relating to CANDU technology, represents OPG Nuclear with international
nuclear industry bodies and oversees Nuclear Engineering projects.

o Nuclear Safety provides oversight of technical support provided to the stations by the
Reactor Safety Engineering Departments, and specialized services in the areas of
Fuel, Nuclear Safety Analysis and Probabilistic Risk Assessment.

o Nuclear Waste provides engineering strategies for the efficient and effective
management of used fuel and Low and Intermediate Level Waste (“L&ILW”), and
safety assessments of Nuclear Waste Management facilities and transportation
systems.

o Station Engineering is responsible for specifying engineering requirements,
concurrence to schedule and acceptance of engineering products and services
provided to support safe operation of the plant. It also ensures the Safety Operating
Envelope and the Design and Licensing Basis for the plant are maintained by
exercising prescriptive authority for the definition of operating and outage scope of

work associated with these basis documents.

Projects and Modifications is accountable for executing or managing the execution of the

majority of project work carried out at the generating stations and associated sites. Project
work (in contrast to base OM&A work) is discussed in Ex. D2-1-1. While the Projects and
Modifications function is primarily funded by project OM&A and capital (Ex. F2-3-1 and Ex.
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D2-1-1, respectively), Projects and Modifications also provides a limited amount of

operational support to the stations which is funded by base OM&A.

Fleet Operations and Maintenance drives improvement across the Nuclear fleet by

developing, implementing and monitoring nuclear-wide programs and procedures for the
nuclear stations in the areas of Operations, Maintenance, Outage, Work Management, and
Human Performance. In addition, this group is accountable for radiation protection
programming and services including assistance with radiation protection during plant
operation and maintenance activities, and administration of the program for keeping radiation
As Low As Reasonably Achievable (“ALARA”). It is also responsible for nuclear fleet wide

improvement and generation planning.

Security_and Emergency Preparedness provides security services for nuclear sites and

facilities (and across OPG), and ensures compliance with all CNSC security requirements.

Emergency Preparedness and Fire Protection services are also included within this division.

Inspection and Maintenance Services (“IMS”) is accountable for providing inspection and

maintenance services to supplement those carried out by station staff, where the nature of
the skills or equipment required makes the work more effectively managed as a centralized
function. The direct costs associated with the provision of inspection and maintenance
services during outages are included in outage OM&A costs (Ex. F2-4-1). IMS indirect costs
such as administration are included in base OM&A as are the provision of inspection and

maintenance services during normal (i.e. non-outage) operation.

Decommissioning and Nuclear Waste Management is accountable for the safe and cost

effective shutdown and safe storage of Pickering and the strategic aspect of Pickering end of
commercial operations. It is also accountable for the management of radioactive waste and
used fuel at the stations, as well as conventional waste and transportation service for the
stations. Base OM&A includes the costs associated with managing recycled conventional

wastes and providing conventional waste transportation services for all stations.
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Expenditures to manage radioactive waste and used fuel management operations are
funded by Nuclear Liabilities (see Ex. C2-1-1). Decommissioning and Nuclear Waste
Management is also accountable for developing/maintaining the regulatory programs for the

nuclear divisions, including licencing and environmental assessments.

Other Support is an aggregate of a number of smaller functions including centralized or fleet-
wide costs for services required to manage the Nuclear business that are not directly
attributable to any one plant or support organization. Typical costs include executive office,
inventory adjustments and standard labour price variances that are captured at the

aggregate level as opposed to the Nuclear stations and support groups.
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Table 1
Base OM&A - Nuclear ($M)
Line 2013 2014 2015 2016 2017 2018 2019 2020 2021
No. Function Actual Actual Actual Budget Plan Plan Plan Plan Plan
(a) (b) (c) (d) (e) (f) (9) (h) (i)
Stations
1 |Darlington NGS 277.8 280.1 298.9 314.7 303.1 310.0 318.3 323.1 320.1
2 |Pickering NGS 402.3 431.1 425.1 4521 459.4 469.4 474 .1 472.4 478.3
3 |Pickering Continued Operations 9.9 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 |Pickering Extended Operations 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 Total Stations 690.0 717.2 724.0 766.8 762.5 779.4 792.5 795.5 798.4
Support™?
6 |Engineering 148.8 147.6 161.6 178.0 178.5 180.5 183.8 187.5 191.8
7 |Projects & Modifications 7.4 6.9 6.3 7.4 6.8 5.8 5.8 5.9 4.0
8 [Nuclear Services 75.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 |Fleet Operations and Maintenance 30.5 61.7 63.3 71.0 66.2 63.2 64.6 65.5 66.1
10 |[Security and Emergency Services 79.9 75.7 81.8 93.9 91.0 91.2 93.4 95.5 98.0
11 |Inspection & Maintenance Services 35.4 34.2 34.0 47.2 44 .2 42.4 44 .2 49.6 52.7
12 |Decommissioning & Nuclear Waste Mgmt 0.0 40.0 45.4 49.9 51.8 54.0 54.5 55.6 55.8
13 |Other Support 60.7 43.8 43.3 (12.3) 9.6 9.6 9.7 9.7 9.5
14 Total Support 437.7 409.9 435.6 435.0 448.1 446.6 455.9 469.2 477.9
15 |Total Base OM&A 1,127.7 1,127.1 1,159.6 1,201.8 1,210.6 1,226.0 1,248.4 1,264.7 1,276.3
Notes:

1

Nuclear Support Divisions includes Base OM&A expenditures for Pickering Continued Operations of $1.6M in 2013 and $1.3M in 2014.
2 Nuclear Support Divisions includes Base OM&A expenditures for Pickering Extended Operations of $11.0M in 2016 and $1.0M in 2017.
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Base OM&A - Nuclear ($M)
Line 2013 2014 2015 2016 2017 2018 2019 2020 2021 Test Period
No. Resource Type Actual Actual Actual Budget Plan Plan Plan Plan Plan Percentage’
(a) (b) (c) (d) (e) (f) (9) (h) (i) ()
1 |Labour? 832.4 827.1 834.0 844.7 859.0 846.9 874.3 885.0 887.9 69.9%
2 |overtime? 48.6 46.7 54.5 47.8 46.1 46.5 46.1 47.4 47.8 3.8%
3 |Augmented Staff 3.1 3.6 4.4 3.3 4.5 3.5 3.0 2.6 1.6 0.2%
4 |Materials 85.1 73.4 83.4 70.5 68.4 68.2 68.5 71.1 70.8 5.6%
5 |License 34.2 32.6 34.5 36.4 37.2 38.7 39.6 40.2 40.6 3.2%
6 |Other Purchased Services 100.0 98.7 108.4 164 .1 161.1 185.1 180.8 178.3 187.3 14.3%
7 |Other 24.3 44.9 40.3 35.0 34.2 37.0 36.2 40.2 40.3 3.0%
8 |Total Base OM&A 1,127.7 1,127 .1 1,159.6 1,201.8 1,210.6 1,226.0 1,248.4 1,264.7 1,276.3 100.0%
Notes:
1 Test Period Percentage = Sum of Test Period Resource Costs divided by Sum of Test Period Base OM&A.
2 Includes Regular and Non-Regular staff.




Numbers may not add due to rounding.

Filed: 2016-05-27

EB-2016-0152

Exhibit F2
Tab 2
Schedule 1
Table 3
Table 3
Nuclear Base OM&A by Function ($M)
Plan - Calendar Year Ending December 31, 2021
Line Darlington Pickering
No. Function NGS NGS Total
(a) (b) (c)
Stations

1 |Operations & Maintenance 655.5

2 - Operations 97.5 121.0 218.5

3 - Maintenance 164.8 272.2 436.9
4 |Work Management 11.3 23.2 34.5
5 |Site and Support Services 24.4 62.0 86.4
6 [Tritium Removal Facility 22.1 0.0 221
7 |Pickering Extended Operations 0.0 0.0 0.0
8 Total Stations 3201 478.3 798.4

Support

9 |Engineering 191.8
10 |Projects & Modifications 4.0
11 |Nuclear Services 0.0
12 [Fleet Operations and Maintenance 66.1
13 |Security and Emergency Services 98.0
14 |Inspection & Maintenance Services 52.7
15 |Decommissioning & Nuclear Waste Mgmt 55.8
16 [Other Support 9.5
17 Total Support 0.0 0.0 477.9
18 |[Total Base OM&A 320.1 478.3 1,276.3
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Table 4
Nuclear Base OM&A by Function ($M)
Plan - Calendar Year Ending December 31, 2020
Line Darlington Pickering
No. Function NGS NGS Total
(a) (b) (c)
Stations

1 |Operations & Maintenance 656.1

2 - Operations 95.6 124 .1 219.8

3 - Maintenance 170.3 266.0 436.3
4 [Work Management 13.5 21.1 34.5
5 |Site and Support Services 22.6 61.2 83.8
6 [Tritium Removal Facility 211 0.0 211
7 |Pickering Extended Operations 0.0 0.0 0.0
8 Total Stations 323.1 472.4 795.5

Support

9 |Engineering 187.5
10 |Projects & Modifications 5.9
11 |Nuclear Services 0.0
12 |Fleet Operations and Maintenance 65.5
13 |Security and Emergency Services 95.5
14 |Inspection & Maintenance Services 49.6
15 |Decommissioning & Nuclear Waste Mgmt 55.6
16 |Other Support 9.7
17 Total Support 0.0 0.0 469.2
18 |Total Base OM&A 3231 472.4 1,264.7
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Nuclear Base OM&A by Function ($M)
Plan - Calendar Year Ending December 31, 2019
Line Darlington Pickering
No. Function NGS NGS Total
(a) (b) (c)
Stations

1 |[Operations & Maintenance 657.7

2 - Operations 91.8 133.9 225.7

3 - Maintenance 172.2 259.8 432.0
4 [Work Management 13.2 20.9 34.1
5 |Site and Support Services 204 59.5 79.9
6 [Tritium Removal Facility 20.8 0.0 20.8
7 |Pickering Extended Operations 0.0 0.0 0.0
8 Total Stations 318.3 474 .1 792.5

Support

9 |Engineering 183.8
10 |Projects & Modifications 5.8
11 |Nuclear Services 0.0
12 |Fleet Operations and Maintenance 64.6
13 |Security and Emergency Services 93.4
14 |Inspection & Maintenance Services 44.2
15 |Decommissioning & Nuclear Waste Mgmt 54.5
16 [Other Support 9.7
17 Total Support 0.0 0.0 455.9
18 |Total Base OM&A 318.3 474 1 1,248.4
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Nuclear Base OM&A by Function ($M)
Plan - Calendar Year Ending December 31, 2018
Line Darlington Pickering
No. Function NGS NGS Total
(a) (b) (c)
Stations

1 |Operations & Maintenance 644.9

2 - Operations 88.5 135.5 224.0

3 - Maintenance 167.6 253.3 420.9
4 [Work Management 12.9 20.7 33.6
5 |Site and Support Services 19.0 59.9 79.0
6 [Tritium Removal Facility 21.9 0.0 21.9
7 |Pickering Extended Operations 0.0 0.0 0.0
8 Total Stations 310.0 469.4 779.4

Support

9 |Engineering 180.5
10 |Projects & Modifications 5.8
11 |Nuclear Services 0.0
12 |Fleet Operations and Maintenance 63.2
13 |Security and Emergency Services 91.2
14 |Inspection & Maintenance Services 42.4
15 |Decommissioning & Nuclear Waste Mgmt 54.0
16 [Other Support 9.6
17 Total Support 0.0 0.0 446.6
18 |Total Base OM&A 310.0 469.4 1,226.0
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Table 7
Nuclear Base OM&A by Function ($M)
Plan - Calendar Year Ending December 31, 2017
Line Darlington Pickering
No. Function NGS NGS Total
(a) (b) (c)
Stations

1 |[Operations & Maintenance 634.7

2 - Operations 83.5 129.7 213.1

3 - Maintenance 167.8 253.7 421.5
4 [Work Management 13.0 21.0 34.0
5 |Site and Support Services 17.9 55.0 72.9
6 [Tritium Removal Facility 21.0 0.0 21.0
7 |Pickering Extended Operations 0.0 0.0 0.0
8 Total Stations 303.1 459.4 762.5

Support!
9 |Engineering 178.5
10 |Projects & Modifications 6.8
11 |Nuclear Services 0.0
12 [Fleet Operations and Maintenance 66.2
13 |Security and Emergency Services 91.0
14 [Inspection & Maintenance Services 44.2
15 |Decommissioning & Nuclear Waste Mgmt 51.8
16 |Other Support 9.6
17 Total Support 0.0 0.0 448.1
18 |Total Base OM&A 303.1 459.4 1,210.6
Notes:

1

Nuclear Support Divisions includes Base OM&A expenditures for Pickering Extended

Operations of $1.0M.
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Table 8
Nuclear Base OM&A by Function ($M)
Budget - Calendar Year Ending December 31, 2016
Line Darlington Pickering
No. Function NGS NGS Total
(a) (b) (c)
Stations

1 |Operations & Maintenance 640.6

2 - Operations 88.2 123.1 2114

3 - Maintenance 176.0 253.2 429.2
4 [Work Management 13.9 20.2 34.1
5 |Site and Support Services 18.8 55.6 74.4
6 [Tritium Removal Facility 17.7 0.0 17.7
7 |Pickering Extended Operations 0.0 0.0 0.0
8 Total Stations 314.7 452.1 766.8

Support!
9 |Engineering 178.0
10 |Projects & Modifications 7.4
11 |Nuclear Services 0.0
12 [Fleet Operations and Maintenance 71.0
13 |Security and Emergency Services 93.9
14 [Inspection & Maintenance Services 47.2
15 |Decommissioning & Nuclear Waste Mgmt 49.9
16 |Other Support (12.3)
17 Total Support 0.0 0.0 435.0
18 |Total Base OM&A 314.7 452.1 1,201.8
Notes:

1

Nuclear Support Divisions includes Base OM&A expenditures for Pickering Extended

Operations of $11.0M.
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Nuclear Base OM&A by Function ($M)
Actual - Calendar Year Ending December 31, 2015
Line Darlington Pickering
No. Function NGS NGS Total
(a) (b) (c)
Stations

1 |Operations & Maintenance 598.7

2 - Operations 88.9 111.9 200.7

3 - Maintenance 163.9 234.1 398.0
4 [Work Management 13.2 18.3 31.5
5 |Site and Support Services 16.2 60.8 77.0
6 [Tritium Removal Facility 16.8 0.0 16.8
7 |Pickering Continued Operations 0.0 0.0 0.0
8 |Pickering Extended Operations 0.0 0.0 0.0
9 Total Stations 298.9 425.1 724.0

Support

10 [Engineering 161.6
11 |Projects & Modifications 6.3
12 |Nuclear Services 0.0
13 [Fleet Operations and Maintenance 63.3
14 |Security and Emergency Services 81.8
15 |Inspection & Maintenance Services 34.0
16 |Decommissioning & Nuclear Waste Mgmt 45.4
17 [Other Support 43.3
18 Total Support 0.0 0.0 435.6
19 |Total Base OM&A 298.9 425.1 1,159.6
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Table 10
Nuclear Base OM&A by Function ($M)
OEB Approved’ - Calendar Year Ending December 31, 2015
Line Darlington Pickering
No. Function NGS NGS Total
(a) (b) (c)
Stations
1 |Operations & Maintenance 613.7
2 - Operations 89.6 121.6 211.2
3 - Maintenance 157.9 244.6 402.5
4 |Work Management 15.0 18.3 33.3
5 |Site and Support Services 18.4 52.7 711
6 |Tritium Removal Facility 17.8 0.0 17.8
7 |Pickering Conitnued Operations 0.0 0.0 0.0
8 Total Stations 298.8 4371 735.9
Support
9 |Engineering 149.7
10 |Projects & Modifications 5.8
11 |Nuclear Services 73.7
12 [Fleet Operations and Maintenance 26.1
13 |Security and Emergency Services 83.6
14 [Inspection & Maintenance Services 35.3
15 |Decommissioning & Nuclear Waste Mgmt 0.0
16 |Other Support 43.9
17 Total Support 0.0 0.0 418.1
18 |Total Base OM&A 298.8 4371 1,154.0
Notes:

As OEB Approved adjustments shown on Ex. F2-1-1 Table 2 were made at the aggregate
Nuclear OM&A level, the figures presented here are 2015 Plan (from EB-2013-0321) rather than

2015 OEB Approved.
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Table 11
Nuclear Base OM&A by Function ($M)
Actual - Calendar Year Ending December 31, 2014
Line Darlington Pickering
No. Function NGS NGS Total
(a) (b) (c)
Stations
1 |Operations & Maintenance 580.9
2 - Operations 79.6 108.4 188.1
3 - Maintenance 153.1 239.7 392.8
4 [Work Management 13.0 18.4 31.4
5 |Site and Support Services 18.8 64.6 83.3
6 [Tritium Removal Facility 15.6 0.0 15.6
7 |Pickering Continued Operations 0.0 6.0 6.0
8 Total Stations 280.1 437 .1 717.2
Support!
9 |Engineering 147.6
10 |Projects & Modifications 6.9
11 |Nuclear Services 0.0
12 [Fleet Operations and Maintenance 61.7
13 |Security and Emergency Services 75.7
14 [Inspection & Maintenance Services 34.2
15 |Decommissioning & Nuclear Waste Mgmt® 40.0
16 [Other Support 43.8
17 Total Support 0.0 0.0 409.9
18 |Total Base OM&A 280.1 4371 1,127 .1
Notes:
1 Nuclear Support Divisions includes Base OM&A expenditures for Pickering Continued
Operations of $1.3M.
2 Beginning in 2014, Decommissioning & Nuclear Waste Management is reported separately

rather than being included under "Other Support".
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Table 12
Nuclear Base OM&A by Function ($M)
OEB Approved' - Calendar Year Ending December 31, 2014
Line Darlington Pickering
No. Function NGS NGS Total
(a) (b) (c)
Stations

1 [Operations & Maintenance 599.4

2 - Operations 85.8 114.2 200.0

3 - Maintenance 155.9 243.6 399.5

4 |Work Management 12.9 18.6 31.5

5 |Site and Support Services 18.4 52.0 70.4

6 |Tritium Removal Facility 16.5 0.0 16.5
7 |Pickering Continued Operations 0.0 11.2 11.2
8 Total Stations 289.5 439.5 729.0

Support2

9 |Engineering 152.2
10 [Projects & Modifications 54
11 [Nuclear Services 73.9
12 |Fleet Operations and Maintenance 27.6
13 [Security and Emergency Services 85.0
14 |Inspection & Maintenance Services 35.7
15 |Other Support 42.3
16 Total Support 0.0 0.0 422 .1
17 |Total Base OM&A 289.5 439.5 1,151.1

Notes:

1 As OEB Approved adjustments shown on Ex. F2-1-1 Table 2 were made at the aggregate
Nuclear OM&A level, the figures presented here are 2014 Plan (from EB-2013-0321) rather than

2014 OEB Approved.

2 Nuclear Support Divisions includes Base OM&A expenditures for Pickering Continued

Operations of $1.4M.
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Table 13
Nuclear Base OM&A by Function ($M)
Actual - Calendar Year Ending December 31, 2013
Line Darlington Pickering
No. Function NGS NGS Total
(a) (b) (c)
Stations

1 |[Operations & Maintenance 561.9

2 - Operations 75.8 104.1 179.9

3 - Maintenance 153.5 228.6 382.1

4 |Work Management 15.5 19.2 34.6

5 [Site and Support Services 15.6 50.4 66.0

6 [Tritium Removal Facility 17.5 0.0 17.5
7 |Pickering Continued Operations 0.0 9.9 9.9
8 Total Stations 277.8 412.2 690.0

Support!

9 |Engineering 148.8
10 [Projects & Modifications 7.4
11 |Nuclear Services 75.0
12 |Fleet Operations and Maintenance 30.5
13 [Security and Emergency Services 79.9
14 |Inspection & Maintenance Services 354
15 |Other Support 60.7
16 Total Support 0.0 0.0 437.7
17 |Total Base OM&A 277.8 412.2 1,127.7

Notes:

1 Nuclear Support Divisions includes Base OM&A expenditures for Pickering Continued

Operations of $1.6M.
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Table 14
Nuclear Base OM&A by Function ($M)
Budget - Calendar Year Ending December 31, 2013
Line Darlington Pickering
No. Function NGS NGS Total
(a) (b) (c)
Stations

1 |Operations & Maintenance 574.1

2 - Operations 79.8 99.7 179.5

3 - Maintenance 158.5 236.0 394.6

4 |Work Management 16.1 19.9 36.0

5 [Site and Support Services 18.0 52.4 70.4

6 |Tritium Removal Facility 18.3 0.0 18.3
7 |Pickering Continued Operations 0.0 12.6 12.6
8 Total Stations 290.7 420.8 711.4

Support!

9 [Engineering 153.4
10 [Projects & Modifications 6.6
11 |Nuclear Services 75.1
12 |Fleet Operations and Maintenance 30.2
13 [Security and Emergency Services 84.2
14 [Inspection & Maintenance Services 36.5
15 |Other Support 42.3
16 Total Support 0.0 0.0 428.2
17 |Total Base OM&A 290.7 420.8 1,139.6

Notes:

1 Nuclear Support Divisions includes Base OM&A expenditures for Pickering Continued

Operations of $1.9M.
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COMPARISON OF BASE OM&A — NUCLEAR

1.0 PURPOSE

This evidence presents period-over-period comparisons of base OM&A costs for the nuclear
facilities for 2013-2021, in support of the approval of OPG’s forecast base OM&A costs for
the test period.

2.0 OVERVIEW
Base OM&A costs are forecast to increase from 2015 Actual to 2021 Plan by $116.7M. The
primary drivers for this increase are purchased services and labour escalation reflecting
collective agreement provisions. Purchased services increase to fund work programs to
maintain asset reliability and address equipment aging issues. Labour costs are discussed
further in Ex. F4-3-1.

Period-over-period changes are presented in Ex. F2-2-2 Table 1. Net reportable variances
and period-over-period changes (10 per cent or greater at the function level, subject to a

minimum materiality limit of $1M) are discussed below.

3.0 PERIOD-OVER-PERIOD CHANGES - TEST YEARS

2017 Plan versus 2016 Budget
Planned base OM&A in 2017 is $1,210.6M, which is $8.8M (0.7 per cent) higher than the
2016 Budget amount of $1,201.8M.

The reportable variances are as follows:
e There is an increase in the base OM&A associated with the Tritium Removal Facility
at Darlington station (+$3.3M or 18.8 per cent increase) primarily due to an

incremental refrigeration system outage.
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e There is an increase in the base OM&A associated with Other Support (+$21.9M or

178 per cent increase) primarily reflecting a negative $15.4M labour price variance’ in
the 2016 Budget. No similar variance was budgeted in Nuclear direct OM&A in 2017

onwards as the impact was included in centrally-held pension and OPEB costs.

2018 Plan versus 2017 Plan
Planned base OM&A in 2018 is $1,226.0M, which is $15.3M (1.3 per cent) higher than the
2017 Plan amount of $1,210.6M.

The increase is primarily due to higher Pickering Station costs (+$10.0M or 2.2 per cent

increase) and Darlington Station costs (+$6.9M or 2.3 per cent increase).

There are no reportable variances.

2019 Plan versus 2018 Plan
Planned base OM&A in 2019 is $1,248.4M, which is $22.4M (1.8 per cent) higher than the
2018 Plan amount of $1,226.0M.

The increase is primarily due to higher support (e.g., Engineering, IMS) costs (+$9.3M or 2.1
per cent increase), Darlington Station costs (+$8.4M or 2.7 per cent increase) and Pickering

Station costs (+$4.7M or 1.0 per cent increase).
There are no reportable variances.
2020 Plan versus 2019 Plan

Planned base OM&A in 2020 is $1,264.7M, which is $16.4M (1.3 per cent) higher than the
2019 Plan amount of $1,248.4M.

' The labour price variance is the difference between the final amount of pension and OPEB current service cost
charged to the Nuclear business unit in the budget versus the initial estimate reflected in the standard labour
rates.
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The increase is primarily due to higher support (e.g., Engineering, IMS) costs (+$13.4M or

2.9 per cent increase).

The reportable variances are as follows:

e There is an increase in the base OM&A associated with the Darlington Site and
Support Services (+$2.1M variance or 10.5 per cent increase) primarily due to
increase in inventory obsolescence.

e There is an increase in the base OM&A associated with the Inspection and
Maintenance Services (+$5.4M variance or 12.3 per cent increase) primarily due to
increase in base labour to support increased system health, plant and tool

maintenance initiatives as well as new project starts.

2021 Plan versus 2020 Plan
Planned base OM&A in 2021 is $1,276.3M, which is $11.6M (0.9 per cent) higher than the
2020 Plan amount of $1,264.7M.

The increase is primarily due to higher support costs (+$8.7M or 1.8 per cent increase).

The reportable variances are as follows:

e There is an increase in the base OM&A associated with the Pickering Work
Management (+$2.1M variance or 10.1 per cent increase) primarily due to the
increased outage planning due to the higher number of planned outage days in 2021
compared to 2020, mainly due to the planned Vacuum Building Outage.

e There is a decrease in the base OM&A associated with the Darlington Work
Management (-$2.1M variance or 15.9 per cent decrease) due to no scheduled
planned outages that qualify for an outage shift premium.

e There is a decrease in the base OM&A associated with Projects and Modifications (-
$2.0M variance or 33.1 per cent decrease) primarily due to a decrease in support

required for the project portfolio work activities.

4.0 PERIOD-OVER-PERIOD CHANGES - BRIDGE YEAR
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2016 Budget versus 2015 Actual
Budget base OM&A in 2016 is $1,201.8M, which is $42.2M (3.6 per cent) higher than the
2015 Actual amount of $1,159.6M.

The increase is primarily due to higher Pickering Station costs (+$27.0M or 6.4 per cent

increase) and Darlington Station costs (+$15.8M or 5.3 per cent increase).

The reportable variances are as follows:

*

There is an increase in the base OM&A associated with Darlington Site and Support
Services (+$2.6M variance or 15.9 per cent increase) primarily due to expected
station discovery work and regular staff budget in 2016, which were not incurred in
2015.

There is an increase in the base OM&A associated with the Operations component of
Pickering Operations and Maintenance (+$11.3M variance or 10.1 per cent increase)
primarily due to spending to improve plant operations in areas of reliability and human
performance.

There is an increase in the base OM&A associated with Pickering Work Management
(+$1.9M variance or 10.2 per cent increase) primarily due to work management being
under compliment in 2015.

There is an increase in base OM&A associated with Engineering (+$16.4M or 10.1
per cent increase) primarily due to work related to Pickering Extended Operations
and strategic research and development costs.

There is an increase in the base OM&A associated with Inspection and Maintenance
Services (+$13.2M or 38.8 per cent increase) primarily due to higher labour as a
result of 2015 attrition and movement of resources in 2015 from base OM&A activities
to support outage extensions.

There is an increase in the base OM&A associated with Security and Emergency
Services (+$12.1M variance or 14.8 per cent increase) primarily due to transfer in of

security trainers from Corporate and other security officers, transfer in of fleet
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maintenance from Supply Chain and higher purchased services for Fire Hazard
Assessment and Emergency Management.
There is an increase in the base OM&A associated with Fleet Operations and
Maintenance (+$7.8M variance or 12.3 per cent increase) primarily due to increased
radiation protection support and emergent work.
There is an increase in the base OM&A associated with Projects and Modifications
(+$1.0M variance or 16.6 per cent increase) primarily due to increased support
required for the project portfolio work activities.
There is a decrease in the base OM&A associated with Other Support (-$55.6M or

128.4 per cent decrease) primarily due to the negative labour price variance in 2016.

PERIOD-OVER-PERIOD CHANGES - HISTORICAL YEARS

2015 Actual versus 2015 OEB Approved?
Actual Base OM&A in 2015 was $1,159.6M, which was $5.6M (0.5 per cent) higher than the
2015 OEB Approved Budget of $1,154.0M.

The increase was primarily due to higher Engineering and Decommissioning and Nuclear

Waste Management costs, partially offset by lower Pickering operations and maintenance

costs.

The reportable variances are as follows:

Pickering Operations Site and Support Services (+$8.1M or 15.4 per cent increase)
primarily reflecting an increase to the inventory obsolescence provision of $11.7M.

Nuclear Services eliminated (-$73.7M or 100.0 per cent decrease) with groups
restructured to other organizations to improve alignment with key business areas.
Nuclear Regulatory Affairs and Stakeholder Relations groups from Nuclear Services
to new Decommissioning and Nuclear Waste Management organization (+$45.4

variance) and Radiation Safety, Fleet Improvement, and Generation Planning groups

2 As OEB Approved adjustments shown on Ex. F2-1-1 Table 2 were made at the aggregate Nuclear OM&A level,
the figures presented here are 2015 Plan (from EB-2013-0321) rather than 2015 OEB Approved.



0 N OO o B~ WODN -

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

Filed: 2016-05-27
EB-2016-0152
Exhibit F2

Tab 2

Schedule 2
Page 6 of 9

from Nuclear Services to Fleet Operations and Maintenance (+$37.2M variance or
142.6 per cent increase).

Darlington Work Management (-$1.8M or 12.3 per cent decrease) primarily due to
lower outage shift premiums to regular employees.

Darlington Site and Support Services (-$2.2M or 11.8 per cent decrease) primarily
due to transfer out of the Chemistry and Environmental Compliance group to other

business units.

2015 Actual versus 2014 Actual
Actual Base OM&A in 2015 was $1,159.6M, which was $32.5M (2.9 per cent) higher than the
2014 Actual of $1,127.1M.

The increase was primarily due to Darlington Station costs (+$18.8M or 6.7 per cent

increase), Engineering (+$14.0M or 9.5 per cent increase), Security and Emergency Services

(+$6.1M or 8.0 per cent increase) and Decommissioning and Nuclear Waste Management

(+$5.3M or 13.3 per cent increase), partially offset by Pickering Continued Operations costs
(-$6.0M or 100.0 per cent decrease).

The reportable variances are as follows:

Decommissioning and Nuclear Waste Management (+$5.3M or 13.3 per cent
increase) primarily due to higher CNSC License fees and planning activities for the
end of commercial operations at Pickering.

Darlington Operations costs (+$9.2M or 11.6 per cent increase) primarily due to
increase in the number of regular operations staff.

Darlington Site and Support Services (-$2.5M or 13.5 per cent decrease) as there
was a reduction in the inventory obsolescence provision in 2015.

Pickering Continued Operations (-$6.0M or 100 per cent decrease) due to completion

of all base outage expenditures on the program in 2014.
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2014 Actual versus 2014 OEB Approved?
Actual Base OM&A in 2014 was $1,127.1M, which was $24.0M (2.1 per cent) lower than the
2014 Budget of $1,151.1M.

The decrease was primarily due to lower station operations and maintenance costs, and

lower Security and Emergency Services and Engineering costs.

The reportable variances are as follows:

Pickering Operations Site and Support Services (+$12.6M or 24.1 per cent increase)
primarily reflects higher inventory obsolescence (+$17.3M), partly offset by reduced
labour costs due to vacancies (-$1.2M), purchased services budget allocated to
maintenance activities (-$2.2M), and lower other costs primarily related to lower travel
costs (-$1.3M).

Pickering Continued Operations (-$5.2M or 46.5 per cent decrease) primarily due to
base work programs for Continued Operations being reduced to fund project OM&A
related Continued Operations costs.

Projects and Modifications (+$1.6M or 29.5 per cent increase) primarily due to
internal staff supporting outage work rather than using previously planned external
contractors.

Security and Emergency Services (-$9.3M or 10.9 per cent decrease) primarily
reflecting lower planned labour and transfer of staff to the corporate People and
Culture group in OPG.

Nuclear Services eliminated (-$73.9M or 100.0 per cent decrease) with groups
restructured to other organizations to improve alignment with key business areas.
Nuclear Regulatory Affairs and Stakeholder Relations groups from Nuclear Services
moved to new Decommissioning and Nuclear Waste Management organization
(+$40.0M). Radiation Safety, Fleet Improvement, and Generation Planning groups
from Nuclear Services moved to Fleet Operations and Maintenance (+$34.1M or

123.4 per cent increase).

® As OEB Approved adjustments shown on Ex. F2-1-1 Table 2 were made at the aggregate Nuclear OM&A level,
the figures presented here are 2014 Plan (from EB-2013-0321) rather than 2014 OEB Approved.
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2014 Actual versus 2013 Actual
Actual Base OM&A in 2014 was $1,127.1M, which was $0.5M lower than the 2013 Actual of
$1,127.7M.

Pickering Station costs increased by $24.9M (6.0 per cent increase) which were offset by

decreased Support costs of $27.8M (6.3 per cent decrease).

The reportable variances are as follows:

Pickering Site and Support Services (+$14.1M or 28.0 per cent increase) primarily
reflects an increase in the provision for inventory obsolescence and an inventory
writeoff.

Darlington Site and Support Services (+$3.1M or 20.1 per cent increase) primarily
due to an increase in the inventory obsolescence provision in 2014.

Nuclear Services eliminated (-$75.0M variance or 100.0 per cent decrease) with
groups restructured to other organizations to improve alignment with key business
areas. Nuclear Regulatory Affairs and Stakeholder Relations groups from Nuclear
Services moved to new Decommissioning and Nuclear Waste Management
organization (+$40.0M variance). Radiation Safety, Fleet Improvement, and
Generation Planning groups from Nuclear Services moved to Fleet Operations and
Maintenance (+$31.2M variance or 102.1 per cent increase).

Other Support (-$16.9M variance or 27.8 per cent decrease) due to 2013 inventory
write-off.

Pickering Continued Operations (-$3.9M variance or 39.4 per cent decrease) due to
reduced work.

Darlington Work Management (-$2.5M variance or 16.3 per cent decrease) as there
was one outage in 2014, compared to two outages in 2013, which resulted in less
outage shift premiums to regular employees.

Tritium Removal Facilities (-$1.8M variance or 10.5 per cent decrease) primarily due

to no planned refrigeration system outage in 2014.
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2013 Actual versus 2013 Budget
Actual Base OM&A in 2013 was $1,127.7M, which was $12.0M (1.1 per cent) lower than the
2013 Budget of $1,139.6M. The decrease was primarily due to lower station Support
Services, Engineering, and Security and Emergency Services costs. The reportable

variances are as follows:

e Darlington Site and Support Services (-$2.4M or 13.2 per cent decrease) primarily
reflecting lower than expected discovery work.

e Pickering Continued Operations (-$2.7M or 21.4 per cent decrease) primarily
reflecting base work programs for Continued Operations being reduced and offset by
project related work for Pickering Continued Operations.

e Other Support (+$18.4M or 43.6 per cent increase) primarily reflecting an unbudgeted
inventory write-off (+$17.6M).
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Comparison of Nuclear Base OM&A by Function ($M)
Line 2013 (c)-(a) 2013 (9)-(c) 2014 (9)-(e) 2014 (k)-(9) 2015 (k)-(i) 2015
No. Business Unit Budget Change®’| Actual |[Change'| OEB Approved? |Change'| Actual | Change® | OEB Approved? | Change' | Actual
S N S ) N W -) S S © | .. @ | € O @ | (hy | (U ) (k)
Stations
1 |Operations & Maintenance | 5744 | (12.2)) 5619 | 190 5094 | (185) 5809 | 178 6137 (15.0))  598.7 |
.2 | -Operations ] 179.51 031 17991 82| 2000 (119 18810 l2r) .22 (10.5)] 200.7 |
3 | - Maintenance 394.6 (12.5) 382.1 10.8 399.5 (6.6) 392.8 5.1 402.5 (4.5) 398.0
4 |Work Management 36.0 (1.4) 34.6 (3.3) 31.5 (0.1) 31.4 0.1 33.3 (1.8) 31.5
5 [Site and Support Services 70.4 (4.4) 66.0 17.3 70.4 12.9 83.3 (6.3) 711 59 77.0
6 [Trium Removal Facilty f 183 08 175 s 165 ©8) 86 2 178) . (AP0 16.8 |
7 |Pickering Continued Operations 12.6 (2.7) 9.9 (3.9) 11.2 (5.2) 6.0 (6.0) 0.0 0.0 0.0
8 |Pickering Extended Operations 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9!  Total Stations| 7114 (21.5)] 6900 272 7290 (118 772 68| 7359 (119)) 7240
o fsweport® bbb
10 |Engineering 153.4 (4.5) 148.8 (1.2) 152.2 (4.6) 147.6 14.0 149.7 11.9 161.6
11 _|Projects & Modifications | ] 66| 07| r4) @4 o 8Al 16 | 69| ©e)| 58| 05| 6.3 |
12 |Nuclear Services 75.1 (0.1) 75.0 (75.0) 73.9 (73.9) 0.0 0.0 73.7 (73.7) 0.0
13 _|Fleet Operations and Maintenance | 02| 04 3805) 312} . 26| 341 ) CHETAN I 261, 3872 63.3
14 [Security and Emergency Services 84.2 (4.3) 79.9 (4.2) 85.0 (9.3) 75.7 6.1 83.6 (1.8) 81.8
15 _[Inspection & Maintenance Services | 865 (M) o 8sa4l 2y 35.7 1 . (15 342 ©2) 3531 . (14) 34.0
16 _|Decommissioning & Nuclear Waste Mgmt* | 00} 004 00} 4004 00 400} 40.0 ) 53 | 00| 454, 454
17 |Other Support 42.3 18.4 60.7 (16.9) 42.3 1.4 43.8 (0.5) 43.9 (0.6) 43.3
L Total Support) 4282 | 90| asr.r) (218) 4221) (122)) 4099 )| 27| A8y LA 4356 |
19 |Total Base OM&A 1139.6 (12.0) 1127.7 (0.5) 1151.1 (24.0) 1127 .1 32.5 1154.0 5.6 1159.6
Line 2015 (c)-(a) 2016 (e)-(c) 2017 (9)-(e) 2018 (i)-(9) 2019 (k)-(i) 2020
No. Business Unit Actual Change®| Budget [Change’ Plan Change’ Plan Change' Plan Change’ Plan
(a) (b) (c) (d) (e) () (9) (h) (i) () (k)
Stations
20 |Operations & Maintenance | 5087 | 419 6406| (60)] 6347 | 103|  6449| 128 6577 | (16)] 6561
21 | -Operations | 2007) 106} 2114 18 2131 109) 2240} 16| 22571 (5.9)| 2198
22 | - Maintenance 398.0 31.3 429.2 (7.7) 421.5 (0.6) 420.9 11.1 432.0 4.3 436.3
23 |WorkManagement L] 815 26) 84ty OO 34.0 | . ©4) 336 . 05 | SacLll R 041 34.5
24 |Site and Support Services 77.0 (2.6) 74.4 (1.5) 72.9 6.1 79.0 0.9 79.9 3.9 83.8
25 [Tritium Removal Facility 16.8 0.9 17.7 3.3 21.0 0.9 21.9 (1.1) 20.8 0.3 21.1
26 |Pickering Continued Operations 0.0 (0.0) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27 |Pickering Extended Operations | 00| 00| 00| ool  oo0| ool 00| ool 00| ool 0.0 |
S Total Stations| 7240 28| . 7668 | @42 76251 168 | 7794 18 7925 30| 7955
Support®
29 |Engineering 1616 164 | 17801 05 | 1785 . 20| 1805 . S 1838 . CRA 187.5
30 |Projects & Modifications 6.3 1.0 7.4 (0.6) 6.8 (1.0) 5.8 0.1 5.8 0.1 5.9
31 |Nuclear Services | 00 004 00| 00 00 00| 00 = 00 0.0 00 0.0 |
32 |Fleet Operations and Maintenance 63.3 7.8 71.0 (4.8) 66.2 (3.0) 63.2 1.4 64.6 0.9 65.5
33 |Security and Emergency Services 81.8 12.1 93.9 (2.9) 91.0 0.2 91.2 2.2 93.4 2.1 95.5
' 34 |[Inspection & Maintenance Services | 340 132 | 472 (29| 442 (18| 424 17| 442 54 | 496
35 _|Decommissioning & Nuclear Waste Mgmt | = 454| 451 4991 20\ 5181 22| . 5401 05| S48 oA 55.6
36 |[Other Support 43.3 (55.6) (12.3) 21.9 9.6 (0.0) 9.6 0.1 9.7 0.1 9.7
B Total Support) 4356 |  (06) 4350 (ST 4481 (9 4466 | 93| 4559 | 134 469.2 |
38 |[Total Base OM&A 1,159.6 42.2 1,201.8 8.8 1,210.6 15.3 1,226.0 22.4 1,248.4 16.4 1,264.7
Line 2020 (c)-(a) 2021
No. Business Unit Plan Change'| Plan
(a) (b) (c)
Stations
39 |Operations & Maintenance | 656.1| (07| 655.5
40 | - Operations 219.8 (1.2) 218.5
41 | -Maintenance | 4363 06| 436.9
42 [Work Management 345| (00) 345
43 |Site and Support Services 83.8 2.6 86.4
44 | Tritium Removal Facility 21.1 1.0 22.1
45 [Pickering Extended Operations 0.0 0.0 0.0
""" 46 |  Total Stations 7955 2.9 798.4
Support®
' 47 |Engineering 187.5 4.3 191.8
48 |Projects & Modifications | 59| @O 40
49 |Nuclear Services 0.0 0.0 0.0
50 [Fleet Operations and Maintenance 65.5 0.7 66.1
51 |Security and Emergency Services 95.5 25 98.0
92 _|Inspection & Maintenance Services | 496 31| 52.7
53 |Decommissioning & Nuclear Waste Mgmt 55.6 0.3 55.8
54 |Other Support 9.7 (0.2) 9.5
55 Total Support 469.2 8.7 477.9
56 [Total Base OM&A 1,264.7 11.6 1,276.3
Notes:
1 Bold italic font indicates variance of 10% or greater.
2 As OEB Approved adjustments shown on Ex. F2-1-1 Table 2 were made at the aggregate Nuclear OM&A level, the figures presented here are 2014 Plan and 2015 Plan (from EB-2013-0321) rather than
2014 OEB Approved and 2015 OEB Approved, respectively.
3 Nuclear Support includes expenditures for Pickering Continued Operations and Pickering Extended Operations. See Ex. F2-2-1 Table 1, Notes 1 and 2.
4 Beginning in 2014, Nuclear Waste & Decommissioning is reported separately rather than being included under "Other Support".
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PICKERING EXTENDED OPERATIONS

1.0 PURPOSE

The purpose of this evidence is to discuss OPG’s plan to extend the safe operation of
Pickering (“Extended Operations”) and to describe its associated costs and benefits. Under
OPG'’s plan, as approved by the Province of Ontario, all six units at Pickering would operate
until 2022, at which point two units would be shut down and the remaining four units would
operate until 2024. Achievement of the plan is subject to the results of certain ongoing
investigations and requires Canadian Nuclear Safety Commission (“CNSC”) approval. While
the activities comprising Extended Operations and their associated costs are discussed in
this evidence, recovery of all costs discussed here is requested through the Nuclear OM&A

and capital exhibits and associated tables presented elsewhere in this application.

2.0 OVERVIEW

The Pickering Nuclear Generating Station consists of six operating 540 MW reactors that
were placed into service between 1971 and 1986 (see Ex. A1-4-3 for additional background
information). OPG had planned to safely operate all six units until 2020; it now plans to safely
operate six units until the end of 2022 and the remaining four units until 2024 as per the
2016-18 Business Plan."

OPG has conducted assessments to demonstrate that extending operations is safe,
technically feasible and has economic benefits for Ontario. These efforts build on the work
OPG has successfully undertaken as part of the Pickering Continued Operations initiative to

enable operation to 2020.2

' The Business Case Summary (Attachment 2) shows Units 1 and 4 operating until the end of 2022 and Units 5-8
operating until the end of 2024, but confirmation of the planned shutdown date of each unit is subject to further
testing and analysis.
2 In EB-2010-0008, OPG presented the Pickering Continued Operations initiative aimed at operating the Pickering
B Units for a further four calendar years (i.e., Units 5 and 6 to 2018 and Units 7 and 8 to 2020) by achieving
240,000 Effective Full Power Hours (“EFPH”). (See EB-2010-0008, Ex. F2-2-3). As part of the Pickering
Continued Operations initiative and in association with other CANDU operators, OPG initiated the Fuel Channel
Life Management (“FCLM”) project in order to develop ways of managing technical risks associated with pressure
tubes (fuel channels), which are seen as the life limiting component.

In EB-2013-0321, OPG filed an updated Pickering Continued Operation’s Business Case, indicating that
the FCLM project was revised to achieve high confidence that the fuel channels could attain an operational life of
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Extended Operations involves incremental activities comprised of additional outage scope
(inspections and maintenance), projects (plant modifications), work to respond to potential
regulatory requirements and other necessary improvements. The estimated cost of this
incremental work, above normal operating costs, is $307M over 2016-2020.> Normal
operating activities and their associated costs will continue through to 2024 with amounts
forecast for 2017 through 2021 included in the test period costs. The incremental investment
will allow OPG to generate approximately 62 additional TWh over the remaining life of the
plant, which equates to a levelized unit energy cost (‘LUEC”) of about 6.5 cents/KWh for the

additional production.

The IESO has conducted an independent analysis for the Ministry of Energy that calculates
the Ontario Electricity System benefits of Extended Operations at between $300M and
$500M. Copies of the IESO’s updated October 2015 and original March 2015 analyses are
included as Attachment 1 to this exhibit. Extending the operation of Pickering mitigates
capacity uncertainties during the refurbishments of the Darlington and Bruce stations. The
overall system economic value is positive because Pickering’s availability reduces the need
to construct and operate more expensive gas-fired capacity. It is also projected to reduce
CO; emissions by approximately 17 million tonnes over the 2021 to 2024 period. On January
11, 2016, the Government of Ontario announced the approval of OPG’s plan to operate
Pickering to 2024.

3.0 EXTENDING PICKERING OPERATIONS
3.1 The Decision to Extend Pickering Operations
In November 2015, the OPG Board of Directors approved Pickering Extended Operations.

247,000 EFPH. (See EB-2013-0321, Ex. F2-2-3, page 1). The Fuel Channel Life Management project was
successfully completed in 2015 and provided the information necessary to enable a high confidence fitness-for-
service statement for the Pickering fuel channels to reach 247,000 EFPH as the project intended. This work also
underpinned OPG’s successful application to the CNSC to allow Pickering to operate to 247,000 EFPH.

OPG subsequently commenced the Fuel Channel Life Extension (“FCLE)” project. While the majority of
the cost of the FCLE project relates to Darlington, not Pickering, the project did help to provide high confidence for
Pickering Fuel Channels to achieve 261,000 EFPH, allowing all units to operate until December 2020 without life
management outages. (See EB-2013-0321, Ex. F2-3-3, Attachment 1, Tab 11, page 3).

% Of this amount, about $290M is expected to be expended in the 2017-21 test period.
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The Business Case Summary (“BCS”) supporting Extended Operations is attached as
Attachment 2 to this exhibit. The BCS included a partial release of $52M, of the $307M in
costs to enable Extended Operations, primarily to complete the Periodic Safety Review, the
Fuel Channel Life Assurance Project, component condition assessments and to execute
incremental maintenance and inspections during planned outages in 2017. OPG’s
Management will seek a full release of the remaining funds following completion of both the

Fuel Channel Life Assurance Project and the Periodic Safety Review.

On January 11, 2016, the Minister of Energy announced that the Government had approved
OPG'’s plan to pursue Extended Operations. Leading up to this announcement, the Ministry
of Energy had been working with OPG and the IESO to analyze the technical feasibility,

costs and benefits of Extended Operations.

3.2 CNSC Requirements

The current five-year power reactor operating licence for Pickering is set to expire August 31,
2018. Based on the success of OPG’s Continued Operations project, in June 2014 the
CNSC approved OPG’s request to remove the hold point for operation past 210,000
Equivalent Full Power Hours (“EFPH”). By this action, the CNSC authorized operation up to
247,000 EFPH, which would allow the plant to operate to OPG’s previously planned
shutdown dates in 2020.

OPG'’s operating license requires it to provide written confirmation of the planned end-of-life
date for Pickering to the CNSC by June 30, 2017. OPG will provide that confirmation in 2017
as part of the licence renewal application for the next operational period. OPG expects to
request a 10-year licence renewal, which will take the units through both the end of
commercial operations and the safe storage project period (i.e., until the units are in a safe
stored state). OPG anticipates that the CNSC decision addressing operation beyond 2020

will occur as part of the Pickering licence renewal.

3.3 The Work Required for Extended Operations and its Cost

In order to achieve the operating lives in OPG’s 2016-2018 Business Plan, certain work must
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be undertaken over the test period. This work is comprised of enabling actions required to
extend operations and secure the necessary CNSC approvals. In addition, funds necessary
to support the plant’'s normal operating activities have been included over the 2016-2021
period. The cost of these activities would have previously been forecast to decline when the

plant was scheduled to shutdown in 2020.

Chart 1 below shows the estimated costs to enable Extended Operations and operate
Pickering in each year of the test period. While this exhibit discusses these costs, they are
recovered primarily through the base, project and outage OM&A exhibits (Exhibits F2-2-1,
F2-3-1 and F2-4-1, respectively) with the relatively smaller amount of capital expenditures for
Pickering projects and minor fixed assets recovered through Ex. D2-1-2. Thus, there is no
additional revenue requirement request associated with this exhibit.

$M Chart 1: Pickering Annual Costs
1,200 N E— R
1,000 —— N E— N E—
B0O0 e R F—— SUN ——
FTa o L — N E— N E—
2000 - :
0 : : _ .
2016 2017 2018 20149 2020 2021
B MNormal Operating Costs B Restoration of Mormal Operating Costs Enabling Costs

3.3.1 Enabling Work and its Associated Cost
In advance of recommending Extended Operations, OPG completed an initial technical

assessment of the Pickering units’ continued ability to operate to the proposed shutdown
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dates. OPG has determined that the technical feasibility of operation to 2022/2024 is
sufficient to support proceeding with Extended Operations as the planning basis for
operational and investment purposes. The technical assessments completed also produced
the scope of work required to demonstrate fitness-for-service to the proposed shutdown
dates. The main elements of this scope of work are: 1) the Periodic Safety Review; 2) the

Fuel Channel Life Assurance project; and 3) component condition assessments.

Based on discussions with the CNSC, an update to the Periodic Safety Review is required in
advance of the 2018 Re-licensing Hearings to support OPG’s plans to extend Pickering
operations beyond 2020. A Periodic Safety Review evaluates an existing plant and the
programs used in its operation against the modern codes and standards that would apply to
a new nuclear plant. Potential safety enhancements are then assessed to identify the
alternatives that can be reasonably and practicably implemented to improve safety during the
four years of additional operations. Work on the update to the Periodic Safety Review began
in 2015 and will be completed in early 2017 so that the information confirming that Pickering

is safe to operate will be available prior to OPG’s licence application to the CNSC.

The major limiting component for Extended Operation of Pickering is the life expectancy of
the fuel channels where the pressure tube dimensional changes that occur over time have
the potential to restrict operations. Technical work on the fuel channels’ fitness-for-service
will continue through the Fuel Channel Life Assurance project and ongoing inspections. The
work program consists of analysis and research and development work to assess fuel
channel fithess-for-service for the planned operating durations and to develop methods for
assuring that each Pickering Unit can meet its extended service life target. As noted in
section 3.3.1 number 2 above, this work program builds on the Fuel Channel Life
Management and Fuel Channel Life Extension projects that OPG undertook as part of

Pickering Continued Operations.

While the technical fitness-for-service of other major components is not considered life
limiting, component condition assessments will validate their fithess-for-service to the

planned operation dates. Planned outages will involve maintenance and inspection of steam
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generators, feeders, ‘balance of plant’ components (including fueling machine maintenance).
Examples of the work expected to be performed include spacer location and relocation work,

additional steam generator water-lancing and feeder replacements.

The costs to enable Extended Operations are forecast to be $307M from 2016 to 2020.
These costs include those to complete the Periodic Safety Review, the Fuel Channel Life
Assurance project, component condition assessments, incremental outage inspections and
maintenance programs and potential modifications that are required to demonstrate fitness-
for-service beyond 2020 and maintain safe, reliable operations. Chart 2 below shows the

breakdown of these costs.

Chart 2: Pickering Extended Operations — Enabling Costs ($M)

Line
No. Cost Item 2016 2017 2018 2019 2020 Total Reference
(a) (b) (c) (d) (e) (f) (9

1 |Base OM&A 11.0 1.0 0.0 0.0 0.0 12.0 Ex. F2-2-1 Table 1
2 |Outage OM&A:
3 Pickering Station 0.0 12.2 11.6 20.8 22.8 Ex. F2-4-1 Table 1
4 Nuclear Support 0.0 9.9 25.7 67.9 62.8 Ex. F2-4-1 Table 1
5 Total Outage OM&A| 0.0 221 37.3 88.7 85.6 233.7
6 |Project OM&A 4.0 25 18.0 18.4 18.7 61.6 Ex. F2-3-1 Table 1
7 |Total Pickering Extended Operations | 15.0 25.6 55.3 107.1 104.3 307.2

3.3.2 Normal Operations and their Associated Cost

With shutdown previously anticipated in 2020, ongoing operations and their costs were set to
decline starting in 2017. With Extended Operations, OPG needs to restore on-going
operating and maintenance programs to normal levels for the 2017 to 2020 period. For
example, outages requirements set to decline under the previous plan will now need to be
reinstated. As well, both OM&A and capital projects need to be restored to the levels
required to continue to operate safely for four additional years and to maintain or improve

plant reliability during that time. The costs in this category shown in Chart 1 are those




0 N OO ok~ WN -

W W N N N DN DN DN DN DNDNDMNDN=2 2 A A A A A A A Q
- O ©W O N O o0 ON -2 0O © 0N O 00 b O DN -~ O ©

Filed: 2016-05-27
EB-2016-0152
Exhibit F2

Tab 2

Schedule 3

Page 7 of 9

required to restore on-going operating and maintenance programs back to normal resource
levels over the 2017-2020 period.

The 2021 normal operating costs are those required to maintain ongoing base operations,
project and outage OM&A work as well as the capital projects necessary to continue the safe
operation and maintenance of the plant. These costs also include funds for a scheduled

Vacuum Building Outage in 2021.

3.4 The Benefits of Extending Pickering Operations

For the Ontario Electricity System, extending the operation of Pickering will mitigate capacity
uncertainties during the refurbishments of the Darlington and Bruce stations. The overall
system economic value is positive because having Pickering available reduces the need to
operate more expensive gas-fired capacity and the costs associated with siting and building
additional gas-fired generation, and possible carbon pricing costs. Extended Operations also
reduces the need for imports and reduces CO, emissions by approximately 17 million tonnes
over the 2021 to 2024 period.

The IESO completed an updated assessment of Extended Operations in October 2015 (see
Attachment 1). This assessment shows a present value benefit ranging from $300M to
$500M ($2015). The IESO’s assessment closely corresponds to OPG'’s internal assessment,
which shows benefits ranging from $500M to $600M, with the difference arising primarily
because the IESO uses a lower real discount rate (4 per cent versus approximately 5 per
cent used by OPG) and different system assumptions for items such as load growth and the

price of gas-fired generation.

For electricity customers, the primary benefit is to moderate the rate impacts, prior to rate
smoothing, which would otherwise occur during the height of the Darlington refurbishment
following shutdown of the Pickering units (See Ex. A1-3-3). This is made possible by
increased nuclear generation after 2020, which results in a larger OPG generation base over
which to spread the impacts of the Darlington Refurbishment costs being placed into the rate

base.
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OPG expects to incur severance and related costs following the eventual shutdown of
Pickering. Extended Operations will defer the costs associated with closure of the station.
Delaying the incurrence of these costs by up to four years reduces their present value. This
is true even if there is no change in their nominal value. Additional deferral benefits come
from delaying the costs to place the Pickering Units in a safe-stored state and eventually
dismantling the units. Extending the time before these costs are incurred also permits

additional growth in the decommissioning funds.

40 VARIANCE ACCOUNT

Differences between forecast and actual Extended Operations spending, including amounts
spent in 2016 where no forecast was incorporated in the 2014-15 approved payment
amounts, will be included in the Capacity Refurbishment Variance Account for disposition in

a future proceeding. This variance account is discussed in Ex. H1-1-1, section 5.6.
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ATTACHMENTS
Attachment 1:  IESO Analyses: “Assessment of Pickering Life Extension Options: October
2015 Update” and “Assessment of Pickering Life Extension Options” - March

9, 2015

Attachment 2: Pickering Extended Operations Business Case Summary

Note: Attachment 2 is marked “Confidential” or “Internal Use Only”, however, OPG has

determined it to be non-confidential in its entirety.
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Prepared for discussion with Ministry of Energy

Power System Planning

October 30, 2015
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e In March 2015, upon Ministry of Energy request, the IESO provided an independent assessment of the
integrated power system impacts of various Pickering life extension scenarios between 2018 and 2024
(see Appendix 2)

- Technical and economic information concerning Pickering was provided to the IESO by OPG between
December 2014 and January 2015 for each scenario assessed

e |ESQO’s March 2015 assessment concluded that, while not without its potential pitfalls, extended
Pickering operation holds potential benefit and merits further exploration. In particular, the scenario of
Pickering operation to 2022/2024 appeared most promising among the extension options assessed.

- Feasibility of Pickering extension beyond 2020 from a regulatory perspective has yet to be shown

e In April 2015, the Ministry of Energy, OPG, and IESO developed a joint work plan identifying activities to
increase the economic, technical, and regulatory confidence with respect to Pickering life extension (see
Appendix 3), including providing an update on the economic merits of life extension in Q4 2015.

e In October 2015, the IESO updated its evaluation of the merits of Pickering extension, with focus on the
extension to 2022/2024 option in particular, in light of updated technical and economic information from
OPG and changes to the electricity planning context since the March study.

e The IESO’s updated assessment is presented in the following slides.

.
&ieso 2
4
Independent Electricity
System Operator
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e The conclusions of the IESO’s updated assessment of Pickering life extension to 2022/2024 are consistent
with the IESO’s March 2015 evaluation:
- Defers timing of capacity needs by two to four years, providing more time for exercising procurement
decisions in light of evolving electricity sector trends
- Potential for cost savings although these depend on the outlook for Pickering production and operating

costs (which have a lower degree of uncertainty and can be controlled to some degree) and natural
gas/carbon prices (which have a higher degree of uncertainty and limited opportunity to control)

— It shows value when natural gas or combined natural gas/carbon prices are above $4.2-54.7/MMBtu

— It shows a disbenefit when Pickering capital/operating costs are 15-22% greater than the estimates
provided by OPG

—  Value of Pickering extension decreases as Pickering’s energy production decreases. Value of life extension
could also be lower if Pickering were unavailable at the time of system peak demand (due to extended

outages for example).
e Extending Pickering operation beyond 2020 continues to defer some supply and transmission

investments that would otherwise be required, defers decommissioning and severance costs, offsets
production from natural gas-fired resources, increases export revenues and reduces carbon emissions

e Extending Pickering operation defers the increase in the total electricity costs that eventually takes place,
generally leading to lower electricity costs for consumers in the period prior to 2024 and higher costs for

a few years thereafter

e ThelESQO’s assessment is illustrated in the following slides. Additional details can be found in Appendix 1.
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Pickering extension to 2022/2024 yields a net benefit in the range of $0.3B-S0.5B vs $0.6B in the previous studgséﬁmg
from 2016-2032 in 2015 S, includes impact of Pickering severance costs, excludes benefit associated with deferﬁﬁgﬁm‘f}"ﬂe
decommissioning liabilities and transmission investments). Cost savings from extending Pickering operations are driven
by reductions in replacement capacity and energy costs from gas-fired resources and energy imports. These savings
offset Pickering capital and operating costs, which comprise the largest cost components of Pickering extension. Value of
extension could be lower if Pickering’s production or availability at time of peak demand decreases, if Pickering’s

operating costs increase, or if natural gas/carbon prices decrease (see Appendix 1 for further details).
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Extending Pickering operation beyond 2020 defers the increase in the total cost of eleetfis

Attachment 1

service that eventually takes place. Relative to Pickering operating to 2020, extending rage7of 116
Pickering life to 2022/2024 generally leads to a lower cost of electricity service in the period
prior to 2024 and generally a higher cost of electricity service for a few years post 2025.
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Over the planning period, the additional energy production from Pickering operation tg§2%'&21°2
2022/2024 also reduces total greenhouse gas emissions by between 8 megatonnes (extiidkig
emissions from imports) and 17 megatonnes (including emissions from imports)
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Page 9 of 116
e  While Pickering is currently scheduled to shut down in 2020, the IESO’s updated assessment indicates,
on balance, Pickering extension to 2022/2024 is an option worth continuing to explore on the basis of:
- Defers timing of need and the supply/transmission investments that would otherwise be required
- Defers procurement decisions with respect to new resources, providing more time in exercising
options while reducing risk of over investment during a period of supply/demand uncertainty
- Provides insurance supply in some years in case of nuclear refurbishment delays
- Defers Pickering decommissioning and severance costs
- Offsets production from natural gas-fired resources

- Increases export revenues and reduces carbon emissions

e Over the next few years, OPG will seek to demonstrate the technical feasibility of extended Pickering
operation to 2022/2024, develop the business case, and pursue regulatory approvals at the Ontario
Energy Board and Canadian Nuclear Safety Commission (CNSC).

— Discussions between OPG and the CNSC would begin prior to OPG’s CNSC filing to determine
regulatory requirements for extending operation beyond 2020. Additional work will follow for
inclusion in OPG’s submission.

- OPG’s filing to the CNSC would take place in 2017. CNSC decision would be received by late 2018.

e Thetiming and extent for additional resources is a moving target and will be influenced by factors such
as electricity demand, refurbishment progress, conservation achievement, performance of existing
fleet, and others. Prospect of Pickering extended operation introduces another moving piece and
confirmation of its viability arrives late and on the cusp of possible transition from surplus to deficit.
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Next steps Atachmon 1
Page 10 of 116
e The IESO re-emphasizes the importance of achieving the milestones laid out in the April 2015 work planin a
timely manner given the tightness of the overall discovery and decision timeline —in light of the current
supply/demand outlook and implications on the need to develop/initiate alternative resource solutions

e Inthe meantime, in the event the Pickering extension option does not materialize, preparations must be made
in @ manner that preserves the ability to take advantage of the extension opportunity should it prove viable
while not being caught short should it not:

- Preserving ability to take advantage of the extension opportunity includes not over-committing, in the
meantime, to other supply sources that would become redundant/stranded should the extension
opportunity prove viable (i.e. feasible and cost-effective) and/or that would erode the economic value
otherwise offered by Pickering extension

- Not being caught short includes achieving timely decisions and maintaining the ability to implement
resources in the quantities, capabilities and timelines required in the event, by 2017/2018, the extension
option is proven unviable

e Elements of our approach within this context include:
- Frequent monitoring of progress on Pickering extension development work and approvals
- Ongoing assessment of Pickering extended operations
- Ongoing assessment of alternatives to Pickering extension and their implementation requirements
- Routine updates to the Ontario supply/demand outlook
- Ongoing contingency planning in case Pickering extended operations does not proceed
- Continued development of mechanisms to secure supply and demand-side resources

e Work on these and other fronts is underway as part of a broader integrated planning initiative. Updates on
progress will be brought forward as applicable.

S 10
b ieso

Independent Electricity

System Operator




Filed: 2016-05-27
EB-2016-0152
Exhibit F2-2-3
Attachment 1
Page 11 of 116

APPENDIX 1:

Additional details of IESO’s October 2015 Updated
Assessment of Pickering Life Extension Options
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Energy production from Pickering extension displaces production from gas-fired resouf8%,
reduces energy imports, and increases energy exports in the period between 2021 and:ZiHhi4 .

(i.e. the life extension period)
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OPG’s total nuclear rate will increase as OPG nuclear production decreases. Life extenziiizat

Pickering increases OPG’s annual nuclear production and tends to reduce OPG nuclear#@atess
to 2024. OPG’s nuclear program will cost between $2.2 billion and $3.9 billion (2015 S) per

year between now and 2032.
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Pickering extension sees OPG’s total nuclear revenue requirement increase by iy erys

Attachment 1

$23B (NPV in 2015 S) Page 14 of 116
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Pickering extension to 2022/2024 yields a net benefit in the range of $0.3B (in the cas&#lij¢Hi
sees a cumulative increase in Pickering production by 62 TWh) to S0.5B (in the case whRIER 6
sees a cumulative increase in Pickering production by 65 TWh) (NPV 2016-2032 in 2015 S).
This is a reduction relative to the March 2015 study which saw a net benefit of about $0.6B

(for a cumulative increase in Pickering production by 73 TWh).
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The economic proposition of Pickering extended operations to 2022/2024 is sensitive £tz

Attachment 1

Pickering capital and operating costs. As these costs increase, the value of extending rage160f 116
Pickering life to 2022/2024 decreases. As production from Pickering decreases, the ability to
tolerate cost increases also decreases.
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Benefits of extended Pickering operations are also sensitive to natural gas prices. Highgyie1s2

bit F2-2-3
ttachment 1

natural gas prices (or combined natural gas/carbon prices) result in greater value fromgzie 17 e 116
extended operations. Lower prices result in lower value. As production from Pickering
decreases, the natural gas price at which Pickering life extension becomes economic also

INCreases.
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Consideration of the historical gas price distribution between 2010 and 2015 adds insigh®fii®
the cumulative probability of change in electricity system cost as a function of natural 885 116
price under various Pickering extension scenarios. Pickering life extension to 2022/2024
offers moderate probabilities for savings. As production from Pickering decreases, the

likelihood of achieving savings also decreases.
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Viewing the same results as a set of NPV distributions illustrates the overlap of possibiffies.2
among the Pickering production scenarios as well as the variability within each distrib o e
As the additional production form Pickering life extension decreases, the NPV distribution
shifts further towards life extension being a net cost.
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Extending Pickering operation to 2022/2024 generally leads to a reduction in residentig'e 152
electricity bills between 2016 and 2024 compared to Pickering operating to 2020. Resiglgmtials
electricity bills increase for a few years thereafter.
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Similarly, extending Pickering operation to 2022/2024 generally leads to a reduction irg22%&:
industrial electricity rates between 2016 and 2024 compared to Pickering operating torgibZ e
Industrial electricity rates increase for a few years thereafter.
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Industrial electricity rates illustrated assumes a typical large industrial customer with a demand of 5MW and a 75% capacity factor.
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There are other benefits resulting from Pickering life extension. As Pickering life is extefiged
decommissioning expenditures are deferred. Extended Pickering operations could alsc&&fers
the need for transmission reinforcements in the GTA region. Deferral of related expenditures
results in a time value savings. After factoring in the time value effects of deferring
decommissioning and transmission expenditures, the benefit of extending Pickering
operations marginally increases.
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APPENDIX 2:

IESO’s Assessment of Pickering Life Extension Options,
Delivered to Ministry of Energy in March 2015
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Assessment of Pickering Life Extension Options:
Executive Summary

Presentation to Ministry of Energy

March 9, 2015

Note: The appendix accompanying this presentation, which
contains the detailed assessment, |s excluded for brevity.
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Purpose Page 25 of 116

« |ESO to present the assessment of Pickering life extension
options to the Ministry of Energy
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Overview

« The IESO has conducted an independent assessment of the long-term integrated power
system impacts of various Pickering life extension scenarios between 2018 and 2024
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» Pickering extension scenarios are considered against three Darlington refurbishment
sequences

Analysis updates and builds on previous Pickering life extension studies conducted by the IESO

Technical and economic information concerning the Pickering and Darlington stations was
provided by OPG between December 2014 and January 2015 for each scenario assessed

The scenarios have not been discussed publicly nor have they received necessary CNSC
approvals

« Implications of the Pickering scenarios are assessed from a variety of perspectives,
including:

Capacity needs and timing

Energy production from existing and contemplated resources
Greenhouse gas emissions

Surplus energy

Total cost of electricity service

Ratepayer costs

« A summary of this assessment is provided in the following slides. The IESQO’s full
assessment is provided in the Appendix.
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Summary of findings

« On balance, the option of extended Pickering operations merits further exploration:

«  Pickering operation to 2022/2024 appears to be the most promising candidate among
extension options assessed, as it provides the most savings and is among options with the
lowest emissions

» Extended operation to 2022 or shutdown in 2018 also holds potential for benefit, but less so
than operation to 2022/2024

* In light of the impact that Pickering capital and operating costs have on the value
proposition of extended Pickering operations, it may be worth exploring options for
cost control

« If OPG’s actual capital and operating costs exceed estimates, then the cost savings resulting
from Pickering life extension could be reduced or eliminated

» Unlapping of Darlington refurbishment outages generally reduces the value of Pickering
extension

« It is worth exploring Pickering extension options involving fewer Pickering units (e.g.
four to five units rather than six) to reduce its contribution to surplus baseload
generation

 The IESO should be routinely updated by OPG on the status and substance of
Pickering extension exploration efforts and related regulatory developments given the
implications on need for additional supply and transmission investment
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Pickering scenarios assessed

To 2019/2020

Business Plan

I w> | I

To 2020

Points of Reference
LTEP 2013 & Current OPG

To 2022

To 2022/2024

Scenarios

To 2024

To 2018
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A = Pickering A (1,030 MW, 6 TWh/yr)

B = PickeringB (2,064 MW, 14 TWh/yr)

Total Site: 3,094 MW, 20 TWh/yr

2015

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
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Resource requirements under Pickering scenarios
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Summary of changes in costs

Darlington Scenarios

Unlapped Unlapped
Lapped Yes |dle Time No Idle Time
2018 -$0.1 -$0.2
2020 BASE -$0.1
2022 — Not Assessed

Table shows NPV
from 2015-2032 in
billions of 2014
dollars compared
-$O3 to the base case

B -etcost
Not Assessed

2022/2024

Pickering Scenarios

2024

- = Net Benefit
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Summary of changes in emissions

Darlington Scenarios

Unlapped Unlapped
Lapped Yes Idle Time No Idle Time
2018
IS 2020
G
-
5
%) 2022 -5.8MT Not Assessed
@) Table shows total
C change in CO,
(]:) emissions between
RV 2015-20321in
O 2022/2024 -7.2MT -8.9MT megatonnes (MT)
o compared to the
base case
2024 Not Assessed ot
- = Net Benefit
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Total cost of electricity service
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Residential electricity bills
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Assumes a typical residential consumption of 800 kWh/month. Excludes transmission and decommissioning advancement/deferral costs.
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Industrial electricity rates
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Extending Pickering operations beyond 2020

« There is value in Pickering life extension. Extending operation beyond 2020:

Defers timing of need and the supply/transmission investments that would otherwise be required

Defers procurement decisions with respect to new resources, providing more time in exercising
options while reducing risk of over investment during a period of supply/demand uncertainty

Defers decommissioning and severance costs
Offsets production from natural gas-fired resources and imports
Increases export revenues and reduces carbon emissions

But also increases potential surplus energy

* Extension of Pickering A units to 2022 and B units to 2024

Shows the greatest net benefit among Pickering scenarios assessed
Minimizes increases to OPG nuclear rates to 2024

Defers the increase in the total cost of electricity service that eventually takes place under each
of the scenarios considered and minimizes the magnitude of the total cost increase

+  The value of extending Pickering operation to 2022/2024 is tied to the price of natural gas and carbon
prices and to Pickering capital and operating costs

Value seen when natural gas or combined natural gas and carbon prices are above $4/MMBtu

« However, extension beyond 2022/2024 shows decreasing utility and results in a cumulative disbenefit

* Removing overlap among Darlington refurbishment outages (a.k.a. “unlapping”) generally reduces the
value of extended Pickering operations
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Early Pickering shutdown
« Early Pickering shutdown could lead to cost savings, but less savings than extended
operations under the reference conditions assessed
« Alsoresults in less potential surplus energy and more carbon emissions

« The cost savings of early Pickering shutdown are less vulnerable to natural gas
price/carbon risk than observed in Pickering extension scenarios

« All else being equal, cost savings from early Pickering shutdown would be negated if:
«  Pickering capital and operating costs declined by 10% from current projections; or,
« If natural gas/carbon prices exceeded approximately $6/MMBtu

- Early shutdown would present practical challenges related to securing replacement
supplies within the span of three years and within a context of significant transition in
the Ontario electricity system

« Early shutdown would also present practical challenges related to labour and
community impacts

« Early shutdown would advance increases to OPG nuclear rates as well as increases in
the total cost of electricity service that eventually takes place under each of the
scenarios considered
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NeXt Steps Page 37 of 116

« Explore extension options involving fewer Pickering units to reduce
contribution to surplus baseload generation

« Consider cost control mechanisms to ensure Pickering life extension
continues to provide value

« |ESO should be routinely updated on the status and substance of Pickering
extension exploration efforts and related regulatory developments given the
implications on need for additional supply and transmission investment
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APPENDIX 3:

Additional Detail on Elements of a “Work Plan” in progress
developed by Ministry of Energy, OPG, and IESO

N
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Over the next few years, OPG will seek to demonstrate the technical feasibilfy:ef:?

hment 1

extended Pickering operation, develop the business case and pursue regulat&fy ™™
approvals at the OEB and CNSC. OPG’s filing to the CNSC would take place in 2017
and a CNSC decision would be received by late 2018.

2014
Soreening Level
Business
Case Assessment
! 2016

2018-2018

! Business plan including

! aption to evaluate Pickening to 2024:

2017

CNSC Submission for Life extension +10yr License Renewal
O ISR/ CCAlP
O  Scope for extension

OPG's Indicative timeline of approvals related to B Fusi Channel Lifs Confidence
the operation of Pickering NGS beyond 2020
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Elements of a work plan in progress precmen 1
(source: Ministry of Energy, April 28 2015)

Completion
Date

Organization | Activity to Increase the Economic, Technical and Regulatory Confidence

IESO Update supply/demand outlook, ongoing assessment of Pickering extended Ongoing
operations and alternatives, ongoing contingency planning in case Pickering
extended operations does not proceed

OPG Economic evaluation of incremental investment and benefits of operation of Q22015
Pickering units past 2020
*  Ministry briefing

OPG 2016-2018 Business Plan submission with operation to 2020 and evaluation of Q4 2015
option for Pickering extension to 2024

ENERGY Cabinet submission on Pickering extension Q42015

OPG Technical assessment of fuel channels: Q22016

* measurements to confirm rate of aging mechanisms
* completion of research program on fuel channel aging and related
safety analysis

OPG Board Approved business case for life management measures and their costs Q2/3 2016

ENERGY Consultations for 2017 LTEP Q32016

S
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Elements of a work plan in progress (continued) Atachmont
(source: Ministry of Energy, April 28 2015)

Page 41 of 116

Completion
Organization Activity to Increase the Economic, Technical and Regulatory Date
Confidence
OPG OPG Board approved business plan for extended operations of the Q4 2016
ENERGY Pickering units submitted to Energy
ENERGY Decision to make Pickering extension preferred supply option Q4 2016
IESO
ENERGY  Release 2017 LTEP including Pickering extension Q12017  ENERGY Release 2017 LTEP Q1
including 2017
OPG OPG’s determination of end of life dates for Pickering Q22017 alte}"natlve suiprely
and regulatory submission requesting approval of CIPIEOIE
extended operations of Pickering units [ESO Implement By
alternatives as 2020
CNSC Approval of Pickering extended operations operating Q3 2018 required
license
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Assessment of Pickering Life Extension Options

Prepared for discussion with Ministry of Energy

Power System Planning

March 9, 2015
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Overview baae 45 o1 116

e Upon Ministry of Energy request, the IESO has conducted an independent assessment of the
long-term integrated power system impacts of various Pickering life extension scenarios.
Pickering extension scenarios are considered against three Darlington refurbishment sequences.

This report updates and builds upon previous Pickering life extension studies conducted by the former OPA

Technical and economic information concerning the Pickering and Darlington stations was provided to the
IESO by OPG between December 2014 and January 2015 for each scenario assessed

The scenarios have not been discussed publicly nor have they received necessary CNSC approvals

e Implications of the Pickering scenarios are assessed from a variety of perspectives, including:

Capacity needs and timing

Energy production from existing and contemplated resources
Greenhouse gas emissions

Surplus energy

Total cost of electricity service

Ratepayer costs

e Results of the IESO’s assessment are presented in the following slides, additional details are
available in the Appendix
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Summary of results Page 44 1 116

Extending Pickering operation beyond 2020 defers some supply and transmission investments that
would otherwise be required, defers decommissioning and severance costs, offsets production from
natural gas-fired resources and imports, increases export revenues and reduces carbon emissions

Extending Pickering operations beyond 2020 also increases potential surplus energy

Extension of Pickering A units to 2022 and B units to 2024 shows the greatest net benefit among
Pickering scenarios assessed, minimizes increases to OPG nuclear rates to 2024, defers the increase in
the total cost of electricity service that eventually takes place under each of the scenarios considered
and minimizes the magnitude of the total cost increase

The value of extending Pickering operation to 2022/2024 is sensitive to natural gas and carbon prices:
it shows value when natural gas or combined natural gas and carbon prices are above $S4/MMBtu

The value of extending Pickering operation to 2022/2024 is also sensitive to Pickering capital
operating costs, but less sensitive than to natural gas/carbon price

Extension beyond 2022/2024 shows decreasing utility and results in a cumulative disbenefit

Removing overlap among Darlington refurbishment outages (a.k.a. “unlapping”) generally reduces the
value of extended Pickering operations

¥
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Summary of results (continued) Page 45l 16

Early Pickering shutdown could lead to cost savings, but less savings than extended operations under
the reference conditions assessed

Early Pickering shutdown results in less potential surplus energy and more carbon emissions

The cost savings of early Pickering shutdown are less vulnerable to natural gas price/carbon risk than
observed in Pickering extension scenarios. All else being equal, cost savings from early Pickering
shutdown would be negated if Pickering capital and operating costs declined by 10% from current
projections or if natural gas/carbon prices exceeded approximately S6/MMBtu

Early shutdown would present practical challenges related to securing replacement supplies within
the span of three years and within a context of significant transition in the Ontario electricity system

Early shutdown would also present practical challenges related to labour and community impacts

Early shutdown would advance increases to OPG nuclear rates as well as increases in the total cost of
electricity service that eventually takes place under each of the scenarios considered
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Looking ahead Page 45 1 115

On balance, the option of extended Pickering operations merits further exploration. The scenario
of Pickering operation to 2022/2024 appears to be the most promising candidate among extension
options assessed. Extended operation to 2022 also holds potential for benefit, but less so than
operation to 2022/2024.

In light of the impact of Pickering extended operations on potential surplus energy, it may be worth
exploring Pickering extension options involving fewer Pickering units (e.g. four to five units rather
than six)

In light of the impact of Pickering capital and operating costs on the value proposition of extended
Pickering operations, it may be worth exploring options for cost control

In light of implications of Pickering shutdown timing on the need for additional supply and
transmission investment, IESO should be routinely updated by OPG on the status and substance of
Pickering extension exploration efforts and related regulatory developments
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Four Pickering scenarios are assessed: three feature longer Pickering eaiess

Attachment 1

operation than in LTEP 2013 or in OPG’s more recent business plan, otee7 e
features earlier shutdown

To 2019/2020

To 2022

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
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Approximately 3,100 MW and 20 TWh is provided by Pickering for each yearEle oo
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operation. Operation beyond 2020 is enabled by additional outages prior to fB@us
These outages result in lower availability and output in some years prior to 2020.
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Existing, committed and directed resources will provide adequate supply forEeE:5

next few years, after which time additional resources will be required. LTEP 28%3 1

1

saw needs emerge in 2018/2019. Needs arise by 2020 in the current outlook.
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Extended operation at Pickering beyond 2020 would defer the need %gd 160152
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additional supply, earlier shutdown would advance the need Page 56 of 116
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Energy production from Pickering displaces production from gas-fire%ibhm-ﬁs
resources, reduces energy imports and increases energy exports

Page 51 of 116
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Energy production from Pickering reduces greenhouse gas emission Satcmen

Page 52 of 116
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Energy production from Pickering increases potential surplus energhgsessors
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OPG’s nuclear program will cost between $1.7 billion and $4.0 billion B

Attachment 1

year between now and 2032, depending on the Pickering extension anges« s
Darlington refurbishment sequence scenario
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The costs of OPG’s nuclear program will be recovered against the energy  ©a%erss
Attachment 1

qguantities generated by OPG nuclear stations. Annual quantities will vary  ragessor11e
depending on the scenario. Energy quantities decline as Pickering units are shut
down and as Darlington units undergo refurbishment.
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OPG’s total nuclear rate will increase as OPG nuclear production decrgEd$es.

Attachment 1

Life extension at Pickering increases OPG’s annual nuclear production=grtel e
tends to reduce OPG nuclear rates to 2024.

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

$160
0]
T =
fé § $140
4]
T & $120
S <
Z o
£ & $100
o —
$80
S60
- = =Pickering to 2020 Pickering to 2022 Pickering to 2022/2024 Pickering to 2024 Pickering to 2018
S60
$40

Changein OPG Nuclear Rate
Relative to Pickering to 2020

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
Pickering to 2022 M Pickering to 2022/2024 M Pickering to 2024 M Pickering to 2018

¥

6% ieso
Independent Electricity 15
System Operator

Rates reflect Pickering scenario stated and Darlington lapped (per LTEP (2013))



Filed: 2016-05-27

The present value of OPG nuclear costs will range between $43 billiorEarng:
$48 billion, depending on the scenario. Pickering will account for betweene
S4 billion and S9 billion of this total. Capital and non-fuel OM&A will
comprise approximately 90% of Pickering costs.
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Economic evaluation: overview of approach Page 55 61 116

. The cost of extending Pickering life is compared to the savings resulting from reduced electricity system replacement energy and
capacity costs, all relative to Pickering to 2020 (the current base case)

- If the cost of Pickering life extension is less than the cost of replacement energy and capacity, there is a net benefit and overall electricity
system costs decrease

- Conversely, if the cost of Pickering life extension is greater than the cost of replacement energy and capacity, there is a net cost and
overall electricity system costs increase.

. The current base case, Pickering to 2020, reflects recent updates to the supply mix and various policy initiatives since LTEP (2013)
(see Appendix for list of updates)

- Changes in Pickering life are compared to this base case

. In the absence of Pickering life extension:

- Capacity needs are assumed to be met by an unspecified capacity resource with performance and cost characteristics equivalent to a
simple-cycle gas turbine

- Replacement energy is provided by existing generation resources

J Scenarios are evaluated under reference gas price assumptions of $5.25/MMBtu at Henry Hub
- This is equivalent to gas at $4/MMBtu plus carbon priced at $23/tonne

. Sensitivity analysis is performed to evaluate the impact changes in Pickering capital cost and gas price have on system costs

J System costs analysis is performed in 2014 dollars. The change in net present value (NPV) of system cost of each Pickering life
extension scenario relative to Pickering to 2020 is presented, 4% real discount rate is assumed

. Impacts on the annual cost of electricity service, residential bills, and industrial rates are also presented
- Analysis reflects OPG nuclear rates developed by OPG for each individual scenario assessed

. Impacts on the cost of transmission are treated separately
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Pickering extension to 2022/2024 yields the greatest net present valu&Xe s

Attachment 1

among the scenarios considered under the conditions assessed Page 59 f 115
(i.e. results in the greatest cost savings)
235 W Change in Pickering Costs (Capital, OMA, & Fuel) $3.1
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Ontario electricity system costs decrease by extending Pickering to 2022 or 2022/2024 or shutting down early in 2018, relative to the
Pickering to 2020 case. Costs marginally increase by extending to 2024.
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NPV evaluated at a 4% real discount rate.
Excludes transmission and decommissioning advancement/deferral costs.
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Cost savings from extending Pickering operations derive from reductions in g aass
Attachment 1

replacement capacity costs and reductions in replacement energy costs fromrgaser
fired resources and energy imports. These savings offset Pickering capital and
operating costs, which comprise the largest cost components of Pickering extension.
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Excludes transmission and decommissioning advancement/deferral costs.
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Pickering extension beyond 2020 results in cost savings, but at a dimir%&f{ﬁ?%‘é

incremental return beyond 2022. Beyond 2022/2024, diminishing retéfyis
result in a cumulative disbenefit.
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____________________ ”; ~\\.\> c lative Ch
/4 ) umuliative ange

_ \

ll 607M \ $88M Relative to 2020

\ Cost savings, ,l Cost increase,

\ cumulative benefit 7 cumulative disbenefit
~ /l

Smm=

Pickering to Pickering fo Pickering to Pickering to Pickering to
2018 2020 2022 2022/2024 2024

Relative to
Pickering to
2018

"""""""""""""" > Incremental

+$695M ‘ Change

"""""""""""""" > Cumulative Change

+$235M " Relative to 2018
Sieso

. . e Independent Electricity 20
Positive sign (+) indicates system cost increase , negative sign (-) indicates cost decrease. NPV evaluated System Operator

at a 4% real discount rate. Excludes transmission and decommissioning advancement/deferral costs.
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The economic proposition of extended Pickering operations is sensitiyeot
Pickering capital and operating costs. As these costs increase, the valﬁghﬁ 16
extending Pickering beyond 2020 decreases, while the value of earlier shut

down increases

Net Present Value of 930
Change in Electricity
System Cost $2.5 o ) )
. . i Pickering life extension to 2022 or 2022/2024 continues
Relative to Pickering to to be economic if Pickering cost increase <30%
2020 $2.0 e
(2014 s Billion) Costs must L O
S1.5 decrease by >5% for S SA
Pickering to 2024 to (7)|
$1.0 be economic
S0.5
} N SO v } T I T I T I T I T I T } ;
-30% -20% 30% 40% 50% 60% 70% 80% 90% 100%
% Change in Pickering Capital and OMA Costs
(2]
>
<
- Z
Shutting down Pickering early in -$2.0 O
2018 is uneconomic if Pickering ’ w
costs decline by >10%
-$2.5 . L .
Change in system costs for Pickering to 2022 is
least sensitive to changes in Pickering costs
-$3.0
Pickering to 2022 — Pickering to 2022/2024 — Pickering to 2024 — Pickering to 2018
Independent Electricity 21
System Cost Increase (+) / Decrease (-). NPV evaluated at a 4% real discount rate. System Operator

Excludes transmission and decommissioning advancement/deferral costs.
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Benefits of extended Pickering operations are also sensitive to naturaligds>

Attachment 1

prices. Higher natural gas prices result in greater value from extendedzseso e
operations. Lower prices result in lower value.

$3.0
§2.5
- Pickering early shutdown become uneconomic
8 $2 0 at natural gas prices greater than $6
LE) ' Pickering to 2024 becomes economic at natural O
g gas prices greater than $6 y O
2 §1.5 >
_|
2 %)
o
£8 410
L o
b= o
8 2= s
c £
‘s O m
go S v S0.0
c o 3 S0 S1 S2 S3 S4 <5 S6 S7 S8 S9 $10 S11 $12 !
£ 0O
O & R-$0.5
Y= U —
o >
Q +
23 -$1.0 2
> x >
3 -$1.5 %
(] -
- $2.0 Pickering to 2022 Q
Z — . .
$2 5 P!Cker!ngto 2022/2024 Pickering to 2022 or to 2024/2024 become
P4 —Plckerlng to 2024 uneconomic at natural gas prices lower than $4
—Pickering to 2018
-$3.0

Natural Gas Price at Henry Hub (2014 S/MMBtu)

S ;
6% ieso

Independent Electricity 22
System Cost Increase (+) / Decrease (-). NPV evaluated at a 4% real discount rate. System Operator

Excludes transmission and decommissioning advancement/deferral costs.
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Carbon costs increase the effective cost of natural gas and can therefezes:

Attachment 1

impact the economic value of Pickering extended operations Page 64 of 116
Carbon Pricein2014 $/MMBtu
$0.00 $1.08 $2.16 $3.24 $4.32 $5.40
514 ] ' ' ' ' §115.5

- $101.5

$12

- $87.5 —5$2/MMBtu Gas Price as Base

$10 -
- $73.5 —53/MMBtu Gas Price as Base

/

/ _—

58 | /A
. / //// - $59.5
$4 ; // R

—S4/MMBtu Gas Price as Base

—55.5/MMBtu Gas Price as Base

—$8/MMBtu Gas Price as Base

Equivalent Gas + Carbon Price in $/MMBtu
(Assuming 54 kg CO2/MMBtu Natural Gas)
Equivalent Gas + Carbon Price in $/MWh
(Assuming 8,000 Btu/kWh Heat Rate, $3.5/MWh VOM)

- $31.5
52 - L $17.5
SO - T T T T T T T T T $35
SO S20 S40 S60 S80 $100
Carbon Price in 2014 $/tonne
e Example A: Gas at $5.25/MMBtu is equivalent to: e Example B: Gas at $4.00/MMBtu is equivalent to:

- Gas at $3/MMBtu plus $42/tonne carbon - Gas at $3/MMBtu plus ~$20/tonne carbon
- Gas at S4/MMBtu plus $23/tonne carbon - Gas at $2/MMBtu plus ~S40/tonne c%)

&Yieso
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Consideration of the historical gas price distribution between 1997 and %F'Qggj%ig;;”

adds insight into the cumulative probability of change in electricity systefseost
as a function of natural gas price under various Pickering extension scenarios

Cumulative Probability
100% —+

90%

75% probability of Pickering life extension to 2022 or 80%
2022/2024 resulting in reduction of electricity system costs

10%

70% chance of there being a net system benefit with
Pickering early shutdown in 2018

40% probability that system costs would be lower if
Pickering were extended to 2024

Pickering to 2022
— Pickering to 2022/2024
] ——Pickering to 2024
4 —Pickering to 2018

! £ I I I f L L . ! . . 4 4 ! l | | | | | [ aY:)
I y T T T T T T T T T T T T T T T T T T T T T /0

-$2.5 -$2.0 -§1.5 -$1.0 -$0.5 $0.0 $0.5 $1.0 $1.5
Changein Net Present Value of Electricity System Cost Relative to Pickering to 2020 (2014 S Billion)

,

SAVINGS COSTS

See appendix for additional detail

System Cost Increase (+)'/ Decrease (-) “‘ |eSO

NPV evaluated at a 4% real discount rate. Independent Electricity 24
System Operator

Excludes transmission and decommissioning advancement/deferral costs.
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Viewing the same results as a set of NPV distributions illustrates the &merss

Attachment 1

considerable overlap of possibilities among the scenarios as well as theee e

variability within each distribution

25%
24%
23%
22%
21% :
ing Pickeringto 2022
(o] H

18% ——Pickeringto 2022/2024
17% :

16% :
15% — Pickering to 2018

14% :
13%
12%
11%
10%
9%
8%
7%
6%
5%
4%
3%
2%
1%
0%
-§3.5 -$3.0 -$25 -S2.0 -S1.5 -S1.0 -S0.5 $0.0 $0.5 S1.0 S1.5 S2.0 $2.5 S3.0 S3.5

Changein Net Present Value of Electricity System Cost Relative to Pickering to 2020 (2014-s Billion)

— Pickering to 2024

Probability (%)

SAVINGS COSTS
i
System Cost Increase (+) / Decrease (-). “ IeSO

NPV evaluated at a 4% real discount rate. Independent Electricity 25
System Operator

Excludes transmission and decommissioning advancement/deferral costs.
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When only the distribution of natural gas prices in more recent years is consué
(between 2010 and 2014), early shutdown poses the greatest probability forﬁi‘ﬁé&i’}tiw
cost reduction. Among the other scenarios, Pickering to 2022 and 2022/2024
continue to offer moderate probabilities for savings, while Pickering to 2024 largely
yields disbenefit.

Cumulative Probability
100% =

Pickering to 2022
—Pickering to 2022/2024
——Pickering to 2024
—Pickeringto 2018

-$2.5 -$2.0 -$1.5 -$1.0 -$0.5 $0.0 $0.5 $1.0 $1.5
Changein Net Present Value of Electricity System Cost Relat|ve to P|cker|ng to 2020 (2014 $ Billion)

SAVINGS CdSTS

System Cost Increase (+) / Decrease (-).

- Independent Electricity 26
NPV evaluated at a 4% real discount rate. System Operator

Excludes transmission and decommissioning advancement/deferral costs.
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The mean natural gas price between 2010-2014 was lower than the mean g
tachment 1

between 1997 and 2014 and its distribution was more narrow. Considering #hiss o1
recent trend within the current analysis results in less overlap among scenario

outcomes and a narrower range of |Ike|IhOOdS within each scenario.
25%
24%
23%
22%
21%
20%
19%
18%
17%
16%
S 15%
< 14%
£ 13%
S 12%
S 11%
= 10%
9%
8%
7%
6%
5%
4%
3%
2%
1%

L -

-$3.5 -$3.0 -S2.5 -S2.0 -S1.5 -S1.0 -50.5 S0.0 $0.5 $1.0 $1.5 $2.0 $2.5 $3.0 $3.5
Changein Net Present Value of Electricity System Cost Relative to Pickering to 2020 (2014 S Billion)

SAVINGS COS

System Cost Increase (+) / Decrease (-). “‘ IeSO

NPV evaluated at a 4% real discount rate. Independent Electricity 27
System Operator

Pickeringto 2022
—Pickering to 2022/2024
—Pickering to 2024
—Pickeringto 2018

Excludes transmission and decommissioning advancement/deferral costs.
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Extending Pickering operations beyond 2020 defers the increase in the totaleast=
of electricity service that eventually takes place under each of the scenarios et
considered. Extending Pickering to 2022/2024 also minimizes the magnitude of the

total cost increase.

$23.0
° $22.5
ks]
z
3 $22.0
>c
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E @ $215
L n
w o<
S S $210 \
75 d
o
(@]
743 $20.5
2

$20.0

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

LTEP (2013) - = =Pickering to 2020 Pickering to 2022

Pickering to 2022/2024 Pickering to 2024

Pickering to 2018

S1.5

$1.0

$0.5 I
0.0 S— | - I D o R

. — - - - —— II - o | — _ _
-$0.5 ||

-$1.0

Relative to Pickering to 2020
(2014 $ Billion)

Change in Total Cost of Electricity Service

-$1.5
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

M Pickering to 2018 Pickering to 2022 M Pickering to 2022/2024 Pickering to 2024 ‘% ]
joyieso

Independent Electricity 28
System Operator

Excludes transmission and decommissioning advancement/deferral costs.



Filed: 2016-05-27

Extending Pickering operation beyond 2020 results in a reduction in residentid s s

Attachment 1

electricity bills between 2016 and 2021 compared to the base case. Bills increase:s
thereafter, the extent and timing of which varies with Pickering shut down timing.
Early Pickering shutdown results in an increase in residential bills prior to 2020.

$220
$210
$200
$190

$180

(nominal $/month)

$170

Monthly Residential Bill

$160

$150

$140
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

LTEP (2013) ~ = = Pickering to 2020 Pickering to 2022

Pickering to 2022/2024 Pickering to 2024 —— Pickering to 2018
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- - ll [ ]
_$5

-$10

Change in Monthly Residential Bill
Relative to Pickeringto 2020
(nominal $/month)

A%
o

-$15
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

M Pickering to 2018 Pickering to 2022 M Pickering to 2022/2024 Pickering to 2024 ‘%

by ieso

Independent Electricity 29
System Operator

Assumes a typical residential consumption of 800 kWh/month. Excludes transmission and decommissioning advancement/deferral costs.
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Similarly, extending Pickering life beyond 2020 results in a reduction s

Attachment 1

industrial electricity rates between 2016-2023. Early shutdown incregses
industrial rates prior to 2020, but decreases rates thereafter.

$130
$120

$110

Industrial Electricity Rate
(nominal $/MWh)

$100

$90
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

LTEP (2013) = = =Pickering to 2020 Pickering to 2022

Pickering to 2022/2024 Pickering to 2024

Pickering to 2018
$6

sS4

$2 | |

_Sz | ‘I
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-$6

Changein Industrial Electricity Rate
Relative to Pickeringto 2020
(nominal $/MWh)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
W Pickering to 2018 Pickering to 2022 W Pickering to 2022/2024 Pickering to 2024 ‘% .
by 1€S0
Independent Electricity 30
System Operator

Assumes a typical large industrial customer with a demand of SMW and a 75% capacity factor. Excludes transmission and decOmmiSsioning
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Other cost considerations: Pickering decommissioning liability is affected bjgment!

e 72 of 116

shutdown timing. As Pickering life is extended, decommissioning expenditures are
deferred. Deferral results in a time value savings in decommissioning liability.

$120
$100 B Pickering A

> . .

= $80 Pickering B

foje)

O S $60 $60M @)
5% %
o €2 __ s e
2c oS
0.0 €2 50
> 3 5=
Gooe ¥
v O o<
o ogH0
o N '6 N
©.S > 0 &
Z 0 o <

cg $40M 5

g -$80 9

O

-$100
-$120 -$110M -$110M
Pickering to 2022 Pickering to 2022/2024 Pickering to 2024 Pickeringto 2018

Sieso
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NPV evaluated at a 4% real discount rate. System Operator
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Transmission considerations: extended Pickering operations could defgi:

Attachment 1

the timing of transmission needs and lead to deferral-related cost sawigse

e The availability of Pickering has an impact on transmission flows into and out of the GTA

¢ The transmission plan for East GTA includes the construction of a new 500/230 kV transformer station in Clarington
to maintain supply reliability to Durham Region following Pickering shutdown and to provide a secure electricity
supply in this high growth area

- Hydro One is currently constructing the new transformer station (“Clarington TS”) and remains on schedule for an in-service of 2018

- The IESO (former OPA) identified the need for the project in 2005 and requested the transmitter to initiate the projectin 2011, with
required approvals support

¢ |n evaluating the various Pickering scenarios, it is assumed the in-service of Clarington TS remains unchanged and
that the station would be in-service under the scenario of early Pickering shutdown (Pickering to end of 2018)

e The IESO has also identified a need for additional bulk transmission reinforcement in West GTA, following the
shutdown of Pickering

- The project includes construction of a new 500/230 kV autotransformer in the Milton area. The transmitter has provided a planning
level capital cost estimate of S200M for the facility. The project would be sited within an existing switchyard. The IESO is currently
targeting an in-service of 2020, coinciding with the current plan for Pickering shutdown in 2020

- Advancing the in-service of this station to coincide with a Pickering shutdown at the end of 2018 could cost an additional S13M.
However, deferring the in-service to 2022 through 2024 could result in $12-523M in time value savings (cost expressed as NPV in
2014 $)

- In addition, given the 3-year lead time required for in-service of the new station, there is both regulatory and construction risk that
could potentially delay the in-service of the new TS (by an order of 1-2 years) thus requiring the inclusion of some interim solutions,
such as forced operation of peaking gas generation, for a short period of time preceding station in-service

K
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After factoring in time value effects of deferring or advancing B F2.2.3

Attachment 1

decommissioning and transmission, the benefit of extending Pickerifge e
operations marginally increases
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B Change in Electricity System Costs - Including change in decomissioning liability and transmission costs

System Cost Increase (+) / Decrease (-). NPV evaluated at a 4% real discount rate. Independent Electricity 33
.. IR System Operator
Excludes transmission and decommissioning advancement/deferral costs.
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Impact of Alternative Darlington Refurbishment Schedules on the
Value of Pickering Life Extension

K

6% ieso
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Pickering extension options were assessed against three Darlington refurbishiigHii:
. . Attachment 1

sequences. One sequence features some overlap among Darlington refurbishments.

Two sequences feature no overlap - in sequences without overlap, one relies on idle

time at Darlington units 3 and 4 to attain the required service life.

2015 2016 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

o Darlington 1 A B R
LLI
= .
= . Idle Time
© Darllngion 2 _ W Refurbishment Outage
o
8 Darlington 3 I
O
=

Darlington 4 IR R
—-—
3 .
Q Darlington 1 I N S
=0
> £ pari I R ol
o= DGﬂIhngh 2 M Refurbishment Outage
Q o
ST Darlington 3 T S N
ke
5 Darlington 4 I I R
) .
S Darlington 1 [ .
= i IdleTi
S Darlington 2 IR =
; (0} W Refurbishment Outage
o £ )
© i= Darlington 3 [ R
(o}
o
° Darlington 4 I S S
5

2015 2016 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 202 027 2028 2029
b ieso
Independent Electricity 35

System Operator




Filed: 2016-05-27
16-0152

Removing overlap (a.k.a. “unlapping”) among Darlington refurbishmefit s

Attachment 1

outages increases available supply from Darlington to 2023, but defers<ter
completion of the full Darlington refurbishment to the late 2020s

Refurbishment of all Darlington units is achieved
sooner in the sequence where refurbishments are
qverlapped

4,000

3,500 -

3,000 - Refurbishment of all Darlington
units is achieved later in the

2,500 - sequences where
refurbishments are not
2,000 - overlapped

Removing overlap among Darlington refurbishments
1,500 - without idle time avoids the pronounced reduction in
Darlington availability seen in the other sequences

(MW)

Overlap among Darlington refurbishments
1,000 - results in a pronounced reduction in Darlington
availability in the early 2020s

Darlington Capacity
At System Peak

Removing overlap among Darlington refurbishments but
with idle time defers the pronounced reduction in

500 A Darlington availability to the mid-2020s and reduces the
duration of the reduction. The

0 T T T T T T T T T T T T T T T T 1

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

— Lapped per LTEP (2013) — Unlapped without Idle Time —— Unlapped with Idle Time

OPG’s current refurbishment schedule for Darlington sees refurbishments commencing in 2016 with an overlapping of refurbishment outages between units D2 and D3 as
well as between units D3 and D4 . This schedule is per OPG’s current business plan and is consistent with that assumed in LTEP (2013)

The alternative refurbishment schedules explored eliminate overlapping refurbishment outages across Darlington units
— Inthe case “without idle time”, it is assumed all units are operable up to their scheduled refurbishment dates
— Inthe case “with idle time”, where unit end of life is prior to refurbishment start, units are shutdown early and are unavailable until after refurbishment is complete
‘ [ ]
S ieso
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Removing overlap among Darlington refurbishments would not significantly cgﬁ‘i{?‘%g;éﬂ
the timing of projected capacity needs under reference Pickering and Pickeriregesoi s
extended operations scenarios. Where Pickering is shut down in 2020, however,
unlapping Darlington would reduce the amount of additional resources needed
between 2020 and 2024. Where Pickering operates to 2022/2024, unlapping

Darlington would increases surpluses.

4,000 . Needs emerge in about 2020/2021 under
scenarios in which Pickering operates to 2020

More surplus where Pickering operates
to0 2022/2024 and Darlington
refurbishments are unlapped

Needs emerge in about 2024/2025 under scenarios
in which Pickering operates to 2022/2024

\\
2 AIEREIEAN
E \-I./ ‘\I‘ T T T T T T T 1
— 15 2016 2017 2018 2019 2020\\2021 2022 2023 ZOZQ \2025 2026 2027 2028 2029 2030 2031 2032
\\\
\ N

Capacity Surplus/ Deficit
At System Peak

Less need between 2020 and 2024 where Pickering operates to
2020 and Darlington refurbishments are unlapped

Pickering to 2020, Darlington Lapped - = = Pickering to 2022/2024, Darlington Lapped

Pickering to 2020, Darlington Unlapped without Idle Time — — - Pickering to 2022/2024, Darlington Unlapped without Idle Time
Pickering to 2020, Darlington Unlapped with Idle Time — = = Pickering to 2022/2024, Darlington Unlapped with Idle Time
LTEP (2013)
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Unlapped Darlington refurbishments result in greater Darlington availability
between 2020 and 2024 and therefore result in greater energy production fragare it
Darlington within the same period. All of this, in turn, leads to less gas-fired
production and imports and more exports.
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————— Pickering to 2022/2024, Darlington Unlapped without Idle Time
----- Pickering to 2022/2024, Darlington Lapped

=== Pickering to 2022/2024, Darlington Unlapped with Idle Time
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GHG Emissions
Excluding Emissions from Imports

Unlapping Darlington refurbishments leads to lower greenhouse g
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Exhibit F2-2-3

Afachment 1

Page 80 of 116

emissions in the early 2020s and higher greenhouse gas emissions in

the late 2020s
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(megatonnes)
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Pickering to 2020, Darlington Lapped ~ ===-- Pickering to 2022/2024, Darlington Lapped
Pickering to 2022/2024, Darlington Unlapped without Idle

Pickering to 2020, Darlington Unlapped without Idle Time

Pickering to 2020, Darlington Unlapped with Idle Time

Sieso

System Operator

Independent Electricity

2032

Time

Pickering to 2022/2024, Darlington Unlapped with Idle Time
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Unlapping Darlington refurbishments tends to increase potential surglii$, s

Attacpment 1

energy in the early-to-mid 2020s, but reduces potential surplus energiesites e
the late 2020s
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Potential Surplus Energy
(TWh)
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Pickering to 2020, Darlington Lapped ~ ====- Pickering to 2022/2024, Darlington Lapped
Pickering to 2020, Darlington Unlapped without Idle Time ~  ===-- Pickering to 2022/2024, Darlington Unlapped without Idle Time
Pickering to 2020, Darlington Unlapped with Idle Time = ===-- Pickering to 2022/2024, Darlington Unlapped with Idle Time
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Unlapping Darlington reduces OPG’s nuclear rates between 2020 and ggage@jﬁ
as a result of higher annual Darlington production. Rates are further
reduced by extending Pickering operation.
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Pickering to 2020, Darlington Lapped - — - Pickering to 2022/2024, Darlington Lapped

Pickering to 2020, Darlington Unlapped without Idle Time - = - Pickering to 2022/2024, Darlington Unlapped without Idle Time

Pickering to 2020, Darlington Unlapped with Idle Time - = - Pickering to 2022/2024, Darlington Unlapped with Idle Time
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Unlapping Darlington increases OPG’s nuclear costs by $0.6 (with idle time)et@oo
S0.7B (without idle time) (NPV 2014 S). This is driven by increase in e e
refurbishment capital cost due to longer project schedule (extension of support
costs, potential inefficiencies in crew transitions, etc). OPG has indicated that
changes to Darlington’s current “lapped” refurbishment schedule may also

introduce additional project risks.
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Excludes transmission and decommissioning advancement/deferral costs.



Total Cost of Electricity Service
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The effect on the total annual cost of electricity service of unlapping
refurbishment outages at Darlington varies over time
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Similar trends are evident when it comes to the impact of unlapped gnitrzzs
. N . . . N . Page 85 of 116
Darlington refurbishment on residential bills and industrial rates i
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Residential bill assumes a typical residential consumption of 800 kWh/month. Industrial rate assumes a typical large Independent Electricity 44

industrial customer with a demand of 5SMW and a 75% capacity factor . Excludes transmission and decommissioning System Operator
advancement/deferral costs.
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The value of unlapping Darlington refurbishments varies by Pickering extensiogos:
scenario. Unlapping Darlington increases net costs under most Pickering sc&ffaiias
assessed, unlapping with idle time increases costs more. Where benefits of
unlapping Darlington are seen, they are marginal and are premised on achieving

the unlapped sequence without idle time.
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System Cost Increase (+) / Decrease (-). NPV evaluated at a 4% real discount rate. System Operator

Excludes transmission and decommissioning advancement/deferral costs.
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Reciprocally, the value of extended Pickering operations varies by Darlingtongsz1sois

Exhibit F2-2-3
nt 1

scenario. Broadly, unlapping Darlington reduces the value of extended PickefFi&::
operations: the two compete for the same bandwidth. The example below shows
the effects of unlapping Darlington on the net benefits of extended Pickering
operation to 2022/2024: net benefits diminish as Darlington units are unlapped.
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System Cost Increase (+) / Decrease (-). NPV evaluated at a 4% real discount rate. System Operator

Excludes transmission and decommissioning advancement/deferral costs.
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Expanding on the previous illustration: although Pickering costs remain  §hbitF22s
relatively unchanged across Darlington scenarios, unlapping Darlington in =" """
conjunction with extended Pickering operation reduces the amount of cost
savings that extended Pickering operation achieves from avoided replacement
capacity and avoided energy production from gas-fired resources and imports
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System Cost Increase (+) / Decrease (-). NPV evaluated at a 4% real discount rate. System Operator

Excludes transmission and decommissioning advancement/deferral costs.
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Cost summary: extended Pickering operations to 2022/2024 has the @GSt

Page 89 of 116

value among options considered. Unlapping Darlington reduces the value

of extended Pickering operations.
Darlington Scenarios

Unlapped Unlapped
Lapped Yes ldle Time No Idle Time

2018 -$0.1 -$0.2
IS 2020 BASE -$0.1
5
-
O
(é 2022 '$O4 Not Assessed I%%GQ?]%\_/\;O';;\]Q
- billions of 2014
= dollars compared
qu) to the base case
(a1

2024 Not Assessed - =

- = Net Benefit
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Emissions summary: extending Pickering operations to 2022/2024 orxdd44
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results in the lowest cumulative emissions between 2015 and 2032 among

options considered.
Darlington Scenarios

Unlapped Unlapped
Lapped Yes ldle Time No Idle Time
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APPENDIX

e Overview of methodology
* Assumptions
e Data tables
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Overview of approach and of reference supply mix assumptions atchmen
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e Between December 2014 and January 2015, OPG provided the IESO with technical and economic information on
various Pickering life extension scenarios and Darlington refurbishment sequences

e The IESO has evaluated the impact Pickering extension scenarios from a number of perspectives, including capacity
needs and timing, energy production, emissions, surplus energy, total cost of electricity service and ratepayer costs

e Each Pickering life extension scenario is compared to a “reference case”. This reference case is an updated version
of the LTEP (2013), reflecting the following recent changes:

- Pickering units operate to the end of 2020 per OPG’s current business plan
- Bruce refurbishment per July/August 2014 schedule from Bruce Power (note Darlington unchanged)
- Expanded ICI (includes customer 3-5 MW are part of high 5)

- Ontario Electricity Support Program (effective 2016 — an additional $170M/y $2012) which will only be paid
out to low income residential customers after Ontario Clean Energy Benefit expires)

- |EI Stream 3 (expansion — also assumed to allow Stream 2 customers to carry on with is program until 2024)
- Early Removal of DRC for residential customers (no DRC for residential bills after 2015)

- Update of Thunder Bay

- Included cost impact of Storage (2017 to 2019)

- Updated CHPSOP 2.0

- Updated NUGs recontracted

- Updated OPG rates as per December 3, 2014

e Thereference case demand, supply, and cost assumptions are consistent with the Ministry Scenario 2A (per Ministry
2014 LTEP scenario request)

¥
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e Additional peaking requirements are assumed to be met by new unspecified capacity based resources priced at
a SCGT (represents the least-cost supply resource)

- $130/kW-yr from a ratepayer perspective based on York Region SCGT
- DR, NUG contract renewals, coal conversions, or firm imports can also provide capacity if similarly prices

e Additional energy requirements met by existing, committed, and directed resources

- Current gas-fired fleet relatively underutilized so limited need to build additional supply for energy. As
gas-fired production increases, opportunities for lower cost resources to displace this production

e Long-run average gas price assumed to be $5.25/MMBtu at Henry Hub for Reference Case and no explicit cost
for carbon

- Based on Sproule

- Alternatively, this can be looked at as a combined gas and carbon price

- For example, gas at $5.25/MMBtu is equivalent to gas at $4/MMBtu plus carbon priced at $23/tonne (for context, BC
carbon tax is currently $30/tonne, AB ~$15/tonne, RGGI ~$3/tonne)

e NPV evaluated with a 4% real social discount rate and all costs expressed in 2014 dollars

¥
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Cost Tables: Atachment 1
Pickering to 2022, Darlington Lapped vs e
Pickering to 2020, Darlington Lapped

(A) Pickering to 2022, Darlington Lapped vs (B) Pickering to 2020, Darlington Lapped

Change in Energy Production (TWh) 2015|2016 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 (2025|2026|2027|2028(2029|2030|2031(2032| Total
Nuclear 0 0 0 -2 0 -2 22 24 0 0 0 0 0 0 0 0 0 0 41
Fossil/Gas 0 0 0 0 0 0 -7 -7 0 0 0 0 0 0 0 0 0 0 -14
Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Economic Imports 0 0 0 1 0 0 -8 -8 0 0 0 0 0 0 0 0 0 0 -14
Economic Exports 0 0 0 -1 0 -1 6 9 0 0 0 0 0 0 0 0 0 0 13
Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015/2016| 2017 | 2018 | 2019 | 2020 | 2021 ( 2022 | 2023 | 2024 (202520262027 (2028 (2029(2030(2031(2032( NPV
Nuclear S0 | SO S0 | -$3 S0 -$10 | $117| S128 S0 S0 SO | SO | SO | SO | SO | SO | SO | SO | S171
Fossil/Gas SO | SO | SO | S12 | %4 S7 [-$339(-$335| SO SO [ SO | SO | SO | SO | SO | SO | SO | SO | -5484
Non-Hydro Renewables S0 | S0 | SO | SO | SO S0 S0 S0 S0 SO | S0 | SO | SO | SO | SO | SO | SO | SO S0
Hydro SO | SO | SO | $1 | SO S2 -$4 | -$3 S0 SO | SO | SO | SO | SO | SO | SO | SO | SO -53
Imports SO | SO | SO | $27 | $2 $13 [-$372(-$374| SO SO | SO | SO | SO | SO | SO | SO | SO | SO | -S520
Exports SO | SO | SO | -S4 | SO -S4 | $140| $198 | SO SO [ SO | SO | SO | SO | SO | SO | SO | SO | 5243
Net Change in Dispatch Cost S0 | SO | SO | s41 | $7 $16 [-$739|-$782( S0 S0 | S0 | S0 | S0 | SO | SO | SO | SO | SO

Change in Capital & Fixed Cost (2014 $M) 2015/2016| 2017 | 2018 | 2019 | 2020 | 2021 ( 2022 | 2023 | 2024 (2025(2026(2027 (2028 (2029 (203020312032
OPG Nuclear SO [-$77| -$77 |-5134| -S46 | -$895 | $860 /51,952 $185 | S51 | $9 |-$34( SO | SO | SO | SO | SO | SO | S1,230
Replacement Capacity (Gas) S0 | SO | SO S0 | SO S0 |-$402]-5329| SO SO [ SO | SO | SO | SOo| SO SO SO | SO | -S546
Net Change in Capital & Fixed Cost S0 |-$77| -$77 |-$134| -$46 | -$895 | $458 |$1,623| $185 | $51 | $9 (-$34| S0 [ S0 [ SO [ SO | SO | SO S0

Total Net Change in Electricity Costs (2014 $M) S0 |-$77| -$76 | -$93 | -$39 | -$879 |-$281| $841 | $185 | $51 $9 [-$34| SO | SO | SO | SO | SO | SO | -S395
System cost increase (+) / decrease (-). NPV evaluated at a 4% real discount rate.
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Cost Tables: Aachment 1
Pickering to 2022/2024, Darlington Lapped e
Pickering to 2020, Darlington Lapped

(A) Pickering to 2022/2024, Darlington Lapped vs (B) Pickering to 2020, Darlington Lapped

Change in Energy Production (TWh) 2015|2016 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 (2025|2026|2027|2028(2029|2030|2031(2032| Total
Nuclear 0 0 0 -2 -1 -2 22 22 15 17 0 0 0 0 0 0 0 0 71
Fossil/Gas 0 0 0 0 0 0 -7 -7 -5 -4 0 0 0 0 0 0 0 0 -23
Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1
Economic Imports 0 0 0 1 0 0 -8 -7 -5 -5 0 0 0 0 0 0 0 0 -23
Economic Exports 0 0 0 -1 0 -1 6 8 6 7 0 0 0 0 0 0 0 0 25
Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015/2016| 2017 | 2018 | 2019 | 2020 | 2021 ( 2022 | 2023 | 2024 (202520262027 (2028 (2029(2030(2031(2032( NPV
Nuclear S0 | SO SO | -3 | -$1 | -$14 | S117| $120 | $83 S92 [ SO [ SO [ S0 | sSo|so|so|sof so| s28
Fossil/Gas SO | SO | SO | S12 | S8 $12 [-$339(-$323 [ -$212 | -S210| SO | SO | SO | SO | SO | SO | SO | SO | -S758
Non-Hydro Renewables S0 | S0 | SO | SO | SO S0 S0 S0 S0 SO | S0 | SO | SO | SO | SO | SO | SO | SO S0
Hydro SO | SO | SO | $1 | SO S3 -$4 | -$3 -$2 -$3 [ SO | SO | SO | SO [ SO | SO [ SO | SO -S6
Imports SO | SO | SO | $27 | $4 $13 [-$372(-$353 [ -$220|-S237| SO [ SO | SO | SO | SO | SO | SO | SO | -s818
Exports $191 | $152 [ $149 [ SO | -S1| SO | SO [ SO | SO | SO | SO | S446
Net Change in Dispatch Cost -$749 S0 | SO | SO

Change in Capital & Fixed Cost (2014 $M) 2015/2016| 2017 | 2018 | 2019 | 2020 | 2021 ( 2022 | 2023 | 2024 (2025(2026(2027 (2028 (2029 (203020312032
OPG Nuclear SO [-$91| -$88 |-S141| -S53 | -$885 | $857 |$1,008| $612 |$1,611($188| S38 | $10|-$31| SO | SO | SO | SO | 52,014
Replacement Capacity (Gas) S0 | SO | SO S0 | SO SO |-$402|-5329 | -$268 | -S208 | SO | SO | SO | SO | SO | SO | SO | SO | -5875
Net Change in Capital & Fixed Cost $679

Total Net Change in Electricity Costs (2014 $M)
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Cost Tables: Aachment 1
Pickering to 2024, Darlington Lapped vs e
Pickering to 2020, Darlington Lapped

(A) Pickering to 2024, Darlington Lapped vs (B) Pickering to 2020, Darlington Lapped

Change in Energy Production (TWh) 2015|2016 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 |2025|2026|2027 (2028|2029 (2030|2031(2032| Total
Nuclear 0| -2 -1 -3 -2 -4 21 20 23 25 0 0 0 0 0 0 0 0 77
Fossil/Gas 0 0 0 0 0 1 -7 -6 -6 -6 0 0 0 0 0 0 0 0 -24
Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Economic Imports 0 1 0 1 0 1 -8 -6 -7 -7 0 0 0 0 0 0 0 0 -24
Economic Exports 0 -1 0 -1 -1 -2 6 7 10 11 0 0 0 0 0 0 0 0 29
Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015|2016 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 |2025(2026|2027|2028|2029|2030|2031|2032| NPV
Nuclear -81[-$12| -S5 | -S9 | -S7 | -$26 |[S115| $105 | $83 | $92 | SO | SO | SO | SO | SO | SO | SO | SO | 5234
Fossil/Gas SO | $19| S10 | S23 | S19 | S$34 |-$335|-S296 | -$297 | -$286| SO [ SO | SO [ SO | SO [ SO | SO | SO | -5785

S0 S0 S0 | S0 | SO | SO | SO | S0O| S0 so| %0 0]

Non-Hydro Renewables

Hydro $2 | -$4 | -S7 | SO | S0 | SO |S0O|SO|SO|SO|SO| -s1
Imports -$326 [ -$303 | -$312 SO | SO | SO | SO | SO | SO | SO | SO | -S840
Exports $166 | $218 | $207 | SO | -S1| SO | SO | SO | SO | SO | SO | S493
Net Change in Dispatch Cost -$685 | -$738 S0 | SO | SO | SO

Change in Capital & Fixed Cost (2014 $M) 2015(2016( 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 (202520262027 (2028|2029|2030(2031|2032
OPG Nuclear -S8 |-$94|-$125(-$157| -S62 | -$877 | $84851,089(51,356(52,264|5130|-520|-520(-531| SO | SO | SO | SO | 52,880
Replacement Capacity (Gas) S0 | SO | SO S0 | SO SO |-$402]-5329|-$316|-$208| SO | SO | SO | SO | SO | SO | SO | SO | -S909

Net Change in Capital & Fixed Cost $760 |$1,040

Total Net Change in Electricity Costs (2014 SM) | -$8 [-$60 (-$110| -$89 | -$34
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Cost Tables: Atachment 1
Pickering to 2018, Darlington Lapped vs e
Pickering to 2020, Darlington Lapped

(A) Pickering to 2018, Darlington Lapped vs (B) Pickering to 2020, Darlington Lapped

Change in Energy Production (TWh) 2015|2016 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 |2025|2026|2027 (2028|2029 (2030|2031(2032| Total
Nuclear 0 0 0 2 -21 -23 0 0 0 0 0 0 0 0 0 0 0 0 -41
Fossil/Gas 0 0 0 0 6 6 0 0 0 0 0 0 0 0 0 0 0 0 12
Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hydro 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1
Economic Imports 0 0 0 -1 7 7 0 0 0 0 0 0 0 0 0 0 0 0 13
Economic Exports 0 0 0 1 -7 -9 0 0 0 0 0 0 0 0 0 0 0 0 -15
Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015/2016| 2017 | 2018 | 2019 | 2020 | 2021 ( 2022 | 2023 | 2024 (2025(2026(2027 (2028|2029 (203020312032
Nuclear S0 | SO SO | $20 |-$124| -$127 | SO SO S0 S0 SO | SO | SO | SO | SO | SO | SO | SO -5185
Fossil/Gas -$1 | -$1| -$1 | -$21|$296| $288 | SO s1 S0 S1 | 81 |-S1|-S1|-S1|-S1|-S1|-S1|-$2| 5448
Non-Hydro Renewables S0 | S0| SO | SO0 | s1 S0 S0 S0 S0 SO | S0 | SO | SO | SO | SO | SO | SO | SO S1
Hydro S0 | SO S0 | -1 S4 S11 S0 S0 S0 S0 SO | SO | SO | SO | SO | SO | SO | SO 511
Imports SO | SO | SO |-S21|$301| $272 | $1 | -S1 $0 -$1 | S0 | SO | SO | SO | SO | SO | SO | S1 | S444
Exports $1 Sl $1 $11 -$104 $102 SO SO $1 $1 $O -$2 $1 $1 $1 $2 Sl Sl -5164
Net Change in Dispatch Cost $582

—

Change in Capital & Fixed Cost (2014 $M) 2015/2016| 2017 | 2018 | 2019 | 2020 | 2021 ( 2022 | 2023 | 2024 (2025(2026(2027 (2028 (2029 (203020312032
OPG Nuclear SO [$114| S103 | $868 |-5829(-51,870(-5192| -S58 | -S24 | $12 SO [ SO | SO|SO|SO| SO | SO | so -51,419
Replacement Capacity (Gas) S0 | SO | SO S0 | $252| $228 | SO o] S0 SO | SO | SO | SO|SO|SO|SO|SO| SO | s387

Net Change in Capital & Fixed Cost S0 [$114| $103 | $868 |-$578|-$1,642(-$192| -$58 | -$24 | $12 | S0 | $0 | SO | S0 | SO | S0 | SO | SO S0

Total Net Change in Electricity Costs (2014 $M) | $0 |$114| $104 | $833 | $4 |-$1,095(-$191| -$58 | -$23 | $12 | S1 $0 S0 | S0 [ SO0 | S0 | S0 | SO | -S147

System cost increase (+) / decrease (- NPV evaluated at a 4% real discount rate.
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Cost Tables:

Pickering to 2022/2024, Darlington Unlapped with Idle Time

Pickering to 2020, Darlington Unlapped with Idle Time

(A) Pickering to 2022/2024, Darlington Unlapped with Idle Time vs (B) Pickering to 2020, Darlington Unlapped with Idle Time
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VS

Change in Energy Production (TWh) 2015(2016|2017| 2018 (2019| 2020 | 2021 | 2022 | 2023 | 2024 (2025|2026|2027(2028|2029(2030|2031|2032| Total
Nuclear 0 0 0 -2 -1 -2 22 22 15 17 0 0 0 0 0 0 0 0 72
Fossil/Gas 0 0 0 0 0 0 -7 -7 -4 -5 0 0 0 0 0 0 0 0 -22
Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1
Economic Imports 0 0 0 1 0 0 -7 -7 -4 -5 0 0 0 0 0 0 0 0 -22
Economic Exports 0 0 0 -1 0 -1 7 9 7 6 0 0 0 0 0 0 0 0 27
Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $SM) 2015(2016|2017( 2018 (2019| 2020 | 2021 | 2022 | 2023 | 2024 |2025(2026|2027(2028|2029|2030(2031|2032
Nuclear S0 | SO | SO -83 [ -$1| -$14 | $117 | S120 | $83 $92 SO | SO [ SO| SO | SO| SO | SO | SO 5282
Fossil/Gas SO | SO | SO $6 S8 | S12 |-$308 | -$306 | -S195(-$233| SO | SO | SO [ SO | SO | SO | SO | SO | -S730
Non-Hydro Renewables S0 | S0 |[sS0| SO [sO| SO S0 S0 S0 SO [ SO | SO | SO | S0O|S0O|SO|SO|S0O| SO
Hydro SO [ S0 | s0| sO [so| $3 | -$7 | -84 | 83 | -$2 | S0 | SO | SO | SO | sO|[SO|SO| SO | -39
Imports SO | SO [ SO | S18 | S4 | $13 |-$317|-5317 | -5191|-$259 | SO [ SO | SO | SO | SO | SO | SO | SO | -S753
Exports SO $0 $0 $1 $2 -$2 $129 $182 | $147 | $168 $0 SO SO $O $0 $O SO SO 5445

Net Change in Dispatch Cost

$21

-$689

-$453 | -$572

Change in Capital & Fixed Cost (2014 $M) 2015(2016(2017( 2018 {2019( 2020 | 2021 | 2022 | 2023 | 2024 (2025]|2026|2027|2028(2029|2030|20312032
OPG Nuclear SO [-$91(-$88|-5101 -$49|-$913 [ $911 |$1,029| S641 |S1,608|5178| $42 | $10|-S32| SO | SO | SO | SO 52,100
Replacement Capacity (Gas) SO | SO [ SO| SO [ SO | SO |[-S319(-$215(-$202|-5268| SO | SO [ SO | SO | SO | SO | SO | SO | -5722

Net Change in Capital & Fixed Cost

Total Net Change in Electricity Costs (2014 $M)

S0 [-$91|-$88|-$101 |-$49 | -$913

S0 [-$91|-$88| -$80 |-$36 | -$896

$592

-$51

$814

$126

$439 ($1,339|$178| $42 | $10 |-$32| SO

-$14 | $768 |$178| $42 | $10 |-$32| $O

S0

S0

S0

S0

S0

S0

-5278

%9 1€S0
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Pickering to 2022/2024, Darlington Unlapped without Idle Time vs
Pickering to 2020, Darlington Unlapped without Idle Time

(A) Pickering to 2022/2024, Darlington Unlapped without Idle Time vs (B) Pickering to 2020, Darlington Unlapped without Idle Time

Change in Energy Production (TWh) 2015|2016|2017| 2018 | 2019| 2020 | 2021 | 2022 | 2023 | 2024 |2025|2026|2027|2028|2029|2030|2031|2032| Total
Nuclear 0 0 0 22 | 1| -2 22 22 15 17 0 0 0 0 0 0 0 0 72
Fossil/Gas 0 0 0 0 0 0 -7 -6 -4 -4 0 0 0 0 0 0 0 0 -21
Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1
Economic Imports 0 0 0 1 0 0 -7 -7 -4 -5 0 0 0 0 0 0 0 0 -21
Economic Exports 0 0 0 -1 0 -1 7 9 7 7 0 0 0 0 0 0 0 0 28
Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015(2016|2017 | 2018 {2019| 2020 | 2021 | 2022 | 2023 | 2024 |20252026|2027|2028(2029|2030(2031|2032| NPV
Nuclear SO | SO | SO [ -$3 | -S1|-514|S117| $120 | $83 | $92 | SO [ SO | SO | SO | SO | SO | SO | SO | s282
Fossil/Gas SO | SO | SO [ $6 | $8 | $12 |-$308(-$303 |-$190(-5206 | SO [ SO | SO | SO | SO | SO | SO | SO | -S706
Non-Hydro Renewables SO | SO|So| SO | SO | soO o] S0 S0 S0 SO | SO|SO|SO|S0O| SO | SO | so S0
Hydro SO | SO | SO | SO | SO | $3 | -S7 | -$4 | -S3 | -84 | SO | SO | SO | SO | SO | SO | SO | SO | -S10
Imports SO | SO | SO [ $18 | $4 | $13 |-$317|-$315|-$182(-$225| SO | SO | SO | SO | SO | SO [ SO | SO | -5722
Exports SO | SO [ SO | S1 |-S2| -52 |S129| $182 [$S146| $154 [ SO | SO | SO | SO | SO | SO | SO | SO | $434
Net Change in Dispatch Cost SO | SO | SO | $21 | $13 | $17 |-$644| -$683 |-$439|-S496 | SO | SO [ SO | SO | SO | SO | SO | SO S0

.|

Change in Capital & Fixed Cost (2014 $M) 2015(2016|2017| 2018 {2019| 2020 | 2021 | 2022 | 2023 | 2024 |2025(2026|2027|2028(2029|2030(2031|2032| NPV
OPG Nuclear S0 |-S91(-588(-$101|-$49(-$913| $911 |$1,023| $641 |51,619|5182| $42 | $S10|-$32| S0 | SO | SO | SO |S2,105
Replacement Capacity (Gas) SO | SO [ SO | SO | SO | SO |-$319]-$215 |-$5202|-$5208 | SO | SO | SO | SO | SO | SO | SO | SO | -S682
Net Change in Capital & Fixed Cost

$0 [-$91|-$88|-$101|-$49 [-$913| $592 | $808 | $439 [$1,411)|$182| $42 | $10 |-$32]| $O | $0 | $0 | $0 | SO
$0[%0|s

Total Net Change in Electricity Costs (2014 $M) | SO [-$91|-$88| -$80 |-$36|-$896| -$51 | $125 | $O | $914 ($182| $42 | $10 |-$32| SO 0 | -5168

S ;
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Pickering to 2020, Darlington Unlapped with Idle Time vs
Pickering to 2020, Darlington Lapped

(A) Pickering to 2020, Darlington Unlapped with Idle Time vs (B) Pickering to 2020, Darlington Lapped

Change in Energy Production (TWh) 2015(2016(2017(2018(2019|2020| 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 |2029|2030|2031|2032| Total
Nuclear 0 0 0 0 0 0 6 5 6 -6 -7 -6 -7 -6 1 0 0 0 -13
Fossil/Gas 0 0 0 0 0 0 -2 -2 -2 2 2 2 2 2 0 0 0 0 4
Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Economic Imports 0 0 0 0 0 0 -2 -2 -2 2 2 2 2 2 0 0 0 0 4
Economic Exports 0 0 0 0 0 0 1 2 2 -2 -2 -2 -2 -2 0 0 0 0
Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 SM) 2015(2016(2017|2018(2019|2020| 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029|2030(2031| 2032
Nuclear SO | SO | SO | SO | SO | SO [ $33 [ $28 | S33 | -S30| -S36| -$33 | -$35| -$29| S6 | -82 | -S2 | S1
Fossil/Gas SO [ SO | SO | SO | SO | SO [-S107| -S86 | -S87 | S87 | S111| $91 | S104| $96 |-$18| S5 | S5 | -$S3
Non-Hydro Renewables SO | SO|[So| SO | SO SO | SO S0 S0 S0 S0 S0 S0 SO [ SO | SO | SO | SO
Hydro SO | SO | SO | SO | SO | SO S0 S0 | -$1 S0 s1 s1 S0 SO | SO | SO | SO | SO
Imports SO [ SO | SO | SO | SO | SO [-S128| -$88 | -$98 | $91 | $121| S106 | $S119| $92 |-$20( $9 | S3 | -$1
Exports SO | SO | SO | SO | SO | SO | $35 | S52 | $60 | -S54 | -S64 | -S69 | -$73 | -$59 | S10 | -$3 | -S3 | S1
Net Change in Dispatch Cost S0 | SO | SO | S0 | SO | SO [-$237|-$199(-$212| $202 | $259 | $235 | $260 | $218 [-$42| $14 | $9 | -$5

Change in Capital & Fixed Cost (2014 $SM) 2015(2016(2017|2018(2019|2020| 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029|2030(2031| 2032
OPG Nuclear SO [ -85 | SO | SO | $20 |S275(-S180( -S43 |-$132| -$5 |-$250| $42 | -$95 |-$117|5242($115|5116($138| $27
Replacement Capacity (Gas) SO | SO | SO | SO | SO | SO |-$114|-S114(-S114| S114| S114| S114 | $114 | S114| SO | SO | SO | SO | s107
Net Change in Capital & Fixed Cost SO | -S5 | SO | SO | $20 ($275|-$294|-$157(-$246| $109 |-$136| $156 | $19 | -$3 [$242|$115|5116|$138| SO

Total Net Change in Electricity Costs (2014SM) | $0 | -$4 [ SO | $O | $20 ($275|-$531|-$356(-$459| $311 | $123 | $391 | $279 | $216 |$199|$130|$125|$133| 5381
— System cost increase (+) / decrease (-). Ndevaluated at a 4% real discount rate.
% leso
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Cost Tables: Aachment 1
Pickering to 2020, Darlington Unlapped without Idle Timevs
Pickering to 2020, Darlington Lapped

(A) Pickering to 2020, Darlington Unlapped without Idle Time vs (B) Pickering to 2020, Darlington Lapped

Change in Energy Production (TWh) 2015(2016(2017(2018(2019|2020| 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 |2029|2030|2031|2032| Total
Nuclear 0 0 0 0 0 0 6 6 7 2 -1 -6 -7 -6 1 0 0 0 2
Fossil/Gas 0 0 0 0 0 0 -2 -2 -2 -1 0 2 2 2 0 0 0 0 -1
Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Economic Imports 0 0 0 0 0 0 -2 -2 -2 -1 0 2 2 2 0 0 0 0 -1
Economic Exports 0 0 0 0 0 0 1 2 3 1 0 -2 -2 -2 0 0 0 0 0
Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 SM) 2015(2016(2017|2018(2019|2020| 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029|2030(2031| 2032
Nuclear SO | SO | SO | SO | SO | SO [ $33 [ S31 | S40 | S10 | -$7 | -$33|-$35|-529| S6 | -82 | -S2 | $1
Fossil/Gas SO [ SO | SO | SO | SO | SO [-S107| -S98 |-$104| -S22 | S19 | $91 | S104| $96 |-$18| S5 | S5 | -$S3
Non-Hydro Renewables SO | SO|[So| S0 | SO | SO | SO S0 S0 S0 S0 S0 o] SO [ SO | SO | SO | SO
Hydro SO | SO | SO | SO | SO | SO S0 S0 | -$1 S0 S0 S1 S0 SO | SO | SO | SO | SO
Imports SO [ SO | SO | SO | SO | SO [-S128[ -$99 |-$118| -S35 | $33 | S106 | $S119| $92 |-$20( $9 | S3 | -$1
Exports SO | SO | SO | SO | SO | SO | S35 [ $59 | $72 | S22 | -$4 | -S69 | -$73 | -$59 | S10 | -$3 | -S3 | S1
Net Change in Dispatch Cost S0 | SO | SO | S0 | SO | SO [-$237|-$225(-$254| -$69 | $49 | $235 | $260 | $218 (-$42| $14 | $9 | -$5

Change in Capital & Fixed Cost (2014 $SM) 2015(2016(2017|2018(2019|2020| 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029|2030(2031| 2032
OPG Nuclear SO | -85 | SO | SO | $20 |S275(-S180( -S23 |-$128| -S33 |-$218| $38 | -$95 |-$117|5242($117|5116(5138
Replacement Capacity (Gas) SO | SO | SO | SO | SO | SO |-$114|-S114(-S114| SO SO | $114|$114|$114( SO0 | SO | SO | SO
Net Change in Capital & Fixed Cost SO | -S5 | SO | SO | $20 ($275|-$294|-$138(-$242| -$33 |-$218( $153 | $19 | -$3 [$242|$117($116|$138

Total Net Change in Electricity Costs (2014SM) | $0 | -$4 | SO | $O | $20 [$275|-$531(-$363|-5496 (-$103|-$169| $387 | $279 | $216 | $199|$132|$125($133 | -5121
— System cost increase (+) / decrease (-). Ndevaluated at a 4% real discount rate.
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Independent Electricity 61

System Operator




Filed: 2016-05-27
T b I EB-2016-0152
C ° Exhibit F2-2-3
0 St a e S ° Attachment 1
Page 103 of 116

Pickering to 2022/24, Darlington Unlapped with Idle Time vs
Pickering to 2022/24, Darlington Lapped

(A) Pickering to 2022/24, Darlington Unlapped with Idle Time vs (B) Pickering to 2022/24, Darlington Lapped

Change in Energy Production (TWh) 2015|2016(2017(2018|2019|2020| 2021 | 2022 | 2023 (2024| 2025 | 2026 (2027| 2028 | 2029(2030(2031|2032| Total
Nuclear 0 0 0 1 0 0 6 5 6 6| -7 | -6|-7]| -6 1 0 0 0 | -13
Fossil/Gas 0 0 0 0 0 0 -2 -1 -2 1 2 2 2 2 0 0 0 0 5
Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Economic Imports 0 0 0 0 0 0 -2 -1 -2 2 2 2 2 2 0 0 0 0 5
Economic Exports 0 0 0 0 0 0 2 2 3 -3 -2 2| -2 -2 0 0 0 0
Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015|2016|2017(2018|2019|2020| 2021 | 2022 | 2023 (2024 2025 | 2026 (2027 | 2028 |2029|2030(2031 (2032
Nuclear SO | SO | SO | SO | SO | SO | $33 | $28 | $33 |-$30( -$36|-$33(-835| -$29| $6 [ -$2 | -2 | S1
Fossil/Gas SO0 | SO | SO | -S6| SO | SO | -$75|-S69 | -$70 | S64 | $111 | $91 [$104| $96 [-518| S5 | $5 | -3
Non-Hydro Renewables SO | SO [ S0 | SO|so|sSof sO| SO | SO |[so| SO |[SO|SO| SO | SO | SO | SO | SO
Hydro S0 | SO | SO | SO | SO | SO | -S3 | -S2 | -S1 | S1 | S$1 | S1| SO | SO | SO | SO | SO | SO
Imports SO | SO | SO | -S9| SO | SO | -$74| -S53 | -$69 | $68 | $121 |$106(5119| $92 [-520| $9 | $3 | -S1
Exports SO | SO | SO | S5 | SO | SO | $23 | $43 | $55 |-$35( -$64 |-$69(-573| -$59 | $10 | -S3 | -S3 | S1
Net Change in Dispatch Cost S0 | SO | SO |-$20| SO | SO |-$142(-$138|-$162|$138| $259 |$234|$260( $218 |-$42| $14 | $9 | -S5

Change in Capital & Fixed Cost (2014 $M) 2015|2016(2017(2018|2019/2020| 2021 | 2022 | 2023 (2024 | 2025 | 2026 (2027 | 2028 |2029|2030(2031|2032| NPV
OPG Nuclear SO | -85 | SO | S40 | $23 |$247(-S126| -$22 |-5103| -$8 [-5261| $46 |-$95|-5117(5242|$115|5116|5138| S114
Replacement Capacity (Gas) SO | SO | SO | SO | SO | SO [ -S31| SO [ -548 | 54 | $114 ($114|5114| $114| SO | SO | SO | SO | 5259
Net Change in Capital & Fixed Cost

Total Net Change in Electricity Costs (2014 $M) -$4 | S0 | $20 | $23 |$247|-$298 |-$159(-$313|$184 | $113 |$394|$279( $215 |$199|$130|$125|$133| $711

System cost increase (+) / decrease (-). ilﬁ‘@c}q a 4% real discount rate.
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Pickering to 2022/24, Darlington Unlapped without Idle Time vs
Pickering to 2022/24, Darlington Lapped

(A) Pickering to 2022/24, Darlington Unlapped without Idle Time vs (B) Pickering to 2022/24, Darlington Lapped

Change in Energy Production (TWh) 2015|2016(2017(2018|2019|2020| 2021 | 2022 | 2023 (2024| 2025 | 2026 (2027| 2028 | 2029(2030(2031|2032| Total
Nuclear 0 0 0 1 0 0 6 6 7 2 -1 | -6|-7] -6 1 0 0 0 2
Fossil/Gas 0 0 0 0 0 0 -2 -2 -2 0 0 2 2 2 0 0 0 0 1
Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Economic Imports 0 0 0 0 0 0 -2 -1 -2 0 0 2 2 2 0 0 0 0 0
Economic Exports 0 0 0 0 0 0 2 3 4 1 0 2| -2 -2 0 0 0 0 3
Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015|2016(2017(2018|2019/2020| 2021 | 2022 | 2023 (2024 | 2025 | 2026 (2027 | 2028 |2029(2030(2031|2032| NPV
Nuclear SO | SO | SO | SO | SO | SO | $33 | S31 | $40 | $S10| -57 |-$33(-835|-$29| $6 [ -S2 | -S2 | S1 | 522
Fossil/Gas SO | SO | SO | -S6| SO | SO | -S75| -$77 | -$82 |-$18| $19 | $91 |$104| $96 |-S18| S5 | S5 | -S3 | -S8
Non-Hydro Renewables SO | SO [ S0 | SO|so|sSof SO | SO | SO |SO| SO ([SO|SO| SO | SO|SO|SO| SO| so
Hydro SO | SO | SO | SO | SO | SO | -S3 | -S2 | -2 | -S1| SO | S1 [ SO | SO | SO [ SO | SO | SO | -S5
Imports SO | SO | SO | -S9| SO | SO | -S74| -S61 | -$81 |-$23| $33 |$106($119| $92 [-520( $9 | S3 | -S1 | S27
Exports SO | SO | SO | S5 | SO | SO | $23 | S50 | $66 | S26 | -S4 |-$69(-$73| -$59 | S10| -S3 | -S3 | S1 | S3
Net Change in Dispatch Cost S0 | SO | S0 |-$20| SO | SO |-$142(-$159|-$190|-$58| $49 |$234|$260| $218|-S42| $14| $9 | -$5| SO

Change in Capital & Fixed Cost (2014 $M) 2015|2016(2017(2018|2019/2020| 2021 | 2022 | 2023 (2024 | 2025 | 2026 (2027 | 2028 |2029|2030(2031|2032| NPV
OPG Nuclear SO | -85 | SO | S40 | $23 |$247|-5126| -S8 | -$99 |-$25(-$225| $42 |-$95 [-$117|5242($117|5116|5138| 5137
Replacement Capacity (Gas) SO | SO | SO | SO | SO | SO [-S31| SO [-548| SO | SO [$114|$114|S114| SO | SO | SO | SO | S149
Net Change in Capital & Fixed Cost

Total Net Change in Electricity Costs (2014 $M) -$4 | S0 | $20 | $23 |$247|-$298 |-$167 |-$337| -$83 [-$176|$391 | $279| $215 |$199($132|$125|$133| 5318

System cost increase (+) / decrease (-). ilﬁ‘@c}q a 4% real discount rate.
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Pickering to 2018, Darlington Unlapped with Idle Time vs
Pickering to 2018, Darlington Lapped

(A) Pickering to 2018, Darlington Unlapped with Idle Time vs (B) Pickering to 2018, Darlington Lapped

Change in Energy Production (TWh) 2015|2016(2017|2018|2019(2020( 2021 | 2022 | 2023 | 2024 | 2025 (2026|2027 | 2028 | 2029 |2030|2031|2032| Total
Nuclear 0 0 0 0 0 0 6 5 6 -6 -7 | -6 | -7 -6 1 0 0 0 | -13
Fossil/Gas 0 0 0 0 0 0 -2 -2 -2 2 2 2 2 2 0 0 0 0 4
Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Economic Imports 0 0 0 0 0 0 -2 -2 -2 2 2 2 2 2 0 0 0 0 4
Economic Exports 0 0 0 0 0 0 1 2 2 -2 -2 -2 | -2 -2 0 0 0 0
Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015|2016(2017|2018|2019(2020( 2021 | 2022 | 2023 | 2024 | 2025 (2026 |2027| 2028 | 2029|2030(2031|2032
Nuclear SO | SO | SO [ SO | SO | SO | $33 | $28 | $33 | -$30 | -$36 |-$33|-$35( -$29| S6 | -$2 | -$2 | $1
Fossil/Gas SO | SO | SO [ SO | SO | SO |-5106| -$87 | -S87 | $87 | $110| $93 |S105| $97 |-$17| $6 | $6 | -S1
Non-Hydro Renewables SO | SO| SO| SO | SO | SO so SO SO SO SO | SO | SO SO | SO | SO | SO | SO
Hydro SO | S0 [ SO | SO | SO | SO | SO S0 S0 S0 S1 | S1 | S0 | SO | SO | SO | SO | SO
Imports SO | SO | SO [ SO | SO | SO |-$130| -$88 | -S98 | $92 | $121|5106|S119| $92 |-$20| S9 | $3 | -$2
Exports SO | SO | SO [ SO | SO | SO | $35 | S52 | $61 | -$53 | -$63 |-$68|-S71| -S58 | S11| -1 | -$2 | $2
Net Change in Dispatch Cost SO0 | SO | SO [ SO | SO | SO |-$238|-$199|-$212| $202 | $259 |$234|$260| $218 |-$42| S14 | $9 | -$5

Change in Capital & Fixed Cost (2014 $M) 2015|2016(2017|2018|2019(2020( 2021 | 2022 | 2023 | 2024 | 2025 (2026|2027 | 2028 | 202920302031 |2032
OPG Nuclear SO | -S5 | SO | SO | $23 |$315(-5169]| -$43 |-$133| -S3 [-$250]| $42 | -$95 [-$117|5242|$115($116($138| S70
Replacement Capacity (Gas) SO | SO | SO | SO | SO | SO [-S114|-S114]-5114( S114 | $114 |S114($114( S114| SO | SO | SO | SO | s107
Net Change in Capital & Fixed Cost S0 | -85 | SO | S0 | $23 [$315|-$283(-$157|-$247| $111 |-$136|$156| $19 | -$3 |$242($115|$116|5138| SO

Total Net Change in Electricity Costs (2014 M) | $0 | -$5 | $0 | SO | $23 |$315|-$521(-$356(-$460| $312 | $123 |$390($279| $216 | $199($130|$125|$133| 5421

D System cost increase (+) / decrease (-). ImAvgly.g'cgd’zit a 4% real discount rate.
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Cost Tables: Atachment 1
Pickering to 2018, Darlington Unlapped without Idle Timevs
Pickering to 2018, Darlington Lapped

(A) Pickering to 2018, Darlington Unlapped without Idle Time vs (B) Pickering to 2018, Darlington Lapped

Change in Energy Production (TWh) 2015|2016(2017|2018|2019|2020( 2021 | 2022 | 2023 | 2024 | 2025 (2026|2027 | 2028 | 2029|2030|2031|2032| Total
Nuclear 0 0 0 0 0 0 6 6 7 2 16| -7 -6 1 0 0 0 2
Fossil/Gas 0 0 0 0 0 0 -2 -2 -2 -1 0 2 2 2 0 0 0 0 -1
Non-Hydro Renewables 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hydro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Economic Imports 0 0 0 0 0 0 -2 -2 -2 -1 0 2 2 2 0 0 0 0 -1
Economic Exports 0 0 0 0 0 0 1 2 3 1 0 -2 | -2 -2 0 0 0 0 0
Net Change in Energy Production 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Change in Dispatch Cost (2014 $M) 2015]2016|2017|2018|2019|2020| 2021 | 2022 | 2023 | 2024 | 2025 (2026 (2027 | 2028 (2029 (2030(2031|2032| NPV
Nuclear SO [ SO | SO | SO | SO [ SO | $33 | $31 | $40 | S10 | -S7 |-$33|-S35(-S29 | S6 | -2 | -$2| S1 | s22
Fossil/Gas SO | SO | SO [ SO | SO | SO |-$106]| -$98 |-$104| -$23 | $18 | $93 |S105| $97 |-$17| S6 | $6 | -S1 | -557
Non-Hydro Renewables SO | SO| SO| SO | SO | SO so SO SO SO SO | SO| SO SO | SO | SO | SO | SO | so
Hydro S0 | SO [ SO | SO | SO |SO| SO | SO | -S1| SO | SO |S1|S0| SO | SO | SO| SO | SO | -s1
Imports SO [ SO | SO | SO | SO [ SO |-5130( -$98 |-S118| -S34 | $33 |$106|5119| $92 |-S20| $9 | $3 | -$2 | -S69
Exports SO | SO | SO [ SO | SO | SO | S35 | S60 | $72 | $22 | -S4 |-S68|-S71| -S58 | S11| -1 | -$2 | $2
Net Change in Dispatch Cost SO [ SO | SO | SO | SO | SO |-$238(-$225|-$255| -S70 | $48 |$234|$260( $218 |-$42( $14 | $9 | -$5

Change in Capital & Fixed Cost (2014 $M) 2019|2020| 2021 | 2022 | 2023 | 2024 | 2025 (2026 (2027 2028 (2029 (2030|2031 |2032
OPG Nuclear $23 |$315(-$169| -$23 [-$128| -$32 [-$218(| $38 [-$95(-5117($242|5117|5116(5138
Replacement Capacity (Gas) SO | SO |-$114|-S114(-S114| SO SO |S$114(S114(S114| SO | SO | SO | SO
Net Change in Capital & Fixed Cost

Total Net Change in Electricity Costs (2014 $M)

D System cost increase (+) / decrease (-). ImAvgly.g'cgd’zit a 4% real discount rate.
¥ €50
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Total Annual Cost of Electricity Service (2014 S Billion)
Across Pickering Life Extension Scenarios, with Darlington Lapped

Total Annual Cost of Electricity Service Across Pickering Life Extension Scenarios, with Darlington Lapped (2014 $ Billion)
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2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
LTEP (2013) $20.22| $20.57( $20.39( $21.01| $20.51| $20.77| $21.26| $21.59| $20.57| $20.50| $20.56| $20.73| $20.71| $20.61| $20.57| $20.46| $20.35| $20.25
Pickering to 2020 $21.22| $20.83| $21.25| $20.91| $20.58| $21.92| $21.50| $21.39| $21.70| $21.15| $21.47( $21.18| $21.42| $21.34| $21.23| $21.21| $21.17| $20.88
Pickering to 2022 $21.22| $20.75( $21.17| $20.82| $20.54| $20.99 $21.19| $22.29| $21.89| $21.20| $21.48| $21.15| $21.42| $21.33| $21.23| $21.21| $21.17 $20.88
Pickering to 2022/2024 $21.23| $20.75[ $21.17| $20.82| $20.55| $21.02( $21.19| $21.32| $21.54| $22.11| $21.67| $21.23| $21.44| $21.30| $21.23| $21.21| $21.17 $20.88
Pickering to 2024 $21.21| $20.77( $21.14| $20.82| $20.54| $21.06| $21.18| $21.46| $22.02| $22.58| $21.61| $21.16| $21.40| $21.30| $21.23| $21.21| $21.17| $20.88
Pickering to 2018 $21.22| $20.95( $21.36( $21.79| $20.59| $20.77| $21.30| $21.33| $21.67| $21.18| $21.48| $21.19| $21.42| $21.34 $21.23| $21.21| $21.17| $20.88
Change in Costs: Relative to Pickering to 2020, with Darlington Lapped (2014 S Billion)
2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
Pickering to 2020 $0.00[ $0.00[ $0.00[ $0.00] $0.00| $0.00| $0.00| $0.00| $0.00| $0.00| $0.00| $0.00| $0.00| $0.00[ $0.00[ $0.00[ $0.00 $0.00
Pickering to 2022 $0.00| -$0.08| -$0.08| -$0.10| -$0.04| -$0.93| -$0.30| $0.90| $0.19| $0.05| $0.01| -$0.04| $0.00| $0.00[ $0.00| $0.00| $0.00| $0.00
Pickering to 2022/2024 $0.01/ -$0.08| -$0.08| -$0.09| -$0.03| -$0.91| -$0.31| -$0.07| -$0.16] $0.96] $0.20| $0.04| $0.01| -$0.03| $0.00| $0.00| $0.00| $0.00
Pickering to 2024 -$0.01| -$0.06| -$0.11| -S0.09| -$0.04| -$0.86| -$0.32| $0.07| $0.32| $1.43| $0.14| -$0.02| -$0.02| -$0.03| $0.00| $0.00[ $0.00| $0.00
Pickering to 2018 $0.00| $0.12| $0.11| $0.88| $0.01| -$1.15| -$0.20| -$0.06| -$0.02| $0.03| $0.01| $0.00| $0.00| $0.00| $0.00| $0.00| $0.00[ $0.00
Cost increase (+). Cost decrease (-).
Change in Costs: Relative to LTEP (2013) (2014 S Billion)
2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
LTEP (2013) $0.00| $0.00| $0.00[ $0.00| $0.00| $0.00[ $0.00] $0.00| $0.00| $0.00[ $0.00{ $0.00| $0.00| $0.00| $0.00| $0.00| $0.00[ $0.00
Pickering to 2020 $1.00| $0.26| $0.86[ -$0.10| $0.07| S$1.15| $0.24| -$0.19| $1.13| $0.65| $0.91 $0.46| $0.72| $0.73| $0.66| $0.75| $0.82| $0.63
Pickering to 2022 $1.00| $0.18| $0.78[ -$0.20| $0.03| $0.22| -$0.06| $0.70| $1.32| $0.70[ $0.92 $0.42| $0.72| $0.73| $0.66| $0.75| $0.82| $0.63
Pickering to 2022/2024 $1.01| $0.18| $0.78| -$0.19| $0.04| $0.24| -$0.07| -$0.26| $0.96| $1.61| $1.11| $0.50| $0.73| $0.70[ $0.66| $0.75| $0.82| $0.63
Pickering to 2024 $0.99| $0.20| $0.75[ -$0.19| $0.03| $0.28| -$0.08| -$0.12| $1.45| $2.08 $1.04| $0.44| $0.69| $0.70| $0.66| $0.75| $0.82| $0.63
Pickering to 2018 $1.00[ $0.38| $0.97| $0.78| $0.08| $0.00| $0.04| -$0.26| $1.10| $0.68| $0.92| $0.46| $0.72| $0.73| $0.66| $0.75| $0.82| $0.63

%

Cost increase (+). Cost decrease (-).
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Total Annual Cost of Electricity Service (2014 S Billion)
Across Darlington Scenarios

Total Annual Cost of Electricity Service Across Darlington Scenarios (2014 $ Billion)
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2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
LTEP (2013) $20.22| $20.57( $20.39( $21.01| $20.51| $20.77| $21.26| $21.59| $20.57| $20.50| $20.56| $20.73| $20.71| $20.61| $20.57| $20.46| $20.35| $20.25
Pickering to 2020, Darlington Lapped $21.22| $20.83| $21.25| $20.91| $20.58| $21.92| $21.50| $21.39| $21.70| $21.15| $21.47( $21.18| $21.42| $21.34| $21.23| $21.21| $21.17| $20.88
Pickering to 2020, Darlington Unlapped without Idle Time $21.22| $20.82( $21.25( $20.91| $20.60| $22.21( $20.93| $21.00| $21.18| $21.04| $21.29| $21.60| $21.72| $21.57| $21.44| $21.35| $21.30| $21.02
Pickering to 2020, Darlington Unlapped with Idle Time $21.22| $20.82( $21.25( $20.91| $20.60| $22.21| $20.93| $21.01| $21.21| $21.48| $21.60| $21.60| $21.72( $21.57| $21.44| $21.35| $21.30| $21.02
Pickering to 2022/2024, Darlington Lapped $21.23| $20.75[ $21.17| $20.82| $20.55| $21.02( $21.19| $21.32| $21.54| $22.11| $21.67| $21.23| $21.44| $21.30| $21.23| $21.21| $21.17 $20.88
Pickering to 2022/2024, Darlington Unlapped without Idle Time $21.22| $20.73| $21.16( $20.83| $20.56| $21.27( $20.86| $21.14| $21.18| $22.01| $21.48| $21.64| $21.73| $21.53| $21.44| $21.35| $21.30| $21.02
Pickering to 2022/2024, Darlington Unlapped with Idle Time $21.22| $20.73| $21.16( $20.83| $20.56| $21.27( $20.86| $21.15| $21.20 $22.28| $21.78| $21.64| $21.73| $21.53| $21.44| $21.35| $21.30{ $21.02
Change in Costs: Pickering to 2022/2024 versus Pickering to 2020 under assumed Darlington schedule (2014 S Billion)
2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
Darlington Lapped $0.01| -$0.08| -$0.08| -$0.09| -$0.03| -$0.91| -$0.31| -$0.07| -$0.16 $0.96| $0.20| $0.04| $0.01| -$0.03| $0.00| $0.00| $0.00| $0.00
Darlington Unlapped without Idle Time $0.00| -$0.10 -$0.09| -$0.08| -$0.04| -$0.95| -$0.07| $0.14| $0.00] $0.97| $0.19| $0.04| $0.01| -$0.03| $0.00| $0.00| $0.00| $0.00
Darlington Unlapped with Idle Time $0.00| -$0.10| -$0.09| -$0.08| -$0.04| -$0.95| -$0.07| $0.14| -$0.01| $0.81| $0.19| $0.04| $0.01| -$0.03| $0.00| $0.00| $0.00[ $0.00
Cost increase (+). Cost decrease (-).
Change in Costs: Relative to LTEP (2013) (2014 S Billion)
2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
LTEP (2013) $0.00| $0.00f $0.00| $0.00| $0.00| $0.00[ $0.00| $0.00| $0.00| $0.00] $0.00| $0.00| $0.00[ $0.00[ $0.00| $0.00| $0.00[ $0.00
Pickering to 2020, Darlington Lapped $1.00| $0.26| $0.86( -$0.10| $0.07| S$1.15| $0.24| -$0.19| $1.13| $0.65| $0.91 $0.46| $0.72| $0.73| $0.66| $0.75| $0.82| $0.63
Pickering to 2020, Darlington Unlapped without Idle Time $0.99| $0.26| $0.86( -$0.10| $0.09| $1.44| -$0.32 -$0.58| $0.60| $0.54| $0.73| $0.87| S$1.01| $0.96| $0.87| $0.89| $0.95[ $0.77
Pickering to 2020, Darlington Unlapped with Idle Time $0.99| $0.26| $0.86| -$0.10| $0.09| $1.44| -$0.32| -$0.57| $0.64| $0.98| $1.03| $0.87| $1.01| $0.96| $0.87| $0.88| $0.95| $0.77
Pickering to 2022/2024, Darlington Lapped $1.01| $0.18| $0.78| -$0.19| $0.04| $0.24| -$0.07| -$0.26| $0.96| $1.61| $1.11| $0.50| $0.73| $0.70[ $0.66| $0.75| $0.82| $0.63
Pickering to 2022/2024, Darlington Unlapped without Idle Time $0.99 $0.16| $0.77| -$0.18| $0.05| $0.49| -$0.39| -$0.44( $0.61| $1.51| $0.92| $0.91| $1.02| $0.93| $0.87| $0.89| $0.95( $0.77
Pickering to 2022/2024, Darlington Unlapped with Idle Time $0.99 $0.16 $0.77| -$0.18| $0.05| $0.49| -$0.39| -$0.43| $0.63| $1.78| $1.22| $0.92| $1.02| $0.93| $0.87| $0.88| $0.95 $0.77

%

L\

Cost increase (+). Cost decrease (-).
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Residential Electricity Bill (nominal S/month) Atachment 1
Across Pickering Life Extension Scenarios, with Darlington Lapped

Residential Electricity Bill Across Pickering Life Extension Scenarios, with Darlington Lapped (nominal $/month)

2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032

LTEP (2013) S145| S$167| $170| S$178| S$177| $181f $187[ $193| $188| $191| S194| S$198] $200| $202| $204| $205( $207[ $210
Pickering to 2020 $147| S$159| S$167| S$167| $171| $185[ $183| $185| $191| $190| S$194| S$195| S$199| $200 $201| $203[ $206| $207
Pickering to 2022 $147| $159] $166| S166| $171] $178| S$181| $193| $193| $190| $194| $194| $199] $200{ $201| $203| S$206( $207
Pickering to 2022/2024 $147| S$159| S$166| S166| $171| $178[ $181 $185| $190| $198| S196| S$195| S$199| $200 $201| $203[ $206( $207
Pickering to 2024 $147| S$159| S166| S$166 $171| $178[ $181 $186| $195| $203| S196| S$195| S$198| $200 $201| $203[ $206| $207
Pickering to 2018 $147| $160| $168| $174| $171] $175| S$181| $185 S$191] $190] $194| $195| $199] $200[ $201| $203| S$206| $207

Change in Costs: Relative to Pickering to 2020, with Darlington Lapped (nominal S/month)

2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032

Pickering to 2020 $0.0] $0.0] $0.0 $0.0/ $0.0f $0.0[ $0.0f $0.0f $0.0f $0.0] $0.0] $0.0] $0.0] $0.0 $0.0[ $0.0[ $0.0[ $0.0
Pickering to 2022 $0.0] -$0.6| -$0.6| -$0.8] -$0.3] -$7.3| -$17| $7.9] S16| $0.4| $0.1 -$0.3] $0.0] $0.0f $0.0] $0.0/ $0.0[ $0.0
Pickering to 2022/2024 $0.1) -50.6| -50.6| -$0.8] -$0.2| -$7.1f -$1.8] $0.1] -$0.9] $85| S17| S0.4| $0.1] -$0.3] $0.0[ $0.0[ $0.0[ $0.0
Pickering to 2024 -$0.1f -$0.5| -$0.9| -$0.8| -S0.3| -$6.9] -S$1.9] S$1.2| $3.3| $12.6] $1.1f -$0.2] -$0.2| -$0.3|] $0.0] $0.0| $0.0] $0.0
Pickering to 2018 $0.0f $0.9] $0.8] $6.7] -$0.6] -$9.7] -S16| -$0.5| -$0.2| $0.3] $0.1] $0.0f $0.0] $0.0f $0.0] $0.0 $0.0[ $0.0

Cost increase (+). Cost decrease (-).

Change in Costs: Relative to LTEP (2013) (nominal S/month)

2015 | 2016 | 2017 | 2018 | 2019 [ 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
LTEP (2013) $0.0] $0.0] $0.0] $0.0 $0.0f $0.0[ $0.0 $0.0f $0.0f $0.0] $0.0] $0.0] $0.0] $0.0 $0.0[ $0.0[ $0.0[ $0.0
Pickering to 2020 $2.1| -$7.6| -$3.3| -$10.8| -$5.7| $4.1| -$4.4| -$7.7| $3.4] -S10| $0.4| -$3.3| -S1.5| -$2.0[ -$2.8| -$2.1| -$1.4| -$3.5
Pickering to 2022 $2.1) -$8.2| -$3.9|-811.6] -$6.1] -$3.2| -$6.1] $0.3| $5.0] -50.6] S0.4| -$3.6| -S1.5| -$2.0[ -$2.8| -$2.1| -S1.4| -$3.5
Pickering to 2022/2024 $2.2| -$8.2| -$3.9| -811.6| -$6.0[ -$3.0| -$6.1| -$7.6] $2.5| S7.5| $2.0] -$52.9| -S1.4| -$2.2[ -$2.8[ -$2.1| -$1.4| -$3.5
Pickering to 2024 $2.1) -$8.1| -%4.2| -$11.6| -$6.1| -$2.8| -$6.2| -$6.5| $6.7| $11.6| S1.5| -$3.5| -S1.7| -$2.2[ -$2.8| -$2.1| -$1.4| -$3.5
Pickering to 2018 $2.1] -$6.7] -$2.5| -$4.1] -$6.3] -$5.6| -$6.0 -$8.2| $3.2] -$0.7) $0.4| -$3.3] -S1.5| -$1.9| -$2.8] -$2.1| -$1.4] -$3.5

Cost increase (+). Cost decrease (-).

Assumes a typical residential consumption of 800 kWh/month.&
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Residential Electricity Bill Across Darlington Scenarios (nominal $/month)

2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
LTEP (2013) $145| $167| S$170| $178| S$177| $181| S$187( $193| S$188| $191| $194 $198| S200( $202| S204| $205| S$207[ $210
Pickering to 2020, Darlington Lapped $147| S$159| S$167| S$167| S$171 $185| $183| $185| $191| $190| $194 $195| $199 $200| S$201| $203| S206( $207
Pickering to 2020, Darlington Unlapped without Idle Time $147| S$159| S$167| S$167| S$171| $187| S$178 S$182| $187| $189| $193| $198| $201| $202| $203| $204| S$207[ $208
Pickering to 2020, Darlington Unlapped with Idle Time $147| S$159| S167| S$167| S171| $187| S178 $182| $188| $193| $195| $198( S$201| $202| $203| S204| $207| $208
Pickering to 2022/2024, Darlington Lapped $147| S$159| S$166| S166| S$171| $178| $181 $185| $190( $198| $196( $195| $199 $200| $201| $203| S206( $207
Pickering to 2022/2024, Darlington Unlapped without Idle Time $147| S$159| S$166| S$167| S$171| $180| S$178 S$184| $188| $198| $194 $198| $201| $202| $203| $204| S$207[ $208
Pickering to 2022/2024, Darlington Unlapped with Idle Time $147| $159| S166| $167| S171| $180| S178( S$184| S$188| $200| S$197| $198| S201| $202| S203| $204| S207( $208

Change in Costs: Pickering to 2022/2024 versus Pickering to 2020 under assumed Darlington schedule (nominal S/month)

2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
Darlington Lapped $0.1| -$0.6| -$0.6| -$0.8] -S0.2| -$7.1| -$1.8| S0.1| -$0.9| 85| S1.7[ $0.4| S$0.1| -S0.3] $0.0 $0.0] $0.0[ $0.0
Darlington Unlapped without Idle Time $0.0[ -$0.7| -$0.7| -$0.7| -$0.3| -$7.5| S$0.1f S$1.8] S0.5| $8.6] S1.6] $0.4/ S$0.1f -$0.3] S$0.0[f $0.0] S$0.0f $0.0
Darlington Unlapped with Idle Time $0.0] -$0.7[ -s0.7| -$0.7| -$0.3| -$7.5| $0.1| S1.8] $0.4| S7.1f S1.6] $0.4 S0.1| -$0.3] $0.0 $0.0] $0.0] $0.0

Cost increase (+). Cost decrease (-).

Change in Costs: Relative to LTEP (2013) (nominal S/month)

2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032

LTEP (2013) $0.0| $0.0| S$0.0f $0.0 S$0.0f $0.0 S$0.0[f $0.0] S$0.0f $0.0] S$0.0f $0.0 S$0.0[f $0.0 S$0.0f $0.0 s0.0[f $0.0
Pickering to 2020, Darlington Lapped $2.1| -$7.6| -$3.3| -$10.8| -$5.7| S4.1| -$4.4| -$7.7| $3.4] -S1.0[ S$0.4| -$3.3] -S1.5| -$2.0] -$2.8| -$2.1| -$1.4| -$3.5
Pickering to 2020, Darlington Unlapped without Idle Time $2.1| -$7.6| -$3.3| -$10.8| -$5.6| $6.4| -$8.6| -$10.7| -$0.7| -$1.8[ -$1.3| $0.0] $0.8| -$0.1| -$1.0| -$0.9| -$0.2| -$2.2
Pickering to 2020, Darlington Unlapped with Idle Time $2.1| -$7.6| -$3.3| -$10.8| -$5.6| S$6.4| -$8.6| -$10.6| -$0.4| S1.6| S1.2| $0.0 S$0.8[ -$0.1| -$1.0| -$0.9| -S0.2| -$2.2
Pickering to 2022/2024, Darlington Lapped $2.2| -$8.2[ -$3.9| -$11.6] -$6.0| -$3.0| -$6.1| -$7.6] $2.5| S7.5| S2.0] -$2.9| -S1.4| -$2.2| -$2.8| -$2.1| -$1.4| -$3.5
Pickering to 2022/2024, Darlington Unlapped without Idle Time $2.1| -$8.3| -%4.0| -$11.5| -$5.9| -$1.1| -$8.5| -$8.8| -$0.2| $6.7[ $0.3|] $0.3] $0.9| -$0.4| -$1.0| -$0.9| -$0.2| -$2.2
Pickering to 2022/2024, Darlington Unlapped with Idle Time $2.1| -$8.3| -$4.0[ -$11.5| -$5.9| -$1.1| -$8.5| -$8.8| -$0.1| 8.8 S$2.8[ $0.4| $0.9| -50.4| -$1.0[ -30.9| -$0.2[ -$2.2

Cost increase (+). Cost decrease (-).

Assumes a typical residential consumption of 800 kWh/month.&
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Industrial Electricity Rate Across Pickering Life Extension Scenarios, with Darlington Lapped (nominal $/MWh)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
LTEP (2013) $92 $96| $100] $105| $102| $104| $111| $115)  S113|  $113|  $115)  S116|  $118]  $118]  $121|  $121f  S123|  S$123
Pickering to 2020 $95 $98 $103 $105 $101 $108; $113 $115 $117 $115 $118 $117 $119 $121 $122 $123 $126 $125
Pickering to 2022 $95 $98| $103| $105| $100] $103| $108| $115| $118]  S116|  $118[  S116|  $119]  $121)  $122  $123|  S126| $125
Pickering to 2022/2024 $96 $98| $103| $105| $101| S104| $108| S$111) S114|  S118|  $119(  S117|  $120|  $121|  $122|  $123|  S126|  S$125
Pickering to 2024 $95 $98 $103 $106 $101 $104 $108 $112 $115 $119 $119 $116 $119 $121 $122 $123 $126 $125
Pickering to 2018 $95 $99| $104| $109] $105| S106| $112| S114| S117|  S116|  $118)  S116|  $119]  $121)  $122|  $123|  S126|  S$125
Change in Costs: Relative to Pickering to 2020, with Darlington Lapped (nominal S/MWh)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
Pickering to 2020 $0.0]  $0.0 $0.0 $0.0 $0.0 $0.0 $0.0] $0.0] $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0
Pickering to 2022 $0.0| -$0.4 -$0.4 $0.0 -$0.1 -$4.3 -$5.1 $0.5 $1.0 $0.3 $0.0 -$0.2 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0
Pickering to 2022/2024 $0.1| -S0.4| -50.4 $0.0 $0.0] -$4.0] -$5.2| -$4.1] -$3.2 $2.1 $1.0 $0.2 $0.1] -$0.2 $0.0 $0.0 $0.0 $0.0
Pickering to 2024 $0.0] $0.0] -$0.3 $0.3 $0.2| -$3.4| -$5.2| -$3.1] -S1.8 $3.3 $0.7| -$0.1) -$0.1) -$0.2 $0.0 $0.0 $0.0 $0.0
Pickering to 2018 $0.0  $0.5 $0.5 $3.8 $4.0] -S1.4| -S1.0[ -S0.3] -%0.1 $0.2 $0.0 $0.0 $0.0, $0.0 $0.0 $0.0 $0.0 $0.0

Cost increase (+). Cost decrease (-).

Change in Costs: Relative to LTEP (2013) (nominal S/MWh)

2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 [ 2030 | 2031 | 2032
LTEP (2013) $0.0|  $0.0 $0.0 $0.0 $0.0 $0.0 $0.0[ s0.0[ $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0
Pickering to 2020 $3.4]  S2.2 $3.1 $0.4| -$15 $3.6 $19| -S0.3] $4.2 $2.4 $2.9 $0.5 $1.4 $2.9 $0.6 $2.3 $3.3 $1.9
Pickering to 2022 $3.4 $1.8 $2.7 $0.5 -$1.6 -$0.7 -$3.3 $0.2 $5.2 $2.7 $2.9 $0.3 S1.4 $2.8 $0.6 $2.3 $3.3 $1.9
Pickering to 2022/2024 $3.5| $1.8 $2.7 $0.5[ -S1.5[ -$0.4] -$3.3] -$4.4[ S$1.0 $4.6 $3.9 $0.7 $1.5 $2.7 $0.6 $2.3 $3.3 $1.9
Pickering to 2024 $3.4]  S2.2 $2.7 $0.7|  -$1.2 $0.2| -$3.3] -$34| $2.3 $5.7 $3.6 $0.4 $1.3 $2.7 $0.6 $2.3 $3.3 $1.9
Pickering to 2018 $3.4 $2.7 $3.6 $4.3 $2.5 $2.1 $0.9| -$0.6 $4.0 $2.6 $2.9 $0.5 S1.4 $2.8 $0.6 $2.3 $3.2 $1.9

Assumes a typical large industrial customer with a demand of 5MW and a 75% capacity factor.

Costincrease (+). Cost decrease (-).
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Industrial Electricity Rate (nominal S/MWh) Atachment 1
Across Darlington Scenarios

Industrial Electricity Rate Across Darlington Scenarios (nominal $/MWh)

2015 | 2016 | 2017 2018 2019 2020 2021 | 2022 | 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

LTEP (2013) $92 $96 $100 $105 $102 $104 $111 $115 $113 $113 $115 $116 $118 $118 $121 $121 $123 $123
Pickering to 2020, Darlington Lapped $95 $98 $103 $105 $101 $108 $113 $115 $117 $115 $118 $117 $119 $121 $122 $123 $126 $125
Pickering to 2020, Darlington Unlapped without Idle Time $95 $98 $103 $105 $101 $109 $109 $112 $113 $115 $117 $120 $122 $123 $122 $124 $127 $126
Pickering to 2020, Darlington Unlapped with Idle Time $95 $98[  $103 $105 $101 $109 $109( $112| S114| S118  S120f $120f  $122 $123 $122 S$124  $127 $126)
Pickering to 2022/2024, Darlington Lapped $96, $98 $103 $105 $101 $104 $108 $111 $114 $118 $119 $117 $120 $121 $122 $123 $126 $125
Pickering to 2022/2024, Darlington Unlapped without Idle Time $95 $98 $103 $105 $101 $105 $105 $109 $111 $117 $118 $120 $122 $123 $122 $124 $127 $126
Pickering to 2022/2024, Darlington Unlapped with Idle Time $95 $98 $103 $105 $101 $105 $105 $109 $111 $120 $121 $120 $122 $123 $122 $124 $127 $126

Change in Costs: Pickering to 2022/2024 versus Pickering to 2020 under assumed Darlington schedule (nominal S/MWh)

2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032

Darlington Lapped $0.1| -$0.4 -$0.4, $0.0 $0.0 -$4.0 -$5.2| -$4.1| -$3.2 $2.1 $1.0 $0.2 $0.1 -$0.2 $0.0 $0.0 $0.0 $0.0
Darlington Unlapped without Idle Time $0.0 -$0.4 -50.4, $0.0 -$0.1 -$4.2 -$4.0[ -$3.2| -$2.2 $2.2 $1.0 $0.2 $0.1 -$0.2 $0.0 $0.0 $0.0 $0.0
Darlington Unlapped with Idle Time $0.0 -%0.4| -S0.4 $0.0[ -$0.1| -$4.2 -$4.0] -$3.2[ -$2.3 $1.7 $1.0 $0.2 $0.1| -$0.2 $0.0 $0.0 $0.0 $0.0

Cost increase (+). Cost decrease (-).

Change in Costs: Relative to LTEP (2013) (nominal S/MWh)

2015 | 2016 | 2017 2018 2019 2020 2021 ( 2022 | 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

LTEP (2013) $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0
Pickering to 2020, Darlington Lapped $3.4 $2.2 $3.1 $0.4 -$1.5 $3.6 $1.9] -$0.3 $4.2 $2.4 $2.9 $0.5 $1.4 $2.9 $0.6 $2.3 $3.3 $1.9
Pickering to 2020, Darlington Unlapped without Idle Time $3.4| S22 $3.1 $0.4| -$1.4 $5.00 -$2.1] -$3.0 $0.2 $1.6 $2.5 $3.7 $4.3 $5.0 S1.5 $3.2 $4.1 $2.6
Pickering to 2020, Darlington Unlapped with Idle Time $3.4] $2.2 $3.1 $0.4| -$1.4 $5.0  -$2.1f -$2.9 $0.7 $5.0 $4.9 $3.7 $4.3 $5.0 $1.5 $3.2 $4.1 $2.6
Pickering to 2022/2024, Darlington Lapped $3.5 $1.8 $2.7 $0.5 -$1.5 -$0.4 -$3.3 -$4.4 $1.0 $4.6 $3.9 $0.7 $1.5 $2.7 $0.6 $2.3 $3.3 $1.9
Pickering to 2022/2024, Darlington Unlapped without Idle Time $3.4 $1.7 $2.6 $0.4| -$1.4 $0.8| -$6.1| -$6.2| -S2.0 $3.9 $3.5 $3.9 $4.4] $4.8 $1.5 $3.2 $4.1 $2.6)
Pickering to 2022/2024, Darlington Unlapped with Idle Time $3.4] $1.7 $2.6 $0.4| -$1.4 $0.8| -$6.1] -$6.1| -S1.6 $6.7 $5.9 $3.9 $4.4] $4.8 $1.5 $3.2 $4.1 $2.6

Costincrease (+). Cost decrease (-).
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Gas price volatility analysis Page 11301116

e A probabilistic evaluation is completed to assess the change in net present value (NPV) of electricity system
cost as a function of natural gas price

e  Gas price distributions are derived using historical gas prices. Two sets of distributions are derived from
historical natural gas prices (from US EIA) and modeled:

1) Using long-run historical gas prices: historical gas prices from 1997 through 2014 are fit to a log-
normal distribution. This distribution has a positive skew yielding a greater likelihood of higher gas
prices then the mean (more upside risk than downside).

2) Using recent historical gas prices: historical gas prices from 2010 through 2014 are fit to a log-normal
distribution. This distribution is relatively normally distributed yielding an equal likelihood of gas
prices being higher or lower than the mean.

e  The analysis is completed using Monte Carlo simulations based on user specified probability distributions.
5,000 iterations are completed although results tend to converge at about 500 iterations.

e  Results of the analysis are presented for both sets of gas price distributions

¥
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Model Input: Lognormal Probability Distribution of Natural Gas Price (1997-2014)
(Mean: $5.52/MMBtu, Median: $5.05/MMBtu, 10-90% Range: $2.93-$8.69/MMBtu)

a09% Based on historical
ke natural gas prices

& g f
g o rom 1997-2014
= 24%
S 22%
= 20%
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-$3 -$2 -1 so s1 $2 $3 sa $5 se $7 s8 $o s$10 $11 $12 $13 s14 s$as
Natural Gas Price at Henry Hub (2014 S/MMBtu)
Model Input: Normal Probability Distribution of Natural Gas Price (2010-2014)
(Mean:$S4.01/MMBtu, 10-90% Range: $2.92-$5.10/MMBtu)
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Summary of change in net present value of electricity costs across
Pickering/Darlington options

Darlington Unlapped

without idle time

Darlington Unlapped

with idle time

Darlington Lapped
(as per LTEP)

Pickering to Pickering to 2018 +504B _ Plgkerlng to 2018 5058 _ Plgkerlng to 2018
Darlinaton Laoped > Darlington Unlapped, > Darlington Unlapped,
2018 o e | with idle time without idle time
— 7 7
-$0.1B -$0.1B -$0.1B
: ; - = T Pickering to 2020 - Pickering to 2020
PICkermg to I g;crﬁr?n?ogntﬁazoze% I% Darlington Unlapped, 0P > Darlington Unlapped,
2020 | _Parington -app Zoa with idle time without idle time
w0 4% SASE +$0.4B
Pickering to Pickering to 2022 w028 .
2022 Darlington Lapped e e
-$0.4B
-$0.2B
¥ \ 4 \ 4
Pickering to Pickering to 2022/2024 | +s0.78 _ Plckgrlng to 2022/2024 5048 _ Plckgrlng to 2022/2024
Darlinaton Laoped > Darlington Unlapped, > Darlington Unlapped,
2022/2024 gton Lapp with idle time without idle time
\ 4
Pickering to Pickering to 2024 Shaded squares beside each option show cumulative net cost (+) or benefit
2024 Darlington Lapped (-) relative to Base Case (Pickering to 2020 and Darlington Lapped).
+$0.1B Net Present Value from 2015-2032 in 2014 $ Billion at 4% real discount rate.
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Summary of change in CO, emissions across Pickering/Darlington opti@ag'emm

Darlington Unlapped

without idle time

Darlington Lapped Darlington Unlapped

(as per LTEP) with idle time

Pickering to Pickering to 2018 18MT. Pigkering to 2018 2aMT Pigkering to 2018

Darlinaton Laoped > Darlington Unlapped, > Darlington Unlapped,

2018 gton L-app with idle time without idle time
+4.8 MT +4.9 MT +4.8 MT
: ; - = T Pickering to 2020 - Pickering to 2020
PICkermg to : g;crﬁr?n?ogntﬁazoze% Iﬂ> Darlington Unlapped, 20 MT) Darlington Unlapped,
2020 | _Jaringlon zapp —-1 with idle time without idle time
Pickering to Pickering to 2022 - -
2022 Darlington Lapped o e
-3.5MT
AR \ 4 \ 4

Pickering to Pickering to 2022/2024 | +21mT_ Plckgrlng to 2022/2024 _LTMT Plckgrlng to 2022/2024
2022/2024 Darlington Lapped > Darlington Unlapped, > Darlington Unlapped,

with idle time without idle time

\ 4
Pickering to Pickering to 2024 Shaded squares beside each option show net cumulative change in CO,
2024 Darlington Lapped emissions relative to Base Case (Pickering to 2020 and Darlington Lapped).
Values are cumulative from 2015-2032 and expressed in megatonnes (MT),
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File: p.gcs-00970-0001 REV: 000

Name Title Action Signature Date
Senior Vice President - ;
B. McGee Pickering Review
Senior Vice President —
. Decommissioning & .
L: Swami Nuclear Waste Review
Management
P. Pasquet Senior Vice President Review
SVP and Chief Nuclear | Technical
S.iioods Engineer Concurrence

C. Carmichael

Vice President — Nuclear

Finance

Financial Review
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A. Barrett

Vice President —

Regulatory Review

Executive Summary A

Regulatory Affairs
President, OPG Nuclear 5
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Officer YN
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EXECUTIVE SUMMARY:

RECOMMENDATIONS:

1. Extended Operations of all six Pickering Units beyond the end of 2020 shows economic value
and qualitative benefits to OPG and the Ontario electricity system. Based on this assessment,
operation of two units to nominally 2022 and the remaining 4 units to nominally 2024 is
recommended.

2. OPG should continue working to provide improved certainty associated with implementation of
the Preferred Extended Operations Alternative by refining the extended operations targeted
ends-of-life for each unit as greater certainty becomes available regarding the technical fitness-
for service of the fuel channels in each of the units.

3. The incremental costs to enable Extended Operations are estimated at approximately $310M. It
is recommended that $52M (including $5M contingency) be released in order to complete the
Periodic Safety Review, the Fuel Channel Life Assurance Project and to execute incremental
outages and inspections in 2016 and 2017. Management will seek a full release following
confirmation of the fuel channel life of the units and completion of the Periodic Safety Review.

OPG's planning assumption for the 2015-2017 Business Plan had all six of the Pickering units
shutting down at the end of 2020. OPG has been working with the IESO and the Ministry of Energy
to explore options to extend operations beyond 2020. Preliminary technical and economic
assessments have been undertaken that demonstrate that extending operations would be safe, is
technically feasible and would have economic and qualitative benefits. Extending the life of
Pickering would also optimize the value of OPG'’s existing assets, improve OPG's financial position
and mitigate Ontario electricity system capacity uncertainties during Darlington and Bruce
Refurbishment outages in the early 2020s. This business case summarizes the status of the
technical and economic feasibility assessment of continuing to operate the Pickering Units for 2-4
years after 2020.

In the fall of 2014 and early 2015, OPG assessed a number of alternatives for extending the
operation of Pickering beyond the end of 2020. Data was provided to the IESO in December 2014
and again in October 2015 to facilitate the completion of an independent system economic value
analysis. The Ministry of Energy was periodically briefed on the status of the assessments.

Based on the assessments completed by OPG and independently by the IESO, the preferred

alternative of operating six units to 2022 and four units to 2024 was selected in the spring of 2015.
This alternative, herein called the Preferred Alternative is summarized in Table E1 below:

Table E1: Preferred Alternative Selected

Preferred Alternative

Pi1&4 P5-8 Assumed

(End of) | (Endof) | vBO" Comments

High Confidence in Fuel Channel life assumed to be achieved to
2022 2024 2021 the end of 2024 for P5-8. Preferred alternative from a system
value perspective.

OPG has assessed the incremental generation associated with the Preferred Alternative.
Incremental generation is the amount of generation over and above that which would have been
achieved in the Base Case of operation to 2020. OPG’s economic assessment shows that the value
to the Ontario electricity system ranges from $0.5 Billion to $0.6 Billion.

1|Page
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In addition, OPG has assessed numerous benefits including reduced OPG nuclear rates, financial

benefits, deferral of severance and related costs, and deferral / reduction of nuclear rate spikes
associated with the shutting down of Pickering and placing the refurbished Darlington units in
service. Extending Pickering operations would improve OPG’s cash flow by $4 Billion from 2021 to
2024 compared to the alternative of shutting down in 2020 and assumes that OPG implements a
rate smoothing deferral account. Extending Pickering operations also provides incremental net
income to OPG. Extension of the Pickering plant to 2022/2024 would allow OPG to execute the job
reductions associated with the shutdown at or near the end of the Darlington Refurbishment Project,
thereby reducing the amount of disruption such a large downsizing could potentially have on that
project.

The incremental costs to enable the Preferred Alternative have been estimated at approximately
$310M. Incremental costs incurred from 2016-2020 to enable extended operations are required to
execute work programs that will allow Pickering to operate beyond 2020. These costs would not
have been required in the base case if Pickering was shutting down in 2020. There are also
incremental costs required to restore on-going operating programs to normal levels of spending prior
to and including 2020. For example, planned outages eliminated in 2020 as part of the base case
would now need to be restored as part of normal operating practice. Finally, costs from 2021-2024
reflect normal operating costs for that period of time. Costs are summarized in Table E2.

Table E2: Estimated Incremental Costs to Enable Extended Operations

2016 - Post
Work Program 2020 2020 Totals Comments
($M) ($M) ($M)
Normal Extension of Base & Outage Restoring resources to normal
OM&A, Projects, Nuclear and 240 4220 4,460 | levels pre-2020 and costs to
Corporate Support Costs operate post-2020

Incremental work program
310 0 310 | costs required to enable
extended operations

Total Costs to Enable Extended
Operations Alternative

Grand Total 550 4,220 4,770

A partial release of $52M (including $5M contingency) would cover the costs of incremental work
programs required in 2016 and 2017 to extend operations including the Fuel Channel Life Assurance
Project, the Periodic Safety Review and incremental inspections and maintenance work required to
demonstrate fitness for service of major components during the extended operations period.

The normal costs to operate the station into the Extended Operations period are estimated at $4.5B.
This includes approximately $240 Million leading up to 2020 to restore work program costs which
were set to decline in the Base Case, plus $4.2B to operate and provide support services to the plant
in the post-2020 period.
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Table E3 summarizes the generation forecasts developed for the extended operations Preferredpage 7 of 22

Alternative.

Table E3: Estimated Generation Impacts of the Preferred Alternative

Generation Plan 2016 - 2020 | Post 2020 Total
Additional Planned
630 1,103 1,734
OPTION 1 Outage Days
Incremental TWh -7.4 71.9 64.5
Additional Planned
637 1,354 1,991
OPTION 2 Outage Days
Incremental TWh -7.5 68.9 61.5

The additional outage days in the period 2016 to 2020 are associated with incremental inspections
required to enable the Preferred Alternative as well as restore normal planned outages and durations
in 2020. In the Base Case (planned shutdown in 2020) certain planned outages in 2020 would not
have been necessary or would have been reduced in scope.

The planned outage days in the period 2021 to 2024 are associated with operation of the units for
the additional 2 and 4 calendar years (a total of 20 additional unit-years). The two options reflect the
range of outcomes required to execute inspection and maintenance activities necessary to maintain
fitness for service of plant equipment.

The “medium” to “high” risks associated with the Preferred Alternative are summarized below:

1.  Reputational Risk (High): e.g. the risk that interest groups that are opposed to nuclear
power will contest Extended Operations, particularly during the next license renewal
process, and thereby cause increased community concern and potential earlier shutdown
than planned. Mitigating Actions: Ongoing demonstration of the value and safety of
Pickering through external communications, hearings and stakeholder relations.

2. Regulatory Risks (Medium): e.g. the risk that the proposed disposition for one or more
known issues is not accepted by the CNSC. Mitigating Actions: Completion of the PSR and
a pro-active approach with the CNSC to demonstrate technical fitness-for-service and
maintenance of high safety standards.

3.  Technical/Fitness-for-Service Risks (Medium): e.g. the risk that a major component, e.g.
fuel channels, does not continue to meet fithess-for-service requirements. Mitigating
Actions: On-going comprehensive inspection and maintenance programs are included in
the work program; life cycle management program of major components adjusted based on
the extended end-of-life dates.

4. System Value Assessment (Medium) — changes to Ontario system parameters such as flat
or declining load growth, reduction in the cost of competing generation or changes to
baseload supply (e.g. refurbishment schedules changes) could impact the overall economic
system value negatively. Mitigating Actions: None that OPG can implement directly.
Robust analysis across a range of scenarios and OPG ensuring that costs and generation
forecasts are achieved.
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Management assesses the risks associated with the extended operations Preferred Alternative tg aé én :}nzz

manageable.
Management recommends that funding of $52M be released in order to complete the Periodic Safety
Review, the Fuel Channel Life Assurance Project and to execute incremental outages and

inspections in 2016 and 2017. Management will seek a full release following confirmation of the fuel
channel life of the units and completion of the Periodic Safety Review.

SIGNATURES

Recommended by:

/@J»«%« (Welzag

Glenn dager l /) Date
Preside Nuclear & Chief Nuclear Officer

Finaﬂgg\Approval: Line Approval per OAR Element 1.3:

2
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eth Summers Date ~
Chief Financial Officer
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OPG'’s planning assumption for the 2015-2017 Business Plan had all six of the Pickering units
shutting down at the end of 2020. OPG has been working with the IESO and the Ministry of Energy
to explore options to extend operations beyond 2020. Preliminary technical and economic
assessments have been undertaken that demonstrate that extending operations would be safe,
technically feasible and would have economic and qualitative benefits. Extending the life of the
Pickering GS would also optimize the value of OPG'’s existing assets, improve OPG's financial
position and mitigate Ontario electricity system capacity uncertainties during the Darlington and
Bruce Refurbishment outages in the early 2020s. This business case summarizes the status of the
technical and economic feasibility assessment of continuing to operate the Pickering Units for 2-4
years after 2020, and outlines the work programs, costs, generation impacts and benefits of
implementing the Preferred Alternative.

ALTERNATIVES ANALYSED

As summarized in Table 1, five Extended Operations alternatives were assessed at a conceptual
level in addition to the current planning reference of operating all six units to the end of 2020.

Table 1: Pickering Extended Operations Alternatives Analysed

Description

Case P1&4 P5-8 Assumed Comments
(End of) | (End of) vBeo " °

Base Case for 2015 to 2017 Business Planning was 2020

Base 2020 2020 None Shutdown of all units.

Fuel Channel Life assumed sufficient to achieve the end of
Alt 1 2022 2022 None 2022 without life management. Not preferred from a rate
impact and system value perspective.

High Confidence in Fuel Channel life assumed to be
Alt 2 2022 2024 2021 achieved to the end of 2024 for P5-8. Preferred alternative
from a rate impact and system value perspective.

Fuel Channel Life constraints would require life
management on two units to achieve the end of 2024.

‘;‘II_tM 2024 2024 2021 Lower value to system than preferred alternative. Rate in
early period due to life management and rate spikes than in
Alternative 2
Low technical confidence that all six units could operate to

Alt 3A 2024 2024 2021 the end of 2024

Alt P1 2022 Potentially high operating costs for Unit 4 without Unit 1.

2024 2021

3B* P4 2024 Future option may be enabled after further analysis.

* A Vacuum Building Outage is assumed in 2021 for all alternatives where units operate beyond 2022.

** This alternative was assessed at a high-level only. The current assumption is that the alternative will be technically
viable. However, the cost of operating P4 in the absence of P1 needs to be assessed in more detail.

The IESO was provided with data on the above alternatives in December 2014 in order to facilitate
an independent system economic value analysis. Based on the assessments completed by OPG
and independently by the IESO, the preferred alternative of operating six units to 2022 and four units
to 2024 was selected in the spring of 2015. This alternative is referred to as the Preferred
Alternative in the remainder of this document.
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P1&4 P5-8 Assumed
(End of) | (End of) veo " Comments

High Confidence in Fuel Channel life assumed to be achieved to the
2022 2024 2021 end of 2024 for P5-8. Preferred alternative from a rate impact and
system value perspective.

Figure 1 shows a schematic of the remaining operational period of the Pickering units in the Base
Case and the period over which the units would be operated in the Preferred Alternative.

Figure 1: Schematic showing “Base Case” and Preferred Extended Operations Alternative

2016 | 2017 | 2018 l 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
S/D S/D S/D
S/D S/D S/D

Unit 1
Unit 4

Unit 5 | S/D
Base Case Operational Extended Operational

Period Period S/D

Unit 7 . ol S/D

Units | S/D

S/D = shutdown

PICKERING SAFE OPERATION

To assure management that the plant is and will continue to be safe in the future, there are ongoing
assessments of the condition of plant equipment. When the plant is operated beyond its original
design life, the assessment of the condition of the major components such as fuel channels, feeders
and steam generators is most important. This is done through an extensive inspection program
during planned outages. The required inspections and maintenance of components is specified in
life cycle management plans which are used to determine that the plant components are fit for their
intended service.

At the end of outage inspections, fitness-for-service assessments are completed to confirm that the
components are able to function as designed until the next inspection campaign. If the assessments
cannot demonstrate that component condition is acceptable, the component will be replaced or
repaired. If the work required is significant, management may determine that the unit is no longer
able to continue to operate. The frequency of inspections and assessments is such that this
determination would be made and a decision would be taken long before component failure, thereby
preventing any nuclear safety event.

The fitness-for-service assessments are also independently reviewed by staff from the Canadian
Nuclear Safety Commission and, if warranted, OPG would be requested to take appropriate action to
address any issues.

TECHNICAL ASSESSMENT SUMMARY

An initial technical assessment of the ability of the Pickering units to continue to be fit for service to
the dates set out in the Preferred Alternative has been completed. The scope of work required to
develop high confidence in the fitness-for-service to these dates has been identified. As expected,
the limiting major component is the life expectancy of the fuel channels.
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Technical assessment work on the fuel channels’ fithess-for-service will continue through the Fuétig 6 11 of 22
Channel Life Assurance Project with the aim of completing a high confidence prediction of fuel
channel fitness-for-service on all units by the end of 2017.

The technical fitness for service of other major components such as the Steam Generators, is not
considered life limiting; however, additional inspection and maintenance scope is required to assure
fitness-for-service to the dates in the Preferred Alternative. This additional work has been identified;
impacts on the generation plan developed and the costs are included in the forecasts.

Fuel Channels:

The technical assessment has identified that the major concern is axial elongation of the pressure
tubes. A number of channels are expected to reach the limits of available bearing travel (i.e. when
the leading pressure tubes will no longer be supported on their bearings), with Units 1 and 6 being of
greatest concern.

Table 3 summarizes the current confidence level for operation to 2024 for all units.
Table 3: Current Level of Confidence in Operation to 2022/2024 — All Units

= Current Confidence for

Unit | Gperation to 2022/2024 Cominarnts

. Current projections indicate potential for channels
s i off-bearing by 3 Quarter 2021
Unit 4 Hiah Operation to 2024 is possible technically based on

9 pressure tube degradation mechanisms

. . Current projections indicate potential for channels
HiiEs REnA: off-bearing by late 2022/early 2023

) Current projections indicate potential for channels
L Low off-bearing by mid-2022

. : Current projections indicate potential for channels
Hok Mg off-bearing by late 2022/early 2023
Unit 8 High No channels projected off bearing to end of 2024

Several mitigation measures are available for pressure tube elongation. These include physical
modifications as well as more detailed technical evaluations to refine assessments of the timing and
number of channels which would approach limits of bearing travel on each unit. Some of the
physical modifications which are available would be costly to implement and some of the technical
solutions are complex and/or would require increasing the complexity of operational procedures.
Therefore, the preliminary plans to enable the Preferred Alternative include only the less costly
physical modifications and less complex technical evaluations. However, the remaining mitigation
options have not been ruled out and will be assessed as part of the Fuel Channel Life Assurance
Project. The costs of the Fuel Channel Life Assurance Project are covered in the partial release
requested in this Business Case.

Currently, pending more detailed review and development of mitigation plans, Units 1 and 6 would
be challenged to meet the end dates in the Preferred Extended Operations Alternative. Two other
units, Units 4 and 8, are assessed to be able to surpass the planned end of operation dates, if
necessary

Unit 1 is challenged by available bearing travel in order to achieve the end of 2022 in the Preferred
Alternative. However, with expected mitigation, operation of Unit 1 into mid-to-late 2022 is likely.
Further mitigation would be required to enable Unit 1 to operate to the end of 2022. A final
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Unit 6 is challenged by available bearing travel to achieve the target date of the end of 2024 in the
Preferred Alternative. However, with mitigation, there is a potential to operate Unit 6 into mid-to-late
2023 and even into 2024. Confidence in operation to the end of 2024 is low at this time. Unit 6 may
be replaced by Unit 4 as one of the four units operating to the end of 2024, depending on economics
and the outcome of the technical analysis.

Units 5 and 7, based on current projections of available bearing travel, would have a minimal number
of channels projected to be off-bearing by late 2022/early 2023 but with mitigation can be operated
longer. Confidence in operation to the end of 2024 is medium to high at this time.

Unit 4 does not face the same issues with available bearing travel as Unit 1; therefore, confidence in
operation until the end of 2022 is currently high. There is a potential that the Preferred Alternative
may evolve to have Unit 4 replace Unit 6 as one of the four units operating to 2024.

Unit 8, having been the last unit to be placed in-service, has the lowest operational service life of
Units 5-8, and is not projected to reach available bearing travel limits before the end of 2024;
therefore, confidence in operation until the end of 2024 is currently high.

As mitigation plans are developed in more detail, the Preferred Alternative may be refined with more
precise end-of-operation target dates for each unit.

In addition to pressure tube elongation, other fuel channel degradation mechanisms are of concern,
but are not seen as limiting the operation of the units in the Preferred Alternative. Table 4 lists some
of the concerns:

8|
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Table 4: Fuel Channel Risks Associated with Operation of P1&4 to 2022 and P5-8 to 2024

Mechanism Concerns Iég:i:; Potential Mitigation
P1 Up to 43 channels
off-bearing by end 2022 High Physical: Reconfigure and Shift fuel channels
Pressure if no add’l mitigation
Tube (PT) Analytical: Evaluations to disposition
Elongation P6 Up to 78 channels operation with a limited number of channels
off-bearing by end 2024 High off-bearing
if no add'l mitigation
P1 & 4 - potential for
PT to CT contact given Inspection: Additional measurements and
detensioning of tight sampling to demonstrate low probability of PT
Calandria fitting spacers. CTs Medi to CT contact and hydrogen concentration
Tube (CT) were not replaced e below specified levels.
Sag P1/4 during retube, and Analytical: Disposition likelihood of channels
i modeling is not exceeding operational limits
CT to LISS currently possible
Nozzle
contact P5-8 | P5-6: Potential for ~10 Inspection: Repeat measurements could yield
channels to contact Meditin increased margins
with LISS nozzles by Physical: Potential need to replace individual
end 2024 fuel channels
Ll ;gg;‘:fgﬂ;::::sd Analytical: Work underway to develop
Ehantars i - Low updated fracture toughness curves fqr _P1& 4 &
Toughness P5-8 — small potential for station modifications
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(1) LISS — Liquid Injection Shutdown System — these nozzles extend horizontally into the reactor core and could come into contact with
calandria tubes late in life on certain units, resulting in concerns regarding calandria tube integrity.

Steam Generators and Feeders:

Preliminary assessments indicate that steam generators and feeders do not present a significant
hurdle for proving fitness-for-service of the units. Steam generators are not expected to show any
significant degradation in performance provided that maintenance (water-lancing) and inspection

campaigns are extended appropriately for each of the extended life scenarios. Similarly, a limited
number of feeder replacements are required on Units 5-8 in order to operate to 2024.

Balance of Plant:

Balance of plant components, including the turbine-generator sets, the condensers, heat exchangers
and major motors have also been assessed based on current system health reports and previous
condition assessments, and no significant issues have been found which would preclude operation
to 2024. Normal maintenance activities would continue in the Extended Operations period.
Condition assessments are being updated based on a 2024 end-of-life date. The cost of this work is
included in the Partial Release requested in the Business Case.

REGULATORY APPROVALS

In addition to component fitness-for-service uncertainties, the Preferred Alternative of extending
operations will require concurrence by the CNSC. The current power reactor operating licence for
Pickering was issued in September 2013 for a 5 year term (expiring in 2018). The license included a
requirement that OPG confirm, in writing, by June 30, 2017 the planned end-of-life date for
Pickering. OPG expects to provide that confirmation with the licence application for the next

OPG CONFIDENTIAL
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units to the end of commercial operations and through the safe storage project period, i.e. until tg9e 14 of 22

units are in the safe stored state. CNSC concurrence with operation beyond 2020 will occur in the

context of the Pickering licence renewal in 2018.

OPG has determined, based on discussions with the CNSC, that an update to the Periodic Safety
Review (PSR) will be required in advance of the 2018 Re-licensing Hearings if OPG plans to extend
operations beyond 2020. The PSR, which is already underway, will confirm that extending
operations of the Pickering units will be safe to the public, workers and the environment.
Management has scheduled completion of the PSR by the end of 2016, such that the information
confirming that Pickering is safe to operate will be available prior to the decision on the permanent
shutdown dates of the Pickering units and the required formal communication of that decision to the
Commission by June 30, 2017.

A Periodic Safety Review evaluates an existing plant and the programmes used in its operation
against the modern standards that would apply to a new nuclear plant. The evaluation may identify
where, on a going forward basis, enhancements to the current design or programmes could be
made. The potential safety enhancements are then assessed to identify the alternatives that can be
reasonably and practicably implemented to improve safety, if any, in the context of 4 years of
additional operations. There is a medium risk that the results of this updated assessment may
require physical modifications to be implemented to the plant.

A key to risk mitigation for OPG will be establishing with certainty the regulatory requirements and
how these interrelate to the timing of the end of extended operations, as well as maintaining
openness and establishing good lines of communication with all key stakeholders.

Management is confident that a list of reasonable and practicable safety enhancements can be
reached with the CNSC staff in view of the 4 years of additional operation that is sought.

STAFFING

On-going staffing risks will continue to require close management attention in order to ensure safe
operation in the Preferred Alternative. For example, the sufficiency of authorized operators and
control room shift supervisors has been assessed and costs have been included in the forecast to
extend planned training programs for authorized staff to ensure an adequate supply. Because of
the criticality of these resources to safe operations, on-going reviews will continue as part of
Business and Operational Planning.

Leadership development and succession planning will be revisited with a view to ensuring that
leadership will be available for the extended operation period.

COSTS AND GENERATION ASSUMPTIONS

In developing the Preferred Alternative, OPG's objective is to establish with medium to high
confidence the appropriate incremental work and related costs over and above those costs included
in the Base Case required to enable the extended operations. OPG'’s approach is summarized in
the following 8 steps:

1.  Resources and associated costs (Base OM&A, Outage OM&A, Projects, Nuclear and
Corporate Support) are continued at normal levels during the extended operation period.

2. Additional inspections and maintenance scope for major components (fuel channels, steam
generators, feeders and reactor components) are identified in detail and the impacts on outage
durations and costs (primarily fuel channel inspections and maintenance) are assessed.

10|
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3. Additional “Balance of Plant” scope is identified, estimated and the impact on outages and Qggghf;eor}tgz

costs (if any) are assessed.

4.  Additional sustaining investments (Capital and OM&A projects) are identified, and impacts on
outages and costs (if any) assessed.

5.  Additional analytical scope (primarily regulatory and engineering) is identified and costs and
resources estimated

Any other additional enabling scope (e.g. staff retention costs) is identified and estimated
Nuclear Support and Corporate Support costs are assessed
Amounts are estimated to address known uncertainties

Based on the above assessments, the costs and outage impacts have been estimated and included
in the assessment of the Preferred Alternative. Also, amounts have been included to fund the Period
Safety Review and any potential modifications resulting from that review.

The incremental costs to enable the Preferred Alternative have been estimated approximately
$310M. Incremental costs incurred from 2016-2020 to enable extended operations are required to
execute work programs that will allow Pickering to operate beyond 2020. These costs would not
have been required in the base case if Pickering was shutting down in 2020. There are also
incremental costs required to restore on-going operating programs to normal levels of spending prior
to and including 2020. For example, planned outages eliminated in 2020 as part of the base case
would now need to be restored as part of normal operating practice. Finally, costs from 2021-2024
simply reflect normal operating costs for that period of time. Costs of the Preferred Alternative are
summarized in Table 5.

Table 5: Summary of Costs - Preferred Alternative
2016 - Post

Work Program 2020 2020 Totals Comments
($M) ($M) ($M)
Normal Extension of Base & Outage Restoring resources to normal
OM&A, Projects, Nuclear and 240 4,220 4,460 | levels pre-2020 and costs to
Corporate Support Costs operate post-2020

Incremental work program
310 0 310 | costs required to enable
extended operations

Total Costs to Enable Extended
Operations Alternative

Grand Total 550 4,220 4,770

Additional details associated with the costs to enable the Preferred Alternative are provided in
Appendix 1.
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Table 6 summarizes the generation forecasts developed for the extended operations Preferred d

Alternative.

Table 6: Estimated Generation Impacts of the Preferred Alternative

Generation Plan 2016 - 2020 | Post 2020 Total
Ad‘c’)'ﬂ‘t’:;; gggged 630 1103 1,734
OPTION 1
Incremental TWh -7.4 719 64.5
Ad‘gﬂf:;"e F[’)'g"ge"' 637 1,354 1,991
OPTION 2 y
Incremental TWh -7.5 68.9 61.5

The additional outage days in the period 2016 to 2020 are associated with incremental inspections
required to enable the Preferred Alternative, as well as restore normal planned outages and
durations in 2020 that would have been reduced or not necessary in the Base Case (planned
shutdown in 2020).

The planned outage days in the period 2021 to 2024 are associated with operation of the units for
the additional 2 and 4 calendar years (a total of 20 additional unit-years). The two options reflect the
range of outcomes required to execute inspection and maintenance activities necessary to maintain
fitness for service of plant equipment.

ECONOMIC ASSESSMENT SUMMARY

The Levelized Unit Energy Costs (LUEC) of the Preferred Alternative, i.e. the LUEC associated with
the incremental costs and generation relative to the Base Case, is evaluated at 6.2 ¢/kWh to 6.5
¢/kWh for the two options. LUEC calculations exclude the benefit of deferring severance and related
costs.

The Preferred Alternative also provides a number of quantitative economic advantages for both the
ratepayer and OPG. The major economic advantages are:

e Financial Impacts: Extending Pickering operations would improve OPG'’s cash flow by $4
Billion in the 2021 to 2024 period compared to the alternative of shutting down in 2020 and
assuming that OPG implements a rate smoothing deferral account. Extending Pickering
operations also provides incremental net income to OPG.

e Rate Impacts: Figure 2 shows the impact of the Preferred Alternative on OPG Nuclear rates.
Extending Operations moderates the rate impacts associated with the refurbishment and return
to service of the Darlington units and the earlier shutdown of Pickering which would occur in the
Base Case. This occurs because extending Pickering Operations results in a larger OPG
generation base over which to spread the impacts of the Darlington Refurbishment costs being
placed into the rate base and because the severance and related closure costs of Pickering
would be deferred.

12|
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Severance and Related Costs: Defers costs associated with closure of the station, such as
severance and related costs, and pension curtailment and settlement resulting in a potential
reduction in the present value of the severance and related costs. While there is significant

uncertainty around these costs the deferral of these costs by 4 years, even if there is no change

in the nominal value, would results in present value savings. Demographic changes by the end

of Extended Operations could result in a reduction of the estimate of severance costs,
potentially resulting in higher estimated Present Value savings.

Decommissioning Liability: Defers expenditures associated with placing the units in the safe-
stored state, and the assumed deferral of the expenditures associated with dismantling of the

units. The effect is to reduce the liability associated with decommissioning of the Pickering
station. This value is considered by the IESO in its assessments.

System Economic Value: For the Ontario system, extended operation of Pickering would

mitigate capacity availability uncertainties associated with the refurbishments of the Darlington
and Bruce stations. Availability of Pickering would reduce the need to operate gas-fired

capacity and would result in reduced CO, emissions over the 2021 to 2024 period. OPG'’s

assessment of the median value to the Ontario electricity system of the Preferred Alternative,
relative to the Base Case is summarized in Table 7.
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Table 7: System Economic Value — Preferred Alternative P1& 4 S/D 2022; P5-8 S/D 28"

Med. System

: Net Incr.] CO; j
Generation Energy | Red'n Economic Comithaiits
Plan (TWh) (MT) Value
(2015$M NPV)
e System value is higher because of the assumed

CPTIGNS 83 18 610 higher generation from 2021-2024.
OPTION 2 62 ~16 530

The values in Table 7 include a benefit of $245M (2015 PV$) associated with the reduced present value
of severance and related costs. Also includes is a benefit of $100M representing the value of the
reduction in the decommissioning liability as a result of the deferral in the decommissioning expenditures.

The IESO has completed an updated assessment using data provided by OPG in October 2015.
The assessment shows a benefit ranging from ~$0.3 Billion (2015 PV$) to ~$0.5 Billion (2015 PV$).
The IESQO’s assessment, therefore closely corresponds to OPG’s internal assessment. The IESO
uses a lower real discount rate (4% vs. OPG’s approx. 5%) and different system assumptions (e.g.
for load growth and the price of gas-fired generation).

Figure 3 shows the sensitivities of the system economic value for OPTION 1 to uncertainties in the
system energy and capacity value, the performance and the incremental costs to enable the
Preferred Alternative, and the value of carbon reduction.

The system economic value of the Preferred Alternative is significantly more sensitive to system
assumptions than to the costs and performance of Pickering.

Figure 3: Sensitivity of System Economic Value (PLAN 1) to Changes in Assumptions

Sensitivity of Preferred Alternative to System Value, Capacity Factorand Costs
' i' E i
S o High) S
(Low /High)
CO2 at $0/tonne

vs. $40/tonne on
Ontario Demand

ACF (-5% /+5%) .

Enabling Costs
(to 2020)
(+50% /-50%)

-1500 -1000 -500 ¢] 500 1000 1500 2000 2500
2015 PV$M
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The following qualitative considerations associated with Extended Operations are of significant
potential value to OPG and Ontario:

¢ Deferral of Job Losses: Would defer direct job losses of approximately 4,000 in OPG, affecting
the GTA and Durham Region; there would also be impacts on indirect and induced jobs and the
economy, particularly in Durham Region.

e Strategic Capacity Hedge during Nuclear Refurbishments: Ontario’s Long-Term Energy
Plan has endorsed Pickering as a strategic hedge against uncertainties in the costs and
schedule of refurbishment of the Bruce and Darlington units. Also, extended operation avoids
the risk that unneeded gas-fired capacity would be built to address temporary capacity shortfalls
during the period of intense nuclear refurbishments.

¢ Emissions Reductions: The Preferred Alternative is expected to result in a net reduction of 16
- 18 million tonnes of CO, relative to the operation of the electricity system with replacement
energy and capacity for Pickering, which would come primarily from gas-fired generation and
increased imports. Therefore, extending Pickering operations aligns with Provincial
Government policies to reduce greenhouse gas emissions.

¢ Increased Flexibility: Extending some Pickering units to 2024 provides a more natural
transition point for reducing OPG staff levels, as the transition would occur near the end of
Darlington Refurbishment, thereby minimizing disruption for both Darlington Operations and
Darlington Refurbishment.

¢ Planning for Safe Store: Would provide a longer period to plan for the safe storage of the
units, allowing plans and costs to be further optimized.

o Decommissioning and Used Fuel Funds: A reduction of the present value of the
decommissioning liability for the Pickering units (decommissioning activities can be deferred by
several years) could create a larger surplus in the decommissioning fund, decreasing risks
around adequacy of the funds and potentially providing future opportunities to utilize that surplus
to “top-up” OPG's Used Fuel Fund.

RISK OVERVIEW

Risks associated with the Preferred Extended Operations Alternative are summarized as follows:

1.  Reputational Risk (High): e.g. the risk is that interest groups that are opposed to nuclear
power will contest Extended Operations, particularly during the next license renewal
process, and thereby cause increased community concern. Mitigating Actions: Ongoing
demonstration of the value and safety of Pickering through external communications,
hearings and stakeholder relations.

2.  Regulatory Risks (Medium): e.g. the risk that the proposed disposition for one or more
known issues is not accepted by the CNSC. Mitigating Actions: Completion of the PSR and
a pro-active approach with the CNSC to demonstrate technical fitness-for-service and
maintenance of high safety standards.

3. Technical/Fitness-for-service Risks (Medium): e.g. the risk that a major component, e.g.
fuel channels, does not continue to meet fitness-for-service requirements. Mitigating
Actions: A comprehensive inspection program has been developed and included in the
work program; on-going detailed life cycle management of major components.

4.  System Value Assessment (Medium) — changes to Ontario system parameters such as flat
or declining load growth impact, reduction in the cost of competing generation or changes
to baseload supply (e.g. refurbishment schedules change) could impact the overall
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directly. Robust analysis across a range of scenarios and OPG ensuring that costs and
generation forecasts are met or exceeded.

5. Economic Risk (Low): e.g. the risk that an unknown significant technical issue or regulatory
requirement leads to prohibitively expensive repair / remediation costs. Mitigating Actions:
On-going internal technical assessments and completion of the Periodic Safety Review.

6. Resources Risk (Low): e.g. the risk that a shortage of skilled resources in OPG results in
an inability to address technical and/or operational issues and impair OPG'’s ability to
continue to operate the plant. Mitigating Actions: Detailed workforce planning, training to
meet demand and use of contracted resources and retention strategies and other
measures, as required

7. Rate Recovery Risk (Low) — that the Ontario Energy Board (OEB) will deny the full
recovery of costs through the rate setting process. Mitigating Actions: development of a
comprehensive rate application on the merits of the business case and supporting
cost/generation plan. Support from the Ministry of Energy and the IESO for the Preferred
Extended Operations Alternative.

RECOMMENDATIONS:

1. Extended Operations of all six Pickering Units beyond the end of 2020 shows economic value
and qualitative benefits to OPG and the Ontario electricity system. Based on this assessment,
operation of two units to nominally 2022 and the remaining 4 units to nominally 2024 is
recommended.

2. OPG should continue work to provide improved certainty associated with implementation of the
extended operations Preferred Alternative by refining the extended operations alternative (target
ends-of-life for each unit) as greater certainty becomes available regarding the technical fithess-
for service of the fuel channels in each of the units.

3. The incremental costs to enable Extended Operations are estimated at approximately $310M. It
is recommended that $52M (including $5M contingency) be released in order to complete the
Periodic Safety Review, the Fuel Channel Life Assurance Project and to execute incremental
outages and inspections in 2016 and 2017. Management will seek a full release following
confirmation of the fuel channel life of the units and completion of the Periodic Safety Review.
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FOR INTERNAL CONTROL
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APPENDIX 1: DETAILS OF COST FORECASTS

Table A1: Preliminary Estimated Incremental Costs to Enable Extended Operations
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Table A1 shows additional details, as well as the annual cost flows associated with enabling the extended operations Preferred Alternative.
The partial release of $52M is based on cost estimates for 2016 & 2017 ($47M) plus $5M of contingency.

Total
Work Program 2016 | 2016 | 2017 | 2018 | 2019 | 2020 Comments
2020
Incremental Pressure Tube, Steam Includes Spacer Location and Relocation
Generator and Feeder Inspections & 236 4 26 34 90 82 | work, additional Steam Generator water-
Maintenance and Outage Costs lancing and feeder replacements.
. . ) ) g Analytical and R&D work to assure high
Fuel Channel Life Assurance Project 9 4 5 confidence In fuel charing! fives
Periodic Safety Review (PSR) Update 8 7 1 - - - Reduced scope PSR (Normal Cost~$20M)
Potential PSR Modifications, Balance of anrgi';i'gz g;ggSt;w";t;ma‘:g‘;fs?{tg updated
Plant Projects and Improved Inspection 54 - - 17 18 19 BEMETS
Toolin completed. Some tooling may need
g renewal or improvement
Total Costs to Enable Preferred
Altamative 307 15 32 51 108 101
Partial Release
Reflects 2016 & 2017 costs to enable the
Cost to enable (2016 & 2017) 47 15 32 Bresfarrar Altarrative
Contingency 5 5 10% contingency
Total Partial Release 52 15 37
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