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DARLINGTON REFURBISHMENT PROGRAM
OVERVIEW

1.0 PROGRAM SUMMARY

The Darlington Refurbishment Program (the “Program” or “DRP”) is a multi-year, multi-phase
mega-project that will enable the Darlington Generating Station (“Darlington”) to continue
safe and reliable operation until approximately 2055. The Program includes the replacement
of life-limiting critical components, the completion of upgrades to meet applicable regulatory
requirements, and the rehabilitation of components at Darlington’s four units. The Program is
comprised of individual projects of various scales and sizes that will be executed during

multi-year outages on each of the four units.

The Program began in 2007 and is being completed in three Phases, Initiation (2007-2009),
Definition (2010-2015), and Execution (2016-2026). In its previous rate application (EB-2016-
0152), OPG provided evidence that it had completed the Definition Phase of the Program,
that all major contracts required to execute the scope of the Program had been awarded, and
that the detailed planning conducted by OPG and its contractors had enabled the
development of a four-unit budget and schedule for the successful execution of the Program,
known as the Release Quality Estimate (“RQE”). The RQE was finalized in November 2015
and established a four-unit, program-level control budget of $12.8B that serves as the
baseline against which the success of the Program is being measured.' The RQE was the
basis upon which OPG’s Board of Directors granted approval to proceed from the Definition
Phase to the Execution Phase of the Program in November 2015, the basis of the Province’s
announced endorsement of the Program on January 11, 2016, and the basis of OPG’s pre-
filed evidence in EB-2016-0152.2

' The impact of the COVID-19 pandemic in 2020 on the cost and schedule for the Program could not have been
foreseen at the time of the RQE. OPG deferred the start date of the Unit 3 refurbishment in 2020 in response to
the pandemic and correspondingly revised the start dates for Units 1 and 4, and is tracking the incremental
costs associated with the pandemic separately. See additional discussion of the COVID-19 impacts on pages
five through eight of this exhibit as well as in Exhibits D2-2-5, D2-2-6, and D2-2-7.

2 https://news.ontario.ca/en/release/35478/ontario-moving-forward-with-nuclear-refurbishment-at-darlington-and-
pursuing-continued-operations-at.html
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Subsequent to the RQE, and prior to the start of the Unit 2 refurbishment outage, as planned,
OPG completed a more refined estimate of the cost and schedule for refurbishing Unit 2 and
a corresponding update to the Program budget and schedule, known as the Unit 2 Execution
Estimate (“U2EE”), in August 2016. The U2EE was the basis upon which OPG’s Board of
Directors granted approval to proceed with the execution of the Unit 2 refurbishment outage.
The U2EE maintained the four-unit, program-level control budget of $12.8B. The U2EE was
provided to the OEB in EB-2016-0152, in response to a Board Staff interrogatory (EB-2016-
0152, Ex. L4.3-1 Staff-055). OPG did not update its revenue requirement in EB-2016-0152 to
reflect the U2EE, and the OEB agreed with this approach, as the impact of any differences
would be captured in the Capacity Refurbishment Variance Account (“CRVA”). The U2EE is
the baseline against which OPG measured its performance during the execution of the Unit 2

refurbishment.

In its EB-2016-0152 application, OPG provided evidence that it had established the
appropriate organization, project controls, change management and oversight to manage,
control, report on, and take corrective actions, as required, to be able to provide high
confidence of completing the Program safely, on budget, on schedule and with the required
quality. OPG sought and received approval from the OEB for in-service additions of
$4,800.2M related to Unit 2 (including the Definition Phase) in 2020 and 2021, as well as
$377.2M related to Unit Refurbishment Early In-Service projects, Facilities & Infrastructure
Projects (“F&IP”) and Safety Improvement Opportunities (“SIO”), for a total of $5,177.4M.3
The $377.2M in-service additions for Early In-Service projects, SIO and F&IP were
distributed over 2016 (the bridge year in the EB-2016-0152 application) to 2021.

3 Early-In-Service projects are those that provide benefit to the station prior to the return-to-service date of the
nuclear unit under refurbishment. Examples include in-plant modifications which are of immediate benefit to
multiple or all units.

F&IP are projects that do not involve the refurbishment of units but which are necessary to enable execution of
the unit refurbishments and are expected to be useful to OPG’s current and future nuclear operations
independent of the DRP. A number of the F&IP involve upgrades to Darlington site infrastructure to ensure it
can effectively support continued operations for 30 or more years. To meet required in-service dates, OPG
commenced the F&IP work early in the Definition Phase of the Program.

SIO are initiatives which OPG committed to in the Environmental Assessment (“EA”) for the DRP, primarily to
address beyond-design-basis or four-unit events. The need for this work was established through the EA, which
was filed with the Canadian Nuclear Safety Commission (“CNSC”). To meet required in-service dates, OPG
commenced execution of SIO work early in the Definition Phase of the Program.
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In its Decision and Order for EB-2016-0152, the Board stated the following:

The OEB finds that the planning undertaken by OPG for the DRP was
reasonable. The OEB notes that both experts agreed that the planning for the
DRP had been conducted according to industry standards. The OEB finds
that OPG has developed reasonable project control systems to manage the
cost and schedule of the DRP. OPG also performed adequate risk
assessment for the project and put in place processes to address risks as
they arise.

The OEB also finds that the oversight structure that OPG has designed to
monitor the DRP appears appropriate. As previously discussed, there are
multiple layers of oversight with respect to DRP that should allow OPG to
react appropriately to potential issues. The oversight for the project includes
both internal and external expertise and resources.*
The refurbishment outage of Unit 2 began on October 15, 2016 and was completed on June
4, 2020 when the unit was successfully returned to service. Compared to the U2EE, the

refurbishment of Unit 2 was completed on budget at $3,417M.°

Relative to the OEB approved in-service amount in EB-2016-0152 of $5,177.4M for the
refurbishment of Unit 2 (including the Definition Phase), Early-In-Service projects, F&IP and

SIO, there is a forecast variance of $132.7M or 2.5%.

Ex. D2-2-2 provides an explanation of the variances against the two components which
make up the $5,177.4M OEB approved amounts, i.e., the $4,800.2M for Unit 2 (including the
Definition Phase), and the $377.2M for Early-In-Service projects, F&IP and SIO.

Ex. D2-2-9 provides a comparison of actual in-service amounts to OEB approved amounts in
EB-2016-0152.

The successful completion of the Unit 2 refurbishment on budget and reasonably on

schedule represented a significant achievement in mega-project execution for OPG.

4 OEB Decision and Order, EB-2016-0152, December 28, 2017, p. 36.
5 Of the $3,417M final cost of Unit 2, $3,340.5M represents the capital in-service amount.





0 N O 0o B~ WO N -

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

Filed: 2020-12-31

EB-2020-0290

Exhibit D2

Tab 2

Schedule 1

Page 4 of 17

In EB-2016-0152, OPG outlined the use of the CRVA to record the revenue requirement
impact of any differences between OEB approved amounts and actual in-service additions
(and associated timing) to rate base for the DRP. Under the CRVA, if OPG were to
experience a variance relative to OEB approved in-service amounts, a balance, either
positive or negative, would be recorded in the CRVA. The OEB would review the prudence of

any in-service amounts over the approved amounts prior to disposition.

In this application, OPG is not seeking inclusion of the variance against the EB-2016-0152
approved in-service additions in rate base for the purposes of setting payment amounts for
the IR term. The revenue requirement impact of the variance would continue to be recorded
in the CRVA. Further details regarding the proposed rate base treatment can be found in Ex.
B1-1-1.

OPG also is not seeking clearance of DRP-related amounts in the CRVA in this application.®
OPG proposes to defer the clearance of any such DRP-related amounts recorded in the
CRVA (and inclusion of the variance against the EB-2016-0152 approved in-service
additions in rate base) to a future application, which would allow an assessment of the
recoverability of DRP-related variances, if any, in the context of the overall performance of
the four-unit refurbishment, including the effectiveness of Lessons Learned and Strategic
Improvements from the earlier unit refurbishments. OPG’s proposed treatment of the
variances is consistent with the DRP being a single mega-program as opposed to a
collection of smaller projects. Further details regarding the CRVA balances are provided in
Ex. H1-1-1, Section 5.6.

Since EB-2016-0152, in addition to successfully completing the refurbishment of Unit 2, OPG

has completed detailed planning and preparations for the refurbishment of Unit 3 including

6 Other than the D20 Storage Project (Ex. D2-2-10) and the impacts of capital cost allowance deductions arising
from changes in income tax legislation since EB-2016-0152 (Ex. F4-2-1). OPG also did not seek recovery of
DRP-related CRVA balances in its EB-2018-0243 application for disposition of deferral and variance account
balances, meaning that none of DRP-related CRVA balances accumulated since January 1, 2016 have been
sought for clearance to date.
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the incorporation of Lessons Learned and Strategic Improvements,” and has also
commenced the refurbishment of Unit 3. OPG has also advanced detailed planning for Units

1 and 4.

In this application, through exhibits D2-2-1 to D2-2-9, OPG provides an update on the
progress of the DRP, and evidence to support its request for approval of in-service additions
through 2026, relating to the refurbishment and planned return to service of Units 3, 1, and 4,

collectively known as the “Remaining Units”, as set out in Section 2.0.

More specifically, OPG’s pre-filed evidence demonstrates that:

e OPG has successfully performed the Unit 2 refurbishment and returned the unit to
service.

o OPG has performed the detailed planning that is necessary, including the incorporation of
Lessons Learned from Unit 2 and the implementation of Strategic Improvements, to
establish the High Confidence Schedule® and cost estimates for completing the
refurbishment of the Remaining Units and the Program in 2026, safely and with quality.

o Excluding any ultimate impact of the COVID-19 pandemic, the total estimated cost for
completing the Program remains within the baseline estimate of $12.8B, as established
at the RQE. While the COVID-19 pandemic is currently estimated to have resulted in a
$150M increase in Program costs, OPG will continue to monitor, assess and explore
potential efficiencies during the execution of the Remaining Units’ refurbishments in an
effort to complete the Program, inclusive of COVID-19 cost impacts, within the $12.8B
budget established at the time of the RQE. OPG is not seeking approval of any COVID-

7 “Lessons Learned” refers to specific and detailed knowledge and experience gained during a process, project or

activity which, when applied to the same or similar processes, projects or activities in the future, results in
improved performance. “Strategic Improvements” are new approaches and/or innovative methods for planning
and executing the Remaining Units’ refurbishments that are being implemented in addition to Lessons Learned.
See Ex. D2-2-3, Sections 4 and 5, for a detailed discussion of Lessons Learned and Strategic Improvements.

8 The High Confidence Schedule for the refurbishment outage of a Darlington unit refers to the schedule OPG
utilizes as the basis of its public commitments to stakeholders, including the Government of Ontario, the
Independent Electricity System Operator, the OEB and others. This schedule includes contingency amounts
quantified based on a detailed analysis of risks. OPG also utilizes another shorter schedule, known as the
Working Schedule, for day-to-day management of the refurbishment outages and for measuring performance on
the outages, allowing for early escalation of issues. For further discussion of the High Confidence and Working
Schedules, please refer to Ex. D2-2-2, Ex. D2-2-3, and Ex. D2-2-5.
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19 pandemic-related costs in this application, and none are included in the in-service

additions presented. Any ultimate variance to the $12.8B caused by the COVID-19

pandemic would be tracked separately and addressed through the CRVA in a future
proceeding.

e OPG has in place the resources, organization and processes necessary to execute the
refurbishment of the Remaining Units, and to complete the Program in its entirety, safely,
on time, on budget, and to the required quality level.

e The Government of Ontario, through its most recent Long-Term Energy Plan,® and
through a specific endorsement to proceed with the refurbishment of Unit 3, continues

to support the completion of the Program.

The refurbishment outages of the Remaining Units are scheduled to take place over a total
span of 73 months (September 2020 to October 2026), including 40 months for Unit 3, 38
months for Unit 1, and 37 months for Unit 4.

Chart 1 provides the planned start dates, end dates and durations per OPG’s High
Confidence Schedules for the refurbishment outages of Units 3, 1, and 4. As discussed
further in exhibits D2-2-3, D2-2-5, D2-2-6, and D2-2-7, the schedules reflect the impact of
OPG’s response to the COVID-19 pandemic that resulted in a later start date of the
refurbishment outage of Unit 3 in 2020 and correspondingly later start dates of the Units 1
and 4 refurbishment outages in subsequent years." Consistent with the revised Program

schedule, the refurbishment outage of Unit 3 began on September 3, 2020.

9 Government of Ontario, Delivering Fairness and Choice — Ontario’s Long term Energy Plan 2017, October 2017.

0 Government of Ontario, Ministry of Energy News Release, and then MPP for Durham, Granville Anderson’s,
announcement at the Darlington Energy Centre, February 15, 2018.

1 As a result of the deferred DRP schedule, OPG moved an outage from 2020 to 2021 and also added a regular
planned outage in 2021 to support Unit 4 operation until its start of refurbishment. See Ex. E2-1-2 for further
discussion.
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Chart 1: High Confidence Schedule Dates for
Units 3, 1 and 4 Refurbishment Outages

Start End Duration

(Months)
Unit 3 3-Sep-2020 2-Jan-2024 40
Unit 1 15-Feb-2022 18-Apr-2025 38
Unit 4 15-Sep-2023 16-Oct-2026 37

Consistent with OPG’s plans, OPG has further updated the Program budget and schedule
and has completed the Unit 3 Execution Estimate (“U3EE”). The final update to the U3EE
was completed in August 2020. The final U3EE included the schedule impacts of the COVID-
19 pandemic on the Program, and is the baseline against which OPG and its Board of

Directors will measure the company’s performance during the execution of the Unit 3

refurbishment. The final USEE serves as the underlying basis for the in-service amounts

requested in this application.

Within the 2022-2026 period, Units 3, 1, and 4 are scheduled to be refurbished and placed in
service in 2024, 2025, and 2026, respectively. The total budget to complete the
refurbishment of these units is $6,604.2M, comprising of $6,444.4M"? capital and $159.8M
OM&A™. A simplified breakdown of the Remaining Units’ estimate, based on the final U3EE,

is provided in Chart 2 below.

12 Of the$6444.4M capital, $6442.6M is being requested in this application for the 2022-2026 rate period. Capital
costs of $1.9M for an early-in-service project associated with Unit 3 are forecast to be placed in-service in 2021.
3 Of the $159.8M of OM&A costs, $110.5M is being requested in this application for the 2022-2026 rate period
(Ex. F2-7-1). The remainder represents actual OM&A expenses in 2019 and forecast OM&A expenses in 2020

and 2021 on the Remaining Units.
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Program Component

Remaining Units
Total Cost ($M)

Remaining Units
Total Cost (%)

Major Work Bundles 4,389 66
OPG Functional Support 1,567 24
Contingency 647 10
Total Cost Estimate 6,604 100

Note: Interest and Escalation are included each of the line items above

The Program components listed in Chart 2 are as follows:

Major Work Bundles are logical groupings of work scope, each consisting of a number of
individual projects, defined by OPG for purposes of effectively contracting work to OPG’s
contractors and assigning project management accountabilities. The work to be undertaken
through the Major Work Bundles consists of the replacement and rehabilitation of
components, inspections, and the completion of upgrades directly related to unit
refurbishment. Consistent with what was presented in EB-2016-0152, the Major Work
Bundles are: (1) Retube and Feeder Replacement; (2) Turbine Generator; (3) Fuel Handling

and Defueling; (4) Steam Generator; and, (5) Balance of Plant.

OPG Functional Support refers to work carried out by groups within OPG’s Program
Management and Execution Management and Support organizations (referred to as
“Functions”). The Functions provide a broad range of support that is critical for the success of
the Major Work Bundles and the Program as a whole, including oversight, coordination, and
integration among the various contractors and ongoing station operations. It is largely
through the Functions that OPG performs its vital role as the Program owner, with overall
responsibility for Program management, deliverables, costs and schedule, as well as full

integration with the operating units in order to comply with all Canadian Nuclear Safety
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Commission (“CNSC”) regulations and safe work practices, including permits and work

control, radiation protection, chemistry and environmental controls.

Contingency is an element of the cost estimate that is allocated to manage uncertainty and
risk throughout the life of the Program, and which is expected to be spent based on OPG’s
in-depth assessment of Program risks and uncertainties that cannot be avoided or fully

mitigated.

OPG has made quarterly status reports available to the public through its website since the
start of refurbishment of Unit 2, and plans to continue this practice until the completion of the
Program. The public report covers the four project pillars of safety, quality, cost and
schedule. As well, in accordance with the OEB’s Decision and Order in OPG’s EB-2016-
0152 application,™ OPG has issued detailed annual reports to the OEB at the end of 2018,
2019, and 2020 on the progress of the Program during those respective years. The annual
report to the OEB includes a range of measures of safety, quality, cost, and schedule
performance. OPG will continue to issue annual reports to the OEB until the completion of

the Program.

In Ex. D2-2-10, OPG separately provides evidence to support its request for approval of in-
service additions associated with the Heavy Water Storage and Drum Handling Facility
(“D20 Storage Project”). OPG completed this complex project in 2020 and it is expected to

support all of the Remaining Units’ refurbishments.

2.0 APPROVALS SOUGHT

In the EB-2016-0152 proceeding, the OEB granted envelope approval for OPG’s in-service
amount request for Unit 2.'> Consistent with the OEB’s approval for Unit 2 in EB-2016-0152,
in the current application, OPG seeks the following OEB approvals for the DRP:

4 Ontario Energy Board, Decision and Order, EB-2016-0152, Ontario Power Generation Inc., December 28,
2017.
15 |bid, p. 41
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¢ In-service additions to rate base of a total of $6,442.6M comprised of: (i) $1.4M in 2023
for an Early In-service Project associated with Unit 1, (ii) $2,505.5M in 2024 on
completion of the Unit 3 refurbishment (this includes $1.6M for an Early-In-Service
Project associated with Unit 4); (iii) $1,907.3M in 2025 on completion of the Unit 1
refurbishment; and, (iv) $2,028.3M in 2026 on completion of the Unit 4 refurbishment;
(see Ex. D2-2-9 for details). Should the total aggregate actual additions to rate base be
different from the total forecast amount of $6,442.6M, the revenue requirement impact of
the cost variance (and any associated timing variances) will be recorded in the CRVA
and any amounts greater than the forecast will be subject to a prudence review in a
future proceeding;
e OMS&A expenditures of $24.2M for 2022, $23.6M for 2023, $29.3M for 2024, $25.0M for
2025, and $8.4M for 2026 (Ex. F2-7-1); and,
e Approval of cumulative additions to rate base of $494.7M associated with the D20
Storage Project, consisting of in-service additions of $160.0M in 2016, $320.9M in 2019,
and $13.8M in 2020.6

3.0 EVIDENCE ROADMAP
OPG has approached the evidence for the Program in a similar manner to the evidence
provided in its EB-2016-0152 application, so as to facilitate understanding of the planning

and execution of the Remaining Units of the DRP.

OPG’s evidence includes a review of performance on the Unit 2 refurbishment. The evidence
describes OPG’s robust Lessons Learned process, its incorporation of Strategic
Improvements into the Remaining Units, and how these are expected to result in efficiencies.
OPG’s on-going risk assessment process and the schedule and cost estimates for the
Remaining Units are all described. Also explained are adjustments to the Program’s
organizational structure designed to efficiently and effectively manage the overlapping

refurbishment outages of the Remaining Units.

6 OPG also seeks recovery of the portion of the CRVA balance as at December 31, 2019 related to the D20
Storage Project and the impact on DRP-related capital cost allowance deductions arising from changes in
income tax legislation since EB-2016-0152, as discussed in Ex. H1-1-1.
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The evidence describes OPG’s control, reporting and oversight structures to ensure

completion of the Program safely, on time, on budget and with quality. The evidence also re-

iterates the need for the Program to comply with all CNSC regulatory requirements, as well

as with provincial requirements for nuclear refurbishment as set out in the Province’s 2013
and 2017 Long-Term Energy Plans (“LTEP”).'" 18

The evidence is organized as follows:

Ex. D2-2-1 (Program Overview) provides a summary of the Program, the approvals
sought and a description of the relevant regulatory framework, including Ontario
Regulation 53/05, the Province’s Long-Term Energy Plan and the relevant requirements
of the CNSC.

Ex. D2-2-2 (Unit 2 Performance) summarizes OPG’s performance on the refurbishment
of Unit 2.

Ex. D2-2-3 (Remaining Units Planning) describes the approach and the status of
planning for the Remaining Units. The Lessons Learned process is described, and select
examples of key Lessons Learned from the execution of the Unit 2 refurbishment are
provided. Strategic Improvements are also described as are the reasons for these
Strategic Improvements and the expected impacts on the Remaining Units.

Ex. D2-2-4 (Contracts) describes OPG’s commercial management approach as well as
material amendments to the contracts governing each of the Major Work Bundles since
EB-2016-0152.

Ex. D2-2-5 to Ex. D2-2-7 (Remaining Units Schedule, Contingency, and Cost) describe
the schedules, the updated contingency amounts and the updated cost estimates for the
Remaining Units.

Ex. D2-2-8 (Program Structure and Oversight) focuses on how OPG will manage the
Remaining Units during both the planning and execution phases, including the drivers of
organizational changes implemented since the RQE and the approaches to managing the

overlapping planning and refurbishment outage periods. OPG’s role as Program owner

7 Government of Ontario, Achieving Balance — Ontario’s Long Term Energy Plan, December 2013.
8 Government of Ontario, Delivering Fairness and Choice — Ontario’s Long Term Energy Plan 2017, October

2017.
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and the manner in which OPG’s various organizational units will manage circumstances
that affect scope, schedule, cost and quality during planning and execution of the
Remaining Units is recapped. Key controlling activities which will continue to enable OPG
to effectively track progress and manage execution risk are also recapped. Finally,
OPG’s on-going Program Oversight structure (both internal and external oversight) is
described.
Ex. D2-2-9 (In-Service Amounts) describes the capital in-service additions for the
Remaining Units and provides updates to the actual versus planned in-service amounts
which were approved in EB-2016-0152 for Unit 2 refurbishment, Unit Refurbishment
Early In-Service projects, F&IP and SIO, as well as applicable variance explanations.
Ex. D2-2-10 (D20 Storage Project) explains the D20 Storage Project’s function, history,
planning, construction, commissioning, and cost. It demonstrates that the capital
expenditures that OPG placed in service in 2016, 2019 and 2020 are reasonable and
appropriate and should be included in OPG'’s rate base.
Ex. D2-2-11 (Independent Studies) provides a summary of two independent expert
reports prepared in support of OPG’s evidence, and provides the final reports as
attachments. The first is from Pegasus Global Holdings, Inc. which provided an
assessment of OPG’s project management approach and preparedness with respect to
the refurbishment of the Remaining Units. The second is from Bates White Economic
Consulting, which completed an estimate of the cost to design, engineer, construct and

commission the as-built D20 Storage Project.

A detailed breakdown of the DRP evidence structure is provided as Attachment 1.

4.0 REGULATORY FRAMEWORK

4.1

Ontario Regulation 53/05

Ontario Regulation 53/05 includes certain provisions related to the treatment of DRP in the

setting of OPG’s payment amounts. These provisions, which are unchanged from EB-2016-

0152, are summarized below:

The need for the DRP has been established by the regulation. As set out in the

regulation, in setting nuclear payment amounts during the period from January 1, 2017 to
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the end of the DRP, the OEB shall accept the need for the DRP in light of the Ministry of

Energy’s 2013 LTEP and the related policy of the Minister endorsing the need for nuclear
refurbishment.®

o |If the OEB is satisfied that costs of the DRP were prudently incurred and financial

commitments were prudently made, the OEB must ensure that OPG recovers its capital

and non-capital costs and firm financial commitments incurred for the DRP.2°

Additionally, Ontario Regulation 53/05 provides for a rate smoothing approach to setting
OPG’s payments amounts beginning on January 1, 2017 and ending when the DRP ends, as
discussed in Ex. 11-3-2.2

4.2 Long Term Energy Plans
Ontario’s December 2013 LTEP stated: “[tjhe government is committed to nuclear power. It
will continue to be the backbone of our electricity system, supplying about half of Ontario’s

electricity generation.”?> The December 2013 LTEP further stated:

The government will ensure a reliable supply of electricity by proceeding with

the refurbishment of the province’s existing nuclear fleet taking into account

future demand levels. Refurbishment received strong, province-wide support

during the 2013 LTEP consultation process. The merits of refurbishment are

clear:

o Refurbished nuclear is the most cost-effective generation available to
Ontario for meeting base load requirements.

o Existing nuclear generating stations are located in supportive
communities, and have access to high-voltage transmission.

e Nuclear generation produces no greenhouse gas emissions.??

The December 2013 LTEP sets out a number of principles with respect to the nuclear
refurbishment process.?* As provided in EB-2016-0152, Ex. D2-2-1, Attachment 2, OPG’s

9 0. Reg. 53/05, s. 6(2), para. 12(v).

20 0, Reg. 53/05, s. 6(2), para. 4.

21 0. Reg. 53/05, s. 5.5 and s. 6(2), paras. 12(i) and (ii).

22 Government of Ontario, Achieving Balance — Ontario’s Long Term Energy Plan, December 2013, p. 30.
23 |bid, page 29.

24 LTEP, December 2013, page 29.





-_—
QUOWOoONO O A W N =

_ A
AL wON -

N N N 2~ A a
N = O © 00 N O

NNDNDNDDNDDN
ONO O~ W

w W W N
N -~ O ©

Filed: 2020-12-31

EB-2020-0290

Exhibit D2

Tab 2

Schedule 1

Page 14 of 17

demonstrated that its plans for the DRP included a number of specific elements that aligned

with the LTEP principles.

Ontario’s 2017 LTEP re-iterated support for Ontario’s nuclear refurbishment program with the
following statements:

The most cost-effective option for producing the baseload generation the
Province needs is to refurbish Ontario’s nuclear generating stations. Ontario
is moving forward with the plans laid out in the 2013 LTEP to refurbish a total
of ten units — four units at Darlington and six units at Bruce.?®

Refurbishing these ten nuclear units will lock-in more than 9,800 MW of
affordable, reliable, and emission-free capacity for the long-term benefit of
Ontario.?®
4.3 Ontario Government’s Continued Support for DRP
In addition to issuing clear policy statements regarding the need for nuclear refurbishment,
the Government of Ontario’s support for the DRP was affirmed on January 11, 2016%” where
the Government of Ontario endorsed OPG’s plan to refurbish the four Darlington units.
Subsequently, the Government of Ontario endorsed OPG’s decision to proceed with the

refurbishment of Unit 3, in a news release dated February 15, 2018.%8

In its 2019 Budget, the Government of Ontario stated:

The government supports Ontario Power Generation’s (OPG) refurbishment
project to extend the operating life of the four-unit Darlington Nuclear
Generating Station. The Darlington Refurbishment project continues to track
on time and on budget and, when finished, will generate low-cost, carbon-free
and reliable energy for the people of Ontario for another 30 years.?

4.4 CNSC Regulatory Framework
As provided in EB-2016-0152, the CNSC exercises ongoing regulatory and licensing
oversight over nuclear power plants in Canada. Continued operation of Darlington is largely

dependent on the work that is required for long term safe operation. OPG is required to

25 Government of Ontario, Delivering Fairness and Choice — Ontario’s Long Term Energy Plan 2017, p.45.
26 |bid.

27 See footnote 2.

28 See footnote 10.

29 Government of Ontario, 2019 Budget, p. 92.
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adhere to the requirements of the Nuclear Safety and Control Act, the Canadian
Environmental Assessment Act, all associated regulations, and conditions under its operating
license for Darlington. Regulatory requirements are included in the scope, schedule and

costs of the Program.

In accordance with CNSC regulations,® during the Definition Phase, OPG systematically
identified all environmental and safety concerns. This was accomplished through the
preparation of an Environmental Assessment ("EA"), an Integrated Safety Review (“ISR”), a
Global Assessment Report (“GAR”) and an Integrated Implementation Plan (“lIP”). The IIP
sets out OPG’s commitments to address the identified environmental and safety concerns. In
December 2015, the CNSC ruled that OPG had completed an ISR, GAR and IIP in

accordance with the regulatory requirements.

The current Darlington Nuclear Power Reactor Operating License became effective on
January 1, 2016. In granting a renewed license in December 2015, the CNSC concluded that
OPG is qualified to carry out the proposed refurbishment project. The CNSC provides
regulatory oversight to ensure OPG’s compliance with the Power Reactor Operating License;

this includes oversight of the Program.

OPG has worked closely with the CNSC to facilitate their oversight of the Program, to ensure
that all requirements are satisfied and that regulatory issues would not impact the cost and
schedule of the DRP. For example, OPG established a protocol with the CNSC in 2016
outlining what information will be provided and what reviews will be conducted, to ensure that

regulatory approvals would not impact critical path.

30 Regulatory Document RD-360 (Life Extension of Nuclear Power Plants), later superseded by Regulatory
Document REGDOC-2.3.3 (Periodic Safety Reviews) for a nuclear life extension project. The CNSC expects
the licensee to demonstrate that the following objectives are met:

e The technical scope of the project is adequately determined through an IIP that takes into account the results
of an EA and an ISR;

e Programs and processes that take into account the special considerations of the project are established; and

e The project is appropriately planned and executed.
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1 As in other areas of the Program, OPG has carried out an in-depth Lessons Learned

2 exercise and will implement regulatory process improvements on the Remaining Units to

3  continue to provide high assurance that regulatory approvals will not impact critical path.
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		1.0 PROGRAM SUMMARY

		The Darlington Refurbishment Program (the “Program” or “DRP”) is a multi-year, multi-phase mega-project that will enable the Darlington Generating Station (“Darlington”) to continue safe and reliable operation until approximately 2055. The Program inc...

		In this application, through exhibits D2-2-1 to D2-2-9, OPG provides an update on the progress of the DRP, and evidence to support its request for approval of in-service additions through 2026, relating to the refurbishment and planned return to servi...

		More specifically, OPG’s pre-filed evidence demonstrates that:

		In Ex. D2-2-10, OPG separately provides evidence to support its request for approval of in-service additions associated with the Heavy Water Storage and Drum Handling Facility (“D2O Storage Project”). OPG completed this complex project in 2020 and it ...



		2.0 approvals sought

		3.0 evidence roadmap

		 Ex. D2-2-1 (Program Overview) provides a summary of the Program, the approvals sought and a description of the relevant regulatory framework, including Ontario Regulation 53/05, the Province’s Long-Term Energy Plan and the relevant requirements of t...

		 Ex. D2-2-2 (Unit 2 Performance) summarizes OPG’s performance on the refurbishment of Unit 2.

		 Ex. D2-2-3 (Remaining Units Planning) describes the approach and the status of planning for the Remaining Units. The Lessons Learned process is described, and select examples of key Lessons Learned from the execution of the Unit 2 refurbishment are ...

		 Ex. D2-2-4 (Contracts) describes OPG’s commercial management approach as well as material amendments to the contracts governing each of the Major Work Bundles since EB-2016-0152.

		 Ex. D2-2-5 to Ex. D2-2-7 (Remaining Units Schedule, Contingency, and Cost) describe the schedules, the updated contingency amounts and the updated cost estimates for the Remaining Units.

		 Ex. D2-2-8 (Program Structure and Oversight) focuses on how OPG will manage the Remaining Units during both the planning and execution phases, including the drivers of organizational changes implemented since the RQE and the approaches to managing t...

		 Ex. D2-2-9 (In-Service Amounts) describes the capital in-service additions for the Remaining Units and provides updates to the actual versus planned in-service amounts which were approved in EB-2016-0152 for Unit 2 refurbishment, Unit Refurbishment ...

		 Ex. D2-2-10 (D2O Storage Project) explains the D2O Storage Project’s function, history, planning, construction, commissioning, and cost. It demonstrates that the capital expenditures that OPG placed in service in 2016, 2019 and 2020 are reasonable a...

		 Ex. D2-2-11 (Independent Studies) provides a summary of two independent expert reports prepared in support of OPG’s evidence, and provides the final reports as attachments. The first is from Pegasus Global Holdings, Inc. which provided an assessment...

		A detailed breakdown of the DRP evidence structure is provided as Attachment 1.



		4.0 regulatory framework

		The current Darlington Nuclear Power Reactor Operating License became effective on January 1, 2016. In granting a renewed license in December 2015, the CNSC concluded that OPG is qualified to carry out the proposed refurbishment project. The CNSC prov...

		OPG has worked closely with the CNSC to facilitate their oversight of the Program, to ensure that all requirements are satisfied and that regulatory issues would not impact the cost and schedule of the DRP. For example, OPG established a protocol with...

		As in other areas of the Program, OPG has carried out an in-depth Lessons Learned exercise and will implement regulatory process improvements on the Remaining Units to continue to provide high assurance that regulatory approvals will not impact critic...
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Attachment 1: Detailed Breakdown of Evidence Structure

The Darlington Refurbishment Program (“DRP” or “Program”) evidence is organized into 11

different schedules as follows:

Ex: D2-2-1: Darlington Refurbishment Program Overview

1.0 Program Summary
2.0 Approvals Sought
3.0 Evidence Roadmap
4.0 Regulatory Framework
4.1 Ontario Regulation 53/05
4.2 Long Term Energy Plans
4.3 Ontario Government’s Continued Support for DRP
4.4 CNSC Regulatory Framework
Attachments

Attachment 1: Detailed Breakdown of Evidence Structure

Ex: D2-2-2: Unit 2 Performance

1.0
2.0
3.0
4.0

5.0

Overview
Unit 2 Execution Estimate
Quality Performance

Schedule Performance

4.1 Unit 2 Feeders — Function, Procurement and Installation
4.1.1 Function of Feeder Pipes
4.1.2 Feeder Pipe Procurement
4.1.3 Feeder Pipe Installation Approach

Cost Performance
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6.0 Oversight
7.0 Reporting
8.0 Rate Base and Capacity Refurbishment Variance Account Treatment
Attachments
Attachment 1: Darlington Refurbishment Program 2018 Annual Report
Attachment 2: Darlington Refurbishment Program 2019 Annual Report

Ex: D2-2-3: Remaining Units Planning
1.0 Overview
2.0 Unit-Over-Unit Scope Differences
2.1 Program Scope Development Process
2.2 Scope Differences — Unit 2 to Units 3, 1, and 4
3.0 Remaining Units Planning
3.1 Planning Strategy
3.2 Planning Process Overview
3.3 Planning Milestones
3.4 Unit 3 Planning and Current Status
3.5 Units 1 and 4 Planning and Current Status
4.0 Lessons Learned
41 The Lessons Learned Process
4.1.1 Phase 1: |dentification and Documentation
4.1.2 Phase 2: Evaluation and Incorporation

4.1.21 Lessons Learned Monitoring
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Phase 3: Verification

4.2 Application of Lessons Learned

5.0 Strategic Improvements

5.1 Examples of Strategic Improvements

5.1.1

5.1.2

5.1.3

5.14

5.1.5

Organizational Evolution

Engineering Replication

Darlington Unit 3 Innovations Project

Radiation Protection Improvements

Training Effectiveness Improvements

Trades Labour Hybrid Schedule

5.1.6.1 Trades Availability, Training and Proficiency

5.1.6.2 Project Management Team Availability, Training and Risk
Mitigation

5.1.6.3 Construction Leadership

5.1.6.4 Schedule and Cost Management

6.0 Collaboration with Bruce Power

Attachments

Attachment 1:

Attachment 2:

Attachment 3:

Attachment 4:

OPG-MAN-00120-0019, Project Phase Gate Management

NK-38-MAN-09701-10005, Sheet MLST, R002, Refurbishment

Unit Planning Milestones

NK-38-MAN-09701-10005, Sheet WIN, R000, Refurbishment

Unit Planning Window Milestones

NK-38-GUID-09701-10054, R001, Nuclear Refurbishment

Lessons Learned
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Attachment 5: Schematic of OPG’s Lessons Learned Process
Attachment 6: Summary of Feeder Lessons Learned and Actions
Attachment 7: Powering Ontario Together, 2018 Report on Nuclear
Collaboration
Attachment 8: Joint Bruce Power/OPG Letter to the Minister of Energy,

Northern Development and Mines and the Associate Minister of

Energy re: Bruce Power/OPG Collaboration, November 19,

2019.

Ex: D2-2-4: Unit 2 Performance

1.0

2.0

3.0

Overview

Contract Management

2.1 Collaborative Contract Management
2.1.1 The One Team Approach

Major Contracts

3.1 Contracting Overview

3.2 Retube and Feeder Replacement

3.2.1 Amendments 7 to 10 to the RFR EPC

3.2.2 Amendments 11 and 12 to the RFR EPC contract dated November 3,

2020 and December 11, 2020 respectively (each effective as of

October 17, 2019)

3.2.1.1 Revised Execution Phase Target Cost

3.2.1.2 The Unit 2 Credit

3.2.1.3 Revised Execution Phase Cost Incentive/Disincentive

3.2.1.4 Execution Phase Working Schedule Incentive
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3.2.1.5 Revised Execution Phase Project Change Directive Terms

3.2.1.6 Revised Pricing Terms for Owner Specified Materials and
Goods

3.2.1.7 Enhanced Collaboration Terms

3.3 Turbine Generator

3.3.1

3.3.2

TG Engineering Services and Equipment Supply and Field Services

Agreement
TG Engineering Procurement and Construction Agreement

3.3.2.1  Amendment 5 dated November 3, 2020 (with effect as of
October 17, 2019)

3.4 Fuel Handling and Defueling

3.5 Steam Generator

3.6 Balance of Plant

Attachments

Attachment 1:

Attachment 2:

Attachment 3:

Attachment 4:

Attachment 5:

Attachment 6:

Attachment 7:

Attachment 8:

Attachment 9:

Summary of the Major Work Bundles

Darlington Refurbishment Contract Program Management Plan
Summary of the RFR EPC contract with CanAtom

RFR EPC Agreement Amendment #7

RFR EPC Agreement Amendment #8

RFR EPC Agreement Amendment #9

RFR EPC Agreement Amendment #10

RFR EPC Agreement Amendment #11

RFR EPC Agreement Amendment #12
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Attachment 10:

Attachment 11:

Attachment 12:

Attachment 13:

Attachment 14;:

Attachment 15:

Attachment 16:

Attachment 17:

Attachment 18:

Attachment 19:

Attachment 20:

Attachment 21:
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Summary of Turbine Generator ESESFSA contract with

General Electric

ESESFSA Amendment #3

ESESFSA Amendment #4

ESESFSA Amendment #5

Summary of the TG EPC contract with CanAtom
TG EPC Amendment #3

TG EPC Amendment #4

TG EPC Amendment #5

Summary of the Steam Generator EPC contract with the
BWXT/Candu JV

Steam Generator EPC Amendment #3
Summary of the ESMSA contract

Amended and Restated ESMSA contract with CanAtom

Ex: D2-2-5: Remaining Units Schedules

1.0

20

3.0

Overview

Schedule Development and Management

2.1 Schedule Development and Management at the RQE

211

Formation of the Baseline Schedule

2.1.2 Schedule Management

Remaining Units Schedule

3.1 Remaining Units Program Schedule

3.2 Unit Schedules - Development and Refinement
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3.2.1 Lessons Learned

3.2.2 Strategic Improvements

3.2.3 Developing Robust Schedule Logic

3.2.4 Reviewing the Overlapped Periods
3.3 Remaining Units Schedules

3.4 Unit-Over-Unit Efficiencies

Attachments
Attachment 1: OPG’s Multi-Level Scheduling Approach
Attachment 2: Unit 3 Level 1 Working Schedule
Attachment 3: Unit 1 Level 1 Working Schedule
Attachment 4: Unit 4 Level 1 Working Schedule

Ex: D2-2-6: Remaining Units Contingency

1.0 Overview
2.0 Contingency Development
3.0 Contingency Amounts
3.1 Base Estimates and Contingency Amounts
3.2 Remaining Units’ Contingency Amounts
3.2.1 Factors Driving Reduced Contingency Need
3.3 Control and Approval of Contingency Usage
Attachments

Attachment 1: Explanation of Monte Carlo Simulation
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Ex: D2-2-7: Remaining Units Cost

2.1 Release Quality Estimate

2.2 Unit 2 Execution Estimate

2.3 Unit 3 Execution Estimate

3.2 Units 1 and 4 versus Unit 3

3.3 Major Work Bundle Costs

Remaining Units Retube and Feeder Replacement
Remaining Units Turbine Generators Costs
Remaining Units Balance of Plant Costs

Remaining Units Fuel Handling and Defuelling Costs

Remaining Units Steam Generators Costs

1.0 Overview

2.0 Program Budgets

3.0 In-Service Amounts

3.1 Unit 3 versus Unit 2

3.31
3.3.2
3.3.3
3.34
3.35

Attachments

Attachment 1

Attachment 2:

Attachment 3:

Ontario Power Generation, Darlington Refurbishment — Final
Unit 3 Execution Estimate, For Approval by Board of Directors,
August 13, 2020

Burns/Modus Report, Unit 3 Execution Estimate, Darlington
Refurbishment Project, Burns McDonnell/Modus Strategic
Solutions, March 5, 2019

Independent Oversight Team, Report on Darlington Unit 3
Execution Estimate, Burns McDonnell/Modus Strategic
Solutions, November 11-12, 2019
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1.0 Overview

2.0 Organization for Remaining Units Execution
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2.1 Program Management by Enterprise Project Management Office

2.2 DRP Organization to Manage the Remaining Units

2.2.1 Refurbishment Execution - Unit 3

2.2.1.1  Major Work Bundle Project Management Teams

2.2.1.2 Operations and Maintenance
2.2.2 Refurbishment Support

2.2.2.1 Construction Support

2.2.2.2 Work Management

2.2.2.3 Quality Management

2.2.2.4 Lessons Learned and Strategic Initiatives

2.2.3 Refurbishment Planning — Units 1 and 4
3.0 Change Management
4.0 Reporting

5.0 Oversight

Ex: D2-2-9: In-Service Amounts
1.0 Overview
2.0 IR Term Capital In-Service Amounts

2.1 Unit Refurbishment — Remaining Units Amounts
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Unit Refurbishment — Remaining Units Early In-Service Projects

D20 Storage Project

Comparison of In-Service Amounts

4.1

4.2

4.3

4.4

4.5

4.6

2021 Budget versus 2021 OEB Approved
2020 Budget versus 2020 OEB Approved
2019 Actual versus 2019 OEB Approved
2018 Actual versus 2018 OEB Approved
2017 Actual versus 2017 OEB Approved

2016 Actual versus 2016 OEB Approved

Ex: D2-2-10: The D20 Storage Project

1.0

2.0

3.0

Overview
Introduction
2.1 What is the D20 Storage Project
2.2 The Purpose of the D20 Storage Project
2.2.1 Supporting DRP
2.2.2 Addressing Ongoing Darlington Operational Needs and the TRF
2.3 OPG’s Request and Ratemaking Treatment
24 D20 Storage Project Business Case Summaries
2.5 Expert Report

Description of the D20 Storage Facility

3.1

3.2

Overview

The Seismic Dike (Elevation 87 m)
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6.0

7.0

3.3 The Drum Processing Area (Elevation 100 m)
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3.4 Process and Building Support Systems (Electrical and Mechanical) (Elevation

107.8 m)

3.4.1 Electrical System

3.4.2 Mechanical Systems

3.4.3 Monitoring and Alarm Systems
3.5 The Roof (Elevation 115 m)

Origins of the D20 Storage Project

4.1 Operational Improvements to Heavy Water Storage and Handling

4.2 Advancing the Operational Improvement Project

Merging the Refurbishment Heavy Water Storage and Operational Improvement

Projects to Form the D20 Storage Project

5.1 Initial Assessment of Refurbishment Storage

5.2 Alternatives Evaluated
5.2.1 Stand Alone Building
5.2.2 Additional Storage in an Existing Structure
5.2.3 Construction of a Refurbishment Only Storage
5.2.4 Construction of a Drum Warehouse

Development of the D20 Storage Project

Contracting for the D20 Storage Project

71 Initial Contracting Efforts

7.2 Contracting Under the ESMSA

7.21 The ESMSA





10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

8.0

Filed: 2020-12-31
EB-2020-0290
Exhibit D2

Tab 2

Schedule 1
Attachment 1
Page 12 of 15

7.2.2 Initial Competitive Procurement for the D20 Storage Project under the

ESMSA

Designing and Constructing the D20 Project

8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8.

8.9

8.10

Project Execution by Black & McDonald: Overview of the Project Plan and

Timelines

Initial Planning and Design

8.2.1 The Context of Design Changes within Darlington
8.2.2 Design Work

OPG’s Commitment to Safe Construction

Site Clearing and Preparation

8.4.1 Soil Management

8.4.2 Dewatering

Relocation of Buried Services

8.5.1 Buried Services

8.5.2 Low Pressure Service Water Line

8.5.3 Tie-ins for Piping Connections

8.5.4 Other Buried Services

Installing the Caisson Wall and Excavating the Seismic Dike
8.6.1 Caisson Installation and Tie-backs

8.6.2 Excavation

Temporary Trailers

Continuing Difficulties Completing Design

Efforts to Recover Project Cost and Schedule

Scope Review
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8.11

Termination of Black & McDonald and Settlement
8.11.1 Termination

8.11.2 Settlement

Project Execution by OPG and the Second Project Procurement

9.1

9.2

9.3

9.4

Assumption of Subcontracts and Retaining ES Fox
Sub-Slab and Rock Anchor Installation
Seismic Dike Foundation Slab and Walls

Seismic Dike Topping Slab

Project Execution by the SNC-Lavalin/Aecon Joint Venture

10.1

10.2

10.3

10.4

10.5

10.6

10.7

10.8

10.9

10.10

10.11

Retention of an EPC Contractor to Complete the Project

CanAtom Begins Work Pursuant to a Limited Notice to Proceed
Review of RCMT Design and the CanAtom’s Proposed Redesign
CanAtom Assumes Control of the Project Site

Piping Installation in the Seismic Dike

Pouring the Seismic Dike Top Slab and Erecting the Building Frame
Pipe Chase Excavation, Shoring and Construction

Storage of Unit 2 Heavy Water During Construction

Completing the Building Envelope, Pouring Floor Slabs and Constructing the

Causeway
Construction Slowdown and Dispute Over Redesign

OPG Negotiates a Comprehensive Settlement with CanAtom

Project Completion

11.1

11.2

CanAtom Resumes Construction

Project Phase 2 — Completion Pursuant to the Revised Statement of Work
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12.0 Commissioning and Related Activities

12.1

12.2

Pre-Commissioning

Commissioning

13.0 Business Case Summaries for the D20 Storage Project

13.1

13.2

13.3

13.4

13.5

13.6

13.7

2006 Developmental Release Business Case Summary for the Operational

Improvement Project

The 2011 Draft Developmental Business Case

June 2012 Full Release Definition Business Case Summary
August 2012 Partial Release Execution Business Case Summary
2013 Full Release Execution Business Case Summary

2015 Superseding Release Execution Business Case Summary

2018 Superseding Release Execution Business Case Summary

14.0 Conclusion

Attachments
Attachment 1: Introduction to Heavy Water and its Use in CANDU Reactors
Attachment 2: D20 Storage Project - Key Documents
Attachment 3: List of Acronyms Associated with the Project
Attachment 4: Timeline of the Major Project Milestones
Attachment 5: Temporary Storage of Unit 2 Heavy Water

Ex: D2-2-11: Independent Studies

1.0 Independent Assessment of OPG’s Preparedness to Refurbish Units 3, 1, and 4

2.0 Independent Cost Estimate of the As-Built Heavy Water Storage Facility

Attachments
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Attachment 1: Pegasus Global Holdings, Inc. — Testimony of Dr. Patricia D.
Galloway

Attachment 2: Pegasus Global Holdings, Inc. Engagement Letter

Attachment 3: Bates White Economic Consulting - Report: Construction Cost

Estimate for the Darlington Nuclear Generating Station D20

Storage Project

Attachment 4: Bates White Economic Consulting Engagement Letter





		The Darlington Refurbishment Program (“DRP” or “Program”) evidence is organized into 11 different schedules as follows:

		Ex: D2-2-1: Darlington Refurbishment Program Overview

		Ex: D2-2-2: Unit 2 Performance

		Ex: D2-2-3: Remaining Units Planning

		Ex: D2-2-4: Unit 2 Performance

		Ex: D2-2-5: Remaining Units Schedules

		Ex: D2-2-6: Remaining Units Contingency

		Ex: D2-2-7: Remaining Units Cost
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		Ex: D2-2-10: The D2O Storage Project

		Ex: D2-2-11: Independent Studies
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UNIT 2 PERFORMANCE

1.0 OVERVIEW

This exhibit provides an update on the refurbishment of Darlington Unit 2, with a focus on
OPG’s cost and schedule performance. It concludes by discussing OPG’s proposed
treatment of the IR term rate base as it relates to the variance against the EB-2016-0152
approved in-service additions for the Darlington Refurbishment Program (“Program” or
“‘DRP”) and associated balances in the Capacity Refurbishment Variance Account (“CRVA”).
As noted in Ex. D2-2-1 and further explained in this exhibit, in this application, OPG is not
seeking inclusion of variances against the EB-2016-0152 approved DRP-related in-service
additions in rate base and is also not seeking recovery of the related CRVA balances

accumulated to date.’

OPG started the refurbishment of Unit 2 as planned on October 15, 2016 and returned Unit 2
to service on June 4, 2020, just over three months later than its committed schedule. Of note,
the final two-and-a-half months of the Unit 2 refurbishment outage were completed under the
state of emergency declared in Ontario on March 17, 2020 as a result of the COVID-19
pandemic. OPG captured thousands of Lessons Learned? during the course of the Unit 2
refurbishment. These Lessons Learned as well as a number of Strategic Improvements?
have been incorporated into the planning and execution of the refurbishments of Units 3, 1,
and 4 (the “Remaining Units”), and are expected to result in unit-over-unit cost and schedule

duration improvements.*

! Other than the D20 Storage Project (Ex. D2-2-10) and the impacts of capital cost allowance deductions arising
from changes in income tax legislation since EB-2016-0152 (Ex. F4-2-1). OPG also did not seek recovery of
DRP-related CRVA balances in its EB-2018-0243 application for disposition of deferral and variance account
balances, meaning that none of DRP-related CRVA balances accumulated since January 1, 2016 have been
sought for clearance to date.

2 “Lessons Learned” refers to specific and detailed knowledge and experience gained during a process, project or
activity which, when applied to the same or similar processes, projects or activities in the future, results in
improved performance.

3 “Strategic Improvements” are new approaches and/or innovative methods for planning and executing the
Remaining Units’ refurbishments that are being implemented in addition to Lessons Learned.

4 Ex. D2-2-3 (Remaining Units Planning), Sections 4 and 5, for a detailed discussion of the Lessons Learned
program and Strategic Improvements.
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Relative to the OEB approved amounts in EB-2016-0152 of $5,177.4M for the refurbishment
of Unit 2 (including the Definition Phase), Early-In-Service projects, Facilities and
Infrastructure Projects (“F&IP”) and Safety Improvement Opportunities (“SIO”),° there is a
forecast variance of $132.7M or 2.5%. See Section 5.0 for further discussion of variances

against the amounts approved for Unit 2 and for the Early-In-Service projects, F&IP and SIO.

Compared to the Unit 2 Execution Estimate (“U2EE”), which is discussed below, the
refurbishment of Unit 2 itself was completed on budget at $3,417M.°

2.0 UNIT 2 EXECUTION ESTIMATE

Cost estimating is a process that is repeated and refined at different stages of a program or
project, particularly as a project progresses through its project life-cycle. With each iteration a
cost estimate is expected to become more accurate. The OEB approved OPG’s revenue
requirement in EB-2016-0152 based on the RQE for the Program, which was approved by
the OPG Board of Directors in November 2015 and reflected in OPG’s evidence submitted in
the application.” Two months prior to the start of the refurbishment of Unit 2, as planned,
OPG completed the “final check” of the forecast cost and schedule for the refurbishment of
Unit 2, which resulted in the U2EE.® The U2EE was approved by the OPG Board of
Directors in August 2016 and established the Unit 2 project baselines for cost and schedule
monitoring. Therefore, OPG tracked its Program performance through the execution of the

Unit 2 refurbishment both internally and to the public against the U2EE.

3 Early-In-Service projects are those that provide benefit to the station prior to the return-to-service date of the
nuclear unit under refurbishment. Examples include in-plant modifications which are of immediate benefit to
multiple or all units.

F&IP are projects that do not involve the refurbishment of units but which are necessary to enable execution of
the unit refurbishments and are expected to be useful to OPG’s current and future nuclear operations
independent of the DRP. A number of the F&IP involve upgrades to Darlington site infrastructure to ensure it
can effectively support continued operations for 30 or more years. To meet required in-service dates, OPG
commenced the F&IP work early in the Definition Phase of the Program.

SIO are initiatives which OPG committed to in the Environmental Assessment (“EA”) for the DRP, primarily to
address beyond-design-basis or four-unit events. The need for this work was established through the EA, which
was filed with the Canadian Nuclear Safety Commission (‘CNSC”). To meet required in-service dates, OPG
commenced execution of SIO work early in the Definition Phase of the Program.

6 Of the $3,417M final cost of Unit 2, $3,340.5M represents the capital in-service amount.

7 EB-2016-0152, Ex. D2-2-8, Section 1 and Attachment 1.

8 EB-2016-0152, L-04.3-1 Staff-055.
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Compared to the RQE, the U2EE was a more highly developed estimate in the following

ways:

1. Alarger percentage of the U2EE was at Class Il or Class Ill compared to the RQE.

2. Base cost estimates had been updated to reflect the further development of
comprehensive work packages, which led to an enhanced understanding of the effort
and cost to execute the work and updates to contingency and residual risks.

3. The overall schedule to execute Unit 2 had been revisited, including the elimination of a
planned two-month overlap with Unit 3, which was the plan at the time of the RQE.®°
Cash flows, interest and escalation had all been updated.

Regulatory certainty had been achieved and regulatory hold points during execution
agreed to with the Canadian Nuclear Safety Commission (“CNSC”).

6. OPG’s role as General Contractor had been reviewed and adjustments were made to
the size of OPG functions (i.e., OPG’'s Program Management and Execution
Management and Support organizations) based on Lessons Learned from the

prerequisite projects.

Excluding the Definition Phase, the U2EE estimate to complete the refurbishment of Unit 2
itself was $3,417M. The High Confidence Schedule duration for Unit 2 remained at 40
months, as it was in the RQE. The U2EE also continued to forecast total Program costs at

$12.8B and total Program duration at 112 months, as was the case in the RQE.

OPG'’s cost performance relative to the OEB approved amounts, which were based on the
RQE, and also relative to the U2EE is further discussed in Section 5.0.

3.0 QUALITY PERFORMANCE

The refurbishment of a nuclear unit requires a constant focus on the quality of the
construction to meet or exceed all required specifications. The refurbishment of Unit 2
involved many thousands of removal and installation activities, which required a high degree

of precision. Completion of work on Unit 2 required co-ordination, and detailed scheduling of,

° Per the Long Term Energy Plan, the Province of Ontario required demonstrated success on the first unit prior to
commencing the Remaining Units’ refurbishments.
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the activities of multiple trades, e.g., boilermakers, welders, millwrights, pipéefitters,
carpenters, electricians, painters, field engineers and radiation protection technologists in

concert with the activities of OPG operations and maintenance staff.

OPG’s Quality Management program monitored quality issues and OPG worked
collaboratively with its contractors to resolve all quality events and to ensure mitigation
measures were implemented to prevent recurrence. As a result, the quality of the work

completed on Unit 2 was excellent.

4.0 SCHEDULE PERFORMANCE

As discussed in Ex. D2-2-5, and extensively in EB-2016-0152, OPG measures progress
against two schedules:

1. A Working Schedule; and

2. A High Confidence Schedule.

The difference between these two schedules is that the High Confidence Schedule includes
contingency durations based on detailed analyses of risks. These contingency amounts are
expected to be utilized over the course of the Program. Thus, the High Confidence Schedule
is the basis of OPG’s public commitments and the approvals sought from the OEB. The
Working Schedule is used to calculate performance metrics, e.g., Schedule Performance
Index (“SPI”), and manage day-to-day activities, allowing for early escalation of issues. The
use of a Working Schedule and a High Confidence Schedule is an industry leading best

practice for large and complex projects.

OPG commenced the Unit 2 refurbishment outage on October 15, 2016. At the time of the
RQE, OPG had developed both a Working Schedule and a High Confidence Schedule for
the Unit 2 refurbishment outage. Following the RQE, these schedules were refined over the
next 10 months as the U2EE was completed. OPG then used the U2EE Working Schedule to

0 This strategy provides an early indication of potential risks or issues and allows OPG to proactively manage
Program performance.
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drive the work on Unit 2 to completion. OPG monitored progress against both the U2EE

Working and the High Confidence Schedules.
The refurbishment outage of Unit 2 was completed in four major segments. Figure 1 shows a
comparison of the actual execution performance versus planned performance (per the U2EE

High Confidence Schedule) for each segment.

Figure 1: Comparison of Actual versus Planned Performance on Critical Path

2016 2017 2018 2019 2020
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In the first segment, the unit is de-fuelled and physically isolated from the three operating
units; this segment was completed in 12.8 fewer days than planned in the High Confidence
Schedule.

In the second segment, the reactor is disassembled and existing reactor components
removed; this segment was completed in 15.5 fewer days than planned in the High

Confidence Schedule.

OPG began the third segment ahead of the High Confidence Schedule by approximately 28
days. The third segment involves the installation and reassembly of reactor components, and
includes the installation of feeder pipes. This segment was completed in 105.9 more days
than the planned duration. Thus, at completion of this segment, the U2 refurbishment outage
was 78 days behind the High Confidence Schedule. Challenges experienced with the
procurement and installation of feeder pipes affected the refurbishment schedule. Additional
discussion of feeder pipe procurement and installation is provided in Section 4.1. In August
2019, the Working Schedule and High Confidence Schedule return-to-service dates for Unit

2 were reforecast to May 20, 2020 and June 25, 2020, respectively.
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The fourth major segment of the Unit 2 refurbishment outage, which involved the loading of
new fuel, removal of isolation from the other units, completion of the return to service of all
systems and the restarting of Unit 2, was completed in 23.3 more days than the planned
duration in the High Confidence Schedule. The refurbishment of Unit 2 was completed on
June 4, 2020, with the declaration that the unit had returned to commercial service. This date
was just over three months behind the U2EE High Confidence Schedule, and three weeks
ahead of the date projected in the August 2019 re-forecast the High Confidence Schedule.
Overall, the Unit 2 refurbishment outage was completed within 8% of the U2EE High

Confidence Schedule.

As discussed in greater detail in Section 4.1 below, feeder pipes are installed in three
sequential work programs, upper feeder pipe installation, followed by middle feeder pipe
installation, followed by lower feeder pipe installation. The design of a CANDU nuclear unit
means that only lower feeder pipe installation must be planned as a critical path activity,
although installation of lower feeder pipes can be impacted by delays in installation of upper
and middle feeder pipes. Analysis of the Unit 2 schedule performance shows that without the
challenges experienced on lower feeder pipe installation, the Unit 2 refurbishment outage

would have been completed on schedule.

Given the impact of the lower feeder pipe installation work on the Unit 2 schedule and the
importance of improving performance on this work for the Remaining Units, the following
sections provide an explanation of the function of feeder pipes, the procurement and
installation process for these components, and briefly summarizes key Lessons Learned and
Strategic Improvements that will be implemented for the procurement and installation of
feeder pipes on the Remaining Units. Attachment 6 of Ex. D2-2-3 provides more details on
the specific actions and Lesson Learned, which have been implemented to provide
confidence that the procurement and installation of feeders will go according to plan for the

Remaining Units.
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4.1 Unit 2 Feeders — Function, Procurement and Installation

4.1.1 The Function of Feeder Pipes

Feeder pipes are a part of the heat transport system of a CANDU nuclear reactor. The feeder
pipes transport heated heavy water from the fuel channels in the reactor to the steam
generators, where steam is produced to turn the turbine-generator set. After passing through
the steam generators, the heat transport heavy water is recirculated back to the fuel
channels in the reactor to start the cycle all over again. Figure 2 shows a simplified

schematic of the heat transport system in a Darlington unit.

Figure 2: Simplified Schematic of the Heat Transport System of a Darlington Unit
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Figure 3 below is an illustration of a Darlington nuclear reactor showing the organization of
the feeder pipes. Each Darlington nuclear unit has 960 feeder pipes (480 inlet pipes and 480
outlet pipes) connected to the inlet and outlet ends of each of the 480 fuel channels in the

reactor and to the inlet and outlet feeder headers.
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Figure 3:
Darlington Reactor Showing Feeder Pipes and Feeder Inlet and Outlet Headers
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4.1.2 Feeder Pipe Procurement

Feeder pipes are fabricated off-site under strict quality requirements, then delivered to a
warehouse facility where the quality documentation is verified and final preparation and
quality checks are performed, before being shipped, in the required sequence, to the

Darlington site for installation.

As can be seen from Figure 4, each individual run of feeder piping has its unique geometric
shape to connect from the feeder headers to the fuel channels. In addition, each feeder pipe
is fabricated from a number of components, including: straight pipe runs; angled sections to
meet the geometric shape required to permit connection to the feeder headers and the fuel

channels; and elements to facilitate the measurement of flow, temperature and pressure.
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Figure 4:
Feeder Schematic Showing Feeder Pipes, Flow Elements, Supports and Spacers
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1. FE = Flow Element; PBO = Pressure Breakdown Oirifice;

2. A swage, also known as a reducer, is used to connect two sections of pipe of different diameters.

4.1.3 Feeder Pipe Installation Approach

As previously mentioned, feeder pipes are installed in three sequential campaigns. First,
upper feeder pipes, which are welded to the feeder headers, are installed. Second, middle
feeder pipes are welded to the upper feeders for 25% (248 of the 960) of the feeders which
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have longer pipe runs, in order to facilitate connection to the lower feeders. Finally, lower
feeder pipes are installed mechanically at the fuel channel and then welded to the already

installed upper/middle feeders.

The installation of feeder pipes involves the execution of high-precision work, in a prescribed
sequence, while working in very cramped conditions. For example, 960 high quality welds
must be completed to attach the upper feeder pipes to the feeder headers. In addition, as
seen in Figure 4, there are a large and varied number of pipe supports and other hardware to
be installed. Proper alignment of upper/middle feeders is critical to achieving a proper
connection to the lower feeders. Misalignment could lead to difficulty welding the two
sections, unacceptable welds, residual stresses, and a resultant inability to meet the strict

quality requirements.

Lessons Learned on the feeder series during the execution of Unit 2 included:

e Delays were experienced in the receipt of the new feeders due to the required
qualification of fabrication welding specifications, inspection of fabrication, and welding,
fabrication and delivery issues. Quality non-conformances, found upon inspection,
needed to be resolved. Thus, planning for the Remaining Units includes longer
procurement lead times to ensure that feeders are received at the station at least 12
months prior to the installation window. The qualification of fabrication welding
specifications, which impacted Unit 2, is approved for all four units, thereby eliminating
this source of delay in subsequent units.

e Higher than expected weld failure rates were experienced in field welds. As a result of
Lessons Learned, welding on the Remaining Units will utilize improved welding condition
setup, training processes, and the use of specialty welders with deep experience.
These changes, among others, are expected to improve productivity and reduce weld-
failure rates.

o Congestion was experienced on the reactor face, particularly as regards to scaffolding.

Thus, the Remaining Units will employ a streamlined scaffolding approach to reduce

Il See Ex. D2-2-3, Section 5.1.5 regarding Training Program Improvements and Ex. D2-2-8, Section 2.2.1.1 for a
discussion of the implementation of components of the Organizational Evolution Strategic Improvement, which
includes the Project Centric Organization and Workstream Specialization.
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congestion, and facilitate transitioning from one work site to another on the reactor face.

The use of smaller, more highly trained work crews, trained for proficiency in the entire
work series, is also expected to contribute to reduced congestion.

e Installation of the upper feeder pipes to the inlet feeder headers will be simplified for the

Remaining Units by leaving short pieces of feeder pipe in place on the inlet feeder

headers, thereby simplifying the machining process in advance of welding the new pipes

into place.

As indicated above, Lessons Learned from Unit 2 are being applied to the planning of the
Remaining Units to enable unit-over-unit efficiencies. Many challenges faced on the Unit 2
refurbishment have been resolved and improvements to methods and tooling have been
made, all of which are expected to lead to significant execution improvements for the
Remaining Units. See Ex. D2-2-3 for a detailed discussion of planning for the Remaining

Units including the incorporation of Lessons Learned and Strategic Improvements.

5.0 COST PERFORMANCE

In EB-2016-0152, the OEB approved a total in-service amount of $5,177.4M, consisting of
$4,800.2M ($4,799.8M in 2020 and $0.4 in 2021) for the refurbishment of Unit 2 (including
the Definition Phase) and $377.2M for Unit 2 Early-in-Service projects, F&IP, and SIO.
Relative to the total approved in-service amount of $5,177.4M, there is a forecast variance of
$132.7M or 2.5%.

Focusing on performance relative to the $4,800.2M approved in-service amount for Unit 2
(including the Definition Phase), OPG is forecasting an amount of $4,761.8M for 2020 and $0
for 2021, for a variance of $-38.5M. This negative variance is due to placing $70.3M of
projects, which had been approved as part of the $4,800.2M, in-service earlier than Unit 2
because they provided immediate benefit to the Darlington station. This reduction of $70.3M
to the Unit 2 in-service amount (including Definition Phase) was offset by an increase of
$31.8M in the Unit 2 in-service amount (including the Definition Phase) due to higher spend,

resulting in the net variance of $-38.5M (see D2-2-9, Section 4).
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For the Unit 2 Early-In-Service projects, F&IP and SIO, compared to the OEB approved
amount in EB-2016-0152 of $377.2M, there is a forecast total over-variance $171.2M. This
variance is the result of increased costs of $100.9M for these projects, and declaring in-
service $70.3M for new Unit 2 Early-In-Service projects, as discussed above. Further

information on in-service amounts is provided in Ex. D2-2-9.

Compared to the U2EE, OPG completed the refurbishment of Unit 2 itself (i.e. excluding the
Definition Phase) on budget at $3,417M.2

The final two-and-a-half months of the Unit 2 refurbishment outage were completed under
the state of emergency declared in Ontario on March 17, 2020 as a result of the COVID-19
pandemic. The COVID-19 pandemic did not materially impact OPG’s safety, quality, cost, or
schedule performance for the refurbishment of Unit 2. Further discussion of the COVID-19
impacts on the schedule and costs of the Remaining Units is provided in Ex. D2-2-5
(Remaining Units Schedule) and Attachment 1 to Ex. D2-2-7 (Remaining Units Cost).

The successful completion of the Unit 2 refurbishment on budget and reasonably on
schedule represented a significant achievement in mega-project execution for OPG. A
picture showing the completed Unit 2 reactor face is provided in Figure 5. A panoramic view

of the Unit 2 turbine hall is provided in Figure 6.

2 See footnote 6.
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Flgure 5: Close-up of the Finished East Face of the Unit 2 Reactor
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Figure 6: A Panoramic View of the Unit 2 Turbine Hall

6.0 OVERSIGHT

During the execution of the Unit 2 refurbishment, OPG had implemented an assurance plan

comprised of several layers of oversight.”™ This oversight structure effectively helped OPG
and its contractors meet safety, quality, cost and schedule expectations by identifying issues
and aiding in their expeditious resolution. OPG’s oversight structure for the Remaining Units
is discussed in Ex. D2-2-8.

For Unit 2, the Refurbishment Construction Review Board (“RCRB”) supported Program-level
oversight for OPG’s Chief Project Officer, Chief Nuclear Officer, and Chief Executive Officer,
and Burns McDonnell/Modus Strategic Solutions (“BMcD/Modus”) was engaged by the OPG
Board of Directors to provide independent oversight of the DRP. These two independent

advisors provided regular and effective reviews of Unit 2 execution progress.'

13 See EB-2016-0152, Ex. D2-2-9 Program Execution, Section 8, for discussion of the forms of oversight in place
at the beginning of the execution of the Unit 2 refurbishment.
4 See Ex. D2-2-8 Oversight, Section 5, for more detailed descriptions of the RCRB and BMcD/Modus roles.
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The RCRB delivered 14 reports over the course of Unit 2 refurbishment. In general, the
RCRB provided overall findings on Unit 2 progress as well as more specific observations

regarding the current and upcoming scopes of work.

BMcD/Modus reported to the OPG Board of Directors on a quarterly basis over the course of
the Unit 2 refurbishment. BMcD/Modus delivered detailed reports regarding OPG’s Unit 2

execution performance as well as on all other major scopes of work being executed.

7.0 REPORTING

In accordance with the OEB’s Decision and Order in EB-2016-0152,' OPG produced annual
reports on the DRP in each of 2018, 2019 and 2020 which summarized Program
performance, including the refurbishment of Unit 2. Copies of the 2018 and 2019 reports are

provided in Attachments 1 and 2.

8.0 RATE BASE AND CAPACITY REFURBISHMENT VARIANCE ACCOUNT
TREATMENT

The revenue requirement impact of the difference between the OEB approved amounts and

actual in-service additions (and associated timing) to rate base for DRP is recorded in the

CRVA. Clearance of balances in the CRVA is predicated on the OEB determining the

prudence of any in-service amounts over the approved amounts prior to disposition. The

CRVA includes capital and non-capital costs and firm financial commitments incurred in

respect of the DRP, which is forecasted to be completed in 2026.

As noted above, OPG provided the U2EE in EB-2016-0152 and used the U2EE as the
baseline against which to track its Program performance through the execution of the Unit 2
refurbishment. OPG did not update its EB-2016-0152 revenue requirement as a result of the
U2EE and instead requested that any variance against the originally proposed (and
ultimately approved) in-service amounts be recorded in the CRVA. The OEB agreed with this

approach, stating as follows in the EB-2016-0152 Decision and Order:

15 EB-2016-0152 Decision and Order, pp. 44-45.
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The OEB is of the view that it is not necessary to use the Unit 2 Execution
Estimate as the basis for its approvals. The OEB notes that the CRVA wiill
operate to capture any revenue requirement impacts of changes to in-service
dates and in-service amounts between OEB-approved and actual. Therefore,
using the in-service amounts and dates as proposed by OPG is reasonable.®

As noted in Section 5.0, there is a forecast variance of $132.7M, or 2.5%, against the total
EB-2016-0152 approved in-service addition of $5,177.4M (which was comprised of in-service
additions of $4,800.2M for Unit 2, including the Definition Phase, and of $377.2M for the Unit
2 Early In-Service projects, F&IP and S10); the revenue requirement impact corresponding to

this variance is recorded in the CRVA.

In this application, OPG is not seeking inclusion of the variance against the EB-2016-0152
approved in-service additions in rate base for the purposes of setting payment amounts for
the IR term. Under OPG’s proposal, the revenue requirement impact of the variance would
continue to be recorded in the CRVA. Further details regarding the proposed rate base

treatment can be found in Ex. B1-1-1, Section 2.

OPG also is not seeking clearance of DRP-related amounts in the CRVA in this application,
except for certain amounts related to the D20 Storage Project.’”” OPG proposes to defer the
clearance of DRP-related amounts recorded in the CRVA to a future application, which would
assess of the recoverability of any DRP-related variances in the context of the overall
performance of the four-unit refurbishment, including the effectiveness of Lessons Learned
and Strategic Improvements from the earlier unit refurbishments. OPG’s proposed treatment
of the variances is consistent with the DRP being a single mega-program as opposed to a

collection of smaller projects. The CRVA is discussed further in Ex. H1-1-1, Section 5.6.

6 EB-2016-0152 Decision and Order, p 39.
17 Ex. H1-1-1, Section 5.6 and see, footnote 1.
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ATTACHMENTS
Attachment 1: Darlington Refurbishment Program 2018 Annual Report
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[]NTARI[]FﬁWER OPG Confidential Exclusive
GENERATION

FOR INFORMATION to the Ontario Energy Board

November 30t, 2018
DARLINGTON REFURBISHMENT PROGRAM

INTRODUCTION

This report provides the status of the Darlington Refurbishment Program (DRP), hereafter referred to as
the “Program”. The Program comprises Unit 2, early in-service work and pre-requisite projects.

Unless otherwise noted, this report includes a summary and a review of the Program performance through
September 301, 2018.

This is the first in a series of annual reports to be provided by Ontario Power Generation (OPG) to the
Ontario Energy Board (OEB) pursuant to the OEB’s decision and order in EB-2016-0152."

EXECUTIVE SUMMARY

The Darlington Refurbishment Program is a multi-year, multi-phase, mega-project that will enable the
Darlington Generating Station (“Darlington”) to continue safe and reliable operation until approximately
2055. The Program includes the replacement of life-limiting critical components, the completion of
upgrades to meet applicable regulatory requirements, and the rehabilitation of components at Darlington’s
four units.

The Release Quality Estimate (RQE) for the four-unit refurbishment is $12.8 billion. Under RQE, the first
unit to be refurbished (Unit 2) is scheduled to be returned to service in the first quarter of 2020 and the last
unit is scheduled to be completed by 2026. The RQE formed the basis of OPG’s May 2016 pre-filed
evidence in EB-2016-0152. Since the development of the RQE in November 2015, OPG continued detailed
planning and preparations for execution of Unit 2 and established a Unit 2 Execution Estimate (U2EE).
This estimate was approved by OPG’s Board of Directors in August 2016 and has been used to establish
Unit 2 project baselines for cost and schedule monitoring. Details of the U2EE were provided in EB-2016-
0152, Exhibit L, Tab 4.3, Schedule 1, Staff-055. Detailed planning associated with U2EE confirmed that
the overall program and associated contingencies were within the $12.8 billion RQE, but resulted in a 1%
increase specific to program costs for Unit 2 and the early in-service work and pre-requisite projects. The
OEB approved the EB-2016-0152 revenue requirements based on the RQE forecasts per Ex. N2, Tab 1,
Schedule 1 in that proceeding. The High Confidence Schedule? discussed in this Report is unchanged
between the RQE and the U2EE.

" EB-2016-0152, Decisions with Reasons, dated December 28, 2018, p.44, Table 16.
2 OPG’s description of the High Confidence Schedule is found under the “Schedule” section in this
report. Note that any reference to ‘as planned’ or ‘on plan’ refers to the High Confidence Schedule.

2
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OPG commenced the refurbishment of Unit 2 in October 2016. The Program has been divided up into
segments of work that focus on the various refurbishment stages that Unit 2 must go through prior to
returning to service. The first segment, which includes the de-fuelling of the reactor and the physical
separation of Unit 2 from the three operating units, was completed in the first half of 2017 in accordance
with the High Confidence Schedule. The second major segment, which included the disassembly and
removal of the existing reactor components, was completed in May 2018 in accordance with the High
Confidence Schedule. Unit 2 is currently in the third major segment, the installation and reassembly of
reactor components. To date, the third segment is progressing as planned with the installation of all
calandria tubes and a number of systems have been returned to service in accordance with the High
Confidence Schedule. Preparation activities for the fourth segment, the restart of Unit 2, have commenced
and 22 of 58 systems have been returned to service.

Anticipating that a mega-project such as the Darlington Refurbishment would be subject to varying degrees
of risks, OPG built contingency into the High Confidence Schedule to help address risks that materialize as
the refurbishment progresses. Since the beginning of the project, OPG has used its risk management and
project control processes to address project risks effectively within existing contingencies. With a large
portion of the work on Unit 2 now complete, and looking ahead at the work that remains, OPG expects to
have sufficient contingency to address the remaining risks and complete the Program at the in-service
amounts approved by the OEB.

OPG continues to identify, document, evaluate and incorporate lessons learned from ongoing and
completed projects into future work, leading to opportunities to execute work more efficiently.

DARLINGTON REFURBISHMENT PROGRAM STATUS

OVERVIEW
Key Program highlights include:

e SAFETY: Over 11 million hours have been worked since Unit 2 breaker open in October 2016 and
there have been no lost time injuries. Safety performance continues to be 10 times better than the
average construction industry performance in Ontario.

e QUALITY: There were no high level quality events or impacts to the High Confidence Schedule;
however, as anticipated, there have been low level events resulting in rework.

e SCHEDULE: Execution of the Unit 2 Refurbishment is currently 70% complete and forecasting ahead
of the 40-month High Confidence Schedule.

e COST: Life-to-date Program costs are $4.57 billion. The Current Estimate at Completion consistent
with the predicted early in-service date to complete all Program work is $5.62 billion, which is within
the amounts approved by the OEB.

PROGRESS

The following is a status summary of the major work groupings since the start of Unit 2 refurbishment. As
expected, there have been challenges during execution, however the Program remains on track.

o De-Fuel & Islanding (Critical Path Work)
During the first segment of the Program, all of the fuel bundles for Unit 2 were successfully removed
from the reactor core and moved to the used fuel bay for storage. Additionally, bulkheads were
installed to separate Unit 2 from the rest of the station and, following the repair of weld defects, the
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pressure test hold point was completed to confirm that Unit 2 was completely isolated from the
operating units. Segment one was completed in April 2017.

e Re-tube & Feeder Replacement (RFR) (Critical Path Work)
The second major segment of the Program, the removal segment, is complete. During this
segment, the remaining reactor components, including end fittings and fuel channel assemblies
and feeders, were all removed safely. Following removal of the reactor components, key
inspections were done on components such as the calandria and bellows. The reactor face was
cleaned in preparation for new components.

The Program’s third major segment, the installation segment, is underway. In this segment, new
fuel channel assemblies and feeder pipes are being installed. The calandria tube installation series
is complete and fuel channels are being installed. This work is forecast to be completed in Q1
2019. Feeder installation is also progressing in parallel with the installation of the fuel channel
assemblies and is forecast to be completed in Q2 2019.

e Turbine Generator (TG)

Since September 2017, all three low pressure turbine rotors and all major turbine stationary
components were removed for inspection and repaired as required. All generator cooling water
hoses were replaced, the generator current transformers and high voltage bushings were replaced,
minor stress corrosion cracking on the turbine rotors was repaired, and steam valves, vessels and
heat exchangers were inspected and repaired. Technical issues experienced during TG execution
and work required based on the results of inspections delayed the completion of the TG work.
However, the re-assembly phase is progressing and the remaining inspection-based repairs are
being closed out. The TG project is forecast to be completed by early 2019 with no impact to Unit
2 return to service or critical path.

e Balance of Plant (BoP)

Work completed in the BoP bundle includes electrical maintenance work, water systems
maintenance, and the replacement of a number of large valves throughout the primary heat
transport and moderator systems. Primary and secondary side steam generator clean work and
substantial work related to the adjuster rods replacement, horizontal and vertical flux detector
replacement is complete. Preparations are currently underway to execute activities related to
restoring Unit 2 as well as the completion of a shutdown cooling system modification. The majority
(85%) of the BoP work is complete with a few work programs continuing into 2019.

e Return to Service (RTS)

Preparation activities for the restart of Unit 2 have commenced and 22 of 58 systems have been
returned to service. RTS work will continue through 2019 when the work is forecast to be complete
and the unit brought back online.

e Facilities & Infrastructure Projects (F&IP) and Safety Improvement Opportunities (SIO)

Of the 11 F&IP and SIO projects in the Program, 10 have been placed in service. The Shield Tank
Overpressure Protection (STOP) installation is complete on Units 1, 3, and 4 and will be complete
on Unit 2 in Q1 2019 as planned.

e Integrated Implementation Plan (lIP)

Annual IIP tasks are commitments to the Canadian Nuclear Safety Committee (CNSC). To date,
OPG has completed 44 out of 51 tasks and the remaining 7 are on plan for completion by year-end
2018.
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SAFETY

Safety is a paramount priority for OPG. Due to this focus on safety, OPG has one of the lowest injury rates
in the Canadian electricity sector.® The Canadian Electricity Association (CEA) awarded OPG the
President’s Award of Excellence for its 2017 safety performance. Additionally, the Canadian Nuclear Safety
Commission has awarded the Darlington Nuclear Generating Station the highest possible safety
performance rating for the last eight consecutive years in publicly released safety assessments.

In order to maintain this safety performance, OPG continues to set challenging targets for its day-to-day
operations. Notwithstanding that the Program work is being executed by contractors and trades in a very
complex construction environment, OPG purposefully sets the same challenging targets and expects the
same level of performance from the Program. This expectation has resulted in a Program safety
performance that is 10 times better than the overall construction industry average as illustrated in Table 1.

OPG employs a variety of leading indicators to ensure that issues are addressed before incidents occur.
OPG’s practice of proactively tracking events where no injuries occur, but where there is potential for harm,
is one example of a leading indicator. OPG carefully logs and reviews each of these incidents and adopts
corrective actions to prevent future incidents.

In 2017, the first full year of execution of the Program, there was an increase in the number of people
working on the Program, which resulted in a proportional increase in the number of incidents with higher
potential for harm. In 2018, the number of these incidents dropped significantly demonstrating the
effectiveness of OPG’s rigorous approach to safety.

Performance Metrics Summary

Table 1 provides a summary of the Program safety performance and includes OPG and contractor
employees.

Table 1 — Safety Performance Metrics
Historical
Actuals AU
Ontario
Category | Measure 2016 2017 ok o 2 Construction

YTD Target Industry®
All Injury Rate (per 200k
hours) 1/
Total Recordable Injury 0.64 0.49 0.36 0.37 453

Safety | Frequency
Il_gstlT|me Due to 0 0 0 0 N/A
njuries
Notes:

1 In 2018, OPG selected Total Recordable Injury Frequency (TRIF), replacing All Injury Rate (AIR), as a measure for evaluating
health and safety performance, which reflects a change instituted by the Canadian Electrical Association. Total Recordable
Injury Frequency is the average number of fatalities, lost time injuries, medical treatment injuries and restricted work injuries per
200,000 hours worked.

2  OPG sets very challenging targets for its operations and expects the same level of performance from the Program.

3  This rating is the most current safety rating for the Ontario Construction Industry.

3 Compared to the Industrial Health and Safety Association injury rate.
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CAMPAIGNS, PROGRAMS AND INITIATIVES

OPG developed a corporate ‘Why iCare to Work Safely’ campaign that underlies all OPG’s safety initiatives
and programs. The purpose of this campaign is to encourage workers to view safety as a personal
endeavour and to reinforce OPG'’s robust safety culture.

OPG’s strong safety performance is underpinned by the practice of monitoring low level precursor issues
and proactively taking action to reduce the risk of serious events from occurring. With the ‘iCare’ message
in place, the following are additional safety campaigns, programs and initiatives that OPG and its vendor
partners have launched:

e Seven Life Saving Rules Campaign (March 2017 — Ongoing)
This campaign was developed to communicate industrial safety to all trades and to educate
contractors about OPG’s higher safety standards, the fact that adherence to these rules is mandatory,
and that there is zero tolerance for violations.

e Working at Heights (July 2017)

This initiative, which aligns with the Ministry of Labour’s focus on this area for the construction
industry, is aimed at improving worker awareness and the ability to perceive risk and hazard
recognition. The initiative emphasized required equipment inspections and improvements in physical
barriers and housekeeping to better manage falling objects.

e Safety Stand-Down (November 2017)

Safety stand-downs are a standard industry practice to pause work and reset workers’ attention to
focus on safety. In keeping with OPG’s safety practice to monitor low level precursors and proactively
reduce the risk of higher-level events, one of OPG’s major vendor partners stood down their
workforce, with OPG’s support, due to concerns over a small but increasing number of incidents
related to potential conventional workplace safety issues.

e Continuous Air Monitoring Sampling for Calandria Tube and Calandria Tube Insert Removal
(January 2018)

OPG installed continuous air monitors in the vault during removal of fuel channel reactor components
to provide more accurate, real time indications of changing air quality conditions and ensure worker
safety and comfort while working at the reactor face.

e Material Handling (February 2018)

The initiative was aimed at enhancing material movement planning, job site risk recognition and
increasing awareness of experience from both the nuclear industry and other industries.

e Musculoskeletal Disorder (MSD) and Hand Injury Prevention (May 2018)

OPG collaborated with its vendor partners to implement actions such as:
purchasing improved dexterity gloves for both conventional and radiological work;
engaging in strategic communication with workers regarding glove use policy;

increasing MSD awareness and consideration during work planning; and

creating a Two Minute Jobsite Drill to help workers recognize work tasks that could potentially
lead to an MSD Injury.

O O O O

e Heat Stress Campaign (Summer 2017 — Summer 2018)

The primary strategy of this campaign was to increase worker awareness and ensure workers in the
field could recognize signs and symptoms of heat stress. The campaign included the construction
of 5 cooling tents, distribution of water bottles, promotion of hydration and the entire organization
taking a proactive approach to heat stress awareness.
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RADIOLOGICAL SAFETY

OPG has a robust Radiation Protection (RP) program and overall performance continues to be good with
total worker dose better than plan. No worker has received a dose above either regulatory limits or OPG’s
own more stringent internal targets. Based on the execution work done to date, the Program is currently
on track to finish with the lowest Collective Radiation Exposure (CRE) of any nuclear refurbishment
completed to date. This is a result of OPG’s robust nuclear safety culture and its As Low As Reasonably
Achievable (ALARA) RP program.

PERFORMANCE METRICS SUMMARY

Table 2 provides a summary of the Program radiological safety performance and includes OPG and
contractor employees.

Table 2 — Radiological Safety Performance Metrics

2016 Year End 2017 Year End 2018 End of Q3

Actual Target | Actual Target | Actual | Target

CRE (person-rem) 17.4 26.5 1144 1383 626 694

Unplanned Exposures 0 0 0 0 0 0

One event of interest to OPG’s nuclear regulator, the Canadian Nuclear Safety Commission (CNSC),
occurred in February 2018, and corrective actions and improvement initiatives have been implemented or
continue to be underway throughout the year. Further details on this event are outlined under ‘Program
Radiological Events’.

PROGRAM RADIOLOGICAL EVENTS

In February 2018, two workers in the Re-tube Waste Processing Building (RWPB) received an unplanned
internal dose of alpha radiation. Although doses involved were small (less than 1% of the legal limit)4, the
CNSC performed a Reactive Inspection and requested that OPG provide detailed information to show that
OPG had adequate controls over RP practices throughout the Program. OPG provided a comprehensive
response with corrective measures on oversight of RP practices in the field, training of field RP staff, and
documentation of survey results, among others. Other improvement initiatives are also being pursued to
better align RP work schedules with Vendor partners’ schedules, improve pre-job briefings, and investigate
opportunities in RP innovation for efficiency gains.

QUALITY

There have been no high-level Quality events or impacts to the High Confidence Schedule to date on the
Program. OPG’s contractors are required to perform all work safely and diligently, in an organized and
timely manner, and in accordance with the agreement, applicable laws and prudent practices.
Notwithstanding the exercise of prudent practices by OPG and its contractor, a certain amount of typical
rework is to be expected on a project of this nature. As such, OPG included an allowance for rework in its
agreements with its contractors and included sufficient contingency in its High Confidence Schedule in
recognition of this risk. OPG’s Quality Management program monitors lower level quality issues and OPG
works collaboratively with its contractors to ensure mitigation measures are implemented to prevent

4 This event did not meet the criteria to be classified as an ‘unplanned exposure’ as in Table 2.
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recurrence. Lessons learned from lower level incidents are incorporated into the planning of future Unit 2
work as well as future unit refurbishment planning.

PROGRAM QUALITY EVENTS

Complexities related to welding of dissimilar metals required to accommodate components used to measure
the flow of water through the feeder pipes were encountered during feeder fabrication. These issues are
not unique to OPG as dissimilar metal welds have presented a world-wide industry challenge. OPG,
together with the Electric Power Research Institute (EPRI), CanAtom, Candu Energy and US research labs,
a specialized mill in France, BWXT in Cambridge and Laker Energy Products, successfully overcame the
feeder pipe fabrication challenges.

This is a major industry breakthrough and will result in significant benefits to the nuclear industry as it has
solved a life-limiting condition for CANDU reactors.

While the start of feeder pipe installation was delayed due to this challenge, there was no impact to the
High Confidence Schedule as rework was considered in the contingency built into the original plan. The
feeder work program is progressing in parallel with fuel channels on critical path. OPG continues to monitor
execution of the feeder pipe installation closely and is taking actions to mitigate any further delays.

SCHEDULE
OPG measures Program progress against two estimates:

1. A High Confidence Schedule (released by OPG publicly in 2016 and reviewed by the OEB as part
of OPG’s 2017-2021 rate application®); and

2. A shorter “Working Schedule” that excludes contingency, which OPG uses to manage day-to-day
activities. Schedule Performance Index (SPI)® is measured against the Working Schedule.

The difference between these two schedules is that the High Confidence Schedule includes contingency
amounts that were quantified based on detailed analysis of risks and these contingency amounts are
expected to be utilized over the course of the Program. The Working Schedule is used to calculate
performance metrics, for example Schedule Performance Index (SPI), and manage day-to-day activities,
allowing for early escalation of issues. The use of a Working Schedule is an industry leading best practice
for large and complex projects.

PERFORMANCE METRICS SUMMARY

The Program is currently tracking ahead of the High Confidence Schedule and forecasting a late 2019
completion date.

Table 3 provides a summary of the Program schedule performance as of October 291, 2018.

5 While the budget for U2 and associated campus plan projects increased between RQE and U2EE,
the High Confidence Schedule did not change.
6 This strategy provides an early indication of potential risks or issues and allows OPG to proactively
manage Program performance.

8
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Table 3 — Schedule Performance Metrics
2016 2017 2018 Working COn"f'i'g:nce
Measure Year End Year End Q3 Schedule
Actual Actual Actual Target Schedule
Target
Days Ahead of /
Behind
. ' 28 Days 10 Days 33 Days
High Confidence Ahead Ahead Ahead N/A 27-Feb-2020
Schedule
Life-to-Date !
Critical Path Days
Ahead of /
. ) 19 Days 47 Days 50 Days
3 - -
Behind® Working Ahead Behind Behind 19-Sep-2019 N/A
Schedule
Life-to-Date
Schedule
Performance 0.97 0.94 0.92 1.00 N/A
Index (SPI)2
Forecast | 54 Aug-2019 | 5-Nov-2019 | 8-Nov-2019 N/A N/A
Completion Date

Notes

1 Days Ahead/Behind is calculated as progress for all work currently completed relative to the life-to-date allotment of Contingency
Days available in the High Confidence Schedule.
2  Schedule Performance Index is calculated for construction, commissioning and inspection work packages only against the

Working Schedule.

3  Critical Path Days Ahead/Behind and Forecast Completion Date are calculated as progress for all work currently completed
relative to the Working Schedule and does not consider projected gains or losses for future work.

Table 4 provides a summary of the key Program milestones and the actual and forecast completion against
the High Confidence Schedule. Each segment was completed or is currently forecasted to be completed

ahead of plan.

Table 4 — Key Unit 2 Milestone Status

Key Milestone

Planned Completion '

Actual/
Forecast

Segment 1 [Lead In] Complete

April 271, 2017

April 9t, 2017

Segment 2 [Removal] Complete

June 2™, 2018

May 5, 2018

Segment 3 [Install] Complete

August 7, 2019

May 6%, 2019

Complete

Segment 4 [Lead Out/Return to Service]

February 27t, 2020

November 8t, 2019

Z

ote

‘

Planned completion date refers to the High Confidence Schedule.
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COST

PERFORMANCE METRICS SUMMARY

Total Program costs are currently $4.57 billion life to date. Forecast total life cycle cost at completion is
expected to be $5.62 billion, which is within the amounts approved by the OEB, recognizing that risks

remain, particularly those associated with Return to Service as discussed below.

Similar to SPI, Cost Performance Indicator (CPI) is measured against the working schedule budget that
excludes contingency. The CPI for Unit 2 is 0.90.

Table 5 provides a summary of the key Program cost performance.

Table 5 — Cost Performance Metrics '

CPI Life to Date Q3 2018 Current Estimate to Current Estimate at
(LTD) Actual Cost Complete (ETC) Completion (EAC)
0.9 $4.57 Billion $1.05 Billion $5.62 Billion

P

ote

- ’

Program expenditures include Capital and Operations, Maintenance and Administration (OM&A) costs consistent with OEB-
approved amounts.

In its December 28th, 2017 Decision and Order in EB-2016-0152, the OEB included Actual Versus Forecast
Cumulative Capital Costs as part of OPG’s annual reporting requirements. This requirement was further
defined in JT1.17C in the same proceeding as quarterly cost flows for the Unit 2 in-service amount of $4.8
billion approved by the OEB (excludes early in-service and pre-requisite projects that are included in Table
5 above). Table 6 and Figure 1 provides this information:

Table 6 — Actual Vs Forecast Cumulative Capital Costs
M$ OEB Undertaking JT 1.17C Actual Cost Incurred
(Forecast) (September 2018)

LTD 2016 2,280 2,118
Q12017 2,501 2,350
Q2 2017 2,721 2,616
Q3 2017 2,960 2,886
Q4 2017 3,188 3,175
Q12018 3,433 3,348
Q2 2018 3,674 3,536
Q3 2018 3,909 3,742
Q4 2018 4,147
Q1 2019 4,292
Q2 2019 4,435
Q3 2019 4,563
Q4 2019 4,689
Q1 2020 4,800

Total 4,800

10
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Figure 1 — Actual Vs Cumulative Capital Cost Curve

ENGINEERING

Aggregate earned value for engineering is 99% complete for Unit 2. This figure includes both vendor and
OPG engineering work that is being performed for the Program.

All planned engineering work is complete for Unit 2 and the majority of engineering requirements through
execution are complete. Field engineering activities continue as planned to ensure issues are resolved as
they emerge and designs are modified in field as required.
Major engineering accomplishments in the period include:
e Aprocess was designed to ensure successful return to service of Unit 2 components. This "System
Available for Service" process was developed, piloted and finalized and has been used to
successfully return 22 systems to service. Training for staff involved in restart activities is

underway.

e Aconstruction/field engineering group was established to focus on improving processes and enable
the timely response to field-initiated changes.

e Lessons learned from previous work is being captured and applied to all future work.
e Engineering review forums were enhanced for strong management and control of scope.
In addition, the following First of a Kind (FOAK) projects are being monitored closely:

e Shutdown Cooling System enhancements involving the addition of two new auxiliary shutdown
cooling pumps which are currently in the installation phase.

e Steam Generator Inlet Strainers are being designed, fabricated and tested to enhance the build-

clean process and mitigate the impact of any foreign material in the heat transport system. Delivery
of the strainers is expected early in 2019.

11
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¢ Modifications to improve margin in the Emergency Service Water system following a main steam
line break and provide an emergency water supply for Beyond Design Basis Accidents (BDBA).
The project is currently in-progress to complete early 2019.

PROCUREMENT

OPG’S OVERALL CONTRACTING STRATEGY

To manage the work associated with the Program, OPG uses a “multi-prime contractor” model in which
there is more than one prime contractor working on the Program. OPG, as the owner, has a separate
contract with each prime contractor. Each prime contractor is responsible for completion of the work that
is within the scope of its contract. As the owner, OPG is the integrator among the prime contractors and is
responsible for the entire Program.

OPG’s contract management approach allows for early identification and quick resolution of issues, while
holding each party to its respective accountabilities in accordance with contract terms and conditions.
OPG'’s contract provisions tie contractors’ incentives to the long-term success of the Program and align
OPG and contractors’ goals. This approach was developed from lessons learned in other refurbishment
projects and is considered an industry best practice.

OPG has developed robust processes and tools to ensure all services and materials are brought in on time,
on budget, safely and with quality. OPG’s extensive contract management processes track contractors’
costs and performance. These processes also ensure that issues are addressed and parties are held to
their respective accountabilities under contract terms and conditions.

PROCUREMENT STATUS FOR UNIT 2

At the end of Q3 2018, over 95% of all the requested materials for Unit 2 refurbishment were on site, with
delivery of the remaining material items on track.

CONSTRUCTION

CONSTRUCTION PROGRESS SUMMARY

The execution of Unit 2 is currently 70% complete. The bulk of the construction on Unit 2 is related to the
disassembly and removal of the existing reactor components, followed by the installation and reassembly
of the new reactor components. The following key construction challenges have been encountered and
addressed during Unit 2 refurbishment (see the Safety and Quality sections for other challenges
encountered):

e  The construction of the Re-tube Waste Processing Building (RWPB) was delayed, which created
a risk to the building being available in time to receive waste from the End Fitting Removal series.
To mitigate this risk, OPG assembled a dedicated team of subject matter experts to assist the
contractor, perform targeted oversight and advise on certain aspects of the remainder of the
facility’s construction. This action contributed to the RWPB being made available for use on time
to receive the first delivery of end fittings with no impact to critical path.

. During the removal phase there were a few construction series that experienced tooling issues. An
integrated Tool Management team was assembled to focus on resolving issues quickly using
equipment suppliers and industry experts from previous nuclear refurbishment programs. The work
involved enhanced use of the mock-up facility at the Darlington Energy Complex, to prepare for
subsequent series, and optimizing equipment operation. As a result, some tooling issues were
mitigated.

. Recent industry refurbishment operating experience on foreign material in the Heat Transport (HT)
system during unit restart was assessed. The identified risk will be mitigated with the insertion of
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strainers during HT system commissioning. Mock-up testing of the approved strainer design has
shown favourable results. Once testing has been completed, the temporary strainers will be
installed as an additional barrier to remove foreign material from the system.

. Welding upper feeders to the existing reactor inlet / outlet headers involved production challenges
associated with tooling performance and weld quality during the Upper Feeder Installation series.
OPG established a technical team, which included industry experts, to mitigate these challenges
through tool set-up and evaluation of weld requirements.

e The calandria tube installation series experienced challenges with a limited number of rolled joint
leak tests due to site conditions. A cross-functional team reviewed the efficacy of the test
requirements, developed a cleaning process to establish a better seal and brought in new tools
from Pickering to corroborate the previous test results.

e  The adjuster rod replacement project was challenged by the discovery of several elongated titanium
rods. Ateam was formed to modify the removal process. This allowed work to proceed and lessons
learned will be used in subsequent unit refurbishments.

. The moderator system valve rehabilitation project was challenged with insufficient weld purge and
nitric acid build up. The team worked through technical and scheduling issues in order to
accomplish the work safely and with quality.

The following were key construction challenges with the Turbine Generator (TG) work program.
e Inspections done on the low-pressure turbine rotors identified required repairs. Under tight
timelines, a large lathe was located, leased, transported and assembled to machine the spindles.
This significant undertaking was a first-of-a-kind for OPG’s nuclear stations and involved complex

logistics and coordination with multiple internal and external groups throughout North America.
These repairs have now effectively extended the life of the rotors for at least another 30 years.

¢ Final inspection of condenser diffuser welds revealed repairs required prior to return to service.
Multiple vendors are collaborating to find the required number of qualified welders to expedite the
repairs to ensure years of reliable operation.
LABOUR RELATIONS ISSUES SUMMARY

There have been no labour relations impacts on the Program to date and OPG is proactively taking steps
to mitigate any future issues.

ENVIRONMENTAL ISSUES SUMMARY

To date, the Program has had no reportable spills or infractions. Emissions are better than target and well
below all regulatory limits.

TESTING, START-UP AND COMMISSIONING

RETURN TO SERVICE (RTS) SUMMARY

Preparation activities for the restart of Unit 2 have commenced and 22 of 58 systems have been returned
to service.

Over the period, the following RTS focus areas were identified:

e returning systems to service to support the first Restart Control Hold Point (RCHP);
e working with vendor partners on documentation submissions required to support the start up of Unit
2; and
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e finalizing station integration plans to ensure resources, plans and procedures are in place to
support the successful start of Unit 2.

RTS PROCESS

The RTS process is a highly complex process and involves eight planned RCHPs, addressing regulatory
and non-regulatory checks. The first RCHP will confirm that all system requirements have been met prior
to refilling the moderator with heavy water. The second RCHP is a regulatory hold point prior to loading
the reactor with fuel. As Unit 2 refurbishment moves through the eight RCHP’s, stringent measures are in
place to ensure safety and quality are maintained at all times and each system is subjected to rigorous
checks and testing prior to being returned to service.

In order to ensure worker safety and to reinforce the significance of this crucial segment, OPG has
developed a ‘Road to Restart’ communications campaign that outlines the five important stages leading up
to Unit 2 returning to service. The five stages are:

1. Fuel Channels Installed — focus will be on the moderator being filled

2. Feeders Installed — focus will be on fuel load and the heat transport system being filled

3. Primary Heat Transport Strainer Clean — focus will be on Unit 2 warming up

4. Auxiliary Shutdown Cooling Complete — focus will be on containment being restored

5. Plant Restored — focus will be on the approach to criticality and then full power operation

The ‘Road to Restart’ messaging will be at the forefront of the Return to Service organization and will be
reinforced with workers throughout the remainder of all Unit 2 work.

RTS RISKS FOR UNIT 2

Actions are in place to mitigate risks associated with returning the Unit 2 to service such as foreign material
exclusion, hot conditioning of the unit and integration between the station and the Program.

PROGRAM RISKS AND RISK MANAGEMENT

OPG uses a robust risk management process where risks are identified, classified, quantified and mitigated
to the extent possible. In a project of this size and scope, global experience dictates that there will be
uncertainties that cannot be entirely mitigated or avoided. As such, OPG maintains a detailed inventory of
risks and contingency amounts in accordance with the recommended practices of the Association for the
Advancement of Cost Engineering — a leading authority in the area of project cost estimation. These
contingency amounts are expected to be used over the course of the Program.

The following two risks associated with trades are actively being managed by OPG:
1. AVAILABILITY OF SKILLED CRAFT RESOURCES / SUPERVISION FOR FUTURE UNITS

Shortage of skilled trades is a risk for the Program. OPG identified this risk early in the Program
and has taken mitigating actions, which are tracked and regularly reported to senior management
and OPG’s Board of Directors.

OPG continues to address gaps in the availability of skilled trades. In particular, OPG is continuing
its collaboration with Bruce Power, relevant unions, educational institutions and other stakeholders
to minimize potential cost and disruptions to the Program. This collaboration involves three streams
to mitigate the risk of skilled trades’ availability as outlined below:

a. collaboration between OPG, Bruce Power, vendors and trade unions to develop enhanced
skilled trades’ supply and demand data;
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b. initiatives to build capacity within the current supply of trades by streamlining processes at both
OPG and Bruce Power, including coordinated security processing and training, as well as
modified shift schedules to attract talent;

c. building new sources of supply by promoting trades programs through recruitment initiatives at
local job fairs, community outreach and specific initiatives to increase the level of interest of
women and indigenous peoples in the trades; and

d. working with various Provincial entities and other Canadian organizations across the country
such as trade unions, colleges and other stakeholders, to increase the supply of skilled trades.

2. TIMELY RENEWAL OF COLLECTIVE AGREEMENTS FOR UNIONIZED CONSTRUCTION
TRADES

The collective agreements at risk relate to construction trades. The construction agreements are
set to expire on April 301, 2020 for all construction and Electrical Power Systems Construction
Association collective agreements. However, Nuclear Program Agreements (NPA) expire
December 31%t, 2032, which mitigates construction collective agreement labour disruption risks
throughout the life of the Program. The NPA is an appendix to the current collective agreements
and will be included in each renewal collective agreement occurring during the term of the NPA.

The PWU and Society agreements typically are effective for two to three years. OPG is in the
process of collective bargaining with PWU and Society.

For other risks and challenges, see the ‘Construction’ and ‘Testing, Start-up and Commissioning’
sections.

STAFFING
REFURBISHMENT RESOURCES

Table 7 provides a summary of the OPG Resources on the Refurbishment program.

Measure 2016 2017 2018 2019
RQE 501 740 752 758
Actual Full Time Equivalents (FTEs)' 535 766 821

Note

1 Actual FTEs for 2018 are as of September year to date

EFFORTS TO FILL OPEN POSITIONS

OPG has a number of programs in place to attract, retain and develop qualified personnel for the Program.
Management continues to use corporate-wide succession planning and talent review processes to identify
and prepare future leaders to assume key roles over the life of the Program.

OPG’s Enterprise Projects Organization is focused on implementing a standardized and scalable project
delivery model throughout the enterprise. This organization has developed a training program specifically
designed to advance project management capability across the organization. In addition, OPG’s
succession planning program and mentoring initiatives are designed to ensure that capability is sustained
throughout the Program.
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GENERATION

FOR INFORMATION to the Ontario Energy Board

December 21st, 2019
DARLINGTON REFURBISHMENT PROGRAM

INTRODUCTION

This report provides the status of the Darlington Refurbishment Program (DRP), hereafter referred to as
the “Program”.

Unless otherwise noted, this report includes a summary and a review of the Program performance through
September 30t, 2019.

This is an annual report to be provided by Ontario Power Generation (OPG) to the Ontario Energy Board
(OEB) pursuant to the OEB’s decision and order in EB-2016-0152."

EXECUTIVE SUMMARY

The Darlington Refurbishment Program is a multi-year, multi-phase, mega-project that will enable the
Darlington Generating Station (“Darlington”) to continue safe and reliable operation until approximately
2055. The Program includes the replacement of life-limiting critical components, the completion of
upgrades to meet applicable regulatory requirements, and the rehabilitation of components at Darlington’s
four units.

The Release Quality Estimate (RQE) for the four-unit refurbishment is $12.8 billion. Under RQE, the
refurbishment of the first unit (Unit 2) was to start in the fall of 2016 and be returned-to-service in the first
quarter of 2020, with the last unit scheduled to be completed by 2026. The RQE formed the basis of OPG’s
May 2016 pre-filed evidence in EB-2016-0152. Since the development of the RQE in November 2015,
OPG continued detailed planning and preparations for execution of Unit 2 and established a Unit 2
Execution Estimate (U2EE). This estimate was approved by OPG’s Board of Directors in August 2016 and
has been used to establish Unit 2 project baselines for cost and schedule monitoring. Details of the U2EE
were provided in EB-2016-0152, Exhibit L, Tab 4.3, Schedule 1, Staff-055. Detailed planning associated
with U2EE confirmed that the overall program and associated contingencies were within the $12.8 billion
RQE, but resulted in a $89 million increase specific to program costs for Unit 2 and the Early In-service
Work and Campus Plan projects. The OEB approved revenue requirement in EB-2016-0152 was based
on the earlier RQE forecasts per Exhibit N2, Tab 1, Schedule 1 in that proceeding as opposed to the U2EE.

OPG commenced the refurbishment of Unit 2 in October 2016. The refurbishment of Unit 2 was divided
into segments of work that focus on the various stages that Unit 2 must go through prior to returning to
service. The first segment, which included the de-fuelling of the reactor and the physical separation of Unit
2 from the three operating units, was completed in the first half of 2017 in accordance with the original High
Confidence Schedule. The second major segment, which included the disassembly and removal of the
existing reactor components, was completed in May 2018 in accordance with the original High Confidence
Schedule. The third major segment involving the installation and reassembly of reactor components was
completed in October 2019.

Unit 2 is now scheduled to be returned-to-service in the second quarter of 2020 because of challenges
associated with the third major segment.

' EB-2016-0152, Decisions with Reasons, dated December 28", 2018, p.44, Table 16.
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Unit 2 is currently in the fourth major segment; fuel load and restoring systems in order to bring the unit
back online. As of November 5%, 2019, 40 of 58 systems have been returned-to-service.

Preparations for the refurbishment of Unit 3 have been progressing well. Thousands of lessons learned
from the refurbishment of Unit 2 have been applied during the planning stage of Unit 3. These lessons
have helped to streamline and improve planning for cost and schedule performance in preparation for the
execution phase. Design and engineering are 90% complete. Comprehensive Work Packages continue
to progress as planned and long lead material procurement is on track with no risks to execution. All pre-
requisite projects are currently on track for completion in advance of their need dates.

DARLINGTON REFURBISHMENT THRU UNIT 2 STATUS

OVERVIEW
Key Program highlights include:

e SAFETY: Safety performance continues to be almost 10 times better than the average construction
industry performance in Ontario. The Program has worked 19.8 Million hours since October 2016
and has incurred only one Lost Time Injury.2

e QUALITY: The Program’s quality performance remains good overall. There were 3 high level quality
events on Unit 2 refurbishment that impacted the High Confidence Schedule. All quality events have
been resolved.

e SCHEDULE: Execution of the Unit 2 refurbishment is currently 89% complete and the work not
associated with critical path is 96% complete. The Return-to-Service (RTS) date has moved from
Q12020 to Q2 2020.

e COST: Life-to-date (LTD) Unit 2 and Early In-Service and Campus Plan projects (excluding the
Heavy Water Storage Facility (HWSF)) costs are $5.4 billion. While Unit 2 and Early In-Service and
Campus Plan projects are forecasting to be $137 million over the OEB-approved amounts, Unit 2 is
forecasting to be completed on budget relative to U2EE. The overall Program, including Unit 2,
remains within the $12.8 billion RQE budget. A detailed explanation for the $137 million variance is
set out in the Cost section below.

PROGRESS

The following is a status summary as of September 30, 2019, of the major work completed since the last
report to the OEB in December 2018:

e Reactor assembly is nearly complete — installation of new Fuel Channels, Feeders, and Reactivity
Mechanisms is complete.

e Turbine Generator (TG) overhaul is complete.

e Steam Generator work is complete and the Condensate System is in-service.
e Service Water and Electrical Systems are complete and in-service.

e RTS

Work on the Moderator and End Shield Cooling Systems is complete and the systems have been
filled and returned to service.

2 A Lost Time Injury is a work injury that results in lost days (minimum of one) beyond the date of injury as a direct result of a
safety incident.
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e Facilities & Infrastructure Projects (F&IP) and Safety Improvement Opportunities (S10).

All F&IP and SIO projects were placed in service with the exception of the HWSF. The Shield Tank
Overpressure Protection (STOP) installation was completed on Unit 2 in Q2 2019.

e Integrated Implementation Plan (IIP).

Annual IIP tasks are commitments to the Canadian Nuclear Safety Committee (CNSC). All 50
tasks committed for 2018 were completed by December 131, 2018. Eighty-five of the 99 IIP tasks
committed for 2019 were completed and the remaining 14 are tied to the RTS schedule with the
appropriate approvals in progress.

SAFETY

Safety is a priority for OPG. Due to this focus on safety, OPG has one of the lowest injury rates in the
Canadian electricity sector.® In order to maintain this safety performance, OPG continues to set challenging
targets for its day-to-day operations. In Q3 2019, the Program reported a Total Recordable Injury
Frequency (TRIF) of 0.49 against its internal target of 0.37 as a result of two medically treated injuries. The
TRIF rate has been progressively improving throughout 2019 due to ongoing safety initiatives that target
and mitigate negative safety trends. Despite the Program work being executed by contractors and trades
in a very complex construction environment, OPG purposefully set the same challenging targets for the
Program as for its operations and expects the same level of performance from the Program. This
expectation has resulted in a Program safety performance that is almost 10 times better than the overall
construction industry average as illustrated in Table 1.

After 3,426 days and 15.5 million hours worked, the Program incurred its first Lost Time Injury (LTI) in May
2019 on Unit 2 involving a worker who tripped.

OPG employs a variety of leading indicators to ensure that issues are addressed before incidents occur.
OPG’s practice of proactively tracking events where no injuries occur, but where there is potential for harm,
is one example of a leading indicator. OPG carefully logs and reviews each of these incidents and
implements corrective actions to prevent future incidents.

PERFORMANCE METRICS SUMMARY

Table 1 provides a summary of the Program’s safety performance and includes OPG and contractor
employees.

Table 1 — Safety Performance Metrics

Historical Actuals 2019
Ontario
Category | Measure 2016 2017 | 2018 Sepz OPG3 Construction
YTD Target 4
Industry

Total Recordable
Injury Frequency 0.64 0.49 0.39 0.49 0.37 4.68
Safety | (per 200k hours)'

Lost time Due to

o 0 0 0 1 0 N/A
Injuries

Notes:
1 TRIF is the average number of fatalities, LTls, medical treatment injuries and restricted work injuries per 200,000 hours worked.
2 Year-to-Date (YTD)
3 OPG sets very challenging targets for its operations and expects the same level of performance from the Program.
4 This rating is the most current safety rating for the Ontario Construction Industry.

3 Compared to the Industrial Health and Safety Association injury rate.
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CAMPAIGNS, PROGRAMS AND INITIATIVES

OPG’s safety performance is underpinned by the practice of monitoring low level precursor issues and
proactively taking action to reduce the risk of serious events from occurring. The following are the key
safety campaigns, programs and initiatives that OPG and its contractor partners launched in 2019:

¢ Implementation of Cut Resistant Liners in Containment (January 2019)

After observing a trend related to cuts and punctures through radiation personal protective equipment
inside the Unit 2 vault, Conventional Safety and OPG Refurbishment Maintenance explored and
implemented new and improved gloves to replace cotton liners in order to reduce the injury frequency.
Cut resistant liners are now available to staff.

e 2019 Heat Stress Campaign (April 2019)

The primary purpose of this campaign was to build upon previous campaigns to further increase
worker awareness and ensure workers in the field could recognize signs and symptoms of heat
stress.

¢ RTS Self-Assessment & Subsequent Actions (May 2019)

An RTS Self-Assessment was completed by Conventional Safety and focused on all initial work tasks
associated with returning Unit 2 back to service. The goal of the self-assessment was to evaluate
any conventional safety hazards and/or areas of concern in order to provide accompanying
recommendations and/or actions. The self-assessment was completed in May 2019 and all actions
are complete with ongoing checks and communications until U2 RTS is complete.

¢ Falling/Dropped Objects Corporate Initiative (May 2019)

In late 2018 and early 2019, there was an increased number of dropped object events across OPG.
Additional barriers, including the use of tool tethers and a revised falling objects control checklist were
rolled out in the Program in order to reduce the likelihood of dropped object events. The Program is
considering the installation of alternative debris netting.

o Safety Stand-down (May 2019)

A stand-down was initiated on May 20t, 2019 following a series of safety incidents. All trade staff
were sent home for a 24 hour period and an action plan was developed with a focus on increased
Supervisor oversight in the field and safety communications. Since the stand-down, the Program has
seen a significant improvement to the reinforcement of safety behaviours.

e Working at Heights (August 2019)

A Working at Heights Self-Assessment was completed by Conventional Safety in order to identify the
safe work planning process and any potential deficiencies involved with working at heights inside the
Unit 2 vault.

RADIOLOGICAL SAFETY

OPG’s Radiological Protection (RP) program meets regulatory requirements and industry standards. The
program is implemented across OPG’s fleet, including in the Program. No worker has received a dose
above either regulatory limits or OPG’s more stringent internal targets. This performance is a result of
OPG’s robust nuclear safety culture and its “As Low As Reasonably Achievable” (ALARA) RP program.
Additionally, many improvements have been made in the course of the refurbishment of Unit 2, allowing
many lessons learned to be applied to the planning of the remaining units.

The Collective Radiological Exposure (CRE) actual at the end of 2018 was marginally above target due to
the longer durations in the vault required to complete Upper Feeder and Fuel Channel installations. All

5
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other metrics are at or better than target. The 2019 performance also is above target and is again
attributable to longer durations in the vault related to the feeder program extension. The Refurb ALARA
committee is monitoring and challenging RP performance to ensure ALARA principles continue to apply
with the objective of reducing dose to workers.

PERFORMANCE METRICS SUMMARY

Table 2 provides a summary of the Program radiological safety performance and includes both OPG and
contractor employees.

Table 2 — Radiological Safety Performance Metrics
2017 Year End 2018 Year End 2019 End of Q3
Actual Target | Actual Target | Actual | Target
CRE (person-rem)’ 1144 1383 784 770 434 413
Unplanned Exposures 0 0 0 0 0 0

Note 1 A lower number represents a lower amount of radiological exposure.

QUALITY

The refurbishment of Unit 2 involved many thousands of removal and installation activities which were
required to be executed with a high degree of precision. Many of the installation activities involved precision
fit-up tasks and critical and highly technical welding operations. A certain amount of rework is to be
expected on a Program of this nature. Given the number of tasks, Unit 2’s Quality performance has been
good overall.

As of September 30%, there have been 5 Significant Quality Events. The most significant impact to the
project is attributed to a higher than planned weld rework rate during the installation of Lower Feeders. All
issues were resolved and lessons learned from these issues were incorporated into planning for the
remaining units.

SCHEDULE
OPG measures Program progress against two schedules:

1. A High Confidence Schedule; and
2. A shorter “Working Schedule” that excludes contingency.

The difference between these two schedules is that the High Confidence Schedule includes additional
contingency amounts that were quantified based on detailed analysis of risks. These contingency amounts
are expected to be utilized over the course of the Program. The Working Schedule is used to calculate
performance metrics, for example Schedule Performance Index (SPI)*, and manage day-to-day activities,
allowing for early escalation of issues. The use of a Working Schedule and High Confidence Schedule is
an industry leading best practice for large and complex projects.

“ This strategy provides an early indication of potential risks or issues and allows OPG to proactively manage Program
performance.
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As a result of the challenges encountered on the Feeder installation series, the remaining schedule for Unit
2 was reassessed. This assessment indicated a potential 4 month extension to schedule in returning Unit
2 to full power, therefore the High Confidence date for completion of Unit 2 was revised from Q1 2020 to

Q2 2020.

Lessons learned from Unit 2 are being applied to the planning of the remaining units to enable unit-over-
unit efficiencies. Many challenges faced on the Unit 2 refurbishment, such as the dissimilar metal welds
and FME issues have been resolved, and improvements to tooling have been made, all of which are
expected to lead to significant execution improvements for the remaining units.

Table 3 provides a summary of the Unit 2 schedule performance as of September 30", 2019 relative to the
Original Working Schedule.

EB-2020-0290
Exhibit D2-2-2
Attachment 2
Page 8 of 14

Table 3 — Schedule Performance Metrics

2016 2017 2018 2019 Working
Measure Year End Year End Q3 Q3 Schedule
Actual Actual Actual Actual Target
Days Ahead of /
Behind
. : 28 Days 10 Days 33 Days 72 Days
High Confidence Ahead Ahead Ahead Behind L
Schedule
LTD
Critical Path
Days Ahead of /
4 ; 19 Days 47 Days 50 Days 206 Days
3 - -
Behind® Working Ahead Behind Behind Behind 19-Sep-2019
Schedule
LTD
SPI2 0.97 0.94 0.92 0.89 1.00
Early Forecast
31-Aug-2019 5-Nov-2019 8-Nov-2019 20-May-2020 N/A

Completion Date
3

Notes
Days Ahead/Behind is calculated as progress for all work currently completed relative to the LTD allotment of Contingency Days

1

2
3

available in the High Confidence Schedule.
SPI is calculated for construction, commissioning and inspection work packages only against the Working Schedule.
Critical Path Days Ahead/Behind and Early Forecast Completion Date are calculated as progress for all work currently completed

relative to the Working Schedule and does not consider projected gains or losses for future work.
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Table 4 provides a summary of the key Program milestones and the actual and forecast completion
against the original planned completion and the revised High Confidence Schedule.

Table 4 — Key Unit 2 Milestone Status
: Original Revised High Actual/
el e Planned Completion | Confidence Schedule Forecast
Segment 1 [Defuel] April 27t 2017 N/A April 9. 2017
Complete ’ ’
Segment 2 [Removal] June 2. 2018 N/A May 5%, 2018
Complete ’ '
Segment S[installl | 5 st 70, 2019 | December 22, 2019 | December 22, 2019
Complete
Segment 4 [Lead Out / th th th
RTS] Complete February 27t, 2020 June 25, 2020 June 25", 2020

COST

PERFORMANCE METRICS SUMMARY

Total Program costs are currently $6.5 billion LTD. The forecast total cost at completion for Unit 2 including
all Early In-Service and Campus Plan projects, but excluding the HWSF, is expected to be $5.7 billion,
which is $137 million above the amounts approved by the OEB. The overall Program continues to forecast
on plan at $12.8 billion.

Following the approval of the RQE in 2015, OPG continued detailed planning and preparations for execution
of Unit 2 and established the U2EE as part of its phase gate planning process. Detailed planning associated
with U2EE confirmed that the overall Program and associated contingencies were within the $12.8 billion
set at RQE, and resulted in an increase specific to Program costs for Unit 2 and the Early In-service work
and Campus Plan projects. This estimate, approved by OPG’s Board of Directors, established the detailed
cost and schedule baselines by which Unit 2 performance would be monitored.

Relative to U2EE, Unit 2 expenditures as of September 30, 2019 are $3.2 billion and forecast to be on
target to achieve the U2EE estimate of $3.4 billion at completion.

The OEB approved revenue requirement in EB-2016-0152 was based on the earlier RQE forecasts per
Exhibit N2, Tab 1, Schedule 1 in that proceeding as opposed to the more refined U2EE. Based on the
forecast total cost at completion for Unit 2, the $137 million variance to OEB-approved amounts is attributed
to:

e $89 million difference between RQE and U2EE for planned increases to Unit 2, Early In-service work,
and Campus Plan projects, and

e $48 million variance above U2EE for the Early In-Service and Campus Plan projects.

As of the time of the last report, OPG was forecasting to be within the OEB-approved amounts on the basis
that the Unit 2 unused contingency would be sufficient to cover the cost variances experienced on the
Campus Plan projects. As a result of the challenges encountered on the Feeder installation series for Unit
2, a portion of the unused contingency was allocated to the Feeder series, which left the remaining
contingency being less than the Campus Plan projects’ cost variances.

Similar to SPI, Cost Performance Index (CPI) is measured against the budget that excludes contingency.
The CPI for Unit 2 is 0.84.
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Table 5 — Cost Performance Metrics for Thru Unit 2 *

CPI LTD Q3 2019 Current Estimate to Current Estimate at
Actual Cost Complete Completion
0.84 $5.4 Billion $0.3 Billion $5.7 Billion

Note

1 Program expenditures include Capital and Operations, Maintenance and Administration (OM&A) costs consistent with OEB-

approved amounts.

In its December 28, 2017 Decision and Order in EB-2016-0152, the OEB included Actual Versus Forecast
Cumulative Capital Costs as part of OPG’s annual reporting requirements. This requirement was further
defined in JT1.17C in the same proceeding as quarterly cost flows for the Unit 2 in-service amount of $4.8
billion approved by the OEB (excludes early in-service and pre-requisite projects that are included in Table
5 above). Table 6 and Figure 1 provide this information:

Table 6 provides a summary of the Actual vs. Forecast Cumulative Capital Costs.

Table 6 — Actual vs. Forecast Cumulative Capital Costs’
M$ OEB Undertaking JT 1.17C Actual Cost Incurred
(Forecast)

LTD 2016 2,280 2,118
Q1 2017 2,501 2,350
Q2 2017 2,721 2,616
Q3 2017 2,960 2,886
Q4 2017 3,188 3,175
Q1 2018 3,433 3,348
Q2 2018 3,674 3,536
Q3 2018 3,909 3,742
Q4 2018 4,147 3,955
Q1 2019 4,292 4,146
Q2 2019 4,435 4,360
Q3 2019 4,563 4,557
Q4 2019 4,689
Q1 2020 4,800
Q2 2020 N/A

Total 4,800

Note

1 Capital costs include Unit 2, Unit 0 and Definition Phase.
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Figure 1 — Actual vs. Cumulative Capital Cost Curve

= = OEB Undertaking JT1.17 -==

Actual Cost Incurred (September

2019)

LTD2016 Q12017 Q22017 Q32017 Q42017 Q12018 Q22018 Q32018 Q42018 Q12019 Q22019 Q32019 Q42019 Q12020 Q22020

ENGINEERING

Aggregate earned value for engineering is 99% complete for Unit 2. This figure includes both contractor
and OPG engineering work that is being performed for the Program.

All planned engineering work is complete for Unit 2 and the majority of engineering requirements through
execution are complete. Field engineering activities continue as planned to ensure issues are resolved as
they emerge and designs are modified in field as required.

Design engineering for Unit 3 is 90% complete and is on track to be substantially complete by end of 2019.
Lessons learned from Unit 2 are being incorporated into subsequent designs as appropriate.

Major engineering accomplishments in the period include:

e The "System Available for Service" process has been used to successfully return systems to service
in Unit 2. As of November 5", 2019, 40 systems have been returned to service. Training for staff
involved in restart activities is continuing.

e The construction/field engineering group continues to successfully focus on improving processes and
enabling the timely response to field initiated changes.

e The Re-tube & Feeder Replacement (RFR) Engineering OneTeam was formed between OPG and
CanAtom and has led to improved collaboration and effectiveness between the engineering
functions. Based on the RFR Engineering OneTeam success, this model is being extended to other
significant project bundles such as TG for the remaining units.

o All safety analyses required to support unit restart and operation at high power have been submitted
to the CNSC.

e Lessons learned from previous work continue to be captured and applied to future work. The Unit 3
Vault Vapour Recovery System modification was installed in Q2 2019 with significant savings
compared to Unit 2, based on incorporation of lessons learned.

In addition, the following First-of-a-Kind projects are being monitored closely:

e Shutdown Cooling System enhancements involving the addition of two new auxiliary shutdown
cooling pumps. The project has recently completed the field installation phase and is moving into the
commissioning phase.

¢ Modifications to the Emergency Service Water system, which provides an emergency supply of water
in a beyond design basis event of a main steam line break. The project is currently in the latter stages
of the installation phase and is scheduled to be completed prior to the return-to-service of Unit 2.

10
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PROCUREMENT

PROCUREMENT STATUS FOR UNIT 3

At the end of Q3 2019, 99% of Purchase Orders have been issued and 71% of all the requested materials
for Unit 3 refurbishment were on site, with delivery of the remaining material items on track.

CONSTRUCTION

CONSTRUCTION PROGRESS SUMMARY

The execution of Unit 2 is currently 89% complete and non-critical path activities are 96% complete. The
following major accomplishments occurred within the period:

e The RFR Installation series is complete following the installation of Fuel Channels and Feeders, and
loading of the fuel. Challenges with welding, tooling and human performance at the beginning of the
Feeder series had a cascading effect throughout the series and impacted the RTS Schedule. The
issues were resolved and lessons learned are being applied to the planning of the remaining units.
The final installation work required for the RFR series is Lower Body Tubing.

e The TG Overhaul project had challenges with the final coupling vacuum testing of the Generator
resulting in the TG activities being placed on hold until repairs could be performed. Following the
repairs and clean-up, the coupling vacuum test was completed successfully on April 9, 2019.

e The Auxiliary Shutdown Cooling breaker construction was completed on July 29t, 2019.

e Fourteen obsolete computers were replaced to improve the performance of the Unit 2 shutdown
system.

e The STOP project was completed on all four Units. This SIO initiative was the last of five SIOs
intended to significantly improve the current plant mitigation capabilities to cope with the unlikely
event of a multi-unit severe accident. The STOP project added an additional safety component to
prevent over pressurization of the shield tanks.

LABOUR RELATIONS ISSUES SUMMARY

There have been no labour relations impacts on the Program to date and OPG is proactively taking steps
to mitigate any risks of future issues.

ENVIRONMENTAL ISSUES SUMMARY

In 2019, the Program continues to have no reportable spills or infractions. Emissions are better than target
and well below all regulatory limits.

TESTING, START-UP AND COMMISSIONING

RETURN-TO-SERVICE

Preparation activities for the restart of Unit 2 are continuing and, as of November 5, 2019, 40 of 58 systems
have been returned-to-service. Over the period, the following RTS focus areas were identified:

e completion of risk challenge process for all key evolutions and integrating the results into key
evolution plans;

e returning systems to service to support the Restart Control Hold Points (RCHP);

e working with contract partners on documentation submissions required to support the start-up of Unit
2; and

e finalizing station integration plans to ensure resources, plans and procedures are in place to support
the successful start of Unit 2.

11
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The RTS process is highly complex and involves eight planned RCHPs, addressing regulatory and non-
regulatory checks. The first RCHP was achieved with the moderator system being filled with heavy water.
This milestone was achieved event free and with zero leaks. The second RCHP for New Fuel Load was
achieved on November 3 followed by the CNSC'’s approval to proceed with loading fuel into the reactor
on November 5, ahead of the need date. The next scheduled RCHP will be the Primary Heat Transport
(PHT) System Fill. As Unit 2 refurbishment moves through the six remaining RCHP’s, stringent measures
are in place to ensure safety and quality are maintained at all times and each system is subjected to rigorous
checks and testing prior to being returned-to-service.

The RTS program was extensively reviewed by both internal and external organizations in 2019 to assess
and confirm the Program’s readiness to return Unit 2 to service. OPG has incorporated opportunities for
improvement identified by these assessments.

RTS RISKS FOR UNIT 2

The revised High Confidence schedule includes contingency days to address remaining risks and to ensure
all work continues to be performed safely and with quality.

PROGRAM RISKS AND RISK MANAGEMENT

OPG uses a robust risk management process where risks are identified, classified, quantified and mitigated
to the extent possible. In a project of this size and scope, global experience dictates that there will be
uncertainties that cannot be entirely mitigated or avoided. As such, OPG maintains a detailed inventory of
risks and contingency amounts in accordance with the recommended practices of the Association for the
Advancement of Cost Engineering — a leading authority in the area of project cost estimation. These
contingency amounts are expected to be used over the course of the Program.

The following three major risks are being actively being managed by OPG:

1. AVAILABILITY OF SKILLED CRAFT RESOURCES / SUPERVISION FOR THE REMAINING
UNITS

Shortage of skilled trades is a risk for the Program. OPG identified this risk early in the Program and
has taken mitigating actions, which are tracked and regularly reported to senior management and
OPG’s Board of Directors.

OPG continues to address gaps in the availability of skilled trades. In particular, OPG is continuing its
collaboration with Bruce Power, relevant unions, educational institutions and other stakeholders to
minimize potential cost and disruptions to the Program. This collaboration involves four streams to
mitigate the risk of skilled trades’ availability as outlined below:

a) collaboration between OPG, Bruce Power, contractors and trade unions to develop enhanced
skilled trades’ supply and demand data;

b) initiatives to build capacity within the current supply of trades by streamlining processes at both
OPG and Bruce Power, including coordinated security processing and training, as well as the
development of a hybrid shift schedule designed to attract and retain the right resources and
implement a sustainable schedule for the duration of the project;

c) meetings held with OPG Indigenous Opportunities in Nuclear (ION) representatives and local
indigenous employment offices focusing on ways to increase the level of interest of indigenous
peoples in the trades; and

d) establishing a boilermaker pre-apprentice program with Durham College.

12
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2. TIMELY RENEWAL OF COLLECTIVE AGREEMENTS FOR UNIONIZED CONSTRUCTION
TRADES

The collective agreements risk relates to the 19 Building Trade Unions. The Building Trade Union
agreements are set to expire on April 30t, 2020 for all Collective Agreements both directly with
OPG and through the Electrical Power Systems Construction Association. Early collective
bargaining has commenced with one collective agreement having been reached with the
Boilermakers thus far. The Nuclear Projects Agreements (NPA) expire December 31st, 2032 and
helps mitigate Building Trade Union labour disruption risks throughout the life of the Program. The
NPAs are an appendix to the current collective agreements and will be included in each renewal
collective agreement occurring during the term of the NPA. Exceptions include the Operating
Engineers, Canadian Union of Skilled Workers and the Labourers who either failed to agree to an
NPA or maintain exit clauses.

Collective Agreements with the Power Workers Union (PWU) and the Society of United
Professionals (Society) are typically effective for two to three years. The current Society collective
agreement is set to expire on December 31st, 2019. A new collective agreement effective from
January 1st, 2020 through December 31st, 2021 was awarded through interest arbitration on
November 6%, 2019. The current PWU collective agreement was awarded through interest
arbitration on April 319, 2019 and remains in effect from April 1st, 2018 until March 31st, 2021.

3. MANAGING THE COMMERCIAL IMPACT OF CONTRACTORS

OPG’s Commercial Management is continually monitoring its contractors and their performance
given the limited number of qualified vendors and substantial work in the industry. OPG is working
collaboratively with Bruce Power to ensure adequate availability of reactor components for both the
Program and Bruce Power’s major component replacement project.

STAFFING
REFURBISHMENT RESOURCES

Table 7 provides a summary of the OPG Resources on the Program:

Table 7 — Full Time Equivalent (FTE) Resources by Year (plan vs. actual)
Measure 2017 2018 2019 2020
Planned at RQE 740 752 758 747
Actual 7792 8692 853 N/A

Note

1 Actual FTEs for 2019 are as of September YTD.
2 2017 and 2018 FTE numbers are being restated as they were incorrectly reported in the 2018 report.

EFFORTS TO FILL OPEN POSITIONS

OPG has a number of programs in place to attract, retain and develop qualified personnel for the Program.
Management continues to use corporate-wide succession planning and talent review processes to identify
and prepare future leaders to assume key roles over the life of the Program.

OPG’s Enterprise Projects Organization is focused on implementing a standardized and scalable project
delivery model throughout the enterprise. This organization has developed a training program specifically
designed to advance project management capability across the organization. In addition, OPG’s
succession planning program and mentoring initiatives are designed to ensure that capability is sustained
throughout the Program. The Program has been successful in filling positions.
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REMAINING UNITS PLANNING

1.0 OVERVIEW

This exhibit describes the process used for planning for the refurbishment of Units 3, 1, and 4,

(the “Remaining Units”). OPG implemented a similarly detailed process to plan for the

refurbishment outages of the Remaining Units as was used for Unit 2. The planning process

was modified to account for scope differences, different risks such as those caused by the first-

of-a-kind installation of turbine generator digital controls on Unit 3 and risks associated with

the overlapping of the Remaining Units’ refurbishment outages, and to incorporate Lessons

Learned and Strategic Improvements.

Detailed information is provided on the following:

Section 2.0: Discusses the process used at the time of the Release Quality Estimate
(“RQE”) to develop the scope of the Program. It also discusses scope differences between
Unit 2 and the Remaining Units, including minor scope differences between each of the
Remaining Units.

Section 3.0: Discusses the strategic approach to planning for the Remaining Units.
Section 4.0: Discusses the governance and process of the lessons learned program.
“Lessons Learned” refers to specific and detailed knowledge and experience gained during
a process, project or activity which, when applied to the same or similar processes, projects
or activities in the future, results in improved performance. This section also gives
examples of the incorporation of Lessons Learned from Unit 2 into the planning and
execution of the Remaining Units.

Section 5.0: Discusses “Strategic Improvements”, which are new approaches and/or
innovative methods for planning and executing the Remaining Units’ refurbishments that
are being implemented in addition to Lessons Learned. The section discusses how
Strategic Improvements are being effectively incorporated into the planning and execution
of the Remaining Units.

Section 6.0: Discusses the collaboration initiatives with Bruce Power.
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2.0 UNIT-OVER-UNIT SCOPE DIFFERENCES

2.1 Program Scope Development Process

OPG'’s initial scope development process was described in EB-2016-0152, and consisted of:

1.

Processes used during the Definition Phase of the Program to identify and define the scope

of refurbishment work required across all units. This includes scope identification and

documentation using Darlington Scope Requests (‘DSRs”), initial and subsequent

screening of DSRs, and review and approval of scope by the Program Scope Review
Board (“PSRB”").

Further screening done by the Darlington Refurbishment Scope Review Panel to confirm

that scope was in alignment with the following primary considerations:

required a defuelled and dewatered state;

required a unit outage that would be significantly longer than a standard unit planned
outage; and /or

could be completed in a manner that was substantially safer, resulted in lower radiation
dose and/or was easier to complete if accomplished during the refurbishment outage,

than during a normal maintenance outage or while the unit was operating.

The scope change process used to review proposed scope changes, once scope for the

Program was fixed, culminating in approval by the PSRB."

Work bundles were used by OPG for purposes of assigning project management

accountability, as well as for purposes of contracting DRP work to outside contractors. The

scope of work was grouped into five Major Work Bundles:?
Retube and Feeder Replacement (“RFR”);

Turbine Generators;

Fuel Handling and Defuelling;

Steam Generators; and

Balance of Plant.

' EB-2016-0152, Ex. D2-2-6.
2 A high-level description of the Major Work Bundles was provided in EB-2016-0152, Ex. D2-2-3. See Ex. D2-

Attachment 1 for an updated description of the five Major Work Bundles.
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Neither the scope of the Program nor the process used to approve scope changes has
changed materially since the completion of the scope development process at the time of the
RQE. The Major Work Bundles remain the same with some minor movement of scope between

bundles since the RQE.

2.2 Scope Differences — Unit 2 to Units 3, 1, and 4

There are two areas of scope differences between the Unit 2 refurbishment and the Remaining
Units’ refurbishments: (1) scope that does not need to be repeated in the Remaining Units;
and, (2) scope that, for strategic and/or timing reasons, was not executed for Unit 2, but is

planned for execution in the Remaining Units. These scope differences are described below.

First, certain scope does not need to be repeated for the Remaining Units. Darlington is an
integrated 4-unit station, therefore certain systems are common to all units and the work only
needs to be done once. As the four units are of the same design, there is engineering work
that does not need to be redone for each unit. Examples of scope that does not need to be

repeated for the Remaining Units include:

1. Retube and feeder prerequisite engineering;
2. Service air upgrades; and,

3. Various support facilities such as washrooms and workshops.

Second, there are scope differences that result from OPG’s strategic planning. As noted in EB-
2016-0152, the installation of digital turbine controls and generator excitation controls is
planned to be performed on Units 3, 1, and 4 during the refurbishment outages, but was
excluded from the Unit 2 refurbishment scope at the time of the RQE? for two main reasons:
(1) there was still useful life left in the existing control systems on Unit 2; and, (2) to mitigate
risk, given that Unit 2 was the first unit to be refurbished and that this large first-of-a-kind
(“FOAK”) modification would have introduced unnecessary additional risk into the planning and

execution of the Unit 2 refurbishment.

3 EB-2016-0152, Ex. D2-2-5, p. 10.
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The first installation of the turbine and generator controls upgrades will occur during the Unit 3
refurbishment. This scope is not on the critical path of the Unit 3 refurbishment outage. OPG
has taken measures to mitigate the risks associated with this FOAK modification, including the
installation of a full-scope simulator to allow testing and training on the new digital controls
before they are installed and commissioned on the Remaining Units. Figure 1 shows a picture

of the Unit 3 turbine generator set.

Figure 1: Photograph of the Unit 3 Turbine Generator Set

e e e

3.0 REMAINING UNITS PLANNING

This section explains the approach taken to plan for the Remaining Units’ refurbishments. The

planning strategy that OPG has adopted to account for the overlapping refurbishment outage
periods that occur for the Remaining Units is discussed. Tiered milestones established to
measure progress of planning are explained. The current status of each of Units 3, 1, and 4 is
also provided.
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3.1 Planning Strategy
The refurbishments of the Remaining Units will all be executed with a degree of overlap. In
addition, the planning periods also overlap. To manage these overlapping planning periods,
there was a need to execute the planning process for the Remaining Units differently from the
planning process for Unit 2. Where it was more efficient and cost-effective to do so, the
planning and preparatory work for all of the Remaining Units was performed simultaneously.

Key aspects of the planning strategy for the Remaining Units are briefly discussed below.

As was done for Unit 2, a very detailed set of planning milestones was developed for each of
the Remaining Units. However, because of the overlapping planning periods, the management
of the planning milestones needed to be done in an integrated manner across all three

Remaining Units. Further detail on planning milestones is provided in Section 3.3.

OPG’s application of Lessons Learned into the schedule and cost development for the
Remaining Units is a significant factor influencing planning. The fact that the Program involves
multi-unit refurbishments with largely similar scopes of work for each unit creates many
opportunities to apply Lessons Learned. Lessons Learned are discussed in detail, with

examples, below in Section 4.

In addition to Lessons Learned, OPG has incorporated several Strategic Improvements into
the planning and execution of the Remaining Units. Strategic Improvements apply broadly to
the execution of the Program and are typically not incremental improvements to the same
process, but are new approaches or innovative methods expected to yield a step change in
performance. Strategic Improvements are discussed in detail, including with specific examples,

below in Section 5.

3.2 Planning Process Overview

As explained in Ex. D2-2-1, OPG’s detailed planning over the Definition Phase of the Program
enabled the development of a four-unit budget and schedule for the successful execution of
the Program, known as the RQE. The RQE was finalized in November 2015 and serves as the

baseline against which the cost performance of the Program is being measured. Subsequent
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to the RQE, in August 2016, OPG prepared the Unit 2 Execution Estimate (“U2EE”) to update

the Program budget and schedule prior to the start of the Unit 2 refurbishment outage.

As was the case for Unit 2, the overall planning process for the Remaining Units is broadly
divided into a Preliminary Planning phase and a Detailed Planning phase. The phased
completion of planning for each of the Remaining Units results in a more detailed cost estimate
and a more refined schedule at the end of each phase. The Preliminary Planning phase
culminates with a unit’s preliminary cost estimate and schedule and the Detailed Planning
phase culminates with that unit’s execution estimate (“EE”). At each EE, the estimate for the
overall Program is also refreshed. Each unit’'s EE is the basis upon which OPG’s Board of
Directors approves the full release of funds to execute the corresponding refurbishment

outage.

The overall planning timeline for each of the Remaining Units is approximately three years
from the start of planning to disconnection of the unit from the electrical grid (known as “breaker
open”) to begin the refurbishment outage. However, because some of the planning activities
for Units 1 and 4 were done in parallel with those for Unit 3, the overall elapsed planning period

for Units 1 and 4 spans more than three years.

3.3 Planning Milestones

Planning deliverables such as the preliminary cost estimate and schedule and the unit EE
require timely completion of all precursor activities with the requisite quality. OPG manages
completion of the precursor activities by establishing detailed planning milestones and by
utilizing a tiered milestone approach where the milestones are completed in a phased manner,
as described below. As previously mentioned, because the Remaining Units’ refurbishment
outages will be executed in an overlapped manner, the planning periods, and hence planning
milestone completion requirements for the Remaining Units, also overlap. To ensure on-time
completion of the planning milestones, to manage the resource demands and to minimize costs
to the extent feasible, OPG adapted its process for managing planning milestones from that

used on Unit 2.
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The planning milestones tiers are as follows: (1) Program milestones; (2) Segment milestones;
(3) Outage Window milestones; and (4) Segment 0 milestones. These tiers are briefly
described in the following paragraphs. Phased completion refers to prioritized completion of

milestones based on approvals needed and timing of execution of the field work for each unit.

Program milestones are high-level milestones used to track major requirements that must be
completed prior to the start of each refurbishment outage. These milestones are grouped by
category, including: (1) Scope development; (2) Schedule development; (3) Labour Resources
planning; (4) Material Requirements planning; (5) Risk Management planning; (6) Cost

Estimate development, and (7) Regulatory approvals.

Segment milestones are defined for each segment of the refurbishment outage for each unit.
As noted in Ex. D2-2-2, each refurbishment outage is divided into four segments that are

executed in series:

e Segment 1: Lead In — Defuelling and Containment Isolation;

e Segment 2: Removal — the reactor is disassembled;

e Segment 3: Reassembly — the reactor is rebuilt; and

e Segment 4: Plant Restoration and Start-up — Refuelling, Restoration of the Vault,

Recommissioning and Return to Service.

Segment milestones are established to ensure readiness to perform the work required within
the segment in accordance with each unit's refurbishment outage schedule. Examples of
Segment Milestones include: (1) completion of detailed engineering; (2) ensuring material
purchase orders are issued; (3) updating of resource profiles; and (4) ensuring that resources

are trained and ready to execute the work, for each respective segment.

Outage Windows refer to more granular portions of the schedule than a segment. Examples
of Outage Windows are: (1) Defuelling - within the Lead In Segment; (2) Feeder removals -
within the Removal Segment; (3) Fuel Channel installation — within the Reassembly Segment;
and (4) Bulkhead Restoration — within the Plant Restoration and Start Up Segment. Outage

Window milestones promote adherence to the schedule and successful execution of work.
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Outage Window milestones cover activities such as: (1) issuing the comprehensive work
packages (i.e., work instructions) and checking the work protection requirements; (2) releasing

and staging materials; and (3) verifying the availability of tools, equipment and facilities.

Segment 0 work refers to physical work that primarily needs to be executed in the field prior to
the refurbishment start date so that the refurbishment outage goes smoothly; thus Segment 0
milestones pertain to the completion of planning activities required to enable that fieldwork
execution. A typical example of Segment 0 work is fuel handling reliability improvements to
ensure that the fuelling machines will be able to operate at a high reliability level during the

critical path activity of defuelling the unit.

Further details on planning milestones are provided in Attachment 2, Refurbishment Unit

Planning Milestones and Attachment 3, Refurbishment Unit Planning Window Milestones.

3.4 Unit 3 Planning and Current Status
Planning for the refurbishment of Unit 3 was executed according to the processes described

above in Sections 3.1-3.3.

During the Preliminary Planning phase, detailed engineering and long-lead procurement
commenced. Milestones were defined to ensure that, as the Unit 3 planning process
progressed from Preliminary to Detailed Planning, costs, schedule and execution strategies

were being continually refined.

The Detailed Planning phase resulted in the production of a Unit 3 EE (“U3EE”) in March 2019.
The March 2019 U3EE was the basis for seeking approval from the OPG Board for the release
of funds needed to proceed to the start of execution of the Unit 3 refurbishment, which at that
time was planned for January 15, 2020. In August 2019, as a result of the revised Unit 2
schedule forecast (see Ex. D2-2-2 for further information), OPG decided to defer the start of
the Unit 3 refurbishment outage to May 2020 to minimize the overlap of the beginning of the
Unit 3 and the end of the Unit 2 refurbishment outages. This change also resulted in a decision

to defer the start dates of the Units 1 and 4 refurbishment outages by three months and five





0 N o o A WO DN -

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

Filed: 2020-12-31

EB-2020-0290

Exhibit D2

Tab 2

Schedule 3

Page 9 of 30

months, respectively, in order to maintain approximately the same degree of overlap in the
schedule. The U3EE was updated in November 2019. This planned update reflected the
schedule changes as well as the addition of two key Strategic Improvements that had been in
development, namely, the Hybrid Schedule and a significant tooling improvement as part of

the Darlington Unit 3 Innovations Project (“D3IP”) (See Section 5).

The COVID-19 pandemic, and the Government of Ontario’s state of emergency declaration on
March 17, 2020 in response to it, resulted in a decision by OPG to further defer the start of the
Unit 3 refurbishment outage to early September, 2020. The start dates of Units 1 and 4 were
also correspondingly deferred to maintain the same degree of overlap in the schedule. This
decision was finalized in August 2020, and the U3EE was updated to reflect these schedule
impacts, and was approved by the OPG Board of Directors. This final U3EE is the baseline
against which performance on the refurbishment outage of Unit 3 is being measured. The
Program cost continues to be within the $12.8B budget (excluding any ultimate impacts of
COVID-19). The final U3EE is filed as Attachment 1 of Ex. D2-2-7.

The Unit 3 refurbishment outage started on September 3, 2020* defuelling of the unit has been
completed and installation of bulkheads, which are required in order to isolate Unit 3 from the

operating units, is underway.

As explained in EB-2016-0152, OPG prepares both a Working Schedule, which is used to
manage the day-to-day performance of a unit’s refurbishment outage, and a High Confidence
Schedule, which includes contingency for certain schedule risks that may be encountered. The
High Confidence Schedule is the underlying basis of OPG’s public commitment to the
Independent Electricity System Operator, to OPG’s Shareholder and to other stakeholders,

and is the schedule against which OPG publicly reports is performance.

The High Confidence Schedule duration of the Unit 3 refurbishment outage is forecast to be

40 months, with the planned return to service on January 2, 2024. The Working Schedule

4 Unit 3 was shut down for a station planned outage from July 30, 2020 to September 2, 2020 in order to remove a
single fuel channel as part of the Fuel Channel Lifecycle Management program.
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duration of the refurbishment outage is forecast to be 36 months, with the planned return to
service on September 3, 2023. Further details on the Unit 3 schedule are provided in Ex. D2-

2-5.

3.5 Units 1 and 4 Planning and Current Status

Planning for Units 1 and 4 is in progress. Lessons Learned on Unit 2 that have been applied
to Unit 3, are also being applied to Units 1 and 4. As Unit 3 progresses, any incremental
Lessons Learned will be incorporated into the Unit 1 and 4 plans. As previously discussed,
there are efficiencies inherent in planning for the Remaining Units in an integrated manner. As
a result, certain Program milestones for Units 1 and 4 (e.g., completion of the Preliminary

Estimate) have already been completed.

In accordance with OPG’s Project Phase Gate Management (see Attachment 1), staged
releases of funds are sought to proceed with planning for Units 1 and 4, culminating with a full
release of funds to execute the refurbishment outage at Gate 3, at which the Unit EE is
finalized. The target completion date for the Unit 1 Execution Estimate (“‘U1EE”) is November
2021. The U1EE will act as a ‘final check’ of the cost and schedule duration estimates for the
Unit 1 refurbishment outage that are included in the final USEE, and will serve as the baseline
against which performance on the Unit 1 refurbishment outage will be measured. The planned
start of the Unit 1 refurbishment outage is February 15, 2022 with return-to-service planned for
April 18, 2025. The forecast high confidence duration remains at 38 months as it was at the
time of the RQE and the U2EE.

The target completion date for the Unit 4 Execution Estimate (“U4EE”) is May 2023. The U4EE
will act as a ffinal check’ of the cost and schedule duration estimates for the Unit 4
refurbishment outage that are included in the final U3EE, and will serve as the baseline against
which performance on the Unit 4 refurbishment outage will be measured. The planned start of
the Unit 4 refurbishment outage is September 15, 2023 with return-to-service planned for
October 16, 2026. The forecast high confidence duration remains at 37 months as it was at
the time of the RQE and the U2EE.
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Planning for Units 1 and 4 is on track to meet the scheduled milestone dates. The current

status of work on Units 1 and 4 is:

Screening of Unit 1 scope was completed on time and in accordance with the planning
milestone date, and Unit 4 scope is forecasted to be complete on time.

Engineering is in progress for all Unit 1 and Unit 4 scope. The strategy is to replicate the
engineering packages from Unit 3 and modify them for Units 1 and 4 as required based on
Unit 3 Lessons Learned. Engineering is currently progressing on schedule and is 88%
complete for Unit 1 and 60% complete for Unit 4.

Procurement of materials is progressing on schedule. As of September 30, 2020, 80% of
Purchase Orders had been issued and 73% of all the requested materials for Unit 1
refurbishment were on site, with delivery of the remaining material items on track to meet
the planned need dates. The procurement process of long-lead materials for Unit 4
refurbishment is in progress and on track to meet the planned need dates.

Preliminary execution schedules for prerequisite work prior to Units 1 and 4 breaker open
have been issued and work activities to prepare for this work are complete.

The Working Schedules for Units 1 and 4 are evolving through increasing levels of detail
in accordance with OPG’s schedule governance. As of September 30, 2020, the schedule
for Unit 1 was at the Revision A1 stage, and the schedule for Unit 4 was at the Revision A
Draft stage.

Comprehensive work packages are being completed in priority sequence and are on track

to be ready by the required dates.

4.0 LESSONS LEARNED

This section describes OPG’s Lessons Learned process. Select examples of Lessons Learned

which have been or are planned to be applied to the Remaining Units’ refurbishments are

described in the relevant sections of Ex. D2-2-5 and D2-2-6. The Lessons Learned on the

feeder removal and installation work series have already been discussed at a high level in Ex.

D2-2-2. Further information about Lessons Learned on the feeder program that are expected

to improve OPG’s performance during the Remaining Units’ refurbishments is provided in
Attachment 6.
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OPG and its contractors are focused on achieving unit over unit efficiencies. Both OPG and its
contractors have developed Lessons Learned processes to capture and implement the
knowledge and experience gained in planning and executing the work. OPG established a
Lessons Learned organization to facilitate and support the Lessons Learned process. OPG
also incorporated Lessons Learned leads into the Major Work Bundles to provide day-to-day
support to the Lessons Learned process. CanAtom, the largest DRP contractor, has dedicated
resources that actively manage Lessons Learned as part of their Performance Improvement

process.

As of September 2020, OPG and its contractors have identified 4,085 Lessons Learned. The

status of these Lessons Learned is provided below in Section 4.1.2.1.

4.1 The Lessons Learned Process

The Lessons Learned process, summarized below in Figure 2, has three major phases: (1)
Identification and Documentation; (2) Evaluation and Incorporation; and (3) Verification. Each
of these major phases is discussed below. The Verification phase, where OPG reviews the
effectiveness of Lessons Learned implementation and verifies that the intended improvements
were realized, is similar to the Post-Implementation Review process that OPG employs on

projects.
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Figure 2: Lessons Learned Phases

Phase 1

Identification &
Documentation

Phase 2

Evaluation and
Incorporation

Phase 3

Verification

4.1.1 Phase 1: Identification and Documentation

During the Identification and Documentation phase, OPG and its contractors identify and
document Lessons Learned as soon as possible after the completion of the planning or field
work execution. Lessons Learned are characterized based on their level of impact, ranging
from tactical to strategic. Project Lessons Learned generally have tactical impacts and apply
only to the specific process, project or activity which is being reviewed, whereas strategic

Lessons Learned have broader strategic impacts to the overall Program.

Project Lessons Learned are normally gathered after work has been executed in the field,
during Post-Window Lessons Learned meetings. Post-Window Lessons Learned meetings are
mandatory for each work window that is to be repeated on subsequent units, and serve to
identify, document and evaluate Lessons Learned in a timely manner. The focus of these
meetings is on Lessons Learned applicable to the specific scope of work that was executed in
that window. All key stakeholders involved in the planning and execution of the relevant work
must attend. Attendees may include: OPG and Contractor Project/Field Managers, the Field

Superintendent, the General Foreman, Direct Trades, Design and System Engineers,
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Operations and Maintenance staff, Work Control staff and Radiation Protection staff. Should
personnel changes be planned for the next unit, the next unit’'s personnel, if known, are also
required to attend. Once the Lessons Learned are evaluated, appropriate actions are assigned

for follow-up and implementation in the planning and execution phases of future units.

Strategic Lessons Learned are gathered primarily through periodic interviews with OPG and
contractor staff, normally after completion of a Segment of the refurbishment outage, and result
in strategic improvements such as significant process changes, alternative execution
strategies or organizational changes to facilitate improved work execution. Further discussion

of Strategic Improvements is provided in Section 5.0.

4.1.2 Phase 2: Evaluation and Incorporation

During the Evaluation and Incorporation phase, Lessons Learned are screened, prioritized and
actions are assigned for implementation. Lessons Learned are first screened to eliminate those
where there is no value in pursuing them further or those that are no longer applicable. These
Lessons Learned are closed, but are kept in the Lessons Learned list for that particular project

for further review and disposition at the Project Gate Review meetings.

Lessons Learned that are endorsed during the screening process are categorized from highest
to lowest impact as Tier 0, Tier 1, Tier 2 and Tier 3.° Strategic Lessons Learned are categorized
as Tier 0 — Imperative to the Program, and they are managed as Strategic Improvements
because of their broad impacts. The criteria which are applied to determine whether a Lesson

Learned is a Tier 1, Tier 2 or Tier 3 are explained in Attachment 4.

Tier 1 and 2 Lessons Learned require the creation of a formal action, assignment of an owner
and continual tracking of the status of the action against its due date. Tier 3 Lessons Learned
proceed to implementation within normal processes and are tracked to completion by the
responsible Project or Functional manager. Metrics and reporting on the Lessons Learned

process are used to monitor the progress of implementation.

5 For further information on the definitions of the Tiers, see Attachment 4, pp. 9-10.
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Project Gates, as described in OPG’s Gated Process Governance (see Attachment 1), serve
as an opportunity to assess whether Lessons Learned were incorporated. Generally, Project
Gates are used to assess readiness to proceed to the next phase and apply at the Program
level and to the Major Work Bundles. At Gate 3, when the execution estimates for each project
are finalized, all Lessons Learned for the project are expected to have been reviewed and
dispositioned. The Gate 3 Packages must include confirmation that Lessons Learned have

been incorporated and managed through the Lessons Learned process.

4.1.2.1 Lessons Learned Monitoring

OPG tracks the number, type, status and benefits of each identified Lessons Learned. For
example, metrics are produced on: (1) the status of Lessons Learned meetings completed by

Segment of the schedule, and (2) the status of Post-Window Lessons Learned meetings.

As previously noted, as of September 2020, OPG and its contractors had identified 4,085
Lessons Learned. Of these Lessons Learned: (1) 425 were closed with no further action; (2)
2,660 were Tier 3, of which 2,466 actions have been closed (i.e., incorporated into normal work
processes or closed as no further action required) with the remaining 194 actions open; and,
(3) 1000 actions were Tiers 0/1/2, of which 823 actions had been closed with the remaining
177 actions open. Figure 3 is a summary of the status of Lessons Learned actions as of
September 30, 2020.
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Figure 3: Status of Lessons Learned Actions
Unit 2 to Unit 3 by Tier Level as of September 2020

Closed Open Open
T0/1/2, 13, 194 T0/1/2
823 177 '

Closed

Closed
T3, 2466

As previously discussed, priority is placed on completing Lessons Learned for the earlier
segments of a refurbishment outage, in line with when implementation of the Lessons Learned
is needed. Chart 1 shows the status of completion of both the Lessons Learned actions and
the effectiveness reviews of those actions by Segment of the Unit 3 refurbishment outage. The
data in Chart 1 illustrate the approach of placing the priority for completing Lessons Learned

on the earlier segments of a refurbishment outage first.
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Chart 1: Status of Lessons Learned Actions and
Effectiveness Reviews - Unit 2 to Unit 3 as of September 2020

Lessons Effectiveness Projected Critical
Learned Actions Reviews* Path Savings
(% Complete) (% Complete) (days)
Segment 0 100 100 N/A
Segment 1 99 99 28
Segment 2 86 62 76
Segment 3 82 25 127
Segment 4 44 15 0**
Overall 91 62
*The Lessons Learned effectiveness reviews ensure that all Lessons Learned actions are
appropriately closed out and documented
**No Segment 4 projected critical path savings have been identified based on Lessons
Learned actions completed to date.

413

During the Verification Phase, the effectiveness of the implementation of Lessons Learned is

Phase 3: Verification

verified and adjustments made and/or further Lessons Learned are identified for
implementation on the subsequent unit(s) to be refurbished. The schedule for the Remaining
Units allows sufficient time, after the completion of a work activity on one unit and before the
start of the similar work activity on the subsequent unit, for the verification process to take

place.

Verification involves confirmation that: (i) the Lessons Learned were implemented for the same
work activity on a subsequent unit, and (ii) the expected benefits were realized, after that work
activity was completed on that unit. Any deviations from the expected benefits are noted and,
if necessary, actions are put in place to ensure improved implementation of the Lessons

Learned for the same or similar work activities on the next unit to be refurbished.

Attachment 4, NK-38-GUID-09701-10054, R001, Nuclear Refurbishment Lessons Learned,
provides a detailed summary of the Lessons Learned process. The flowchart provided as

Attachment 5, shows the details of the Evaluation and Incorporation, and Verification phases.
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4.2 Application of Lessons Learned

To facilitate understanding of the impact of Lessons Learned on the Program, below are two

examples of how Lessons Learned were applied to improve work processes:

Scheduling - adjustments to Outage Window durations: During the Unit 2 refurbishment, it

was observed that target production rates on certain critical path work series were not
achieved as early as expected during execution and that a “transition-in” period was
required. Also, it was observed that, “transition-out” activities required at the end of a work
series were taking longer than planned. These observations led to the identification of
Lessons Learned which have been evaluated for opportunities to reduce the total duration
and, where appropriate, work series durations were adjusted in the Remaining Units’
schedules to account for the expected “transition-in” and “transition-out” production rates.
In addition, each critical path work series was analyzed to understand the causes of any
delays experienced on Unit 2 and to correct the deficiencies causing these delays. Delays
that were addressed and are not expected to recur were factored out from the Remaining
Units’ schedules. Where a work series was executed at better than target durations, the
reasons for faster execution were analyzed and, if found to be repeatable, were fully or
partially built into the Remaining Units’ schedules. Further discussion of the use of Unit 2
actual achieved production rates in the building of the schedules for the Remaining Units
is provided in Ex. D2-2-5.

Field Work Execution - Bulkhead Installation: While operating, there are certain parts of a

nuclear generating unit that must be within a sealed “containment structure” at all times.
On a multi-unit station such as Darlington, bulkheads are required in order to isolate the
unit under refurbishment from the containment structure of the operating units. Challenges
with the installation of bulkhead vertical panels led to delays experienced during the Unit 2
refurbishment outage. Lessons Learned were identified, evaluated and incorporated into
the Bulkhead Installation process for Unit 3. For example, in the Remaining Units, as a
result of process re-design, only one crane lift will be required to move these very heavy
panels from the transport vehicle into their final position, versus five or more lifts used

during Unit 2. The impact of implementing these Lessons Learned is that the bulkhead
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installation work series is expected to be completed in a shorter duration than was achieved

on Unit 2.

In addition to the above examples of Lessons Learned, Ex. D2-2-2 provides further examples
of Lessons Learned which are being incorporated into the planning and execution of the feeder
program for the Remaining Units. Improved performance on the feeder program is critical to
achieving the planned improvements to schedule and cost for the Remaining Units. Details on
the feeder program Lessons Learned and planned improvements are provided in Attachment
6.

5.0 STRATEGIC IMPROVEMENTS

Strategic Improvements are new approaches and/or innovative methods for planning and
executing the Remaining Units’ refurbishments. Strategic Improvements are expected to yield
a step change in performance and are generally more overarching than Lessons Learned.
Strategic Improvements typically arise from a combination of innovative ideas or approaches
to work on the Remaining Units, from benchmarking and idea exchanges with other planned

or on-going refurbishments, to leveraging technological advances.

The goal of Strategic Improvements is to continually improve safety, schedule, cost and quality
performance as OPG executes the successive refurbishments of the Remaining Units.
Working collaboratively with its contractors, OPG is implementing many Strategic
Improvements through its Functional Support organizations to ensure that there is a clear

owner and champion with responsibility to drive implementation.

5.1 Examples of Strategic Improvements

Six Strategic Improvements are summarized in the following sections, namely:

1. Organizational Evolution: Project Centric Organization, Workstream Specialization, and
the One Team Approach;
Engineering Replication;
The Darlington Unit 3 Innovations Project;

Radiation Protection Improvements;
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5. Training Effectiveness Improvements; and

6. Implementation of a hybrid trades labour shift schedule.

Each is described in further detail below.

5.1.1 Organizational Evolution

Working with its contractors and in consideration of the Remaining Units’ overlaps, OPG has
implemented the Organizational Evolution Strategic Improvement which drives organizational
changes to enhance project performance through improved communication and collaboration.
Organizational Evolution is being implemented primarily through three changes, namely, the

Project Centric Organization, Workstream Specialization and the One Team Approach.

The Project Centric Organization structure is focused on ensuring that accountabilities and
decision-making are at the right level of the organization, and establishes clear escalation
protocols for those times when decisions need to be escalated to a higher level. This approach
also allows for a broader scope of control across the program by distributing decision-making
deeper into the organization. Further details on the Project Centric Organization structure are
provided in Ex. D2-2-8.

Workstream Specialization results in a shift from generalized work teams to specialized work
teams. Specifically, OPG has shifted away from multifunctional, cross-trained teams moving
from one work series to the next in sequence, to specialized, high-proficiency teams which will
execute the same work series on each of the Remaining Units. The specialized teams better
develop expertise and will be able execute their work activities at a higher level on the
subsequent units. Further details on Workstream Specialization are also provided in Ex. D2-2-
8.

The One Team Approach is based on recognizing that OPG and CanAtom have a variety of
talent, and that in the interest of the best outcomes for the Program, each organization should
provide that “best” resource to the team in the position where that person can yield the highest

value in terms of project and Program outcomes. Critical project positions are filled by the best
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qualified resources from within OPG and CanAtom. The incorporation of experienced OPG
personnel with in-depth knowledge of the Darlington plant, of OPG’s work methods, and of
working within the nuclear environment, has been critical to successes experienced on Unit 2.
The One Team Approach is the result of OPG and CanAtom’s efforts to find efficiencies in
executing the DRP under the terms of the existing contracts. The foundation of the One Team
Approach is collaboration and an understanding that Program success means success for

each of OPG and CanAtom individually.

Benefits of the One Team Approach include: (1) streamlining of oversight; (2) incorporation of
OPG subject matter experts with detailed plant knowledge; (3) improvements in the
management of planning milestones; (4) improvements in comprehensive work package
preparations; (5) improved schedule management and reviews; (6) improved implementation
of Lessons Learned; (7) reduction in barriers to getting work done in the field; and (8) improved
timeliness and quality of decision-making. Further details on the One Team Approach are also
provided in Ex. D2-2-4 and Ex. D2-2-8.

5.1.2 Engineering Replication

For the Balance of Plant Major Work Bundle, OPG has adopted a revised engineering model
for the Remaining Units. For Unit 2, Balance of Plant contractors were responsible for
completing detailed designs and executing engineering field services, while OPG’s
engineering organization was responsible for modification planning and performing oversight
of contractor designs. For Balance of Plant projects within the Remaining Units, given that a
large percentage of the engineering would involve replication of Unit 2 design packages, OPG
assumed the overall accountability for engineering design replication, utilizing augmented

contractor resources as required.

The benefits of the revised approach to engineering for the Remaining Units are:

¢ Consolidation and reduction of total number of resources needed through the removal of
duplicate oversight roles between OPG and the contractors.

o Use of staff that can readily be confirmed to be qualified to execute the work.

e  Use of staff with relevant experience from Unit 2 including familiarity with Lessons Learned
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from Unit 2, OPG’s process, systems, infrastructure, resources, and with the Darlington

station.

5.1.3 Darlington Unit 3 Innovations Project

The Darlington Unit 3 Innovations Project (“D3IP”) refers to OPG’s decision to undertake the
development of FOAK tools that are expected to result in efficiencies upon deployment during

the execution of Remaining Units’ refurbishments.

The toolset for RFR for Unit 2 consisted of many individual automated and hand tools selected
based on designs, concepts and methods that had been proven through their use in other
nuclear refurbishments. To mitigate schedule risks caused by long lead times (considering the
research and development, design and testing required for FOAK tools) and tool performance
risks, OPG, in collaboration with CanAtom, elected not to pursue the development of FOAK
tools for Unit 2. For the Remaining Units, OPG working with CanAtom, pursued the
development of tooling and associated process improvements where a business case

demonstrating expected efficiency gains could be made.

Several initiatives have already been approved and many of the smaller initiatives
implemented. These initiatives range from improvements to existing tools, to entirely new tools
being developed. An example of a specific tooling improvement is a modification to the tool
used to remove the dummy fuel bundles. This improvement allows work to proceed on both
reactor faces simultaneously (as opposed to work on each face proceeding in sequence),

thereby allowing a doubling of the production rate.

Two significant D3IP initiatives are being implemented in the Remaining Units:

1. Combined pressure tube and calandria tube removal; and

2. A new installation worktable design to be used in the calandria tubesheet bore series and
calandria tube installation series, which allows double the amount of tools to be deployed
for certain parts of the series. This innovation resulted, in part, from collaboration with
Bruce Power (See Section 6.0). Figure 4 is a photograph of the new installation work table

in the reactor mock-up facility, and shows two sets of tools being deployed simultaneously.
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Figure 4: Photograph of the New Installation Work Table in the Reactor Mock-up
Showing Simultaneous Deployment of Two Toolsets
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The D3IP tooling improvements are a major contributor to the reduced durations forecast for
certain critical path work activities in the Remaining Units’ schedules, as described in Ex. D2-
2-5.

5.1.4 Radiation Protection Improvements

To work on a nuclear refurbishment project, the workers must be trained and qualified to work
in an environment with radiation hazards. Depending on the nature of the work, a qualified
Radiation Protection Coordinator (“RPC”) is required to be on shift with the crews to ensure
that the work is being carried out in accordance with the radiation exposure permit, which is a
component of the comprehensive work package. A radiation exposure permit defines such
items as the hazards in the work area, the dose rates, the required personal protective
equipment, and the maximum time of exposure. Any delays or unavailability of an RPC can

delay work in the field, which impacts costs and schedules.

OPG is implementing a number of improvements to radiation protection procedures and
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processes for the Remaining Units’ refurbishments. These changes are expected to result in:
o Improved predictability of demand for RPCs and better alignment of radiation protection
resources with the needs of the trades crews.
e Reduced waiting times for workers entering radioactive work areas.
e Enhanced working rights/responsibilities for contractors, including a new qualification
which reduces the demand for radiation protection support staff, and self-issuance of

electronic personal dosimeters.
OPG is also implementing improved technology in the form of personal air purifying respirators,
which will allow some work that would have required more cumbersome plastic suits to be

done more efficiently.

5.1.5 Training Effectiveness Improvements

Starting with the critical path work series in the latter part of the Unit 2 refurbishment outage,
OPG and CanAtom worked to systematically implement an improved training strategy.
Implementation of this Strategic Improvement yielded immediate productivity improvements in
Unit 2, beginning with the new fuel load work series. These improvements will be applied to all
critical path work series’ on the Remaining Units and, in conjunction with other Strategic
Improvements described in this section, are expected to result in improved productivity from
the trades. Training programs have been adjusted to improve proficiency in the overall work
series to enhance the team’s execution of the entire set of tasks in the comprehensive work

package.

The key elements of the training improvement strategy can be summarized as follows: (1)
improved alignment between OPG and CanAtom training organizations; (2) enhanced trainer
capabilities; (3) updated and improved training protocols; (4) training schedules better aligned
with execution schedules; (5) improved testing and metrics to assess training outcomes; (6)
improved training documentation/records management; (7) updated reactor mock-up facilities
aligned more closely with field conditions; (8) focus training on task proficiency; (9) intensively
train a smaller group on troubleshooting, and the ability to understand the intricacies of the

work series, contingencies, the tooling, and the overall process (facilitated by implementation
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of the trades labour hybrid schedule — See Section 5.1.6); and, (10) use of industry
recommended proficiency building blocks (classroom, mock-up, familiarity, repetition,

understanding, timely training, self-awareness).

5.1.6 Trades Labour Hybrid Schedule

OPG is implementing a shift schedule for trades labour that is expected to improve productivity.

As already noted, the refurbishments of the Remaining Units will be executed with overlaps of
their respective refurbishment outage periods, as well as with overlaps of Bruce Power’s Major
Component Replacement® (“Bruce MCR”) outages. These overlapping refurbishments and
component replacement projects place a high demand on the highly skilled resources required
for these projects. Additionally, the nature of the work and the projects’ long duration bring
specific and unique resource risks. The experience from executing the Unit 2 refurbishment
outage on a 24 hours per day, 7 days a week schedule (known as 24/7) for the trades has
shown issues can arise with trades and project management team resource availability, stress

management, and burnout.

For the Remaining Units, rather than apply the 24/7 schedule, OPG has elected to adopt a
hybrid schedule for critical path activities. Specifically, OPG has adopted a scheduling
approach for trades labour for the Remaining Units, wherein some series of critical path work
would be scheduled on either a 24/5 or 24/6 basis, while other series are maintained on a 24/7
basis (this approach henceforth referred to as the “Hybrid Schedule”). The Hybrid Schedule is
expected to result in a number of benefits including lower per-hour costs, improved worker
productivity, reduced turnover, improved attraction and retention of local trades resources,

reduced overall trades demand, and “built in” schedule margin.

The following sections provide additional details of OPG’s evaluation of moving to the Hybrid
Schedule.

% Bruce Power uses the terminology Major Component Replacement whereas OPG uses the term Refurbishment.
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5.1.6.1 Trades Availability, Training and Proficiency

The Hybrid Schedule is expected to lead to improvements in terms of trades availability,

training and proficiency:

Trades Availability: The number of trades to train and manage is reduced using the Hybrid
Schedule. The 24/5 and 24/6 schedules require only two shifts (one day crew and one
night crew), compared to the 24/7 schedule which requires at least three (but usually four)
shifts. Additionally, there will be a high demand for skilled trades during the overlapping
period of the Program and Bruce’s MCR program. Reducing the demand at Darlington
allows OPG more choice in trades labour, reduces the likelihood of shortages, and allows
OPG to focus on training and retaining the better performers for the Remaining Units’
refurbishments.

Improved Training/Additional Training Time for Trades: As discussed in Section 5.1.5,
improved training contributes to improved performance. A lower overall number of trades
would need to be trained under the Hybrid Schedule, allowing more training time on the
reactor mock-up for each tradesperson. This increased training time, in combination with
other strategic changes to the training program discussed in Section 5.1.5, is forecast to
increase productivity, particularly on the longer critical work series such as calandria tube
installation and fuel channel installation.

Shorter “Learning Curve”: Achieving proficiency, particularly on work series that require
many manual tasks, requires practice in the field. The 24/5 work schedule on the longer
critical path series results in increased frequency with which a particular shift returns to the
work activity. Each tradesperson is estimated to spend approximately twice as much time
involved in that work activity, as compared to a 24/7 schedule. As a result, experiential
learning will be accelerated and it is forecast that proficiency will be achieved earlier in
each work series.

Sustainable Work Schedule: OPG would like to employ trades who have a long-term
commitment to the Program. Work activities executed on a 24/5 schedule would be done
from Monday to Friday; this is expected to result in improved stress management and help
to reduce burnout and fatigue, compared to a 24/7 schedule. Retention of trades, in
particular highly trained and competent individuals, is expected to increase because of the
Hybrid Schedule.
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5.1.6.2 Project Management Team Availability, Training and Risk Mitigation

The Hybrid Schedule is expected to lead to improvements in terms of project management

team (“PMT”) availability and training:

o Sufficiency of PMT Resources: The Hybrid Schedule reduces the demand for PMT
resources (e.g., Quality Control, Field Engineering, Radiation Protection, etc.), compared
to a 24/7 schedule, and is expected to result in lower PMT costs.

e Mitigation for PMT burnout: OPG learned during the Unit 2 refurbishment that PMT
resources are at risk for stress management issues, particularly those personnel expected
to be available 24/7. The Hybrid Schedule affords more time off for on-call PMT resources

because the likelihood of being required to work weekends is reduced.

5.1.6.3 Construction Leadership

Availability of construction leadership, in the form of forepersons, and general forepersons with
mega-project experience, is limited. The Hybrid Schedule will result in a smaller trades force,
which in turn will result in a lower demand for construction leadership and improved opportunity
for the identification, training and retention of top performing forepersons and general

forepersons.

5.1.6.4 Schedule and Cost Management

The Hybrid Schedule is expected to improve schedule and cost management:

e Higher Confidence in Working Schedule Duration: The Hybrid Schedule is expected to
increase the probability that OPG can maintain its Working Schedule during the Remaining
Units’ refurbishments by facilitating improved trades availability training, and trades
proficiency. In addition, when necessary, the Hybrid Schedule will often make weekends
available for the performance of work to recover delays, or anticipated delays, to the
Working Schedule.

e Risk Mitigation for Near Critical Path Work: A number of opportunities have been identified
to perform near critical path work on weekends when work on the reactor face is
suspended. Near critical path work can become critical path if schedule slippage occurs.
Some near-critical path activities cannot be completed when critical path work on the

reactor is ongoing. With weekends available to do near-critical path work, the risk of the
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work moving to the critical path is reduced. Examples of near-critical path work include: (1)

processing of irradiated waste containers; (2) reactor vault crane inspections and

maintenance; (3) reactor vault decontamination, clean up, and housekeeping; and, (4)
reactor vault scaffolding modifications.

e Lower Average Hourly Trades Labour Cost: The Hybrid Schedule is expected to result in

reduced premium and/or overtime rate costs as there is expected to be less weekend work.

6.0 COLLABORATION WITH BRUCE POWER

The Government of Ontario’s Long-Term Energy Plan (“LTEP”) dated December 20137 sets
out a number of principles with respect to the nuclear refurbishment process, including that
OPG and Bruce Power collaborate in the sharing and application of lessons learned from their
respective refurbishment programs.® This collaborative principle was subsequently reinforced
by the Government of Ontario in its 2017 LTEP.° OPG and Bruce Power have exercised
collaboration in the following areas:

Asset Management and Inspection Programs

Procurement

Common Tooling

Replacing Major Components

Waste Management

S o o

Labour Arrangements.

Details of the accomplishments in 2017 and 2018 in these areas of collaboration are discussed
in the public report published by OPG and Bruce Power in 2018 (see Attachment 7) and in the
joint letter from OPG and Bruce Power to the Minister of Energy, Northern Development and
Mines in November 2019 (see Attachment 8), respectively. The need and opportunity for OPG
and Bruce Power to collaborate is enhanced by the fact that starting in 2020, there will be one
or more Darlington unit refurbishments overlapping with one or more Bruce MCR outages until

the end of the Program in 2026. Figure 5 shows the current Darlington Refurbishment schedule

7 Government of Ontario, Achieving Balance — Ontario’s Long term Energy Plan, December 2013, pg. 29.
8 EB-2016-0152, Ex. D2-2-1, pg. 11.
9 Government of Ontario, Delivering Fairess and Choice — Ontario’s Long term Energy Plan, October 2017, pg. 47
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for the Remaining Units with the Bruce Units 3 - 8 MCR outages overlaid. The peak overlapping
period is in 2023 where it is planned that two units at Darlington will be in their respective
refurbishment outages and two units at Bruce Power will be simultaneously undergoing their
respective MCR outages. Ongoing collaboration with Bruce Power in both the planning and
execution phases of the Remaining Units’ refurbishment outages is expected to result in

improved OPG’s performance.

Figure 5: Darlington Refurbishments and Bruce MCR Outages 2016 - 20331°

& Peak Trades Demand
[2016] 2017 2018]2019] 2020] 2021 | 2022 | 2023 | 2024 | 2025 ] 2026 2027 2028 2029 | 2030 2031] 2032 2033 |

Bruce 3
Bruce 4
Bruce 5
Bruce 6
Bruce 7
Bruce 8
Darlington 1
Darlington 2
Darlington 3

Darlington 4

0 Adapted from Government of Ontario, Delivering Fairness and Choice — Ontario’s Long term Energy Plan,
October 2017, Figure 11, pg. 46.
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ATTACHMENTS

OPG-MAN-00120-0019, Project Phase Gate Management

NK38-MAN-09701-10005, Sheet MLST, R002, Refurbishment Unit

Planning Milestones

NK38-MAN-09701-10005, Sheet WIN, RO000, Refurbishment Unit

Planning Window Milestones

NK38-GUID-09701-10054, RO001, Nuclear Refurbishment Lessons

Learned

Schematic of OPG’s Lessons Learned Process

Summary of Feeder Lessons Learned and Actions

Powering Ontario Together, 2018 Report on Nuclear Collaboration

Joint Bruce Power/OPG Letter to the Minister of Energy, Northern
Development and Mines and the Associate Minister of Energy re: Bruce
Power/OPG Collaboration, November 19, 2019.





		1.0 OVERVIEW
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		5.0 Strategic ImprovementS

		For the Balance of Plant Major Work Bundle, OPG has adopted a revised engineering model for the Remaining Units. For Unit 2, Balance of Plant contractors were responsible for completing detailed designs and executing engineering field services, while ...

		The benefits of the revised approach to engineering for the Remaining Units are:

		 Consolidation and reduction of total number of resources needed through the removal of duplicate oversight roles between OPG and the contractors.

		 Use of staff that can readily be confirmed to be qualified to execute the work.
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		The Darlington Unit 3 Innovations Project (“D3IP”) refers to OPG’s decision to undertake the development of FOAK tools that are expected to result in efficiencies upon deployment during the execution of Remaining Units’ refurbishments.

		The toolset for RFR for Unit 2 consisted of many individual automated and hand tools selected based on designs, concepts and methods that had been proven through their use in other nuclear refurbishments. To mitigate schedule risks caused by long lead...

		Several initiatives have already been approved and many of the smaller initiatives implemented. These initiatives range from improvements to existing tools, to entirely new tools being developed. An example of a specific tooling improvement is a modif...

		Two significant D3IP initiatives are being implemented in the Remaining Units:

		1. Combined pressure tube and calandria tube removal; and

		2. A new installation worktable design to be used in the calandria tubesheet bore series and calandria tube installation series, which allows double the amount of tools to be deployed for certain parts of the series. This innovation resulted, in part,...

		Figure 4: Photograph of the New Installation Work Table in the Reactor Mock-up Showing Simultaneous Deployment of Two Toolsets

		The D3IP tooling improvements are a major contributor to the reduced durations forecast for certain critical path work activities in the Remaining Units’ schedules, as described in Ex. D2-2-5.

		To work on a nuclear refurbishment project, the workers must be trained and qualified to work in an environment with radiation hazards. Depending on the nature of the work, a qualified Radiation Protection Coordinator (“RPC”) is required to be on shif...

		OPG is implementing a number of improvements to radiation protection procedures and processes for the Remaining Units’ refurbishments. These changes are expected to result in:

		 Improved predictability of demand for RPCs and better alignment of radiation protection resources with the needs of the trades crews.

		 Reduced waiting times for workers entering radioactive work areas.

		 Enhanced working rights/responsibilities for contractors, including a new qualification which reduces the demand for radiation protection support staff, and self-issuance of electronic personal dosimeters.

		OPG is also implementing improved technology in the form of personal air purifying respirators, which will allow some work that would have required more cumbersome plastic suits to be done more efficiently.

		OPG is implementing a shift schedule for trades labour that is expected to improve productivity.

		As already noted, the refurbishments of the Remaining Units will be executed with overlaps of their respective refurbishment outage periods, as well as with overlaps of Bruce Power’s Major Component Replacement5F  (“Bruce MCR”) outages. These overlapp...

		For the Remaining Units, rather than apply the 24/7 schedule, OPG has elected to adopt a hybrid schedule for critical path activities. Specifically, OPG has adopted a scheduling approach for trades labour for the Remaining Units, wherein some series o...

		The following sections provide additional details of OPG’s evaluation of moving to the Hybrid Schedule.

		The Hybrid Schedule is expected to lead to improvements in terms of trades availability, training and proficiency:

		 Trades Availability: The number of trades to train and manage is reduced using the Hybrid Schedule. The 24/5 and 24/6 schedules require only two shifts (one day crew and one night crew), compared to the 24/7 schedule which requires at least three (b...

		 Improved Training/Additional Training Time for Trades: As discussed in Section 5.1.5, improved training contributes to improved performance. A lower overall number of trades would need to be trained under the Hybrid Schedule, allowing more training ...

		 Shorter “Learning Curve”: Achieving proficiency, particularly on work series that require many manual tasks, requires practice in the field. The 24/5 work schedule on the longer critical path series results in increased frequency with which a partic...

		 Sustainable Work Schedule: OPG would like to employ trades who have a long-term commitment to the Program. Work activities executed on a 24/5 schedule would be done from Monday to Friday; this is expected to result in improved stress management and ...

		The Hybrid Schedule is expected to lead to improvements in terms of project management team (“PMT”) availability and training:

		 Sufficiency of PMT Resources: The Hybrid Schedule reduces the demand for PMT resources (e.g., Quality Control, Field Engineering, Radiation Protection, etc.), compared to a 24/7 schedule, and is expected to result in lower PMT costs.

		 Mitigation for PMT burnout: OPG learned during the Unit 2 refurbishment that PMT resources are at risk for stress management issues, particularly those personnel expected to be available 24/7. The Hybrid Schedule affords more time off for on-call PM...

		Availability of construction leadership, in the form of forepersons, and general forepersons with mega-project experience, is limited. The Hybrid Schedule will result in a smaller trades force, which in turn will result in a lower demand for construct...

		The Hybrid Schedule is expected to improve schedule and cost management:

		 Higher Confidence in Working Schedule Duration: The Hybrid Schedule is expected to increase the probability that OPG can maintain its Working Schedule during the Remaining Units’ refurbishments by facilitating improved trades availability training, ...

		 Risk Mitigation for Near Critical Path Work: A number of opportunities have been identified to perform near critical path work on weekends when work on the reactor face is suspended. Near critical path work can become critical path if schedule slipp...

		 Lower Average Hourly Trades Labour Cost: The Hybrid Schedule is expected to result in reduced premium and/or overtime rate costs as there is expected to be less weekend work.
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		The Government of Ontario’s Long-Term Energy Plan (“LTEP”) dated December 20136F  sets out a number of principles with respect to the nuclear refurbishment process, including that OPG and Bruce Power collaborate in the sharing and application of lesso...

		Details of the accomplishments in 2017 and 2018 in these areas of collaboration are discussed in the public report published by OPG and Bruce Power in 2018 (see Attachment 7) and in the joint letter from OPG and Bruce Power to the Minister of Energy, ...
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1.0

1.1

DIRECTION

Phase-Gating is one of the most powerful ways an executive team can formalize
oversight of a project. A gating framework defines points during the life of a project, from
the early concept to post implementation phases, when executive management carefully
considers the project status and grants approval to proceed to the next decision point or
“gate.” Early project examination is especially crucial. Application of these quality control
check points provides executives with an informed assessment of progress and issues;
validation of the business case; and ultimately leads to better decisions on future plans
and investments.

This document receives authority from Project Management standard [R1] and is a
component of the overall Enterprise Project Management governance framework. The
Enterprise Project Management governance is applicable to all projects planned and
executed within OPG. This document interfaces with Organizational Authority Register
(OAR) [R2] and Developing and Documenting Business Cases [R3].

Each project needs to fulfil the specific phase-gating requirements for the different
project levels as defined in the Scalable Project Delivery Model [R4]. This includes the
use of established Project Management Information Systems (PMIS) tools and software
for managing related project work.

The Scalable Project Delivery Model [R4] provides a scaled application of project
management principles and processes reflective of a projects complexity and cost.
The model provides the minimum requirements for a project by knowledge area.
It is expected that Project Managers will apply the intent of the knowledge area
and exceed the minimum requirements as appropriate. The Business Unit
Execution Line Management and/or Project Management Office may define
additional requirements based on the specific project and portfolio requirements.

All project information and documentation that does not exist within PMIS should be
maintained and stored within SharePoint in a standardized project working folder
structure. Related project records and controlled documents should be managed in
accordance with the Project Communication and Stakeholder Management manual
[R5].

Note: Strategic Projects and/or Programs may have additional or varied expectations
or requirements for projects within the program, and for the overall program itself. These
should be documented in a project controls plan (or equivalent) for the program.

Overview

Effective executive-level discipline and control over large and complex projects require
that projects be structured in a manner that allows those accountable to clearly,
comprehensively, and objectively assess how the project is performing against planned
goals at all stages.

Two elements are critical to ensuring effective results: (1) dividing the project delivery
process into a series of manageable phases and (2) ensuring that resource implications

OPG-TMP-0003-R004 (Microsoft® 2007)
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and results are made fully visible to executives at logical, predetermined checkpoints or
‘gates.”

The elements of Phase-Gating are:
e Project Life cycle Phases (Section 2.1)
o Phase-Gates (Section 2.2)
The Phase-Gating processes are:
¢ Plan Gate Strategy (Section 3.1)
¢ Manage Phase-Gating (Section 3.2)
¢ Monitor Phase-Gating Commitments (Section 3.3)

Desktop guides and templates associated with this manual are available on the
Enterprise Project Management website.

FRAMEWORK

Project Life cycle Phases

A project phase is a period of time during which a logical grouping of activities will be
performed and deliverables completed and approved (deliverables are tangible,
verifiable work products). Within the enterprise, projects have been divided into discrete
phases such as initiation, planning (development and definition), execution, and
closeout. Collectively, project phases represent the project life cycle as shown in
Figure 1.

Figure 1: Project Life cycle Phases & Gates
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Although there may be some overlap of phase deliverables, most projects progress
through the project phases in series. As a project progresses through the life cycle, there
is a progressive elaboration and refinement of the project scope, schedule and cost. At
the commencement of the execution phase, the project should have reviewed project
alternatives, defined the scope of work, completed adequate design activities, procured
required material and resources, and completed all planning activities.

The full project life cycle model defines five phases that might logically be present in
every project. Its actual application, however, will depend on each project. The five
phases, plus lead-in (Identification) and lead-out (Post Implementation Review) activities
are summarized below. Detailed requirements and associated processes are provided
in the Phase-Gating Roadmap in Appendix A and the suite of Enterprise Project
Management governance.

Note: For complex projects and/or projects with multiple execution phases across
multiple units, more than one phase-gate per phase may be included in the project gate
strategy.

Identification [lead-in] — Identify the business need, strategic considerations and other
core project requirements. Conduct a preliminary analysis of technical and financial
feasibility, and prepare an initial project charter.

Note: The systematic identification and screening of potential projects for inclusion in
the portfolio is governed by Investment Management [R6].

Initiation Phase — Develop project objectives, including quality objectives and project
outcomes, operability/sustainability aspirations, project budget, and other parameters or
constraints. Perform assessment of project alternatives, select the preferred alternative,
prepare a conceptual design report (or equivalent), and undertake any feasibility studies
(as required). The updated project charter should be issued including the gate strategy
and, upon successful completion of this phase, and Gate 1 approval, project funding will
be released, and project performance monitoring against established project
performance measurement baselines will commence.

Development Phase — Develop the preliminary design (utilizing value engineering
analysis if required) and the Scope of Work document. Outline the specifications and
preliminary schedule and cost information along with relevant project strategies in
accordance with the design requirements. Identify and assess project risks. Issue the
Project Management Plan (PMP) including initial project delivery strategies. Any
changes to scope, schedule and cost following this phase will require utilization of the
project change management process.

Definition Phase — Prepare the detailed design and complete all work planning
activities. Work planning includes the procurement of engineered material, work
assessments and documentation to support field execution, establishment of execution
phase contracts and the refinement of the scope, schedule and cost performance
measurement baselines for the execution phase. At the completion of the definition (or
planning) phase, the performance measurement baselines for the remainder of the
project execution are set.

OPG-TMP-0003-R004 (Microsoft® 2007)
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2.2

Execution Phase — Complete onsite construction and installation, and resolution of any
design queries from site as they arise. Complete testing and commissioning, declaration
of equipment in-service, and transfer the completed project to the sponsor, or station
controlling authority. For capital projects, the Report of Equipment In Service (REIS)
[R7] must be prepared and approved as soon as is reasonably achievable following the
sign-off of each major in-service, acceptance and/or turn-over report in order to stop any
associated interest charges.

Closeout Phase — Perform administrative closeouts of contracts, financial requirements
and the project. The project is complete when all the closeout activities are completed
and a Project Closeout Report (PCR) [R8] has been approved by the project sponsor.
Project closeout should be completed within 6 months of the in-service/acceptance
report.

Post Implementation Review Phase [lead-out] — Perform Post Implementation
Review (PIR) as per requirements within the Post Implementation Review [R9]. Review
should include confirmation of project completion, assessment of the extent to which the
project has achieved its goals, and an assessment of value for money. The PIR should
be completed in accordance with the timeframe described in the PIR Plan section of the
most recent approved BCS, normally within one year following the project closeout.

Project-Gates

A project gate is a key decision and control point that occurs before the next project
phase begins. The gate represents a logical point at which executive “gatekeepers” can
determine whether and how to proceed. Project gates effectively “open” or “close” the
path leading to a subsequent project phase. Gates also provide an opportunity to assess
the project performance to date and to alter the course of the project and take remedial
actions as necessary.

The implementation of a formalized project gating structure and process subjects a
project to senior management scrutiny at predetermined points in its life cycle to ensure
the project’s readiness to continue to the next gate. Central to this process is the
discipline of the gate decision forum.

The objective of the gate decision forum is to assess the project in the following areas:

¢ Project Performance: Verifies whether the previous phase/scope was executed
to the specified safety, quality, cost and schedule requirements.

e Business rationale: Confirms that the project continues to align with the
strategic plan set out at the enterprise level and is prudent given the context of
the overall investment portfolio.

o Project planning: Confirms that the proposed future phase work/scope is
adequately planned and the requested resources reasonable.

The gate deliverables are established for each gate and summarized in the Phase-
Gating Roadmap (Appendix A). The roadmap describes the purpose of the gate; issues
to be addressed; items for assessment; expected deliverables; and reflects the expected
progressive elaboration and refinement of scope, schedule and cost estimates. The gate
requirements and deliverables are scaled to align the level of effort of the gate

OPG-TMP-0003-R004 (Microsoft® 2007)
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3.0

3.1

progression strategy with the projects potential impact to safety, quality, cost, and
schedule.

The gate decision forum is a gate decision meeting (or equivalent review) which
involves convening the governing body (gatekeepers) as necessary, to decide whether
the project will pass through a given gate and proceed to the next phase and what
conditions, if any, will apply. Following gate progression approval, project funding is
obtained in accordance with the Organizational Authority Register (OAR) [R2] and
Developing and Documenting Business Cases [R3]. The governing body is defined by
each business unit (BU) and is comprised of key stakeholders and resource owners.

The meeting or equivalent review may be pre-scheduled or ad-hoc to avoid delaying the
project and causing it to incur unnecessary costs. The members of the governing body
are expected to be knowledgeable and well informed with respect to their areas of
responsibility and should be fully prepared to make necessary and timely decisions.

In preparation for gate decision meetings or reviews, participants should be informed of
and able to confirm the following:

(a) The business imperative, strategic alignment, and business case

(b) Project performance up to the gate in question, including confirmation of delivery
and acceptance of expected deliverables

(c) The appropriate mitigation of risks, management of changes, initiation of action
plans to address outstanding issues, and identification of any requirements for
broader mid-course corrections

(d) The scope and detailed plan for the next phase and the criteria to be met before
proceeding to the next gate

(e) An updated high-level plan to take the project through the remaining steps to
successful completion

(f) The necessary supporting action and decisions, including firm resource
allocation commitments

The governing body should assess all input from the project team and stakeholders and
the outcome of the meeting or review is a decision on whether the project passes the
gate unconditionally, passes with conditions, or is suspended or terminated. Additional
decisions may deal with specifics relevant to how the project will move forward.

The gate decision meeting or review is also an opportunity to assess the adequacy of
the monitoring and control mechanisms in place for the project and to plan advisable
reviews.

PROCESSES

Plan Gate Strategy

A project gate strategy identifies in advance when gates will occur in the project
schedule. The gate strategy is established at the onset of the project and no later than
the point at which the business case is approved. The strategy is normally reconfirmed
at each subsequent gate. The gating strategy sets out a series of checkpoints

OPG-TMP-0003-R004 (Microsoft® 2007)
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3.1.1

3.1.2

3.1.3

3.14

3.2

throughout the project’s life cycle at which, as a result of progressive elaboration, the
following benefits are achieved:

o A greater degree of detail for project definition and planning;
e Fewer uncertainties and unknowns;

e A decreased number of unmitigated risks;

o More precise estimates; and

e A greater understanding of the specific business outcomes, including how they
will be assessed.

As the project proceeds through phases and gates, the probability of a project achieving
its commitments increases as risk and uncertainty decrease. In general gates should
occur at points when the project is expected to have progressed significantly—as
evidenced by documented results—in terms of the previously listed checkpoints.

The full phase-gate model is described in section 2.1. This model follows the traditional
waterfall methodology where the entire scope of the project passes through each phase
of work prior to work beginning on the next phase. However, the positioning of gates can
be adapted to various methodologies, overlapping phases, and multiple-releases.

Deciding which gates to use for a project is important. The recommended practice is
that projects go through all five gates; however, a less rigorous course may be
acceptable depending on the project risk to the enterprise and the organization risk
threshold.

The gate strategy should be determined by the Business Unit Execution Line
Management, reviewed by Finance, and accepted by the sponsor.

The gate strategy should be risk based, and reflective of the cost and complexity of the
project (project level), the specific project details, as well as the risk to the portfolio.

For example, for projects that are low complexity and cost, the sponsor may determine
that one gate with a full release of funding is appropriate. For more complex and risky
projects, the gate strategy will include all standard phase-gates, and potentially multiple
gates in each phase (e.g. G3a, G3b etc.).

The gate strategy should align with planned funding requests and approvals as
documented in Organizational Authority Register (OAR) [R2] and Developing and
Documenting Business Cases [R3].

The gate strategy should initially be documented in the project charter and updated
within the PMP as per Project Integration Management [R10] manual. Milestones
reflecting the gate strategy should be included in the project schedule as per Project
Schedule Management [R11]. The strategy should be reassessed periodically
throughout the project as needed.

Manage Phase-Gating

Manage Phase-Gating is the process of ensuring the appropriate collection and
presentation of project information (gate packages) in alignment with the gate definition
requirements, and as per the project gate strategy. Gate packages provide information

OPG-TMP-0003-R004 (Microsoft® 2007)
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3.2.1

3.2.2

3.2.3

3.24

3.2.5

3.2.6

on the project performance, business rational and project planning. The key benefit of
this process is that it enables an efficient and effective information flow between the
project team and governing body allowing for informed risk-based decision making.

Gate package preparation should align with the gate strategy and planned funding
requests. An additional gate package may be required for a Superseding Business Case
Summary (SBCS) as defined in Developing and Documenting Business Cases [R3] or
for a project over-variance as appropriate. The requirement is at the discretion of the
governing board and/or sponsor.

Gate packages should be prepared by the Business Unit Execution Line. For Gate 1
packages, where the executing organization has not been determined, the Sponsor may
prepare the gate package and Business Case Summary (BCS).

Projects should be planned and managed in accordance with the Scalable Project
Delivery Model [R4] as defined in the set of Enterprise Project Management governance.
This includes the engagement of subject matter experts (SME) from the Enterprise
Project Management Office for input or review.

Project planning should commence well in advance of the targeted gate decision
meeting or review to ensure that requirements as per the gate definition are achieved.
For project level A and B, a 12 week planning period is recommended [Appendix B].

Gate packages requiring Enterprise Project Management Office SME input or review
should conduct a Pre-Gate Project Planning Kickoff Meeting at least 12 weeks in
advance of the targeted gate decision meeting submission date. This kickoff meeting is
mandatory for project level A and B.

A Pre-Gate Project Planning Kickoff Meeting is recommended to engage all SME
who are typically not involved in the day-to-day management of the project. The
intent of the meeting is to share relevant information on the project including scope
of work, life-to-date status and performance, contracting strategy etc., and to gain
commitment from the SME and Project Team on required actions and timeline.

Gate packages should be prepared using the standardized gate template aligned with
the project level, and provide information on the project performance, business rational
and project planning for future work. Information should be accurate, representative of
all the information to-date, and reflect the status and performance of the project.

In the event that a project cannot achieve all of the gate requirements as intended;
however, needs to proceed to the gate, the gate package should be prepared with the
actual status/achievements. Where the requirement was not achieved, the project
manager should clearly identify the exception, and document why it cannot be achieved
at this time, a forecast of when it will be achieved (if applicable), and an assessment of
the impact and resulting risk. The exception should be reviewed by the governing body
during the gate decision meeting or review.

OPG-TMP-0003-R004 (Microsoft® 2007)
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3.2.7

3.2.8

3.2.9

3.2.10

3.2.11

3.3

3.3.1

3.3.2

4.0

4.1

Gate packages and any supporting documents (e.g. draft BCS, project definition rating
index) should be reviewed by the applicable SMEs and submitted to the appropriate
approval authority (governing body) as per the Scalable Project Delivery Model [R4].

Note: Project planning (and the resulting gate package) are to form the basis of the BCS.
Details on BCS preparation and overall funding approval is defined in the Organizational
Authority Register (OAR) [R2] and Developing and Documenting Business Cases [R3].

Gate decisions resulting from the gate decision meeting or review should be recorded
in the gate package. Any actions resulting from a conditional approval should be
recorded in the gate package and additional systems (such as RMO) as required. All
actions are to be tracked to completion and presented to the governing body for
acceptance prior to final gate approval.

Completed gate packages (unconditionally passed, conditionally passed, suspended or
terminated) should be submitted to records as per document management requirements
within Communication and Stakeholder Management [R5].

Gate packages and gate decision meetings or reviews are not typically required for Gate
4 and Gate 5 as they are not usually associated with funding releases. Projects
successfully transition into the closeout and post implementation review phases by
completing the required activities and documentation.

Confidentially, integrity and availability of the completed gate packages are to be
maintained throughout the lifecycle of the project.

Monitor Phase-Gating Commitments

Monitor Phase-Gating Commitments is the process of monitoring scope, schedule and
cost commitments made at the previous gate(s); ensuring that the project progresses in
accordance with the plan; and performing integrated change control when appropriate.
The key benefit of this process is a clear understanding between the project team and
stakeholders on commitments and success criteria, and early identification of any
deviations to plan allowing for timely course correction and remedial actions as
necessary.

The scope, schedule and cost commitments within the gate package will form the
performance measurement baseline for which future performance will be measured
against. Details on how to establish and control the project performance against the
baselines are provided in Project Scope Management [R12], Project Schedule
Management [R11] and Project Cost Management [R13] manuals.

Changes within the boundaries of the approved gate package (and BCS) should be
made in accordance with Project Integrated Change Control [R14]. Material changes,
outside of the boundaries of the approved gate package, may require the project to go
to an unplanned gate as determined by the sponsor or the governing body.

ROLES AND RESPONSIBILITIES

Project Sponsor

(a) Accepts the gate strategy as prepared by the Project Manager

OPG-TMP-0003-R004 (Microsoft® 2007)
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4.2

4.3

4.4

4.5

4.6

(b) Where no Project Manager is yet assigned, prepares gate 1 package.
(c) Ensures that necessary financial evaluations of the project are conducted.

(d) Reviews the continued viability of the project at each stage gate in the project life
cycle to ensure that the Project meets the business objectives within the approved
cost and schedule constraints.

Governing Body

(a) Acts as primary gatekeepers that review project phase or gate outputs to ensure that
the project has the required level of definition and financial justification and has met
the deliverables of the current phase, in order to progress to the next phase of project
implementation.

(b) Provides a gate progression recommendation to the OAR approving authorities.

Project Manager

(a) Prepares and presents gate packages for review and approval by governing bodies.

(b) Monitors gate commitments (scope, schedule, and cost) and ensures changes are
processed in accordance with integrated change control.

BU Executing Line

(a) Determines gate strategy and obtains acceptance by the Sponsor.
(b) Ensures gate packages are prepared for review and endorsement.

BU PMO

(a) Reviews gate packages in conjunction with the Project Manager to ensure rigor,
quality, standardization, consistency and readiness for gate progression prior to a
decision gate.

Enterprise PMO

(a) Acts as single point of contact and SME for gate methodologies, processes, and
associated tools and templates.

(b) Provides subject matter (e.g. scope, estimating, scheduling, risk and cost) expertise
review and support for alignment of planning deliverables and provides an
assessment of the level of readiness for gate progression.

(c) Supports Project Managers in developing the deliverables for each phase and
updating of project management systems.

(d) Participates in pre-gate project kick-off meetings for gate packages which require
SME input or review.
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4.7 Finance - Investment Management

(a) Ensures BCS has been reviewed and accepted for inclusion in gate package
submission to governing body.

5.0 DEFINITIONS AND ACRONYMS

5.1 Definitions

Business Case
Summary

Gate Decision Meeting

Gate Deliverables

Gate Packages

Governing Body

Performance
Measurement
Baseline

Project Definition
Rating Index

Project Gates

Project Gate Strategy

Document prepared in order to provide a concise summary
of the business need, alternatives considered, economic
evaluation, proposed solution, and the benefits and risks
of a proposed investment.

Convening of the governing body (gatekeepers) as
necessary, to decide whether the project will pass through
a given gate and proceed to the next phase and what
conditions, if any, will apply.

End products established for each gate and summarized
in the Phase-Gating Roadmap [Appendix A].

The appropriate collection and presentation of project
information in alignment with the gate definition
requirements, and as per the project gate strategy.

Act as primary gatekeepers and decide whether a project
will pass through a given gate and proceed with the next
phase of the project. The body is defined by each business
unit and is comprised of key stakeholders and resources.

Formed by the scope, schedule and cost commitments
within the gate package.

A research-validated self-assessment tool developed by
the Construction Industry Institute (Cll) that is used to
measure the level of scope definition achieved on a
project.

A key decision and control point that occurs before the next
project phase begins. Gates also provide an opportunity to
assess the project performance to date and the project
plan and to alter the course of the project and take
remedial actions as necessary.

Identifies in advance when gates will occur in the project
schedule.
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5.2

Project Phases A period of time during which a logical grouping of activities

are performed and deliverables completed and approved.
Within the enterprise, projects have been divided into
phases of initiation, planning (development and definition),
execution and closeout that collectively, represent the
project life cycle.

Abbreviations and Acronyms

BCS

BU PMO
Cll
EPMO
OAR
PCR
PIR
PMBOK
PMIS
PMP
SBCS
SME
REIS
RMO

Business Case Summary

Business Unit Project Management Office
Construction Industry Institute

Enterprise Project Management Office
Organizational Authority Register

Project Closure Report

Post Implementation Review

Project Management Body of Knowledge (6™ edition)
Project Management Information Systems
Project Management Plan

Superseding Business Case Summary
Subject Matter Expert

Report of Equipment in Service

Risk Management and Oversight Tool
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6.0 REFERENCES
6.1 References
6.1.1 Performance References
Ref # | Document Number Document Title
R1 OPG-STD-0148 Project Management Standard
R2 OPG-STD-0017 Organizational Authority Register (OAR)
R3 OPG-STD-0076 Developing and Documenting Business Cases
R4 OPG-MAN-00120-0010 | Project Integration Management — Appendix A:
Scalable Project Delivery Model
R5 OPG-MAN-00120-0017 | Project Communication and Stakeholder
Management
R6 OPG-PROG-0006 Investment Management
R7 FIN-FORM-PA-004 Report of Equipment in Service
R8 FIN-FORM-PA-005 Project Closure Report
R9 OPG-PROC-0056 Project Implementation Review
R10 OPG-MAN-00120-0010 | Project Integration Management
R11 OPG-MAN-00120-0014 | Project Schedule Management
R12 OPG-MAN-00120-0011 | Project Scope Management
R13 | OPG-MAN-00120-0013 | Project Cost Management
R14 | OPG-MAN-00120-0016 | Project Integrated Change Control
6.1.2 Developmental References

A Guide to Project Gating for
Secretariat, 2010

IT Enabled Projects, Treasury Board of Canada

RIBA Plan of Work 2013 Overview

PMBOK Guide — Project Management Body of Knowledge

Cll Implementation Resource 322-2
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Core Objectives

Ildentification

Identify Business Meed, strategic
considerations and other core project
requiraments. Conduct preliminarny
analysis of technical and financial
feasibility

Initiation

Develop Project Objectives, including
Quality Objectives and Project
Outcomes, Operability/Sustainability
Aspirations, Project Budget. and
other parameters or constraints
Perform assessment of project
alternatives and prepare Conceptual
Design Report (or equvalent)
Undertake Feasibility Studies (as
required). Update the Project Charter as
required

Development

Develop Preliminary Design. via
Value Engineering analysis (if
raquirad) and detailed Scope of Work
Owtline specifications and preliminary
Schedule and Cost Information along
with relevant Project Strategies.
Develop the Project Management
Plan

Definition = ©

Prepare the Detailed Design and
complete all Work Planning activities
Refine the Schedule and Cost
Performance Baselines for the project
execution

Execution

Completion of onsite Construction and
installation and resolution of any
Design Queries from site as they
arise. Completion of testing and
Commissioning. declaration of
Equipment in Service, and transfer of
the completed project to the Sponsor/
Station/ Controlling Authority.

Closeout

Administrative closeouts of contracts,

financial requirements and project
Praparation of Project Closure Report

Post 2
Implementation
Review

Perform Post Implementation Review
including confirmation of project
complation, assessment of the extent
to which the project has achieved
business needs. and an assessment of
value for money.

Suggested Key Support

Tasks

- Define problem {(or opportunity)

- Assign project number and enter
project into facility/business plan

- Develop project schedule and cost
estimate (for Initiation Phase).

- Assign sponsor, executing
organization and Project Manager

- Prepare Conceptual Design Repornt {or
Equrvalent) including analysis of
alternatives. Preferred Alternative
selected

- Develop Business Case Summary
(BCS) and Post Implementation (PIR)
criteria and plan (if applicable).

- Prepare preliminary scope and project
wWBS

- Develop project schedule and cost
estimate (for next phase and entire
project) as per the Scalable Project
Delivery Model.

- Develop Project Management Flan
(PMP) including scope, assumptions,
constraints, risk assessment,
stakeholder identification. initial project
delivery strategy. project level, gate
progression strategy and contracting
strategy

- Complete preliminary engineering
This may include value engineering
analysis, and modification design
requireaments

- Prepare project scope baseline
(Scope of Work document).

-Perform integrated change control on
scope, cost and schedule.

- Finalize procurement/ contracting
strategy and prepare contract
management plan (if required). Include
any major engineered equipment.

- Develop Business Case Summary
(BCS) and preliminary PIR objectives
and plan (A B C)

- Update project schedule and cost
estimate (for next phase and entire
project) as per the Scalable Project
Delivery Model.

- Update PMPF including regulatory
approvals

- Review/update project scope baseline
(Scope of Work document).

-Perform integrated change control on
scope, cost and schedule.

- Ensure key contracts are identified,
evaluated, and ready for award. Issue
purchase orders for engineered
equipment.

- Complete detailed scope definition and
detailed design work (as applicable),
and PDRI workshop (A B)

- Complete work assessment and
planning activities including labour
assignments, safety and quality plans,
and COMS review (if applicable)

- Develop Business Case Summary
(BCS) with final economic assessment,
and finalise PIR objectives and plan (A
B C)

- Obtain any regulatory approvals and
plan for approvals not obtained to-date

- Integrate vendor schedules and cost
estimates with project schedule and
cost estimate and update for next
phase and entire project as per the
Scalable Project Delivery Model

- Key contracts in place (signed and
approved) and vendors maobilized

- Complete detailed design and
procurement (as applicable).

-Perform integrated change control on
scope, cost and schedule.

- Work assessed, Construction Work
FPackages (CWPs), Work Packages
(WPs), Work Orders (WOs), Inspection
& Test Plans (ITPs) and commissioning
plans ready

- Regulatory approvals & permits
approved/ ready

- Complete all field work and
construction/ installation including
construction completion declaration and
all testing and commissioning

- Deliverables/scope verification &
acceptance by Sponsor and Customer
(O perator).

- Developfupdate Operations &

Maintenance documentation (incl. PMs,
manuals, procedures etc.)

- Complete Available For Semnvice (AFS),
Turmover document
- Ensure critical spare parts available.

- Develop demobilization & closeout
plans

- Complete any outstanding deficiencies
and action items from AFS f Turnowver
and Gate 4.

- Perform contractual, financial, and
administrative closeouts per corporate
process

- Perform final deliverables/scope
varification & acceptance by Sponsor
and Customer

(Operator)

- Disposition remaining materials as
spares, surplus or obsolete.

- Issue new and updated drawings and
close engineering changes.

- Complete (or disposition) regulatory
actions dispositioned (as required).

- Complete all records and documents
filing and ensure Information Managed
Systems updated

- Review Post Implementation Review
(PIR) plan

- Review and document lessons
leamed.

- Prepare Project Closure Report.

- Assess project performance,
variances and benefits realization

- Prepare final PIR report

Information
nput to ga
etin

Ex

changes

- Initial Project Charter
- Request for OM&A Funding (if
required).

- Development (or Planming) BCS
- Project Charter.

- Definition Phase BCS

- Project Management Plan

- Scope of Work (SOW) Document (A, B)
- Detailed Schedule (A, B, C)

- Execution Phase BCS

- Project Management Plan

- Scope of Work (SOW) Document (A, B)
- Detailed Schedule (A B C)

- Final Available For Service/ Turnover
document
- Report of Equipment In-Service (REIS)

- Project Closure Report

- Post Implementation Review (PIR).

Mote: Standardized report templates and supporting desk top guides are provided on the Enterprise Project Management website.

OPG-TMP-0003-R004 (Microsoft® 2007)





Filed: 2020-12-31
EB-2020-0290
Exhibit D2-2-3

Attachment 1

[]NTAHIUPﬁlw“ER Internal Use Only Adachment
OPG-MA.N-00120-0019 INQIE:S;IKXRTION
GENERATION Manual Sheet Number: Revision: Page:
_ NA R000 17 of 18
PROJECT PHASE-GATE MANAGEMENT
: ONTARIOPOWVER
Phase-Gating Roadmap CENERATION
| | | | |
o g ' :
= [ ] ]
» I T T | T |
Fg;ge;ﬁée&)egg;ﬂate B Gate 1 A/B Gate 2 A/B Gate 3 A/B
C NIA Gate 1 C Gate 2C Gate 3C NIA
D Gate 1D Gate 2D Gate 3D

Key Phase Deliverables

— PROGRESSIVE ELABORATION —

Planning  All Initial Praject Charter Project Charter Project Management Plan /A
Financial
B ) Available For Service fTurnover Doc } Post Implementation Review (PIR)
C Business Plan BCS Retum Equipment In Service (REIS) Project Closeout Report
D MAA
Design/Engineering  All NIA Conceptual Preliminary Preliminary/Detailed Field Design Changes/As-Built Design Close-out MNIA
Scope Definition .
B Detailed + PDRI
C MNIA Preliminary Detailed /A
Detailed
D
Schedule Level 1, Level 3 Level 2, Level 3 Level 3, Level 3
B Level 1, Level 2 Level 2, Level 3 Level 3, Level 3
MAA MN/A
C Level 1, Level 2 Level 2, Level 2 Level 3, Level 3
D Key Milestones Key Milestones Key Milestones
Estimate Class 5, Class 3 Class 4, Class 3 Class 3, Class 3
B Class 5, Class 4 Class 4, Class 3 Class 3, Class 3
A& N/A
C Class 5 , Class 4 Class 5, Class 4 Class 3, Class 3
D Class 5, Class 5 Class 5, Class 4 Class 3, Class 3
Risk Management NIA Risks identified Risk Management Plan MNIA
Contract Management Plan NIA

Procurement /Contracts

NIA

Note: Standardized report templates and supporting desk top guides are provided on the Enterprise Project Management website.
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Revision Summary

Revision
Number Date Comments
RO01 2018-02-26 Section 1.1: Extended duration to provide recovery plan following DSR approval.

Clarified specific exceptions are to be submitted within 6 weeks of compliance
date.

Section 1.2 Updated compliance for this revision

Section 3.3 Clarified milestone tracking and closure requirements. Added time
period to add closure notes.

Section 4.0 specified required template to be used for Milestone Recovery Plans
(see Appendix A).

Removed the following milestones which were completed for Unit 3 and do not
need to be met on subsequent units:

o Section 5.1.1 Outage Leadership Assigned
o Section 5.1.2 Outage Planning Organization identified
o Section 5.1.6 Outage Execution Organization Identified

Removed Section 5.6.2 New Projects Permanent Modifications Planning
Complete milestone requirement. Engineering design complete milestones are
adequately captured in Section 5.6.3 and 5.6.4.

Section 5.6.3 Projects Permanent modifications complete and Section 5.6.4 Other
Design Modifications Documents Issued updated requirement to have ECs in only
Approved status. ECs may not be released until previous Unit execution is
complete to allow lessons learned to be incorporated. Also clarified requirements
for 5.6.4 to align with 5.6.3.

Section 5.2.2 Major Scope Approved in Rooms and Section 5.2.3 Minor Scope
Approved in Rooms milestone requirements clarified.

Added Section 5.2.9 Segment 0 Scope Approved in Rooms as a Program
Milestone which replaced the equivalent Pre-requisite Window Milestone.
Modified milestone window dates.

Section 5.3.5 Schedule Update and 5.5.1 removed formal requirement for
documenting lessons learned. Lessons learned will continue to be documented
based on best practice.

Section 5.3.6 Segment 0 Schedule Issued moved the window open date forward
to align with other milestones.

Section 5.4 Cost Estimate Milestones added requirements to prepare project
schedules and estimates to support gating requirements for each of the cost
milestones.

Added Section 5.5.6 Segment 0 Long Lead Material Purchase Orders Issued as a
Program Milestone which replaced the equivalent Segment 0 Window Milestone.
Modified milestone window dates.

Section 6.0 Limited post-window milestones to only lessons learned and extended
duration to complete to ensure AFS is captured post-window closure.

Added Appendix A Milestone Recovery Plan Template

Appendix B, C and D milestone diagrams updated to reflect changes in
milestones per this revision

Clarified Director Subsequent Unit Planning, Director Unit Outage, Outage
Manager (Planning), Outage Manager (Execution) and Subsequent Unit Planning
Project Manager roles throughout document

Clarified Segment 0 and Pre-requisite scope
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e Added requirements to review and incorporate lessons learned throughout
document.

e Additional clarifications and editorial changes
R000 2017-04-10 Initial issue.
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1.0

1.1

1.2

DIRECTION

Planning of the Darlington Refurbishment Outages is required to start early and be
rigorous in meeting commitments on time and with quality in order to be successful in
execution. The planning milestones in this document are intended to provide a
consistent and structured approach to planning the execution of work.

Project Managers shall plan their projects to meet these milestones. Where projects
are complex and work may take longer than a milestone window provides, the Project
Manager is responsible to initiate the work early enough to meet the milestone end
date. Projects will also have deliverables that may not be associated with these
milestones. It is the responsibility of the projects to identify these deliverables and
ensure they are planned appropriately to ensure readiness to execute the work.

This document takes authority from NK38-MAN-09701-10005 Nuclear Refurbishment
Work Management.

Refurbishment planning dates related to these milestones are published in NK38-
PLAN-00300-10000 Darlington Refurbishment Program Milestone & Integrated Master
Schedule (PIMS).

Exceptions

The milestone requirements in this document are not applicable to Unit 2, other than
the post-window lessons learned requirement.

Projects that are identified late and accepted into Refurbishment scope may require
approval to deviate from some milestones. Deviation from milestones shall be
identified as part of scope approval in these cases and approved by the SUP Director.
A milestone recovery plan, see Appendix A, will also be prepared within 90 days of
DSR approval and approved by the SUP Project Manager.

Operations and Maintenance work that is not tied to a project or a specific execution
window shall adhere to N-PROC-MA-0002 Work Planning. This work shall be in a
ready state, with all required permits prepared, material available, and holds removed
by 6 weeks prior to when the work is scheduled. Exceptions or injected work after T-6
weeks shall be approved by the Outage Manager or delegate.

Specific exceptions to this document based on contractual or other constraints, as
documented and approved by the VP U3 Refurbishment Execution within 6 weeks of
the compliance date.

Compliance Date

The requirements of this document are effective immediately.

N-TMP-10010-R012 (Microsoft® 2007)
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2.0

21

2.2

2.3

24

PLANNING MILESTONE OVERVIEW

Refurbishment Outage Planning Milestones are broken out into four types: Program,
Segment, Window, and Segment O (prior to breaker open). Each type is to satisfy
different stages of the outage or the project and is described in the following sections.
Visual overviews of the milestones are represented in the appendixes of this
document.

Program Milestones

These relatively high level planning milestones are those activities to support overall
readiness for breaker open. They support development of outage scope, an overall
execution schedule, outage resource and material requirements, regulatory approval
planning, and risk planning. These milestones are completed once, prior to the start of
each outage. In some cases, these program milestones have an associated segment
milestone which serves to update the information provided in the initial program
milestone.

Segment Milestones

The Darlington Refurbishment Outage schedule is divided into four main segments
based on the major critical path activities scheduled in the segments. In addition,
Segment 2 (Removal) is separated into 2a and 2b, each of which may be considered a
separate segment for the purposes of planning. Segmented planning milestones are
those activities that may be completed in a staged manner, to support the execution of
each outage segment. These staged milestones include completing engineering
designs, obtaining regulatory approvals, and balancing resource profiles. The primary
advantage of these staged milestones is the ability to prioritize work based on
execution schedules and level the resources needed to complete these activities.

Window Milestones

Window milestones represent activities that are required to plan the successful
execution of a specific scope of work prior to the associated execution window, and
those activities required to gather lessons learned following window closure. These
window milestones include preparing execution documentation (example: work
instructions), receiving and staging materials, acquiring lay down areas, verifying the
availability of tools, equipment, and facilities, and finalizing project specific logic and
work permitry. If appropriate, window milestones may be grouped to include a number
of small windows with similar work. The Project Managers hold the accountability for
ensuring these window milestones are met with quality for their projects.

Segment 0 Milestones

Segment 0 work includes any work that needs to be completed prior to the start of the
refurbishment outage. This includes work performed with the unit at power, and as
such must comply with N-PROC-MA-0022 Integrated On-Line Work Schedule. The
planning milestones for this work are separate and distinct from the milestones related
to work executed during the refurbishment outage and have been developed to

N-TMP-10010-R012 (Microsoft® 2007)
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3.0

3.1

3.2

support early planning and meet the requirements of N-PROC-MA-0022. The outage
Segment 0 execution for on-line work starts approximately one year in advance of the
refurbishment outage start. Similar to window milestones, the Project Managers hold
the accountability for ensuring these milestones are met with quality for their projects.

MILESTONE MANAGEMENT

Program milestones may have management specific requirements specified in the
milestone description. These specific requirements may include a milestone kickoff
meeting, and/or a Milestone Review Board. The Milestone Owner is responsible to
manage the milestone and ensure sub-owners are aware of the requirements. The
milestone owner is also responsible to get regular status updates from each of the
milestone sub owners.

Milestone Kick-off Meetings

Milestone Kick-off meetings represent a formal ‘pre-job brief’ of the milestone
requirements and expectations of the Milestone Owner. Where a Milestone Kick-off
Meeting is required, the Milestone owner will schedule a meeting with sub-owners and
support staff within two weeks (either side) of the milestone open date. Record of
attendance and notes of the meeting are to be attached to the associated milestone
Action (RMO). Where a meeting is not required in the Milestone definition, it is at the
discretion of the Milestone Owner how to ensure sub-owners are briefed on
expectations.

Kick-Off Meeting Attendance:

(@) Chair & Presenter: Milestone Owner

(b) Outage Manager (Planning)

(c) SUP Project Manager

(d) Milestone Sub-Owners

(e) If a sub-owner misses the kickoff meeting and fails to send a delegate, a

separate meeting with the sub-owner is required to review the expectations.

Meeting Agenda:

a) Review milestone requirements and expectations
b) Detail milestone metrics (as applicable)

c) Agree on a status update frequency and method
d) Discuss any help required

(
(
(
(

Section 5.0, Table 1 identifies Program milestones which require a kick-off meeting.
Milestone Review Board
For some milestones, where quality of completion has a significant impact on

successful planning of the project, the milestone management requirements include a
Milestone Review Board (MRB).

N-TMP-10010-R012 (Microsoft® 2007)
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Milestone Review Board is where the milestone owner demonstrates to a ‘Board
Quorum’ that the requirements to satisfy the milestone will be complete with quality by
the due date. The meeting should be held at least 2 weeks prior to the milestone
completion date to allow sufficient time to address MRB feedback.

As evidence is presented by the milestone owner, all attending members may
challenge or request information. The ‘Board Quorum’ votes on acceptance of the
closure evidence and mitigating actions where applicable. A full acceptance vote by
all ‘Board quorum’ members is required to pass the milestone. A failure to pass the
milestone requires a milestone recovery plan, see Appendix A, and may require an
SCR.

The meeting should be established by the Outage Manager (Planning) and milestone
Owner with the following structure:

Board Quorum:

Chair: Outage Manager (Planning).

Presenter: Milestone Owner.

Director SUP (delegate permitted).

Milestone Owner’s line manager.

SUP Project Manager.

f)  Receiving milestone Owner(s) (Most impacted downstream milestone(s), as
determined by the Outage Manager (Planning) (delegate permitted).

a
b
c
d
e

Py
~— — = ~—

Other required attendees:

Sub Milestone Owners (Stratum Ill delegates permitted).

Where a Sub Milestone Owner is listed as ‘Project Managers’, one project manager
may attend on behalf of a project bundle, unless they are requested by the Outage
Manager or Milestone Owner to attend in person. (This may be requested due to
milestone completion performance issues).

In some cases, Sub Milestone Owners may be excused from attending by the
Milestone Owner based on a lesser importance of their role in the determination of
quality completion.

Meeting Agenda:

(@) Review milestone completion data provided by the Milestone Owner.

(b) Validate that all the requirements identified for that milestone will support
successful completion of downstream milestones.

(c) Board to provide feedback and agree on any specific actions to improve
milestone completion quality by the milestone date.

(d) Board vote.

(e) Discussion of Lessons Learned.

Section 5.0, Table 1 identifies Program milestones which require a MRB.

N-TMP-10010-R012 (Microsoft® 2007)
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3.3

3.4

4.0

Milestone Tracking and Closure

Program and Segment milestones will be managed through RMO actions. Metrics to
support tracking of progress and health of these milestone will be proposed by
Milestone Owner(s) and accepted by either the SUP Project Manager or Outage
Manager.

Segment 0 and Window milestones should be managed on the project P6 schedule,
and discussed at weekly project meetings (or equivalent). Both the OPG Project
Manager and the Vendor Project Manager are responsible to ensure the Segment 0
and Window milestones are met on time and with quality. Reporting will generate
metrics for tracking of these milestones as identified by the SUP Project Manager or
Outage Manager.

For closure of Program and Segment milestones the Milestone Owner will provide
sufficient evidence and justification demonstrating the milestone has been met
including uploading of any supporting material such as MRB acceptance. The
Milestone Owner is responsible for obtaining evidence from sub-owners. Closure
notes may reference other completed RMO actions. Milestones are to be closed in
RMO within 5 business days of meeting the milestone and set to the milestone
completion date. This is only to allow for time for system updates and attachment of
final evidence which must identify it was complete on or ahead of the milestone.

Milestone Lessons Learned

Significant or complex milestones may have a requirement to review and document
lessons learned. The intent of this is to promote continuous improvement in the quality
completion of milestone requirements. Lessons learned shall be documented in the
RMO Lessons Learned module, with ‘Planning Milestone’ in the title. The Milestone
Owner is responsible for documenting Lessons Learned. The SUP Project Manager
will determine if a formal Lessons Learned meeting is required.

Section 5.0, Table 1 identifies Program milestones which require Lessons Learned.
ESCALATION AND MILESTONE RECOVERY PLANS

Escalation of milestones at risk is the responsibility of the SUP Project Manager or
Outage Manager depending on the state of planning and unit execution. Escalation
occurs at the point when a milestone’s progress is judged not to be sufficient to allow
completion of requirements within the milestone window without a recovery plan;
however, it should not be left so late that the milestone will be missed despite a
reasonable recovery plan.

Escalation is to the line supervisor of the Milestone Owner. Where the owner is the
Project Manager, escalation is to the OPG Project Director.

Escalation shall be followed by a request for a milestone recovery plan, see
Appendix A, from the milestone owner, and the appropriate sub-owner(s) tracking
behind requirements. The milestone recovery plan is accepted by the line supervisor,
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and Approved by the SUP Project Manager or Outage Manager. A copy of the
milestone recovery plan shall be provided to the Director SUP or Outage Director and
filed to records. A bi-weekly review of the recovery progress is required until the
milestone is fully recovered or complete.

A milestone recovery plan should include the cause(s) of the milestone tracking
behind, and clear recovery actions to meet the requirements of the milestone by the
due date.

A trending SCR should be entered for each milestone recovery plan prepared as a
minimum. If a Program or Segment milestone is not met despite a recovery plan, each
sub-owner that missed the milestone will initiate a C3 ACE SCR, flagged for CARB
review. Corrective actions are to include recovery of any downstream milestones that
may be affected. Failure to complete a Window milestone or a Segment 0 milestone
prior to the required date will require an SCR for trending as a minimum.
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5.0

PROGRAM AND SEGMENT MILESTONES

Program and Segment Milestones are summarized in Table 1, represented visually in
Appendix B, and are detailed in the following sub-sections. For some milestones,
suggested target completion dates are included for activities within the milestone. The
milestone owner has the authority to adjust these dates as required in order to
successfully meet the milestone. The milestone owner also has the authority to
provide clarity (non-intent updates) related to the milestone definitions.

Table 1 — Program & Segment Milestone Summary Chart

Milestone Milestone M/S | M/S M/S Management
Title Owner Open| Due Type requirement
Leadership & Resource Milestones
Vendor Work Assigned for Director SUP 34 27 Program Kick-off
Known Scope
Vendor Work Assigned for Director SUP 20 | 16 | Program
all Major Scope
Malntenance_Contract & Bulk Maintenance Manager 20 12 Program
Labour Requirements
Execution Resource Profile .
Established Outage Manager (Planning) 5 2 Program
Execution Resource Profile Outage Manager 5 > Segment
Reconciled (Planning/Execution) 9
Scope & Planning Milestones
Segment 0 Scope Identified Outage Manager (Planning) | 34 30 Program
Kick-off
Major Scope Identified Sr Manager Plant Reliability | 30 22 Program MRB
LL
Kick-off
Minor Scope Identified Outage Manager (Planning) | 18 12 Program MRB
LL
Kick-off
Initial Work Order Assessment | Outage Manager (Planning) | 30 10 Program MRB
LL
Unit Transition Plan Approved | Director SUP 24 12 Program Kick-off
Support Documents Need Outage Manager
Identified (Planning/Execution) 18 8 Segment
Permitry Strategy Prepared Operations Manager 6 1 Segment
Safety Support Plans Outage Manager
Prepared (Planning/Execution) 6 1 Segment
Segment 0 Scope Approved in .
ROOMS Outage Manager (Planning) | 30 24 Program
Schedule Milestones
Revision ‘A’ Schedule Issued | Outage Manager (Planning) | 27 18 Program
Revision ‘B’ Schedule Issued | Outage Manager (Planning) | 18 8 Program LL
Revision ‘C’ Schedule Issued | Outage Manager (Planning) 8 3 Program LL
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Milestone Milestone M/S | M/S M/S Management
Title Owner Open| Due Type requirement
Revision ‘0’ Schedule Issued | Outage Manager (Planning) 3 0.5 | Program
Outage Manager
Schedule Update (Planning/Execution) 5 0.5 | Segment
Segment 0 Schedule Issued Outage Manager (Planning) | 30 20 Program
Cost Estimate Milestones

Planning Estimate & Release | Director Project Controls 32 28 Program K|ch|:off
Preliminary Estimate & Director Project Controls 24 18 Program Kick-off
Release LL

. . . . Kick-off
Execution Estimate & Release | Director Project Controls 14 6 Program LL

Material Milestones
Long Lead Materials Identified | Parts Manager 30 18 Program
Long Lead Materials POs Parts Manager 27 14 Program Kick-off
Issued LL
Materials PO.S Issued for Parts Manager 14 6 Program Kick-off
known materials
All Materials POs Issued Parts Manager 12 6 Segment
At-Risk Material List
Generated Parts Manager 6 3 Segment
Segment 0 Long Lead
Materials POs lssued Parts Manager 30 24 Program
Engineering & Training Milestones
Segment 0 Designs Complete | Director Refurb Engineering | 34 22 Program
Projects Permanent
Modifications Design Director Refurb Engineering | 24 12 Segment
Complete
Other Design Modifications Director Refurb Engineering | 18 10 | Segment
Documents Issued
Ezumen;ssmmng Specifications Director Refurb Engineering | 10 6 Segment
Training Readiness Director Refurb Training 6 0 Segment
- Corporate Relations &
Segment Briefing Package Coms Manager 3 1 Segment
Regulatory & Risk Milestones
Regulatory Approvals Plan Regulatory Affairs Manager o4 15 Program
Issued Refurb
Regulatory Approvals Regulatory Affairs Manager
Obtained Refurb 15 3 Segment
Risk Mitigation Plans Prepared| Risk Manager 12 7 Program Kick-off
Pre-outage Readiness Review | Outage Manager (Planning) 4 2 Program
I\R/leac'tor Safety challenge Reactor Safety Manager 3 1 Segment
eeting
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5.1 Leadership and Resource Milestones
511 Outage Leadership Assigned

This milestone has been removed.
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5.1.2 Outage Planning Organization Identified

This milestone has been removed.
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5.1.3

Vendor Work Assigned for Known Scope

Assignment of the vendor responsible for execution of each project is required prior to
detailed planning and execution of the work. Timeliness of this milestone is critical to
ensure the vendors are able to meet downstream milestones. This milestone applies
to all known refurbishment outage scope.

Milestone Timeline

This program milestone window opens 34 months prior to the outage and is complete
by 27 months prior to the outage.

Milestone Owner
Director SUP

Sub-milestone Owners
OPG Project Directors

Milestone Management Specific Requirements
Milestone Kick-off meeting

Requirements to Satisfy the Milestone:

(@) Sub-owner: Project Directors - Known major scope has been reviewed and
vendors or OPG functions have been assigned to complete the work. Target
Completion 30 months prior to the outage start.

(b) Sub-owner: Project Directors - Project funding releases have been approved and
PO releases or equivalent has been completed to enable the vendor to start
planning the work in order to meet planning milestones. Target completion 27
months prior to the outage.
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514

Vendor Work Assigned for all Major Scope

Assignment of the vendor responsible for execution of each project is required prior to
detailed planning and execution of the work. Timeliness of this milestone is critical to
ensure the vendors are able to meet downstream milestones. This milestone is after
Major Scope in ROOMS so that any new approved scope by this milestone can be
assigned.

Milestone Timeline

This program milestone window opens 20 months prior to the outage start and is
complete by 16 months prior to the outage start.

Milestone Owner
Director SUP

Sub-milestone Owners
OPG Project Directors

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:

(@) Sub-owner: Project Directors - Approved major scope in ROOMS and new
approved DSRs have been reviewed and vendors or OPG functions have been
assigned to complete the work. Target Completion 19 months prior to the
outage start.

(b) Sub-owner: Project Directors - Project funding releases have been approved
and PO releases or equivalent has been completed to enable the vendor to start
planning the work in order to meet planning milestones. Target completion 16
months prior to the outage start.
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5.1.5

Maintenance Contract & Bulk Labour Requirements Identified

Labour requirements for cyclic scope and known preventative/corrective/deficient work
(including valve work) needs to be reviewed and a strategy developed for vendor
contract or bulk labour (as required).

Milestone Timeline

This program milestone window opens 20 months prior to the outage start and is
complete by 12 months prior to the outage start.

Milestone Owner
Refurbishment Maintenance Manager

Sub-milestone Owners
N/A

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:

(a) Maintenance has reviewed the cyclic scope and known preventative/
corrective/deficient work with respect to maintenance resources.

(b) A strategy for contracting work or bulk labour has been developed (as required),
and funding has been allocated. A plan and schedule has been developed and
documented for issuance of any required PO'’s.
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5.1.6 Outage Execution Organization Identified

This milestone has been removed.
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5.1.7

Execution Resource Profile Established

An overall picture of the outage resource profile is to be generated by two months prior
to the outage based on fully resourced level Il schedules. This program milestone has
a complementary segmented milestone for resource profile reconciliation which further
refines the detail on resources prior to the start of the segment.

Milestone Timeline

This program milestone window opens 5 months prior to the outage and is complete
by 2 months prior to the outage.

Milestone Owner
Outage Manager (Planning)

Sub-milestone Owners

Maintenance Manager - Refurbishment

Fuel Handling Manager

Radiation Protection Manager - Refurbishment
Operations Manager - Refurbishment

Project Directors

Vendor Site Representatives

Project Director, Projects & Modifications
Manager Work Management - Station

Milestone Management Specific Requirements
Lessons Learned Documented

Requirements to Satisfy the Milestone:

(@) Sub-Owner: Vendor Site Representatives — Vendor Resource Plans submitted
for the entire outage with contract mobilization plans established. Resource
Risks identified with mitigation plans. Target completion 3 months prior to the
outage start.

(b) Sub-Owner: Outage Manager (Planning) — Resource Balance Toolkit (RBT)
loaded and reviewed against demand. Any significant over allocations of
resources have been rectified or identified for resolution. Target completion 3
months prior to the outage start.

(c) Sub-Owner: Maintenance Manager, Operations Manager, Project Director
Projects & Modifications, RP Manager, Project Directors — Resource risks
identified in RMO with mitigation plans. Target completion 2 months prior to the
outage start.
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5.1.8

Execution Resource Profile Reconciled

This segmented milestone updates resource requirements for the outage segment and
identifies risks to the schedule. This milestone is complementary to the Program
Milestone - Outage Resource Profile Established milestone.

Milestone Timeline

This segmented milestone window opens 5 months prior to the segment start and is
complete by 2 months prior to the segment start. This milestone is not required for
Segment 1 as there is a complementary Program milestone.

Milestone Owner
Outage Manager (Planning/Execution)

Sub-milestone Owners

Maintenance Manager

Fuel Handling Manager

Radiation Protection Manager
Operations Manager

Vendor Project Managers

OPG Project Managers

Project Director, Projects & Modifications
Manager Work Management - Station

Milestone Management Specific Requirements
Lessons Learned Documented

Requirements to Satisfy the Milestone:

(@) Sub-Owner: Vendor Site Representatives — Updated Vendor Resource Plans
and mobilization plans submitted for the remaining outage duration. Resource
Risks identified with mitigation plans. Target completion 2 months prior to the
segment start.

(b) Sub-Owner: Outage Manager (Planning/Execution) — Resource Balance Toolkit
(RBT) loaded and reviewed against demand. Any significant over allocations of
resources have been rectified or identified for resolution. Target completion 3
months prior to the segment start.

(c) Sub-Owner: Maintenance Manager, Operations Manager, Project Director
Projects & Modifications, RP Manager, Project Directors — Resource risks
identified in RMO with mitigation plans. Target completion 2 months prior to the
segment start.
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5.2

5.2.1

Scope and Planning Milestones
Segment 0 Scope Identified

Execution work related to the Refurbishment unit scope that is to be scheduled prior to
the unit breaker open is included in this milestone. This work will be scheduled to start
approximately a year prior to the outage start, so it is important that it be identified as
early as possible. This includes work that is a prerequisite to Breaker Open (such as
Fuel Handling preparatory work), opportunities to complete Refurbishment project
work that does not require the unit shut down, and Station or AISC work to be
completed prior to the outage to reduce risk during the refurbishment outage (example
overhaul of pumps or cranes required to execute the outage). Some project work may
start in Segment 0 and be carried on into future Refurbishment outage segments,
depending on project requirements.

For online work, N-PROC-MA-0022 Integrated On-line Work Schedule requirements
shall be adhered to. The Segment 0 milestones as listed in Section 7.0 of this
document will ensure adherence to N-PROC-MA-0022.

Segment 0 scope that requires a station outage should also be identified as part of this
milestone. Any station outage scope must be identified before the scope freeze date
of the target station outage, per N-PROC-MA-0013 Planned Outage Management. It
is the responsibility of the OPG Project Directors to identify this scope in AS7 by the
required date.

Milestone Timeline

This program milestone window opens 34 months prior to the outage start and is
complete by 30 months prior to the outage start.

Milestone Owner
Outage Manager (Planning)

Sub-milestone Owners

OPG Project Directors

Maintenance Manager — Refurbishment
Operations Manager — Refurbishment

Radiation Protection Manager — Refurbishment
Director, Darlington Projects & Modifications
Senior Manager Plant Reliability — Refurbishment
Director, Refurbishment Engineering

Milestone Management Specific Requirements
N/A
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Requirements to Satisfy the Milestone:

(@) Sub-owner OPG Project Directors, Maintenance Manager, RP Manager - List of
Segment 0 scope developed, and approved by the OPG Project Directors (or
equivalent for Functional work). This list should include (as applicable):

(1) Project #

(2) DSR#

(3) MECH#

(4) Execution organization

(5) Description of work, including whether it is replicated scope from earlier
unit(s), modified scope from earlier unit(s), or new scope. Where scope is
replicated from earlier units, include the project # associated with the
earlier unit.

(6) Station outage requested scope with outage reference and associated
Work Order numbers

(b)  Sub-owner OPG Project Directors, Maintenance Manager, RP Manager - List
provided to Milestone Owner, Director Refurbishment Engineering, and Senior
Manager Plant Reliability — Refurbishment.
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5.2.2

Major Scope Identified and Approved in ROOMS

Major scope for the Darlington Refurbishment Program (DRP) was approved prior to
planning of the first refurbishment outage and is controlled through the Darlington
Scope Request (DSR) Database.

Work orders related to this major scope are required to be approved in ROOMS with
outage number assigned (example: DNRU3/D1931) in order to complete initial work
assessing. Existing deficient and corrective work should also be reviewed at this
milestone to ensure significant work has not been missed.

Additions to major scope may include AISC projects that are required to be completed
within the outage timeframe or lifecycle work identified after the early initial approval of
major refurbishment scope. Approval for these major scope additions or changes is as
per NK38-INS-09701-10001 Darlington Nuclear Refurbishment Program — Scope
Control. Itis expected that this scope will be identified in a DSR and approved in time
to meet the requirements of this milestone.

Milestone Timeline

This program milestone window opens 30 months prior to the outage start and is
complete by 22 months prior to the outage start.

Milestone Owner
Senior Manager Plant Reliability — Refurbishment

Sub-milestone Owners

Vendor Project Managers

OPG Project Managers

Refurbishment Maintenance Manager
Refurbishment Operations Manager

Outage Manager (Planning)

Director, Darlington Projects and Modifications
Manager, Darlington Work Management
Return to Service Manager

Milestone Management Specific Requirements
Milestone Kick-off meeting Required

Milestone Review Board Required

Milestone Lessons Learned Documented

Requirements to Satisfy the Milestone:

(@) Sub-owner OPG Project Managers: All approved DSR related scope work
orders identified in ROOMS with outage identified (example: DNRU3) and Health
of Scope identified in the DSR database, per NK38-INS-09701-10001 Darlington
Nuclear Refurbishment Program Scope Control. Exceptions shall be
documented and approved by the milestone owner. Target completion
24 months prior to the outage start.
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(b)

(9

(h)

(i)

Sub-owner Director, Darlington Projects: All AISC projects requiring a window in
refurbishment outage have been identified in approved DSRs. Work orders are
identified in ROOMS with outage identified (example: DNRU3), and Health of
Scope identified in the DSR database per NK38-INS-09701-10001 Darlington
Nuclear Refurbishment Program Scope Control. Target completion 27 months
prior to the outage start.

Sub-owner Sr Manager Plant Reliability — Refurbishment: All Project
Engineering Modifications (minor mods) requiring a window in refurbishment
outage have been identified in approved DSRs. Work orders are identified in
ROOMS with outage identified (example: DNRU3), and Health of Scope
identified in the DSR database per NK38-INS-09701-10001 Darlington Nuclear
Refurbishment Program Scope Control. Master Engineering Changes (MEC’s)
have been generated. Target completion 24 months prior to the outage start.

Sub-owner Sr Manager Plant Reliability — Refurbishment: All corrective or
deficient outage work (not approved for an outage prior to the refurbishment
outage), has work orders identified in ROOMs with outage number assigned
(Example: D1931). Target completion 26 months prior to the outage start.

Sub-owner Sr Manager Plant Reliability — Refurbishment: All corrective or
deficient online work with very long lead material (i.e. 2-5 years putting it in the
window of the refurbishment outage), has work orders identified in ROOMSs with
outage number assigned (Example: D1931). Target completion 26 months prior
to the outage start.

Sub-owner Sr Manager Plant Reliability — Refurbishment: FAC/PIP/MIC/HX's
work to be executed in the outage has work orders identified in ROOMs with
outage number assigned (Example: D1931). Target completion 24 months prior
to the outage start.

Sub-owner Refurbishment Maintenance Manager: Operating PM Work Orders
with frequency greater than or equal to 1 year, have been created for all
operating PM with due dates falling within the refurbishment outage period,
identified and approved in ROOMs with outage number assigned (Example:
D1931). Target completion 24 months prior to the outage start.

Sub-owner Refurbishment Maintenance Manager: Outage PM Work Orders with
frequency greater than or equal to 1 year frequency falling within the
Refurbishment outage period up to next planned outage, have been created and
approved in ROOMs with outage number assigned (Example: D1931). Target
completion 24 months prior to the outage start.

Sub-owner Sr Manager Plant Reliability — Refurbishment: Work order
recommendation and engineering details have been completed for all work
orders identified as Major Scope above. Target completion 22 months prior to
the outage start.
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()  Sub-owner Outage Manager (Planning): Work order recommendation has been
completed for all work orders identified as Major Scope above. Target
completion 22 months prior to the outage start.

(k)  Sub-Owner Outage Manager (Planning): ROOMS work order approval has been
completed and the supporting assessment managers and Project Directors have
been notified to commence Initial Work Order Assessment. Target completion
22 months prior to the outage start.
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5.2.3

Minor Scope Identified and Approved in ROOMS

Minor scope related to deficient and corrective work to be completed post breaker
open is to be identified and approved in ROOMS prior to this milestone. Any PM
exceptions not identified as part of major scope should also be approved in ROOMS
by this milestone.

It is noted that additional deficient and corrective work will continue to be identified
after this milestone. This new work will be processed by Station or Refurbishment
depending on timing and assessments, and as agreed to in an approved Work Control
transition plan (or equivalent).

Milestone Timeline

This program milestone window opens 18 months prior to the outage start and is
complete by 12 months prior to the outage start.

Milestone Owner
Outage Manager (Planning)

Sub-milestone Owners

Maintenance Manager - Refurbishment
Manager, Darlington Work Management

Sr Manager Plant Reliability —Refurbishment
Refurbishment Operations Manager

Milestone Management Specific Requirements
Milestone Kick-off meeting Required

Milestone Review Board Required

Milestone Lessons Learned Documented

Requirements to Satisfy the Milestone:

(@) Sub-owner Sr Manager Plant Reliability — Refurbishment: All remaining known
corrective or deficient work order to be executed after breaker open have been
identified in ROOMS. Target completion 14 months prior to the outage start.

(b) Sub-owner Sr Manager Plant Reliability — Refurbishment: All other type work
orders, including operation routines not on a PM, have been identified in
ROOMS and scope rationalized through engineering. Target completion 13
months prior to the outage start.

(c) Sub-owner Refurbishment Maintenance Manager: All remaining predefined
maintenance work (frequency less than 1 year) to be executed after transition of
the unit to Refurbishment has been identified and approved in ROOMS. Target
completion 14 months prior to the outage start.
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(d)  Sub-owner Sr Manager Plant Reliability — Refurbishment: Work order

recommendation complete. Target completion 13 months prior to the outage
start.

(e) Sub-owner: Outage Manager (Planning): Work order recommendation
complete. Target completion 13 months prior to the outage start.

(f)  Sub-owner: Outage Manager (Planning): ROOMS work order approval has
been completed and the supporting assessment managers and Project Directors
have been notified to commence Initial Work Order Assessment. Target
completion 12 months prior to the outage start.
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524

Initial Work Order Assessment Complete

This initial assessment of Major Scope work orders in ROOMS is to identify tasks,
materials, equipment, resources, and planning holds. Projects should also have P6
execution schedules developed.

Note that detailed assessment of work is part of the window milestones, when the final
work execution documentation is available.

Milestone Timeline

This program milestone window opens 30 months prior to the outage start and is
complete by 10 months prior to the outage start.

Milestone Owner
Outage Manager (Planning)

Sub-milestone Owners

Vendor Project Managers

OPG Project Managers

Maintenance Manager - Refurbishment
Director, Darlington Projects & Modifications
Operations Manager — Refurbishment

Milestone Management Specific Requirements
Milestone Kick-off meeting Required

Milestone Review Board Required

Lessons Learned Documented

Requirements to Satisfy the Milestone:

(@) Sub-owners: Project Managers, Director Darlington Projects & Modifications,
Maintenance Manager — Work orders are tasked out with resources, materials,
and equipment identified with planning holds where required. Target completion
12 months prior to outage start.

(b) Sub-owner Project Managers and Director Darlington Projects & Modifications:
Tasks have been created for required OPG support. Target Completion is 12
months prior to the outage start (to allow time for initial assessing of these
tasks).

(c) Sub-owners Maintenance Manager and Operations Manager: OPG project
support tasks initial assessment complete. Target Completion 10 months prior
to outage start.

(d) Sub-owner Project Managers and Director Darlington Projects & Modifications:
Project P6 Execution Schedule Level Il logic developed. Target completion
10 months prior to outage start.
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5.2.5

Unit Transition Plan Approved

A transition of the Refurbishment Unit between the Station and Refurbishment
organizations must occur in a planned manner. The transition of processes, programs,
and staff between the two organizations must be defined. NK38-PLAN-09701-10215
Nuclear Refurbishment Site Integrated Transition Plan was issued in preparation for
Unit 2 Refurbishment. This transition plan and associated documents must be
reviewed and updated as required. This review should include returning the
Refurbishment unit to the Station (as applicable).

The Refurbishment DOM in consultation with the Station DOM may authorize
cancellation of this milestone for the last two Refurbishment Outages, if deemed not
necessary.

Milestone Timeline

This program milestone window opens 24 months prior to the outage start and is
complete by 12 months prior to the outage start.

Milestone Owner
Director SUP

Sub-milestone Owners

Director Operations and Maintenance — Refurbishment
Director Operations and Maintenance — Station
Manager Station Work Control

Manager Return to Service

Manager Refurbishment Operations and Maintenance Programs
Outage Manager (Planning)

Outage Manager (Execution)

Preceding Unit and/or Next Director Unit Outage(s)
Functional Managers Refurbishment (as applicable)
Functional Managers Station (as applicable)

Manager Nuclear Waste

Milestone Management Specific Requirements
Milestone Kick-off Meeting

Requirements to Satisfy the Milestone:

(@) NK38-PLAN-09701-10215 (or equivalent) has been reviewed and updated (as
required).

(b) Associated Department Transfer Plans have been reviewed and updated (as
required).

(c) All additional supporting documents have been reviewed, and updated (as
required), or have been reviewed and have an action to update them on a
schedule approved by the Milestone Owner.
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(d) Transition Plan between Refurbishment Planning and Refurbishment Execution
Organizations has been approved.
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5.2.6

Support Documents Need Identified

Supporting documents required to execute the work are to be identified and logged in
P6 or the applicable software systems. Project EC’s where they are being used are
set to approved, and Technical Procedure Action Requests (TPARSs) are to be
submitted to Operations.

Milestone Timeline

This segmented milestone window opens 18 months prior to the segment start and is
complete by 8 months prior to the segment start.

Milestone Owners
Outage Manager (Planning/Execution)

Sub-milestone Owners

Vendor Project Managers

OPG Project Managers

Maintenance Manager - Refurbishment
Operations Manager - Refurbishment
Director, Darlington Projects & Modifications
Director Refurbishment Engineering

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:

(a) Sub-owners: Project Managers and Director Darlington Projects & Modifications
- Supporting documents including workplans, commissioning plans, ITPs, CWPs,
have level 3 activities in the definition schedule using P6 templates showing
stages of documentation completion.

(b) Sub-owners: Director Refurbishment Engineering, Project Managers, and
Director Darlington Projects & Modifications - Project EC’s set to Approved (as
required)

(c) Sub-owners: Director Refurbishment Engineering, Project Managers, and
Director Darlington Projects & Modifications- All required TPARs submitted to
Operations.
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5.2.7

Permitry Strategy Prepared

A permitry strategy is to be prepared by Operations to support OPG permit
requirements during the segment. Note that PC1 submission is a Window milestone;
as a result, not all PC1’s will be available to Operations prior to the close of this
permitry strategy milestone.

Milestone Timeline

This segmented milestone window opens 6 months prior to the segment start and is
complete by 1 month prior to the segment start.

Milestone Owner
Refurbishment Operations Manager

Support Managers

Vendor Project Managers

OPG Project Managers

Outage Manager (Planning/Execution)
Refurbishment Maintenance Manager

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:

(a) Permitry strategy developed based on scheduled work and vertical schedule
interactions.

(b) Segment Permitry Strategy approved by Refurbishment DOM and provided to
Outage Manager (Planning).
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5.2.8

Safety Support Plans Prepared

Safety Support Plans related to work scope during the segment are to be prepared for
Conventional Safety, Chemistry & Environment, and Radiation Protection. Plans shall
be reviewed based on lessons learned, changes in execution strategies or scope, and
industry best practices.

Milestone Timeline

This segmented milestone window opens 6 months prior to the segment start and is
complete by 1 month prior to the segment start.

Milestone Owner
Outage Manager (Planning/Execution)

Sub-milestone Owners
Radiation Protection Manager
Chemistry Manager
Conventional Safety Manager

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:

(@) Sub-owner: Conventional Safety Manager - Conventional Safety Plan for
segment scope issued and a brief provided to the Outage Manager
(Planning/Execution) and Director of Operations & Maintenance (or delegate).

(b)  Sub-owner: Chemistry Manager - Chemistry & Environment Safety Plan for
segment scope issued and a brief provided to the Outage Manager
(Planning/Execution) and Director of Operations & Maintenance (or delegate).

(c) Sub-owner: Radiation Protection Manager Radiation Protection Safety Plan
(ALARA Plan) for segment scope issued and a brief provided to the Outage
Manager (Planning/Execution) and Director of Operations & Maintenance (or
delegate).
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5.2.9

Segment 0 Scope Approved in ROOMS

Work orders related to Segment 0 scope are required to be approved in ROOMS with
outage number assigned (example: DNRU3) and flagged PREREQ.

Milestone Timeline

This program milestone window opens 30 months prior to the outage start and is
complete by 24 months prior to the outage start.

Milestone Owner
Outage Manager (Planning)
Sub-milestone Owners

Vendor Project Managers

OPG Project Managers

Refurbishment Maintenance Manager
Refurbishment Operations Manager
Outage Manager (Planning)

Manager, Darlington Work Management
Return to Service Manager

Milestone Management Specific Requirements

Milestone Kick-off meeting Required

Requirements to Satisfy the Milestone:

(@) Sub-owner OPG Project Managers: All Refurbishment Outage Segment 0
Project Scope has been identified in ROOMS and is coded per D-GUID-09701-

10013 (i.e. scope required to be completed prior to Breaker Open). Target
completion 26 months prior to the outage start.

(b)  Sub-owner Outage Manager (Planning): ROOMS work order approval has been
completed and the supporting assessment managers and Project Directors have
been notified to commence Initial Work Order Assessment. Target completion
24 months prior to the outage start.
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5.3 Schedule milestones
5.3.1 Revision ‘A’ Schedule Issued

The Revision ‘A’ schedule is a Level | schedule overview depicting the key
components of the outage Critical Path, approved Major Scope, and anticipated
System Window logic with proposed durations. It provides the overall duration and
layout of the refurbishment outage.

This schedule is based on ROOMS approved scope, available initial assessments,
standard window logic, and equipment constraints.

Milestone Timeline

This program milestone window opens 27 months prior to the outage start and is
complete by 18 months prior to the outage start.

Milestone Owner
Outage Manager (Planning)

Supporting Managers

Vendor Project Managers

OPG Project Managers

Maintenance Manager — Refurbishment
Reactor Safety Manager — Refurbishment
Operations Manager — Refurbishment
Return to Service Manager

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:

(@) Sub-owner: Project Managers, Maintenance Manager, and RTS Manager -
Level Il schedules prepared. Target completion 18 months prior to outage start.

(b) The Revision ‘A’ schedule has been developed and reviewed based on known
outage scope. Level | Critical Path and major system/project window logic is
presented in the schedule. Initial lessons learned have reviewed and
incorporated into the Level I. Target completion 18 months prior to outage start.
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5.3.2

Revision ‘B’ Schedule Issued

Revision ‘B’ outage schedule depicts the horizontal detail of the refurbishment outage
and describes Level Il detail of the critical path, major maintenance and modification
activities, and layout of the system windows. The schedule should include: finalized
work scope, logic ties and pre/post-requisite identification. Level Ill schedules are
available to integrate with the overall program based on the Level | logic.

Milestone Timeline

This program milestone window opens 18 months prior to the outage start and is
complete by 8 months prior to the outage start.

Milestone Owner
Outage Manager (Planning)

Sub-milestone Owners

OPG Project Directors

Vendor Project Managers

OPG Project Managers

Maintenance Manager — Refurbishment

Reactor Safety Manager — Refurbishment

Operations Manager — Refurbishment

Return to Service Manager

Director of Operations & Maintenance — Refurbishment

Milestone Management Specific Requirements
Lessons Learned Documented

Requirements to Satisfy the Milestone:

(@) Sub-owner Project Managers, Maintenance Manager, and RTS Manager — Level
Il schedules prepared. Lessons learned from previous Unit execution have
been reviewed and incorporated. TCD 10 months prior to the outage start.

(b) Sub-owner Outage Manager (Planning) — Prepare revised Level | with Level
Window Layout and Level lll critical path identified. Lessons learned from
previous Unit execution have been reviewed and incorporated. TCD 9 months
prior to the outage start.

(c) The Revision ‘B’ schedule has been reviewed by Sub-owners and approved by
the Director of Operations and Maintenance Refurbishment. Target completion
8 months prior to outage start.
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5.3.3

Revision ‘C’ Schedule Issued

The goal of this milestone is to develop a resourced Level lll schedule, with finalized
critical path, logic ties and support activities identified. This schedule depicts the
vertical interactions of the outage.

Milestone Timeline

This program milestone window opens 8 months prior to the outage start and is
complete by 3 months prior to the outage start.

Milestone Owner
Outage Manager (Planning)

Sub-milestone Owners

Vendor Project Managers

OPG Project Managers

Maintenance Manager — Refurbishment
Reactor Safety Manager — Refurbishment
Operations Manager — Refurbishment
Return to Service Manager

Milestone Management Specific Requirements
Lessons Learned Documented

Requirements to Satisfy the Milestone:

(@) Sub-owner Outage Manager (Planning): All level Il schedules integrated with
the Interface Milestone File (IMF) for all the windows. All level lll details are
rolled up to level Il (Work Packages).

(b) Sub-owner Outage Manager (Planning): Vertical Slice Challenge meetings have
been held and associated adjustments made. Target Completion 5 months prior
to outage start.

(c) Sub-owner Outage Manager (Planning): Electrical Load Lists have been
reviewed to facilitate proper planning of electrical bus outage and related
temporary power supplies and confirm understanding of the full scope of
electrical work and the potential impact planned electrical work may have on
other work and on-line work. Associated adjustments made. Target Completion
5 months prior to outage start.

(d) Sub-owner Outage Manager (Planning): Lessons learned from previous Unit
execution have been reviewed and incorporated. Draft Rev ‘C’ schedule sent to
Reactor Safety and Operations by 5 months prior to outage start.

(e) Sub-owner Reactor Safety Manager: Probabilistic Risk Assessment (PRA)
analysis and recommendations completed and sent to Outage Manager
(Planning). Target completion 4 months prior to outage start.
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(f)  Sub Owner Operations Manager: Review of shutdown safety transitions such as
heat sinks, shutdown guarantees, and special safety system unavailability.
Recommendations communicated to Outage Manager. Target completion 4
months prior to outage start

(g) Reactor Safety and Operations recommendations incorporated into the Rev. ‘C’
schedule, and approved by the Director of Operations and Maintenance
Refurbishment. Target completion 3 months prior to outage start.
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5.34 Revision ‘0’ Schedule Issued

Revision ‘0’ outage schedule describes Level Il detail of the critical path, major
maintenance and modification activities, and the finalized layout of the system
windows. At this point, the schedule should include Reactor Control Hold Points and
shutdown scripting. Once approved this is the baseline schedule for the
Refurbishment outage.

Milestone Timeline

This program milestone window opens 3 months prior to the outage start and is
complete by 0.5 months prior to the outage start.

Milestone Owners
Outage Manager (Planning)

Sub-milestone Owners

Vendor Project Managers

OPG Project Managers

Maintenance Manager — Refurbishment
Reactor Safety Manager — Refurbishment
Operations Manager — Refurbishment
Return to Service Manager

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:
(a) Fully developed schedule with:

(1) Level | schedule overview identifying the key components of the finalized
Critical Path, major projects and programs.

(2) Level Il schedule overview identifying the execution windows with
durations.

(3) All Level lll task level schedules with activities logically tied, resource
loaded and levelled.

(4) All Level lll schedules are fully integrated with IMF.

(b) Draft Rev ‘0’ schedule sent to Reactor Safety and Operations for review.
Lessons learned from previous Unit execution have been reviewed and
incorporated. Target completion 2 months prior to outage start.

(c) Reactor Safety and Operations recommendations incorporated. Target
completion 1 month prior to the outage start.

(d)  Final Schedule approved by the Director of Operations and Maintenance
Refurbishment.
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5.3.5

Schedule Update

The Revision 0 schedule issued prior to the start of the first Segment was based on
the best information available at the time. This segmented milestone will allow a
review and re-forecast of the Level Il schedules to adjust for window movement, and
increased planning detail for the upcoming segment.

Milestone Timeline

This segment milestone window opens 5 months prior to the segment start and is
complete by 0.5 month prior to the segment start. This is not required for Segment 1,
as the program milestone related to the Revision 0 schedule meets the requirements.

Milestone Owners
Outage Manager (Planning/Execution)

Sub-milestone Owners

Vendor Project Managers

OPG Project Managers

Maintenance Manager — Refurbishment
Reactor Safety Manager — Refurbishment
Operations Manager — Refurbishment
Return to Service Manager

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:

(a) Review the forecast for windows expected to cross into the next segment, as
well as windows planned to start in the next segment.

(b) Updated project schedules and resource profiles incorporated into the schedule.

(c) Horizontal and vertical reviews complete for any windows that have moved or
that will be carried over, and for any changes to execution strategy of work in the
windows. A challenge meeting is held.

(d) Mitigation plans put in place for risks related to window movements.

(e) For the lead-out segment only (Reactor Safety Considerations during fuel load,
refill and start-up):

(1) Draft schedule sent to Reactor Safety and Operations by 3 months prior to
the start of the lead out segment.

(2) Probabilistic Risk Assessment (PRA) analysis and recommendations
completed by Reactor Safety and sent to Outage Manager
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(Planning/Execution) by two months prior to the start of the lead out
segment.

(3) Reactor Safety and Operations recommendations incorporated into the
schedule.

(4) The schedule has been reviewed and approved by the Director of
Operations and Maintenance Refurbishment.

(f)  Issue updated Revision ‘X’ Schedule.

N-TMP-10010-R012 (Microsoft® 2007)





Manual

Filed: 2020-12-31
EB-2020-0290
Exhibit D2-2-3

Internal Use Only

Attachment 2
Page 43 of 81

Document Number: Usage Classification:

NK38-MAN-09701-10005 Information

Sheet Number: Revision Number: Page:

MLST R001 43 of 81

Title:

REFURBISHMENT UNIT PLANNING MILESTONES

5.3.6

Segment 0 Schedule Issued

The goal of this milestone is to develop a Level | schedule for the execution of
Segment 0 activities. At this milestone, projects with Segment 0 work also have
Level Il schedules prepared. All DPZ WOs to be executed by the station have also
been identified and flagged “DPZ”.

Milestone Timeline

This Program milestone window opens 30 months prior to the outage start and is
complete by 20 months prior to the outage start.

Milestone Owner
Outage Manager (Planning)

Sub-milestone Owners

Vendor Project Managers with work in Segment O
OPG Project Managers with work in Segment 0
Maintenance Manager — Refurbishment

Reactor Safety Manager — Refurbishment
Operations Manager — Refurbishment

Station Work Control Manager

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:

(@) Sub-owner Outage Manager (Planning): Prepare Level | with Level [l Window
Layout. Review with Station Work Control Manager. Lessons learned from
previous Unit execution have been reviewed and incorporated. Target
completion 20 months prior to the outage start.

(b) Sub-owner Outage Manager (Planning): Issue Level | Segment 0 schedule with

Level Il Window Layout, accepted by Station Work Control Manager. Target
completion 20 months prior to the outage start.

(c) Sub-owner Outage Manager (Planning): WOs required for Outage Readiness
have been identified and flagged “DPZ”. Outage Manager (Planning) has met
Station Work Control/Outage Manager and have provided written/email
concurrence. Target completion 20 months prior to the outage start.
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5.4

5.4.1

Cost Estimate Milestones
Planning Estimate and Release

This milestone is to support a Board of Directors decision to release the funds required
to execute preliminary planning (up to the next scheduled Board of Directors release).

Milestone Timeline

This Program Milestone window opens 32 months prior to the outage and is complete
by 28 months prior to the outage. Completion date of this milestone is reliant on the
date of the Board of Directors meeting.

Milestone Owner
Director Project Controls

Sub-milestone Owners

OPG Project Directors

Director Refurbishment Engineering

Director Operations & Maintenance — Refurbishment
Director Supply Chain

Director Finance

Milestone Management Specific Requirements
Kick-off Meeting
Lessons Learned

Requirements to Satisfy the Milestone

(@) Sub-owner Project Directors, Director Operations & Maintenance, Director
Refurbishment Engineering — For preliminary planning, review the planning
resource and cost estimates (PEPC level), cash flow, scope, schedules, risks
and contingency. This should include any changes to the Release Quality
Estimate at the work package level through change control processes. Target
completion 30 months prior to the outage start.

(b)  Sub-owner Director Project Controls — Evaluate and document any changes to
the planning estimates and risk profile. Prepare estimate support package for
Board of Directors review. Target Completion 29 months prior to the outage
start.

(c) Sub-owner Director Project Controls — support Board of Directors meeting
preparation. Target Completion 28 months prior to the outage start.

(d) Sub-owner Project Managers — Project Schedules and Estimates required to for
Segment 0 and Execution Planning as well as long lead materials are prepared.
Schedules and Estimates are to support next Gate Release (e.g. Gate 2).
Target Completion 30 months prior to outage start.
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5.4.2

Preliminary Estimate and Release

This milestone is to support a Board of Directors decision to release the funds required
to execute planning and Segment 0 execution (up to the Execution release). Major
outage scope is known for this milestone.

Milestone Timeline

This Program Milestone window opens 24 months prior to the outage and is complete
by 18 months prior to the outage. Completion date of this milestone is reliant on the
date of the Board of Directors meeting.

Milestone Owner
Director Project Controls

Sub-milestone Owners

OPG Project Directors

Director Refurbishment Engineering

Director Operations & Maintenance — Refurbishment
Director Supply Chain

Director Finance

Milestone Management Specific Requirements
Kick-off Meeting
Lessons Learned

Requirements to Satisfy the Milestone:

(@) Sub-owner Project Directors, Director Operations & Maintenance, Director
Refurbishment Engineering — For remaining planning and Segment 0 execution,
review the planning and Segment 0 execution resource and cost estimates
(PEPC level), cash flow, scope, schedules, risks and contingency. This should
include any changes to the Release Quality Estimate at the work package level
through change control processes. Target completion 20 months prior to the
outage start.

(b)  Sub-owner Director Project Controls — Evaluate and document any changes to
the planning estimates and risk profile. Prepare estimate support package for
Board of Directors review. Target Completion 19 months prior to the outage
start.

(c) Sub-owner Director Project Controls — Support Board of Directors meeting
preparation. Target Completion 18 months prior to the outage start.

(d) Sub-owner Project Managers — Project Schedules and Estimates required for
Segment 0 Execution and Execution Planning are prepared. Schedules and
Estimates are to support next Gate Release (e.g. Gate 3a). Target Completion
20 months prior to outage start.
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5.4.3

Execution Phase Final Estimate and Release

This milestone is to support a Board of Directors decision to release the funds required
to execute the Refurbishment Outage. Updated schedule and risks are available for this
execution release.

A set of source documents will be produced for this estimate, which will include the full
set of project management plans, schedules, cost estimates, risk plans and other
documents on a projects and/or functional basis.

Milestone Timeline

This Program Milestone window opens 14 months prior to the outage and is complete
by 6 months prior to the outage. Completion date of this milestone is reliant on the
date of the Board of Directors meeting.

Milestone Owner
Director Project Controls

Sub-milestone Owners

OPG Project Managers

Director Refurbishment Engineering

Director Operations & Maintenance — Refurbishment
Director Supply Chain

Director Finance

Milestone Management Specific Requirements
Kick-off meeting required
Lessons Learned Documented

Requirements to Satisfy the Milestone:

(@) Sub-owner: Project Managers, Director Operations & Maintenance, Director
Refurbishment Engineering — Update Project Management Plans including a
complete set of execution phase strategies. Target completion 10 months prior
to the outage start.

(b) Sub-owner: Project Directors, Director Operations & Maintenance, Director
Refurbishment Engineering — For execution phase, review the cost estimates
(PEPC level), cash flow, schedules, risks and contingency. This should include
any changes to the Release Quality Estimate at the work package level through
change control processes. Target completion 10 months prior to the outage
start.

(c) Sub-owner: Director Project Controls — Reviews and assembles the Final
Estimate Package, which includes the full set of project management plans,
schedules, cost estimates, risk plans and other documents on a projects and/or
functional basis as required to meeting the Final estimates complete as
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documented in Project Management Plan. Target completion 9 months prior to
the outage start.

Sub-owner Director Project Controls — Prepares a set of verification documents
contained within the Final Estimate Package which represents the auditable
confirmation that the Project representative document set reflects a Class |l
minimum or better required project definition maturity level. Target completion 7
months prior to the outage start.

Sub-owner Director Project Controls — Prepare the estimate support package for
Board of Directors review and support Board of Directors meeting preparation.
Target Completion 6 months prior to the outage start.

Sub-owner Project Managers — Project Schedules and Estimates required for
Execution are prepared. Schedules and Estimates are to support next Gate
Release (e.g. Gate 3b). Target Completion 10 months prior to outage start.
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5.5

5.5.1

Material Milestones
Long Lead Materials Identified

Long lead materials (LLM) associated with approved scope in ROOMS are to be

identified. For the purpose of this milestone, Long lead materials includes any material

with a lead time (time from purchase order issue to delivery of material) of 6 months
(180 days) or greater.

Milestone Timeline

This program milestone window opens 30 months prior to the outage start and is
complete by 18 months prior to the outage start.

Milestone Owner
Parts Manager (EPC Procurement Manager)

Sub-milestone Owners

Vendor Project Managers

OPG Project Managers

Refurbishment Maintenance Manager
Director Refurbishment Engineering
Project Director, Projects & Modifications
Manager Supply Chain

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:

(@) Sub Milestone Owner: Director Refurbishment Engineering - Where OPG
Engineering is the Design Service Provider, the DTL has identified LLM
associated with project design modifications and a list has been issued to the
associated Project Directors, the executing vendor organization, and the Parts
Manager. Target Completion 19 months prior to the outage start.

(b) Sub Milestone Owner: Project Managers — LLM identified by OPG Engineering
has been entered into the Parts Tracking Tool (PTT).

(c) Sub Milestone Owner: Project Managers — Where OPG Engineering is not the
Design Service Provider, the associated project (and their DSP) has identified

LLM associated with project design modifications and input the list into the Parts

Tracking Tool (PTT). Target Completion 19 months prior to the outage start.

(d) Sub Milestone Owner: Maintenance Manager — Approved scope in ROOMS has

been reviewed and long lead material needs have been identified by inputting
LLM flags on the associated work orders as applicable. LLM is identified in the
PTT. Target Completion 19 months prior to the outage start.
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(e) Sub Milestone Owner: Director Darlington Projects & Modifications — All required
LLM has been identified in the PTT. Target Completion 19 months prior to the
outage start.

(f)  Sub-milestone owner: Vendor Project Managers — Letter/email has been issued
to the Project Director, from the EPC Vendor and accepted by the Milestone
Owner, stating that the milestone has been met according to the above criteria.

N-TMP-10010-R012 (Microsoft® 2007)





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

Exhibit D2-2-3
Attachment 2
Internal Use Only Page 50 of 81
Document Number: Usage Classification:
Manual NK38-MAN-09701-10005 Information
Sheet Number: Revision Number: Page:
MLST R001 50 of 81

Title:

REFURBISHMENT UNIT PLANNING MILESTONES

5.5.2 Long Lead Material Purchase Orders Issued

Long lead materials should be ordered soon after identification. At this milestone, all
long lead material PO’s are to be generated so that identified material is delivered no
later than 3 months prior to the execution window start.

Milestone Timeline

This Program milestone window opens 27 months prior to the outage start and is
complete by 14 months prior to the outage start.

Milestone Owners
Parts Manager (EPC Procurement Manager)

Sub-milestone Owners

Vendor Project Managers

OPG Project Managers

Refurbishment Maintenance Manager
Project Director, Projects & Modifications
Manager Supply Chain

Milestone Management Specific Requirements
Milestone Kick-off meeting Required
Lessons Learned Documented

Requirements to Satisfy the Milestone:

(@) Alllong lead materials identified have purchase orders issued so that material
will be delivered no later than 3 months prior to the execution window start.

(b) All purchase orders and target delivery dates have been recorded in the Parts
Tracking Tool for material including those ordered through AS7.

(c) Letter/email issued to the Project Director, from the EPC Vendor and accepted
by the Milestone Owner, stating that the milestone has been met according to
the above criteria.

N-TMP-10010-R012 (Microsoft® 2007)





Manual

Filed: 2020-12-31
EB-2020-0290
Exhibit D2-2-3

Internal Use Only

Attachment 2
Page 51 of 81

Document Number: Usage Classification:

NK38-MAN-09701-10005 Information

Sheet Number: Revision Number: Page:

MLST R001 51 of 81

Title:

REFURBISHMENT UNIT PLANNING MILESTONES

5.5.3

Material Purchase Orders Issued for Known Materials

At this program milestone, PO’s should be generated so that known material
requirements for all segments is delivered no later than 3 months prior to the execution
window start. Purchase orders have been generated and input into the PTT by the
organization doing the purchasing. Some material requirements will not be known at
this milestone; these additional materials may be ordered as per the associated
segmented milestone.

Milestone Timeline
This program milestone window opens 14 months prior to the outage start and is
complete by 6 months prior to the outage start.

Milestone Owners
Parts Manager (EPC Procurement Manager)

Sub-milestone Owners

Vendor Project Managers

OPG Project Managers

Maintenance Manager - Refurbishment
Director Refurbishment Engineering
Project Director, Projects & Modifications
Manager Supply Chain

Milestone Management Specific Requirements
Milestone Kick-off meeting

Requirements to Satisfy the Milestone:

(@) Sub-owner Project Managers & Maintenance Manager: Known material
requirements are listed in PTT and have approved MRs in AS7 (as applicable).
Target completion 10 months prior to the outage start.

(b) Sub-owner Project Managers & Manager Supply Chain: Materials identified
have purchase orders issued to ensure material is delivered no later than
3 months prior to the execution window start. PO references available in PTT.
Target Completion 7 months prior to outage start.

(c) Letter/email issued to the Project Director, from the EPC Vendor and accepted
by the Milestone Owner, stating that the milestone has been met according to
the above criteria.
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5.5.4

All Material Purchase Orders Issued

At this segment milestone, PO’s should be generated so that all identified material is
delivered no later than 3 months prior to the segment start. All material purchase
orders have been generated and input into the PTT by the organization doing the
purchasing.

Milestone Timeline
This segment milestone window opens 12 months prior to the segment start and is
complete by 6 months prior to the segment start.

Milestone Owners
Parts Manager (EPC Procurement Manager)

Sub-milestone Owners

Vendor Project Managers

OPG Project Managers

Maintenance Manager - Refurbishment
Director Refurbishment Engineering
Project Director, Projects & Modifications
Manager Supply Chain

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:

(@) Sub-owners Director Refurbishment Engineering & Project Managers: Where the
Design Organization and the Procurement Organization are different, the
Modification Team Lead (or delegate) has turned over BOM to the executing
organization in a face-to-face brief, with a focus on any changes to materials
based on design revisions. Target completion 10 months prior to the segment
start.

(b) Sub-owner Project Managers & Maintenance Manager: Material requirements
are listed in PTT and have approved MRs in AS7 (as applicable). Target
completion 9 months prior to the segment start.

(c) Sub-owner Project Managers & Manager Supply Chain: Materials identified are
to have purchase orders issued to ensure material is delivered no later than 3
months prior to the execution window start. PO references available in PTT.
Target Completion 6 months prior to segment start.

(d) Letter/email issued to the Project Director, from the EPC Vendor and accepted
by the Milestone Owner, stating that the milestone has been met according to
the above criteria.
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5.5.5 At Risk Material List Generated

At this segment milestone, an “At Risk Materials” list is generated based on a review of
the PTT and Material Requests (MRs). “At Risk Materials” are defined as parts that
are forecast not to arrive before 3 months of the planned execution window start.
Monthly updates of this list are expected to be reported to the Outage Manager
(Planning/Execution) and associated Project Directors, and risk mitigation plans
prepared as appropriate.

Milestone Timeline
This segment milestone window opens 6 months prior to the segment start and is
complete by 3 months prior to the segment start.

Milestone Owners
Parts Manager (EPC Procurement Manager)

Sub-milestone Owners

Vendor Project Managers

OPG Project Managers

Maintenance Manager - Refurbishment
Project Director, Projects & Modifications
Manager Supply Chain

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:

(@) Milestone Owner has generated an ‘At Risk Materials List’ for the segment,
identifying any material that is forecast for delivery less than 3 months from the
start of the execution window of the work. List provided to the Outage Manager
(Planning/Execution) and associated Project Managers and Directors for
appropriate action. Target completion 3 months prior to the segment start.
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5.5.6 Segment 0 Long Lead Material Purchase Orders Issued

Long lead materials should be ordered soon after identification. At this milestone, all
long lead material PO’s are to be generated for Segment 0 work so that identified
material is delivered no later than 3 months prior to the execution window start.

Milestone Timeline

This Program milestone window opens 30 months prior to the outage start and is
complete by 24 months prior to the outage start.

Milestone Owners
Parts Manager (EPC Procurement Manager)

Sub-milestone Owners

Vendor Project Managers

OPG Project Managers

Refurbishment Maintenance Manager
Project Director, Projects & Modifications
Manager Supply Chain

Milestone Management Specific Requirements
Milestone Kick-off meeting Required
Lessons Learned Documented

Requirements to Satisfy the Milestone:

(a) Alllong lead materials identified have purchase orders issued so that material
will be delivered no later than 3 months prior to the execution window start.

(b)  All purchase orders and target delivery dates have been recorded in the Parts
Tracking Tool for material including those ordered through AS7.

(c) Letter/email issued to the Project Director, from the EPC Vendor and accepted
by the Milestone Owner, stating that the milestone has been met according to
the above criteria.

N-TMP-10010-R012 (Microsoft® 2007)





Manual

Filed: 2020-12-31
EB-2020-0290
Exhibit D2-2-3

Internal Use Only

Attachment 2
Page 55 of 81

Document Number: Usage Classification:

NK38-MAN-09701-10005 Information

Sheet Number: Revision Number: Page:

MLST R001 55 of 81

Title:

REFURBISHMENT UNIT PLANNING MILESTONES

5.6

5.6.1

Engineering Milestones
Segment 0 Projects Permanent Modifications Design Complete

All identified Segment 0 project design modifications are fully approved at this
milestone. Segment 0 project execution starts approximately 1 year prior to the
outage start date and must meet the requirements of N-PROC-MA-0022, so early
approval of modifications is required. This one year period to complete designs is
considered adequate for replicated and less complex designs. The executing project
manager(s) are responsible to ensure that any designs considered high risk are
initiated early enough to complete the milestone by the due date.

Milestone Timeline
This Program milestone window opens 34 months prior to the outage start and is
complete by 22 months prior to the outage start.

Milestone Owners
Director Refurbishment Engineering

Sub-milestone Owners

Vendor Project Managers with Segment 0 scope

OPG Project Managers with Segment 0 scope

Project Director, Projects & Modifications (as applicable)

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:
(@) All Segment 0 project design modifications (Design ECs) completed by a Design
Service Provider (i.e. non-OPG) have lessons learned incorporated (as

applicable), DCAVR complete and have been set to approved.

(b)  All Segment 0 project design modifications (Design ECs) completed by OPG
Engineering have lessons learned incorporated, are set to approved.

(c) Project EC’s have been created as necessary and are set to approved.
(d) ADLs correctly identify Operations and Maintenance affected documents.
(e) Where the Design Organization and Executing Organization are different, the

Executing organization and the OPG project team has been briefed on the final
design and material requirements.
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5.6.2 New Projects Permanent Modifications Planning Complete

This milestone has been removed.
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5.6.3

Projects Permanent Modifications Design Complete

This segmented milestone is to complete the design of all permanent modifications to
be executed in the segment. This one year period to complete designs is considered
adequate for replicated and less complex designs. The executing project manager(s)
are responsible to ensure that any designs considered high risk are initiated with
enough time to complete by 12 months prior to the start of the execution segment.

Milestone Timeline
This segment milestone window opens 24 months prior to the segment start and is
complete by 12 months prior to the segment start.

Milestone Owners
Director Refurbishment Engineering

Sub-milestone Owners

Vendor Project Managers

OPG Project Managers

Project Director, Projects & Modifications
Operations Manager

Maintenance Manager

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:

(@) All project design modifications (Design ECs) to be executed in the segment and
completed by a Design Service Provider (i.e. non-OPG) have lessons learned
incorporated, DCAVR complete and have been set to approved per N-PROC-
MP-0090 Modification Process, and NK38-GUID-01900-10001 Darlington
Refurbishment: Design Completion Assurance.

(b)  All project design modifications (Design ECs) to be executed in the segment and
completed by OPG Engineering have lessons learned incorporated, have been
set to approved per N-PROC-MP-0090.

(c) EC related document requirements or Project EC’s related to the modifications
have been identified in AS7.

(d)  Where the design organization and the executing organization are different, the
executing organization and the OPG project team have been briefed on the final
design and material requirements by the design teams.
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5.6.4

Other Design Modifications Documents Issued

This segmented milestone is to complete any additional TMODs or NICRs be executed
in the segment.

Milestone Timeline
This segment milestone window opens 18 months prior to the segment start and is
complete by 10 months prior to the segment start.

Milestone Owners
Director Refurbishment Engineering

Sub-milestone Owners

Vendor Project Managers

OPG Project Managers

Project Director, Projects & Modifications

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:

(@) All known Temporary Modifications (TMODS) or Non-Identical Component
Replacements (NICRs) Design ECs to be executed in the segment and
completed by a Design Service Provider (i.e. non-OPG) have lessons learned
incorporated, DCAVR complete and have been set to approved per N-PROC-
MP-0090 Modification Process, and NK38-GUID-01900-10001 Darlington
Refurbishment: Design Completion Assurance.

(b) Al TMODS or NICRs Design ECs to be executed in the segment and completed
by OPG Engineering have lessons learned incorporated, have been set to
approved per N-PROC-MP-0090.

(c) EC related document requirements or Project EC’s related to the modifications
have been identified in AS7.

(d)  Where the design organization and the executing organization are different, the
executing organization and the OPG project team have been briefed on the final
design and material requirements by the design teams.
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5.6.5

Commissioning Specifications Issued

This segmented milestone is to issue commissioning specifications related to any
design modifications to be executed during the segment.

Milestone Timeline
This segmented milestone window opens 10 months prior to the segment start and is
complete by 6 months prior to the segment start.

Milestone Owners
Director Refurbishment Engineering

Sub-milestone Owners

Vendor Project Managers

OPG Project Managers

Project Director, Projects & Modifications
Sr Manager Equipment Reliability

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:

(a) Sub-owners Director Refurbishment Engineering, Project Managers, and Project
Director Projects and Modifications - Commissioning specifications related to
design modifications to be executed during the segment are issued.

(b) Sub-owners Director Refurbishment Engineering, Project Managers, and Project
Director Projects and Modifications - Where the design is replicated and the
same commissioning specification is being used, Engineering has completed a
task to review the commissioning specification with respect to the replicated
design and lessons learned, and either confirmed no changes are required, or
have updated and issued the revised commissioning specification.
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5.7

5.71

Training milestones
Training Readiness

This segmented milestone is to complete training for staff to be ready to execute work
in the segment.

Milestone Timeline
This segmented milestone window opens 6 months prior to the segment start and is
complete by the segment start date.

Milestone Owners
Director Refurbishment Training

Sub-milestone Owners
Vendor Training Managers
Darlington Training Manager

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:

(@) OPG Training requirements for execution of work in the segment are
documented and approved.

(b)  Training requirements for vendor execution of work in the segment are
documented by vendor partners and provided to OPG (Director Refurbishment
Training).

(c) Required training is available, and all staff requiring training has completed it, or
are scheduled in a manner to support work execution. Proof of completion is
available.
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5.7.2

Segment Briefing Package

This segmented milestone is to issue the Segment Briefing Package to inform staff of
the work and the timelines expected to be complete during the segment of the outage.

Milestone Timeline
This segment milestone window opens 3 months prior to the segment start and is
complete by 1 month prior to the segment start.

Milestone Owner
Corporate Relations and Communication Manager (CRCM) — Refurbishment

Sub-milestone Owners

Outage Manager (Planning/Execution)
OPG Project Directors

Manager Integrated Scheduling

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:

(a) Sub-owner Outage Manager - ‘Segment Roadmap’ prepared and approved with
overview of the major work in the segment and the expected timelines.

(b) Sub-owner CRCM - A communication plan has been prepared to inform staff and
stakeholders of the segment transition.
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5.8 Regulatory and Risk Milestones
5.8.1 Regulatory Approvals Plan Issued

This milestone is to issue a plan to obtain CNSC approvals or provide CNSC
notifications as required to execute work or clear hold points.

Milestone Timeline
This program milestone window opens 24 months prior to the outage start and is
complete by 15 months prior to the outage start.

Milestone Owners
Regulatory Affairs Manager — Refurbishment

Supporting Managers

Director Refurbishment Engineering

Director of Operations & Maintenance — Refurbishment
Regulatory Affairs Manager — Darlington Station
Refurbishment Project Directors

Project Director, Projects & Modifications

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:

(@) Milestone Owner has issued a plan detailing all CNSC approvals or notifications
required during the refurbishment outage. The plan will include owners and
dates for drafts, reviews, issuance, and expected CNSC responses. Support
from Sub-milestone owners may be required.

(b) The Regulatory Approvals Plan has an associated tracking process (AR, RMO,
P6, etc.) for assignments accepted by owners.
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5.8.2

Regulatory Approvals Obtained

This segment milestone is to obtain CNSC approvals or provide CNSC notifications as
required to execute work or clear hold points in the segment.

Milestone Timeline
This segmented milestone window opens 15 months prior to the segment start and is
complete by 3 months prior to the segment start.

Milestone Owners
Regulatory Affairs Manager — Refurbishment

Sub-milestone Owners

Director Refurbishment Engineering

Director of Operations & Maintenance — Refurbishment
Regulatory Affairs Manager — Darlington Station
Refurbishment Project Directors

Project Director, Projects & Modifications

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:
(@) All CNSC approvals or notifications required during the segment have been
obtained or are completed. Any approval not obtained by this milestone for work

during the segment has a project recovery plan.

(b) The Regulatory Approvals Plan for the outage has been updated with references
of letters sent/received, and any changes to the plan.
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5.8.3

Risk Mitigation Plans Prepared

This milestone is to review and update the risks and mitigation plans for the projects.
Best practice is that risks should be updated as part of ongoing project planning; the
intent of this milestone window is intended to be a focussed review and update of the
project risks incorporating lessons learned from previous outages and ensuring
contingencies are built into the outage schedule. Risks should continue to be
reviewed and updated throughout the project planning and execution.

Milestone Timeline
This program milestone window opens 12 months prior to the outage start and is
complete by 7 months prior to the outage start.

Milestone Owners
Risk Manager — Project Controls

Sub-milestone Owners

OPG Project Managers

Vendor Project Managers

Operations Manager

Maintenance Manager

Radiation Protection Manager

Return to Service Manager

Project Director, Projects & Modifications
Director Refurbishment Engineering

Milestone Management Specific Requirements
Milestone kick-off meeting required

Requirements to Satisfy the Milestone:

(@) The risks and mitigation plans related to each project have been reviewed and
updated, incorporating lessons learned from other projects and previous
outages. Lessons learned may be obtained from RMO, SCRs, or project files.

(b) Risks are ranked and contingency assigned.

(c) First of a Kind (FOAK) or First in a While (FIAW) projects have held initial
challenge meetings.
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584 Pre-Outage Readiness Review Complete

This program milestone is to hold a pre-outage readiness review. This review is an
executive challenge of readiness and risks.

Milestone Timeline
This program milestone window opens 4 months prior to the outage start and is
complete by 2 months prior to the outage start.

Milestone Owner
Outage Manager (Planning)

Sub-milestone Owners

OPG Project Directors

Director Engineering — Refurbishment

Director Operations & Maintenance — Refurbishment
Director Project Controls

Project Director, Projects & Modifications

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:
(@) A readiness review package has been prepared detailing the level | schedule,
milestone completion, significant risks and mitigation plans, FOAK/FIAW

challenges, and execution resources.

(b) A challenge meeting has been held or a Divisional Self Assessment has been
completed (at the discretion of the Milestone Owner).

(c) Actions from the challenge meeting or Divisional Self Assessment are
documented with owners and due dates, and tracked in AS7 or RMO.
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5.8.5

Reactor Safety Challenge Meeting Complete

This segmented milestone is to hold a Reactor Safety Challenge Meeting for work in
the segment, based on the latest revision of the outage schedule. For segments
where the Nuclear Safety risk has been eliminated, the Milestone Owner may
disposition the requirement for a Reactor Safety Challenge Meeting. This disposition
may be in the form of reference to approved governance, or a memo approved by the
Director of Operations & Maintenance.

Milestone Timeline
This segment milestone window opens 3 months prior to the segment start and is
complete by 1 month prior to the segment start.

Milestone Owner
Reactor Safety Manager — Refurbishment

Sub-milestone Owners

Director SUP

Director Unit Outage

OPG Project Directors

Director Engineering — Refurbishment

Director Operations & Maintenance — Refurbishment
Director Operations & Maintenance — Darlington Station
Operations Manager — Refurbishment

Project Director, Projects & Modifications

Milestone Management Specific Requirements
N/A

Requirements to Satisfy the Milestone:

(@) The Terms of Reference in N-PROC-MA-0013, Planned Outage Management,
Milestone #38 are to be used as the basis for the challenge meeting as
applicable to the segment and reactor state. The Milestone Owner determines
applicability.

(b) Meeting will be chaired by the Reactor Safety Manager. Quorum for the meeting
includes a minimum of the following 5 representatives: Duty Manager qualified
Manager, Operations Manager or DOM, Outage Manager (Planning/Execution),
Maintenance Manager, and an Engineering Manager or Engineering Director.

(c) The Reactor Safety Challenge meeting has been completed and any required
actions have been documented in an SCR (C3 NFE) for resolution before the
start of the segment, or on a timeline approved by the Refurbishment DOM.

(d) Manager Operations — Refurbishment and Station, has communicated the
presentation(s) to licensed staff.
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6.0 WINDOW MILESTONES
Window milestones are detailed in Table 2 and visually represented in Appendix C.

The Project Managers own all of these milestones in partnership with the Operations
Manager for Work Permits and OPG Work Plans, and the Sr Manager Equipment
Reliability for Commissioning Plans. For these specific partnered window milestones it
will be crucial that the project provide the associated inputs on-time (approved CWPs
and PC-1’s) and provide face-to-face hand-off to Operations and/or Engineering and
ongoing support to these functions during the windows. It is expected that at the start
of each window milestone that lessons learned from previous Unit(s) executed will be
reviewed and incorporated (as applicable).

Lessons learned are a mandatory post-window milestone which are intended to
capture lessons learned and apply key updates to subsequent unit schedules while
execution staff are still connected to the project, and memories are still fresh. These
milestones are only required for scope that is planned to be repeated on a future
refurbishment unit. If a project has consecutive windows of relatively short duration,
post-window lessons learned and/or next unit milestones may be combined to include
more than one window of similar work.
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Table 2 — Window Milestones

Wmdoz/:vl\l;lsliestone Window Milestone Owner Sub Owners Requirements
-52-16 Work Instructions Project Managers Operations Manager Work Instructions updated and approved with lessons learned
Ready for Execution Sr Manager incorporated from previous units. Work instructions may include
Engineering Plant work plans and/or ITPs.
Reliability CWPs Assembled (as required)
ITPS accepted by TSSA (as required)
D-FORM-10883 Step 2 Complete/Approved (or equivalent)
OPG Support Tasks in AS7 with assessing complete
All additional MR’s Approved
Operations Turnover Plans approved
TPARs verified and updated/resubmitted as required
PC1s Submitted
Face-to-face briefing with Operations and/or Engineering for any
required OPG work permit preparation, commissioning plans, or
OPG workplans.
-24-14 Commissioning Plans Project Managers Operations Mngr OPG workplans that support vendor work in the window have been
and all OPG Workplans Sr Manager Eng Plant approved.
issued Reliability Commissioning workplans to be executed in the window have been
approved.
All associated ITPs have been accepted by the TSSA.
All associated OPG support tasks entered into AS7 and fully
assessed.
-24-12 Materials Receipted or | Project Managers Parts Manager Material and associated documentation has been receipted
Dispositioned

Associated with document type MAN
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Window Milestone

(wks) Window Milestone Owner Sub Owners Requirements
e |dentify Material Risks and need for contingency strategy. This risk
is to be input into RMO and communicated to the Parts Manager
and the Outage Manager (Execution).
-22-12 SATMs Approved Project Managers SERM e SATMs required for work execution are approved
-16-08 Work Permits Operations Manager | Project Managers e PC1’s Reviewed by OPG Operations and Permits prepared.
Prepared e Vendor Lock-Out-Tag-Out (LOTOs) prepared
-12-08 Project Window Project Managers Operations manager e  Collaborative review of window readiness with Trades and OPG
Readiness Review support group participation (as applicable).
Maintenance Manager | e  Verification of alignment of documentation, WO assessments,
schedule logic, materials, tools, equipment, etc.
-12-07 Materials Released for | Project Managers Procurement e All materials receipt inspected
Installation Engineering e Any Required CATIDs Request issued to PE to set to ready
-10-06 Schedule Freeze Project Managers Outage Manager e Project execution schedule fully reviewed and verified.
(Execution) e Logic or schedule changes after this milestone must be approved by
the Outage Manager (Execution) or delegate.
-07-05 Materials Staged* Project Manager Quality Engineering e Materials staged for execution

e  TSSA has released PB material

e PB Materials staged in the East Warehouse (or equivalent) by ITP.
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Window Milestone

(wks) Window Milestone Owner Sub Owners Requirements
*This milestone may be modified by the project manager based on
specific project requirements and as agreed by TSSA Inspector (where
required).
-10-06 Holds Removed Project Managers Engineering Managers | e  All AS7 holds resolved and removed
-10-05 Tools, Equipment and Project Managers Maintenance Manager | e  All special Tools, Equipment and Facilities listed out and verified
Facilities verified Outage Manager available
available (Execution)
-06-02 Document Exceptions Project managers e  Exceptions listed in D-FORM-10883 complete
Complete
-05-02 Final Walkdowns Project Managers Construction Manager | ¢  Walkdowns of the work site complete
e Construction challenge meeting held and actions complete (as
required).
e  Confirm CATIDs set to ready
AFS - 2wks Ops & Maintenance Operations Manager | Project Manager ¢ Maodifications requiring updates to Technical Procedures have
Procedures issued for revisions issued for validation 2 weeks prior to scheduled AFS.
validation
+01+08 Lessons Learned Project Managers Operations Mngr e Post window lessons learned meeting held with representatives

Maintenance Mngr
RP Manager
Engineering

Vendor field staff
SUP Project Manager

from each of the execution groups.
Lessons entered into RMO
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7.0 SEGMENT 0 PROJECT MILESTONES

Segment 0 project milestones are detailed in Table 3 and visually represented in
Appendix D. These milestones apply to those projects being performed prior to the
refurbishment outage and meet the intent of N-PROC-MA-0022 Integrated On-Line
Work Schedule, requirements. It is important to note that this work is targeted to begin
execution approximately one year prior to the refurbishment outage.

It is expected that at the start of each milestone that lessons learned from previous
Unit(s) executed will be reviewed and incorporated (as applicable).
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Table 3 — Segment 0 Milestones

Milestone
Window Segment 0 Milestone Owner Sub Owners Requirements
T-wks
52-20 Vendor Work Instructions Project Manager e D-FORM-10883 Step 2 Complete (or equivalent)
Approved and CWPs Assembled e Allrequired support tasks in AS7 and assessing complete
e All MRs approved
e Operations Turnover Plans Approved
e  TPARs Submitted
52-30 All Material PO’s Issued Parts Manager Project Managers e All material and PQ’s listed in PTT and AS7 (as applicable)
28-20 Materials Receipted Parts Manager Project Managers e Materials delivered (not necessarily to site), including
documentation
e Risks/Contingency identified
27-21 EPC Project Outlines submitted Outage Manager Project Managers e EPCProject Outlines submitted to Station Work Control.
Includes Level | and Station Resource Profile.
e  Project P6 Schedules developed
24-16 OPG Workplans & Commissioning | Project Manager Operations Manager; e OPG Workplans that support vendor work execution
Plans Issued Engineering Manager approved.
e Commissioning plans issued for modifications.
22-12 SATMS Approved Project Manager SERM e Allrequired SATMs applied for and fully approved.
20-12 CNSC Approvals Regulatory Affairs Project Manager; e All CNSC approvals obtained or notifications made.
Manager Engineering Manager
20-16 ITPs Accepted by TSSA Project Managers Quality Manager e  TSSA acceptance of all ITPs
e  CWPs fully ready for execution. Exceptions per signed D-
FORM-10883 (or equivalent).
e PC-1's submitted

Associated with document type MAN
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Milestone
Window Segment 0 Milestone Owner Sub Owners Requirements
T-wks

16-06 Holds Removed Project Managers Engineering Managers Engineering non-parts holds removed by T-13
BMU and Procurement Engineering by T-12
Parts by T-6

14-10 Project Readiness Review Project Managers Collaborative review of window readiness with PMs,
trades and support organization participation.
Confirmation of alignment of documentation and
schedule.
Schedule Logic Refined

12-04 Work Permits prepared Operations Manager Project Managers PC-1’s reviewed by OPG Operations and Work Permits
prepared
Vendor LOTOs prepared

12-08 Project P6 Schedule Freeze Project Manager Outage Manager Project P6 Schedules fully reviewed and verified (IPG
Schedule freeze).

12-07 Materials Released Project Manager Quality Manager Materials receipt inspected
Any required CATIDs requests to PE to set to ready

10-05 Tools, Equipment and Facilities Project Manager Maintenance Manager Any special equipment or tooling requirements verified

verified Available. (example: Cranes, special hoses, etc)
07-05 Materials Staged* Project Manager Materials Staged in Warehouse (PB Materials staged by

ITP)
TSSA released (as required)
PB Holds released
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Milestone
Window Segment 0 Milestone Owner Sub Owners Requirements
T-wks
*This milestone may be modified by the project manager
based on specific project requirements and as agreed by TSSA
Inspector (where required).
06-02 Document Exceptions Complete Project Manager e Exceptions listed in D-FORM-10883 Complete.
e  Confirm CATIDs set to Ready
05-03 Final Walkdowns Project Manager Construction Manager .

Field Walkdowns complete

Final challenge meeting (as required NK38-REF-00211-
00001)

Review lessons learned as documented in RMO tool
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Appendix A: Milestone Recovery Plan Template

To (SUP Project/Outage Manager):

From (Milestone or Sub-MS Owner):

Date:

SCR # (Documenting adverse
condition):

RMO #:

Milestone # and Milestone Name:

Milestone Due Date:

1. Cause of milestone challenge:

2. Course of Action to recover the milestone
(Include: Due dates for Actions, Responsible individuals and Internal impacts).

# Action to Recover Responsible RMO# Due Date
3. Identify effect on cascading or successor pre-outage milestones (if applicable).
This shall include dates by which all successor cascading pre-outage milestones will
be met:
4. Date by which full recovery will be complete (prior to milestone):
5. Bi-weekly recovery review meeting (date/time/room/attendees):

Milestone Owner:

Print Name Signature / Date
Accepted By
Milestone Owner
Line Supervisor:

Print Name Signature / Date
Approved By:

SUP Project / Outage Manager Signature / Date
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- Vendor assignment & release Major Scope

DSUP

005-02 Resource Profile Recanl:iled’
- Vendor resource plans
- RBT reviewed and verification of
availability of resources OM

Program Segment
Program & Segment Milestone Timeline (measurement in months) ‘ MS MS
Unit 2 reaker Open
=24 mihs 60% -12 mths -9 mths -6 mths -3 mths -1 mths Oct 1519
o, | | I | | I | Complete | I | I | | I | 1 | I | | I |
Oct17 ! Nov17 Dec17| Jan 18 Feb 18 Mar 18 Apr18 May18 Jun18  Jul 18 Aug18 Sep 18 Oct18 Nov18 Dec18 Jan 19 Feb19 Mar19 Aprd9 May19 Jun 19 ul 19 Aug19 Sep 19  Oct 19
30-18 Long Lead Materials Identified § - .
3 - Engineering to ic_!entiflyr LLM and issue list to Execntion Tean ’ H g;g\j s;ﬂgtf\w ;': T:'?:si de
<< - Maintenance to identify LLM associated with Cyclic Work PTSM H DSUP — Director Subsequest Unit Planning
« @271 LLMPO's Issued 14-06 Material PO’s Issued for Known Materials * DPC— Drecior Planning & fontrols
= - Flag WO's with LLM need - PO's for all known required material have been issued PTSMY MPR — Sr Manager Plant Réliability
% - Populate PTT with material list and PO# PTSM i H EDA — Director EngineeringiRefurbishment (DA)
‘3&24 Segment 0 LLM POs |ssued. 2-06 All Material PO’s Issued 6-03 At Risk Material List g RSKM - Risk Manager
PTSM ~ All PO's for all required material have been issued PTSIM¥Generated PTS SF',P\": - gfffi'fgf{fja'fge
RAM - Regulatory Aff’airs - ;nager
MTM — Maintenance Managger
CRCM — Corp Relations & Gommunications Manager
.;4-1 2 Unit Transition Plan Approved DSUP ‘
& 05-02 Resource Profile Establishe
O - Vendor resource plans submitted
% | 34-27 Vendor Work @ 20-12 Cyclic Maintenance Contract & Bulk Labour Requirements identified 1T\l g, :ggg%"rgzﬂ Mobilization plans
O |Assigned Known Scope O ) RBTIR ] oM
{0 |- Vendor assignment & | 20-16 Vendor Work Assigned
o |release DsuUP ’

SCHEDULE &

ENGINEERING &

REGULATORY &

SCOPE & PLANNING

ESTIMATES

TRAINING

RISK

32-28 Planning Estimate

-1

124-18 Preliminary Estjmate and Release

. - Level | Schedule overview: Critical F'athl Major Scope, System Window durations

oM
DPC

- Horizontal detail

34-30

Segment 0

Scope

(dentified @ 3024 Segment 0 Scope
‘Apprwed in ROOMS

o}
=

.30-20 Segment 0 (Prerequisite) Schedule Issued

oM

L 4

.30-22 Major Scope in ROOMS

- OPG support tasks identified & Assessed
- Project P6 Execution Schedules

34-22 Segment 0 Design Modifications Issued

All Major Scope WO's approved in ROOMS

‘ - Task out WO's, Identify: Materials, Equipment, Resourcs

ij’

L 4

-Project EC's Approved
-TPARs submitted

ymzm;smpeinms

requirements, Planning holds

24-12 Project Permanent Modifications Design Complete
- DSPs DCAVR complete |

- EC’s Released

EDA

¢

v J1eduie 4 N & 2 15>Ued
- Level Ill detail of the critical path, major maintenance and modification activities, and system windows - Vertical slice reviews ' - Resource loaded Execution Schedule
oM . - RS Review ; oM I - RS Approved Oom
14-06 Execution Estimate and Release DPC .‘ w_umm oM ’
¢ 18-08 Support Documents Need Identified ’'S
-Supporting Documents Identified in P6 i
OM 06-01 Safety Support Plans Prepared ‘
: - ALARA
. H - Chemistry & Environment
‘ - Conventional Safety oM
- All additional known C, D, PM work approved in ROOMS oM ' i
H mmmmgw OPM ‘
oM
é @ 0600 Training Readiness DTRg,

EDA

18-10 Other Design Modifications Documents Issued

.1 0-06 Commissioning Specs Issued

-Tmods/NICRs

RAM _4p15-03 Regulatory Approvals Obtained

EDA’

ED%

! 03.01 Segment
e ng Package <

i CRCM

RAM

- Review/update of all risks and inputin RMO

- Mitigation plans prepared RSKM

.1 2-07 Risk Mitigation Plans Prepared ’

f Challenge Meeting RSM

04-02 Pre-Outage

Complete oM
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Window Milestone Timeline — Measurements in Weeks pre execution window open (WO) or weeks post window end (WE)
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52-32 Vendor Work

Plans & Instructions assembled (D-FORM-10883 Step 2)

32-20 Vendor WorkPlans/Instructions Approved & CWPs 20-186 ITPs accepted by

TSSA & PC1s & TPARs

permits prepared
Vendor LOT Os prepared

4

FORM-10883 complet

| | | | ‘ ‘wc»zs| | | ‘wo-zct | | ‘ |wo-2o| | | |wo-1e| | ‘ |wc»12‘ |wo-1o| | wo-8 | | WO-06 ‘ Wo-5 | WO-4 | wo-3 |wo-nz | | WE+1 | WE+4 ‘ | | ‘ | | WE+1D| |

PRE-EXECUTION WINDOW MILESTONES E)\:,,Elﬁgg‘zhl POST-EXECUTION WINDOW MILESTONES
! : : : 1 : ' : '
é 24-12 100% Materials Receipted or Dispositioned A 12.07 Materials Released _407-05 Materials : : :
) - Acquire missing parts to meet schedule need dates for Installation Staged . [ .
< i E Identify Material Risks and need for contingency strategy v - All Materials receipt - Materials staged H : H
% + - Includes Manufacturer Documentation (Drawings, Manuals, etc.) { inspected - PB Materials : H H
— H 1 - CATID’s request issued staged by ITP and H H :
< H . H ' to setto Ready TSSA released . H .
E ] ] . L] L] n L]
a (] n [ ] - - [ ] L] [
" H [ [ » » . [ .
1 1 » 1] [ ] ] L] » [ ]
: ' : : : : : : :
[ 1 ] [ ) [ . . .
: H H H 10-06 Schedule Freeze H : : H
L [ ' ] . Project execution schedule fully 4 H s
5| E H E E ‘reviewed and verified H E E E
o) . H ' [ -Logic or schedule changes after . ' .
% ' H ' H this milestone to be approved by : H [ H
O E ) E H Qutage Manager E H E H
» : ; H : . ' : H :
L] [] n L] » ] . n .
: ' : : : : : : :
. H [ . » [ . [ "
o3 : : H !12-08 Project Window } ' 5-2 Final : :
H H : Readiness Review ‘ : g Walkdowns | ' .
5 » ' ' H |- Collaborative review of { H - Walkdowns : H
S = H ' : :window Readiness H H - Challenge mtng H H
W % i : : |~ led by OPG & Vendor : , : :
o = H : . 1 PMs, with Trades and  » H . H N
5 v H : H | Support Orgs participtn  § H : H H
| Z:I H ' H '~ Verify alignment of H H H H H
3= : H H ' documentation . H : H H
o [ ] " [ ] ] ] [ ] ] [ ] .
o N » [ [ » . . [ [
] ] L] L] L] ] L] " [
L] [] n L] » ] . n .
! [] ! 1] Ll ] L] ! [ ]
%) H L - H = 3 H ' H
8 E ’ 22-12 SATMs approved ‘. ‘D;Q&ALHQL?LR&U]QAL&G_? E E E
1 » . = - - » [
% ' E ! : 10-05 Outage Tools. Equipment am’ : H H
(@] H " a [ acilities verified Available [ . [
%) " ' [ 1 o - . [ .
i : - : : : : : :
o : : : : : : : ¢
i ' H i E 08-02 Document OPs Turnover E E
52-16 CWPs Ready for Execution (see Note 2) 8 16-08 Work Permits Prepared & Reviewed i Exceptions Complete ‘ & ‘ H H
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1.0

1.1

1.2

2.0

PLANNING MILESTONE DIRECTION

This document takes authority from NK38-MAN-09701-10005 Nuclear Refurbishment
Work Management.

This document describes the Darlington Nuclear Refurbishment Execution Window
and Segment 0 window milestones. For the associated Program and Segmented
milestones, refer to Sheet MLST of this document.

This document defines a sequence of accountabilities and milestones (T-weeks) by
which multiple departments, along with their vendor partners, are required to perform.
These milestones build upon each other to identify, select, plan, schedule and execute
work in a manner that helps ensure high standards of safety and reliability.

Table 1 specifies the requirements to be achieved by each “T-week” in the process.
Compliance Date

The requirements of this document are effective immediately and it supersedes the
use of Darlington Refurbishment Expectation 24 for DNRU3, DNRU1 and DNRU4.

Exceptions

The milestone requirements in this document are not applicable to Unit 2, other than
the post-window lessons learned requirement.

EXECUTION WINDOW MILESTONES

Execution Window milestones represent activities that are required to plan the
successful execution of a specific scope of work prior to the associated execution
window, and those activities required to gather lessons learned following window
closure.

These window milestones include preparing execution documentation (i.e., workplans),
receiving and staging materials, acquiring lay down areas, verifying the availability of
tools, equipment, and facilities, and finalizing project specific logic and work protection.

Project Managers shall plan their projects to meet these milestones. Where projects
are complex and work may take longer than a milestone window provides, the Project
Manager is responsible to initiate the work early enough to meet the milestone end
date. Projects will also have deliverables that may not be associated with these
milestones. It is the responsibility of the projects to identify these deliverables and
ensure they are planned appropriately to ensure readiness to execute the work.

Section 3.4 details the roles and responsibilities for ensuring milestones are met on
time and with quality.
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3.0

3.1

3.2

3.3

3.4

MILESTONE MANAGEMENT

Successful achievement of Darlington Refurbishment goals require the support,
participation and commitment of all departments and stratum levels. This commitment
should involve active, visible participation in activities (communications, meetings),
which ensure work readiness.

Meetings

To ensure readiness, recurring weekly meetings will be set up where progress to date,
path to success and challenges will be discussed. Such meetings will include window
readiness (T-10), scope freeze (T-8) and final readiness (T-2). A specific terms of
reference will be used for each aforementioned meeting, which describes the
objective, agenda, quorum, expectations and deliverables.

In addition to the above execution window meetings, weekly Segment 0 meeting will
be conducted until such time as determined by the Outage Manager are no longer
required.

Milestone Tracking and Reporting Framework

Progress on milestones for each window and associated Project will be made available
weekly to Refurbishment staff. It will provide an indication of dates at risk, outstanding
and completed work. Corresponding data will be pulled from Bl as a primary source.
Additional sources will include EBX, ROOMS, ATK, ESM3, PTT, P86, etc.

Escalation and Milestone Recovery Plans

If the weekly distribution of window milestone progress identifies a window or Project
which is at risk prior to the T-10 window readiness meeting, then an ad-hoc escalation
meeting may be requested by the Outage Manager, or delegate.

Formal actions in RMO or recovery plans, as determined by the Outage Manager, or
delegate, may be requested based on the level of risk to refurbishment readiness.

If the T-10 window readiness meeting, T-8 scope freeze meeting or T-2 final readiness
meeting identifies a window or Project which is at risk, the associated meeting Terms
of Reference will describe the required escalation decision making process.

Roles and Responsibilities

Project Managers are ultimately accountable for the successful completion of all
window milestones. Window milestone sub owners, as defined in Table 1, are
responsible to provide support and meet identified deliverable expectations as defined.
It is expected that at the start of each window milestone that lessons learned from
previous Unit(s) be reviewed and incorporated (as applicable).

All Department Managers
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Commits to and meets Refurbishment window milestones identified, with
quality.

Engineering Manager

Ensures all Engineering holds are cleared in accordance with the window
milestone timelines (including workplans).

Ensures active participation at all meetings.

Maintenance Manager

Ensures work is fully planned and assessed in accordance with N-PROC-MA-
0002, Work Planning.

Provides accurate resource availability and supply projections to support the
work via the RBT.

Notifies Outage Manager of any changes in resource levels past T-19.
Ensures walkdowns are performed and comments are fed back and resolved.
Ensures assigned work is executed as planned.

Ensures active participation at all meetings.

Ensures review of Project, Vendor and Minor Modifications work packages.

Develops strategy to resolve resource gaps.

Recommends bundling of approved work to maximize maintenance efficiency.

Resolves BMU and work package planner (WPP) holds.

Operations Manager

Provides input to prioritization of work.
Provides operational safety review of scheduled work.

Ensures operability considerations are identified and communicated by the
established “T” milestones.

Ensures plant alignment is adequate for maintenance to occur taking into
account reactor safety and operational considerations.

Provides accurate resource availability and supply projections to support the
work via the RBT.
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e Supports assessment and schedule development activities.

o Ensures preparation of permits and walkdowns to the established
“T” milestones.

o Completes operability review of the scope and any proposed or required
changes to the frozen execution schedule or scope.

o Commits to and meet process milestones (detailed assessment, reviews,
permit preparation or walkdowns).

Other Supporting Managers
e Supports assessment and schedule development activities.
o Develops strategy to resolve resource gaps.

Projects and Vendor Managers

e Ensures Project work commits to and meets Refurbishment window milestones
identified.

o Ensures funding is available for projects.
e Provides fully assessed work packages to Work Control.
Reactor Safety Manager
o Ensures review of the schedule and ensures reactor safety related
considerations are identified and communicated by the established
“T” milestones.
Supply Chain Manager
o Ensures all material related holds are cleared by identified milestones.

o Ensures parts required are staged by identified milestone.

Outage Manager (responsibilities to be delegated to Section Manager Outage or
Work Control Team Leader as appropriate)

e Oversees and continuously improves the work management process with focus
on reducing backlogs and improving plant conditions, by ensuring a high quality
schedule is provided to the execution groups.

e Co-ordinates the overall process.

¢ Identifies any known resource gaps to Maintenance and /Operations.
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Delivers a balanced schedule of ready-work.

In collaboration with Other Work Control Managers, allocates resources to
support on-line, outage execution, and outage pre/post-requisite work, as per
N-GUID-06931-10001 guidelines.

Ensures owners are identified, as required, as soon as practical, for work
programs or individual WOs to provide appropriate oversight during work
planning and execution.

Ensures issues pertaining to the resource split between on-line and outage are
resolved.

Distributes manual window readiness report, until such time that a validated
automated reported is available.

Identified need for ad-hoc window or Project escalation meetings to discuss
readiness and mitigate or eliminate risks.

Scheduling Manager

Ensure Project schedules are accepted in accordance with window and
program milestones.

Ensures Project schedules are published in accordance with window
milestones.

Construction Manager

Conducts a final readiness meeting (T-2) to ensure window and Project
readiness for execution.

Lessons Learned Manager (SUP)

Conducts a lessons learned meeting with appropriate stakeholders after
completion of specified windows.
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Table 1 — Execution Window & Segment 0 Window Milestones

B Window Milestone
(e (OPG Project Managers are Owners for all Sub Owners Requirements
Open Close Milestones)
-60 52 Long Lead Material Purchase Orders Supply Chain All Segme?nt 0 long lead materla.ls (>6 month delivery) have purchase orders |ssu§d .
Issued All material scheduled to be delivered no later than 3 months prior to the execution window start
All purchase orders and target delivery dates have been recorded in the Parts Tracking Tool (PTT) for material, including those ordered
(Segment 0 Window Milestone) through AS7
52 .30 Initial Assessing Operations Manager All vendor and OPG Work Ordgr (WO) support tasl‘<s |n|t|al-assgssed & §et tq G0 |I’1Itl‘a| in NR ATK ‘
Work orders are tasked out with resources, materials, and equipment identified with planning holds where required
(Segment 0 Window Milestone) Maintenance Manager
Supply Chain Manager
Engineering Manager
Maintenance Manager
Other Supporting Managers
27 21 EPC Project Outlines submitted Outage Manager EPC' Project Outlines submitted to Station Work Control. Includes Level | and Station Resource Profile.
Project P6 Schedules developed
(Segment 0 Window Milestone)
-27 -20 Level 3 Schedule Acceptance Scheduling Manager Level 3 Schedules have been accepted
(Segment 0 Window Milestone)
-24 -19 Commissioning Plans and all OPG Work Operations Manager Draft V.\/o.rk I?Ians to be submitted for review b.y T-24
plans issued for use Commissioning Plans and all OPG Work plans issued for use
Engineering Manager Supporting documentation, which includes, Operations and Maintenance procedures, for all project work are available by the end of
Maintenance Manager T-19. (TPARs identified as part of a Segment milestone)
Modifications requiring updates to Technical Procedures have revisions issued for validation 2 weeks prior to the scheduled AFS
-52 -16 CWPs & ITPs issued for use Operations Manager Al assouate(.:l ITPs, have been accepted by the TSSA
CWP (or equivalent) Approved
Maintenance Manager All vendor and OPG WO support tasks fully assessed & set to “Complete” in NR ATK (Operations assessing complete at T-13)
Supply Chain Manager Work Instructions have lessons learned incorporated from previous units.
Engi e M Any additional MRs raised during the final assessing stage are approved to be able to declare material readiness
ngineering vianager PC1s submitted to OPG Operations
Maintenance Manager Project schedules are set to published, so they are visible on the refurb and station schedule
Other Supporting Managers Operations Turnover Plan approved or updated, as required (at T-20)
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G AL G Window Milestone
(el (OPG Project Managers are Owners for all Sub Owners Requirements
Open Close Milestones)
16 13 Engineering Holds Removed Engineering Manager Engme.erlng r.10n—parts holds are to be resolved by T-13 with the exception that Engineering will still receive 4 weeks to resolve any
holds, if applied at T-16 or after
32 -10 Project Window Readiness Outage Manager CoII.a.bor.atlve re\{lew of window readlneés with Trades and OPG support gro.up partuj_lpatlon (as apPllcabIe)
Verification of alignment of documentation, WO assessments, schedule logic, materials, tools, equipment, etc.
Identify Material Risks and need for contingency strategy. This risk is to be input into RMO and communicated to the Parts Manager
and the Outage Manager (Execution)
Permits for work (e.g., building, environmental, etc.) prepared and approved, as required
All special Tools, Equipment and Facilities listed out and verified available
CMSP (formerly known as SATMs) required for work execution are approved
12 .08 Schedule Freeze Outage Manager Pro!ect execution schedule fully re‘V|ev§/ed and verified '
Logic or schedule changes after this milestone must be approved by the Outage Manager (Execution) or delegate
Actions from Project Window Readiness milestone completed or dispositioned, as applicable
Vendor Lock-Out-Tag-Out (LOTOs) prepared for OPG Operations review
PC1’s reviewed by Operations (T-13) and permits preparation begins
-16 -07 Materials Released for Installation Supply Chain Manager Al materl‘als receipt mspected.
Any Required CATIDs Request issued to PE to set to ready
-16 -06 Holds Removed Engineering Manager All AS7 holds removed
Resolve PE/BMU holds by T-12
-07 -05 Materials Staged Supply Chain Manager Materlals.staged for.executlon _
PB Materials staged in the East Warehouse (or equivalent) by ITP
TSSA has released PB material
-08 -04 Work Protection Checked Operations Manager All permits checked and ready for review
LOTOs approved (prepared at T-08)
-08 -02 Final Readiness Construction Manager Walkdowr.15 of the work site <?0nducted (at T-?) '
Construction challenge meeting held and actions complete, as required (at T-2)
Complete Reactor Safety reviews (T-1)
AFS+00 AFS+08 Lessons Learned Lessons Learned Manager (SUP) Post-window lessons learned meeting held with representatives from each of the execution groups, as required
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Appendix H, Lessons Learned Phase 2 Process
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1.0

2.0

PURPOSE

The purpose of this guide is to describe the Darlington Refurbishment Internal Lessons
Learned Process. A Lessons Learned is the knowledge gained during a project which
shows how project events were addressed or are to be addressed in the future with
the purpose of improving future performance. For Darlington Refurbishment this is
specific to knowledge gained during Refurbishment work planning and execution that
can be used for the planning and execution of subsequent Refurbishment units, or
Station Maintenance.

This Guide receives authority from N-MAN-00120-10001 INT, Nuclear Projects
Integration Management [R2].

LESSONS LEARNED PROCESS

The Darlington Refurbishment Project uses a three phase process to ensure lessons
are learned for subsequent units.

Phase 1
Phase 3 Identification

Verification and
Documentation

Phase 2

Evaluation and
Incorporation

Phase 1 Identification and Documentation ensures that lessons are identified and
documented as part of the entire project lifecycle.

Phase 2 Evaluation and Incorporation ensures that lessons are screened, prioritized
and actioned appropriately to ensure incorporation into the planning and execution of
future work.

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management
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3.0

3.1

Phase 3 Verification ensures lessons are reviewed post-implementation into
subsequent units to determine if the lesson was learned.

PHASE 1 IDENTIFICATION AND DOCUMENTATION

The Darlington Refurbishment Lessons Learned processes ensures that lessons are
identified and documented as part of the entire project lifecycle.

Identification

All Refurbishment employees and vendor partners have a responsibility to identify and
document lessons learned. Lessons are to be be identified on an ongoing basis during
the planning and execution of work, or as soon as possible after key work completion
to ensure the information is accurate and complete.

Darlington Refurbishment Planning and Execution Milestones and Hold Points
represent potential opportunities to identify lessons learned. Key sources of lessons
learned include:

a) Refurbishment Post-Window Lessons Learned Meetings per NK38-MAN-09701-
10005 MLST Refurbishment Unit Planning Milestones [R4].

b) Refurbishment Program Lessons Learned Meetings/Workshops as identified by
employees and vendor partners

c) Daily Project Logs

d) Interviews

3.1.1 Post-Window Lessons Learned

Post-Window Lessons Learned meetings are a significant source of lessons which can
be applied to subsequent unit planning and execution. Post-window lessons learned
meetings are a mandatory milestone [R4]. These milestones are only required for
scope that is planned to be repeated on a future refurbishment unit or maintenance
scope in planned outages. If a project has consecutive windows of relatively short
duration, post-window lessons learned and/or next unit milestones may be combined
to include more than one window of similar work in the same meeting.

Following the completion of an execution window the Lessons Learned Program will
engage the Project Team to arrange a Post-Window Lessons Learned meeting. This
includes identification of key stakeholders from the Project Team within OPG and the
vendor partners (as applicable) in addition to operations, maintenance, work
management, design engineering, system engineering, radiation protection, risk
management and others as required.

In preparation for the Lessons Learned meeting the Lessons Learned Program will
assemble a meeting package which includes:

e Purpose
e Attendees List
e Agenda

e Scope Overview

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management
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¢ Field Initiated Change (FIC) Summary
o List and summary of all Engineering Field Changes
e Station Condition Records (SCRs)
o List of applicable SCRs for the project scope
e Key Project Risks
o List of Key Project Risks as identified and presented by the Risk
Management SPOC
e Other Lessons Learned (to date)
o Lessons previously documented in the RMO tool or by vendor partners
in their quality management systems.
e Schedule Performance
o Includes a P6 variance analysis of execution milestones actuals as
compared to the baseline.
e Cost Performance
o Includes a list of relevant Project Change Authorizations/Directives but
excludes specific values.
o References

The meeting package is to be sent to the attendees one week in advance of the
meeting. In most cases the Post-Window Lessons Learned meetings will be facilitated
and minuted by the Program Lessons Learned Team on behalf of the project. Refer to
Appendix C to review a meeting package template.

The Turbine Generator and Retube & Feeder Replacement Projects will follow a
modified approach for Post-Window Lessons Learned.

Turbine Generator Project

The Turbine Generator Project scope is executed over a few large execution windows.
In order to ensure lessons are captured while memories are still fresh, Lessons
Learned meetings will be held post-major component completion. These meetings
should be faciliated by the Lessons Learned Program.

In addition to post-major component completion the Turbine Generator Project Vendor
Partner, CANATOM, documents lessons learned at the Work Order (WO) level. See
Appendix B for the CANATOM Turbine Generator Project Lessons Learned Process.

Retube & Feeder Replacement Project

The Retube & Feeder Replacement Project Lessons Learned meetings are conducted
post-Comprehensive Work Package (CWP) completion and are facilitated by the
vendor partner CANATOM. These meetings include participation of both CANATOM
and OPG staff. The format of the meeting packages follows the CANATOM template.
Refer to Appendix E for the CANATOM LL meeting template.

3.1.2 Program Lessons Learned

Program Lessons Learned meetings or Workshops will be arranged and faciliated by
the Lessons Learned Program Team. Program lessons learned cover a wider range of

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management
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3.2

topics and focus areas. These meetings may also cover cross cutting or trending
issues, reactor critical hold points (RCHP), functional programs, Refurbishment
Planning Program Milestones, program risks etc.

All employees and vendor partners may request a Program Lessons Learned meeting
by sending an e-mail request to the Lessons Learned Program Manager. Meetings or
workshops are typically facilitated by the Lessons Learned Program Team, however,
individuals or Project Teams are encouraged to facilitate sessions with support from
the Lessons Learned Program Team.

3.1.3 Strategic Lessons Learned

The intent of post-window and program level learned meetings and workshops is to
capture the tactical lessons in order to improve on performance for subsequent units.
There is also a need to identify strategic lessons which may provide value added or
enhancing alternative strategies which may not be captured otherwise. These lessons
are expected to cover a broader view and may include contract strategy changes,
scope additions/removals, alternative execution strategies, signficant process
changes, and organizational changes. Strategic lessons will be identified through
executive interviews including both OPG and Vendor Partners. Interviews will be
conducted on a per Segment basis.

Documentation

Refurbishment Lessons Learned are documented in the Risk Management and
Oversight (RMO) Tool — Lessons Learned Module. The RMO Lessons Learned
Module serves as a single repository for the documentation of all Refurbishment
Lessons Learned. The RMO Lessons Learned Module is accessible by all employees
and vendor partners to enter and view lessons learned.

Note: Review N-GUID-09701-10123, Nuclear Projects Risk Management and
Oversight (RMO) Tool for details on how to initiate a lessons learned [R1].

When initiating a request, complete all mandatory fields (signified by an *) and as
much information as possible in the remaining fields. Lessons documented should be
concise and references attached/linked as applicable.

As a minimum RMO LL entries include a Title, Owner, Type of LL, Sub Bundle/Project
#, and Window #, Impacted Organization, Categories, Outage Window and the
Program Phases.

An identification number will automatically be generated once saved at “Draft” status.
Once complete, change the LL status from “Draft” to “Saved”.

Contributions to the Lessons Learned Module include:
o Post-Window Lessons Learned Meetings

o Program Meetings/Workshops
o Strategic Lessons

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management
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3.3

4.0

41

Lessons Learned Reports (N-TMP-10204 [R3])
Self Assessments

SCRs

Human Performance Lessons Learned (HULL)
Weekly Critical Path Gains/Losses
Project/Functional Issues/Findings

O O O O O O

For post-CWP meetings completed by RFR the Lessons Learned Program Team will
assemble final minutes for all CWPs within a single window and create a single
Lessons Learned entry for the RFR window.

Metrics and Reporting
The status of post-Window and Program Lessons Learned meetings will be monitored

by the Lessons Learned Program Team. A monthly Lessons Learned Status Report
will be issued to the Refurbishment Management Team. Reporting will include:

Lessons Learned Summary

o Status of Lessons Learned meetings complete by Segment

o Status of Lessons Learned meeting by CWP (for R&FR CANATOM)

o Number of Program Lessons Learned meetings held

o Lesson Learned Meetings Held This Period

o Key Lessons This Period

e Upcoming Meetings

e RMO Lessons Learned Database Quicklinks
PHASE 2 EVALUATION AND INCORPORATION
The Darlington Refurbishment Lessons Learned processes ensures that lessons are
screened, prioritized and actioned appropriately to ensure incorporation into the
planning and execution of future work. For detailed outline of the Phase 2 LL process,
refer to Appendix F.
Lessons Learned Tracking File
The nature of the RMO Lessons Learned Module is to support ease of use by initiators
in order to document lessons learned, including the attachment of files which may
contain one or more individual lessons.. In order to facilitate a comprehensive review

the Lessons Learned Program Team will utilize a Lessons Learned Tracking File to
sort the data into discrete individual lessons using key data fields including Execution

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management
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4.2

4.3

Window, Bundle, Project. Appendix D contains a template of the Lessons Learned
Tracking File. This file will be maintained on SharePoint.

The Lessons Learned Program Team will conduct a pre-screening of each Lessons
Learned entered into the RMO Lessons Learned Module to determine if the entry
requires further review by a Project or Functional Manager in order to evaluate the
lessons for incorporation. Screened entries will be added to the tracking file.

Once lessons have been added to the tracking file the Lessons Learned Program
Team will contact the respective Project or Functional Managers to conduct a review
meeting or workshop to screen, evaluate, and action the lessons learned.

Screening

Project or Functional Managers will use their experience to conduct an initial screening
of lessons from the Lessons Learned Tracking File. Should additional input be required
Project or Functional Managers may include support by SMEs or individuals who
raised the original lesson. This may warrant the use of a workshop to facilitate the
process in some cases.

Lessons may be screened on the following basis:
o Lessons identified to have limited to no value in purusing
o Lessons which are no longer applicable (resolved or descoped)
o Lessons which are behavioral in nature

Lessons which are screened as ‘N/A’ within the Lessons Learned Tracking File are
closed. No further action is required from the Project or Functional groups. All lessons
learned including the screened items will be reviewed as part of the Gating Process
(refer to Section 4.5).

Evaluation

In order to ensure the organization focuses on the right lessons, Project or Functional
Managers will evaluate each lesson into a four tier priority ranking system. Tier 1
lessons represent high-value high-importance to the organization while Tier 3 lessons
generally represent value added lessons which are captured within exisithg work
processes. Tier rankings help determine the implementation of actions for the LL. The
following conditions specify tier rankings, but are not limited to:

Tier 0 - Strategic lessons identified by the Executive Team as being considered
imperative to the organization.

Tier 1 - One of the following apply:

a) Outside of approved scope or outside of budget with contingency

b) Change involves First of a Kind (FOAK) or First in a While (FIAW) approach
c) Opportunity has potential savings/avoidance >$5m

d) New impact to one or more projects (schedule/logic/ties)

e) Director/ Project Manager, Functional Manager or above requested

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management
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4.4

Tier 2 -One of the following apply:

a) Exceeds control budget but within contingency

b) Opportunity has potential savings/avoidance >$ 500k

c) Critical Path schedule savings

d) Non-Critical Path schedule savings >5 days

e) Change in impact to one or more projects (schedule/logic/ties)

f) Trending issues

g) Project Manager, Functional Manager, or Lessons Learned Manager requested

Tier 3 - All of the following apply:

a) Within current scope

b) Within current control budget

c) No Critical Path impact

d) Non-Critical path impact <5 days
e) No impact on other projects

Lessons Learned requiring no further action will be categorized as N/A.

Implementation

Lessons Learned implemetion includes the use of action tracking and existing
processes to ensure lessons are implemented into planning and execution of work on
subsequent units.

Tier 0

Tier 0 lessons will be discussed as part of the of Darlington Refurbishment Initiative
Tracking & Consolidation (ITC) Team meetings. The ITC team consolidates inputs
from various sources including lessons learned, opportunities, cognitive trends etc.
and recommends which should be put forward for NPET approval to pursue. Project
Charters will be created for approved strategic initiatives and are managed by the
Darlington Refurbishment Strategic Project Initiatives department.

In order to facilitate the completion of Tier O lessons, additional reviews may be
required including preparation of a DRAS, CCF or a leadership forum including
Options Review Board (ORB), Change Control Board (CCB), Program Scope Review
Board (PSRB), etc.

Tier 1 and Tier 2
Both Tier 1 and Tier 2 lessons require formal action tracking. Actions are added into

the RMO Action Tracking and linked to the associated Lessons Learned entry. Action
Owner, RMO Action, Status, Action, DRAS # (if aplicable), Due Date are added to the

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management
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4.5

4.6

Lessons Learned Tracking File. For work assigned to CANATOM, where applicable,
actions will also be managed through the CANATOM ACER (or equivalent) Program.

In order to facilitate the completion of Tier 1 lessons additional reviews may be
required including preparation of a DRAS, CCF or a leadership forum including
Options Review Board (ORB), Change Control Board (CCB), Program Scope Review
Board (PSRB), etc. Requirements for these are to be considered during action
creation.

Tier 3

Tier 3 lessons do not require formal action tracking. These lessons are planned or
have been managed through an existing work process, such as Engineering Change
Control. Ensure Tier 3 lessons contain an appropriate disposition identifying how the
actions will be managed. If there is no existing work process, then create a formal
action in RMO to manage it's completion.

Gating Process

As a project progresses through its development, it will progress through a project life
cycle, or phases, including: initiation, development, definition, execution, and closeout.

The transition from one phase to the other is called a Gate. Project Gates are used to
assess a project’s readiness to proceed to the next phase and will assess and
recommend funding.

For work being completed on subsequent units, Gates serve as an opportunity to
ensure projects have actively incorporated Lessons Learned from previous unit(s) for
projects which are being repeated.

Prior to release of execution funding (Gate 3) all lessons learned for the project are to
have been reviewed and managed through the Phase 2 process including Evaluation
and Implementation.

The Gate 3 Release Packages for subsequent units are to include project confirmation
that Lessons Learned have been incorporated and managed through the Lessons
Learned process. This will be described in the body of the Gate Package with the copy
of the Lessons Learned Tracking File included in an appendix as evidence of
completion to the Gate Review Board.

Following a successful Gate the Lessons Learned Program Team will denote the Gate
and Date in which lessons learned were validated by the project into the Lessons
Learned Tracking File.

Metrics and Reporting

The status of evaluation and implementation of lessons learned will be monitored by
the Lessons Learned Program. This includes metrics for:

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management





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

Exhibit D2-2-3
Internal Use Only Ff‘;};??;“i? E?,
Guideline NK38-GUID-09701-10054 | Information
NA ROO1 | 120f25

Title:

NUCLEAR REFURBISHMENT LESSONS LEARNED

5.0

6.0

¢ RMO entries pre-screened into the Lessons Learned tracker
o Number of individual lessons by bundle
o Evaluations Completed through the tiering process.
¢ Number of actions open, closed, due within next 30 days, due within next 90
days
PHASE 3 VERIFICATION

The Darlington Refurbishment Lessons Learned Process ensures lessons are
reviewed post-implementation into subsequent units to determine if the lesson was
learned.

As part of Post-Window Lessons Learned meetings on subsequent units, lessons
learned from the previous unit(s) will be reviewed to determine if the lesson was
learned and if the issue or the extent of the issue was resolved.

Repeat lessons will be monitored by the Lessons Learned Program Team.

MILESTONE COMPLETION REPORTS

Milestone Completions Reports (MCRs) are required to be prepared by the project for
a subset of execution windows identified by Refurbishment Senior Leadership as Key
Execution Windows. These windows include both critical path and non-critical path
work and are outlined in Appendix A.

MCRs include a high-level summary of the project including:

¢ Milestone Background
o Execution Strategy
e Contract Strategy

e Scope
o Safety
e Quality

e Schedule
o Performance
o Resourcing
e Cost
o Performance & Forecast
o Subsequent Unit Forecast
¢ Risk Management
e Project Oversight
e Key Successes & Lessons Learned

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management
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Recommendation & Conclusions

Many of the topics contained within the MCR are discussed within the post-window
Lessons Learned meetings. MCRs include contract strategy, cost performance and
subsequent unit forecasts. Given the nature of these topics MCRs are confidential
documents.

MCR Completion Timelines

The associated Project Director is accountable to complete the MCR within 90 days of
the Key Execution Window.

7.0 ROLES AND ACCOUNTABILITIES

Project Manager / Functional Manager

Participates and supports facilitation of Post-Window Lessons Learned
meetings and documentation of minutes following window completion

Ensures all lessons within their project have been managed through the
Lessons Learned three phase process

Ensures Milestone Completion Reports are prepared, reviewed and issued in
Asset Suite as confidential documents.

Ensures lessons learned are reviewed and documented as part of the Gated
Process (Project Manager Only).

with the copy of the Lessons Learned Tracking File included in an appendix as
evidence of completion to the Gate Review Board

Manager, Subsequent Unit Planning

Provides oversight and support to all staff involved in completing all three
phases of the Lessons Learned process

Ensures Post-Window and Program Level Lessons Learned
Meeting/Workshops are conducted

Ensures minutes of Post-Window Lessons Learned meetings are entered into
the RMO Lessons Learned database

Ensures Milestone Completion Reports are completed and filed appropriately

Ensures Metrics and Reporting for Lessons Learned are available

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management
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e Administers the RMO Lessons Learned Database
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8.0 ABBREVIATIONS AND ACRONYMS

CcCB
cwp
EC
FIAW
FOAK
FIC
FM
HULL
10

ITP
LL
MCR
NR
OPEX
ORB
P6
PCCB
PM
RFR
SCR
SME
TG

Change Control Board

Comprehensive Work Package

Engineering Change

First in a While

First of a Kind

Field Initiated Change

Field Manager

Human Performance Lessons
Improvement Opportunity
Inspection Test Plan

Lessons Learned

Milestone Completion Report
Nuclear Refurbishment
Operating Experience

Oral review Board

Project Execution Schedule
Project Change Control Board
Project Management

Retube Feeder Replacement
Station Condition Record
Subject Matter Expert
Turbine Generator

Learned

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management
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9.0 RECORDS AND REFERENCES

9.1 Records
None
9.2 References

Performance References

[R-1] N-GUID-09701-10123, Nuclear Projects Risk Management and Oversight (RMO)
Tool

[R-2] N-MAN-00120-10001 INT, Nuclear Projects Integration Management

[R-3] N-TMP-10204, Lessons Learned Report

[R-4] NK38-MAN-09701-10005 MLST, Refurbishment Unit Planning Milestones

Developmental References

o D-GUID-09324-10001, Outage Lessons Learned Desktop Guide
o N-GUID-04947.02-10000, External Events Screening Guide

o N-GUID-04947.02-10003, Guideline for Evaluating OPEX SCRs

o N-INS-01533-10000, Finding and Using Operating Experience

o N-INS-08920-10029, Incorporating Operating Experience into Training
o N-INS-09300-10003, Outage Lessons Learned

¢ N-MAN-00120-10001 Sht: RISK, Nuclear Projects Risk Management
e Project Management Body of Knowledge (PMBOK) Fith Edition

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management
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Appendix A: List of Milestone Completion Reports
Critical Path Major Milestones Report
No ID Description Project Window Owner
1 | u2040 U2 Defueling Complete W12 Fueling/Defueling
2 Temporary Containment Boundary 73113 w24 Islanding
u2053 (Includes Bulk Head installation and
pressure test)
3 | uz2100 U2 Feeder Removal Complete 73113 W42 RFR
4 U2 Fuel Channel (CT) Removal 73113 W115 RFR
u2110
Complete
5 | u2120 U2 CT Install Series Complete 73113 w118 RFR
6 | u2140 U2 PT Install Series Complete 73113 w119 RFR
7 U2 Lower Feeder Install Series 73113 w83 RFR
u2130
Complete
8 | WF2084 Load fuel 73113 w84 Fueling/Defueling
9 WE2085 Air Lock doors closed and Pressure 73113 w85 Islanding
Test Complete
10 | U2170 U2 Vault Restoration Complete 73113 wa2 Islanding
11 U2 Run-up, Sync and Balancing 73113 Wa5 Islanding
u2270
Complete
12 WE2085 Air Lock doors closed and Pressure 73113 w85 Islanding
Test Complete
Non-Critical Path Major Milestones Report
No ID Description Project Window Owner
1 73537M0035 Breathing Air AFS 73537 505,557, SDLU
558,559
2 | WF2029 HTS Vac Dry 73113 w29 RFR
3 WF2038 Moderator Drain and Vac 73113 w38 RFR
Dry
4 WF2061 Turbine Overhaul Complete | 73277 W61 TG
5 | 73773MP510 | Shut Down Cooling 73773 w124 BOP
(Auxiliary SDC)
6 WF2051 Electrical Work - Class 4 73407 W51 BOP
Electrical Maintenance
7 WF2076 Upper Feeder Installation 73113 W76 RFR
8 | 73648F8150 Emergency Heat Sink CCD | 73648 W68 BOP
Scope 7004 EHS -
Segment #3
9 WF2062 Primary Side Clean and 73232 & 73222 W62 RFR
Inspection
10 | 73750MS2093 | Valves — BWXT Program 73750 W093 BOP
(80 Valves) — Tied to CCD

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management
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Appendix B:TGR Lessons Learned Process

TGR — LESSONS LEARNED (LL) PROCESS

NOTE:

U2 CWP (unless a combined Lessons Learned is warranted)
/fu.z CWP/WO:
| Execution js 90-100% |
Complete

Lessons Learned is done on a Work Order (W0O) basis, and a separate Lessons Learned Document is created for every

,r i l

¥

U3 Team document
Lessons Learned
from GF/Foreman in
charge of the U2
work (Trades)

U2 Work Reports from Project

U3 Team document
U3 Team review Lessons Learned

Coordinators (PMT)

U3 Team review any
MCRs/SCRs
associated with
that CWP

U3 TearrToompile
Lessons Learned
Document for that
CWP

v
f LL status set to “\I
“COMPLETE" i

N
Incorporate
Lessons Learnad
into U3 WO
Assessment

L
Incorporate
Lessons Learnad
into U3 CWP

T, SN
P TEY ST T

\_Review/Approval /

Conduct "Component”
Lessons Learned Meeting

Note: & Lessons Learned Mestings will
be conducted on a component level

after majority of the W0 Lessons

Lezarmed for that particular component

is Compiete.

Bomson Monichan
06-Mar-2018

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management
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Appendix C:Template for the LL Meeting Package

Refurbishment Post Execution Lessons Learned Meeting — Meeting Package Date
Project: Page 1
Window(s): Ref:

Required Attendees: Other Attendees:
O (chair) U3 Execution Planning O Mext Unit PM (if available)
O opPG Project Manager O Mext Unit WCTL (if available)
O wvender Project Manager O Project Director
O wendoer Field Superviser O DTL (as applicable)
O ©OPG MTL/PE (as applicable) O Managed Systems Oversight
O vendor MTL/PE (as applicable) O System Engineering
O cCenstruction Oversight Repr. O oOther Support Groups (as applicable):
O ©Ops/Maint Support (as applic.) o Rad Protection
O U3 Execution Scheduler o Chemistry
O Design Engineering o Operations
Agenda:
Introductions /Attendance/Safety
1. Scope Overview
2. FICs, SCRs & Other Execution Lessons
3. Schedule Performance
4. safety/Housekeeping/staffing/Training
5. Quality Performance
6. Cost Performance
7. Contract / Team Performance
8. Other
9. Questions

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management
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1 Scope Overview

EC Number EC Title Associated CWP(s)

Base Scope (at time of award):

<past from original scope of work — edit to no more than 2-3 paragraphs=>

[Design] Changes to the Scope

<one sentence for each major scope change>

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management





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

Exhibit D2-2-3
Internal Use Only Ffﬁ;?';?"i? t{é
Guideline NK38-GUID-09701-10054 | Information
NA ROO1 | 21o0f25
Trllﬂel.:.lCLEAR REFURBISHMENT LESSONS LEARNED

2 FICs, SCRs and other Execution Lessons Learned

2.1 Field Change Summary
<paste or attach FIC Register if available=

FIC Mumber FIC Title/Description

2.2 SCRs

<paste in the following columns from the 5CR database search>

SCR Number SCR Date SCR Title Recommended Resolution

2.3 Other Lessons Learned

<include or attach any other formal Lessons Learned previously completed by OPG Project Team and/or
Vendor=5chedule Performance

<Window Variance report supplied by U3 Scheduling — attached at back of package>

3 CostPerformance

* 2016 costs w above/below target

s 2017 costs above/below target

+ (Overall Lifecycle costs e above/below target
* < any ongoing costs?>

4 References

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management
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Appendix D:LL Tracking File Template
RMO Project Bundl | Window cwp Lesson/Opportunity Recommendatio Tier Action RMO Action
LL Entry Title e n from LL (1,2,3, | Owner
(if applicable) N/A)
PHT Vac RFR 029 - HTS 2066/ | Staffing - Training - PHT has only one | 2 Construction | Projects should
Dry Vac Dry 2066 Tooling team did not | skid. Projects Tooling and also review the
(OPS/Main) A/ have time to train on should also Training training time
2022/2066, 2202/ | the skids in any kind review the requirements on
Auxiliary 2202 of operating training time the skid and set
388 . . . . .
- Heat A/ configuration requirements aside training
Transport 2237 and set aside days. Allot time
Vacuum training days. for training (2
Dry Tie in Allot time for days).
CWP 2237 training (2 days).
Remove RFR 027 - Bulk 2017/ | 4-on, 4-off shift Consider tryinga | 1 scheduling/c | consider different
FM Bridge Interference 2017a | rotation works well different shift onstruction/ shift work
and Install s Removals for repetitive works schedule cost feasibility/cost
RTPs and 101 - series but not for and schedule
405 Bulk Remove FM conventional
- Interferenc Bridge and construct ion.
e Removals Install RTPs Suggest changing
for hours of work

structure for next
unit.

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management
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Appendix E:CANATAOM LL Meeting Template

Printed copies are UNCONTROLLED unless stamped CONTROLLED

%)

SNC-LAVALIN
Nuclear

ACCON

Joint Venture

Last Revised: | June 8, 2017
Rev. | 1

RFR Lessons Learned Report

Seri

e5.

CWP #:

Rev No. :

Lessons Learned:

Date(s) Performed:

Rehearsal Plan Schedule

Element:

In the box below, list out any lessons learned, OPEX, Safety, Tooling, Improvements, and etc applicable to the

series performed.
Item _r
Category Description
MNa.
1 Staffing
2 Material/Material
Handling
3 Tooling
a Welding/Special
Processes/NDE
5 Improvements
6 Engineering
7 Dacumentation/
Procedures
8 | quality/iTP
9 Contingency
10 ALARA
11 | Schedule
12 Other/OPEX

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management
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NUCLEAR REFURBISHMENT LESSONS LEARNED
Printed copies are UNCONTROLLED unless stamped CONTROLLED
SNCLAVALIN Last Revised: | June 8, 2017
®) Do A@CON
FiTs Rev. | 1
Joint Venture
Revisions to CWP Required Initiator Date Sign
Revision to Training Packages Required Initiator Date Sign
Project Supply List Changes Initiator Date Sign
Tooling Improvements Initiator Date Sign
Prepared By: Project Coordinator Date
Reviewed By: Construction Representative Date
Quality
Approval: | Quality Manager Date
Approved By: Project Manager Date
Client A I:
tent Approva OPG Representative (Optional) Date

Associated with N-MAN-00120-10001 INT, Nuclear Projects Integration Management
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Appendix F:Lessons Learned Phase 2 Process

Nuclear Refurbishment — Lessons Learned Phase 2: Evaluation and Implementation

Implementation

Action Plan &

Tier0 ORB, CCB, PCCB

Review and
Screening

. Project Management or Functional
Manager assigned review and screen
10/LL to evaluate further or close

LEGEND

Ideas and Improvement opportunities (10)
are identified and presented to Lessons
Learned (LL) Program

LL collected through RMO entries, post-
window meetings, Program LL meetings
Collected 10s and LL are documented in a
LLP tracking file

Initial attributes included Project, LL/IO,
recommendation, and PM/FM are
completed

Decision

. No further action required
. 10/LL Closed
. Reviewed as part of Project Gating

Lessons Learned
Program
Project or Functional

Manager/Te

Evaluate

10/LL and recommendation are
reviewed further against Tier criteria
Recommendation may be updated at
this point by PM/FM

PM/FM can request support from
SMEs to support evaluation

Decision

DRAS prepared
(as required)

Assignment

(as required)

. Executive Sponsor identified
. Action Owner Assigned
e lesson presented to NPET

. Asset Suite Action Request (AR)
created

. Risk Register Updated (if applicable)

. DRAS Prepared

. LL/10 classified as Tier 0

Tier 1 LM ORB, CCB, PCCB
Assignment IR EEEEE (as required)
B! (as required) a

One of the following apply: e Action(s) created in RMO includes:

e Outside of approved scope e Owner, Due Date, Impact if not

e  Outside of budget with contingency implemented (cost/schedule) and/or

. Change involves FOAK or FIAW approach Cost/Schedule Savings Quantified

e Opportunity has potential savings/ e Risk Register Updated (if applicable)
avoidance >$5m . DRAS Prepared

. New impact to one or more projects . LL/10 classified as Tier 1

One of the following apply:

(schedule/logic/ties)
Unit Director, PM or FM Requested

Tier 2 Action Plan

Assignment Developed

Exceeds control budget but within

contingency e Action(s) created in RMO includes:
Opportunity has potential savings/ e Owner, Due Date, Impact if not
avoidance >$500k implemented (cost/schedule) and/or
Critical Path schedule savings Cost/Schedule Savings Quantified
Non-Critical Path schedule savings >5 days e Risk Register Updated (if applicable)
Change in impact to one or more projects *  LL/IOclassified as Tier 2
(schedule/logic/ties)

PM/ FM/ LL Mgr Requested

Tier 3 » m
Assignment

. LL/10 to be implemented by Project or

All of the following apply: Function within existing processes;
. Within current scope disposition to process where

. Within current control budget applicable e.g. added to DEC ITF

. No critical path impact . LL/10 Closed

. Non-Critical path impact <5 days . Reviewed as part of Project Gating
. No impact on other projects . 10/LL classified as Tier 3

Decision

Implement
Remaining
Actions

Lessons Learned documented within Gate 3
package

Field Execution

To Phase3—
Lessons Learned
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Attachment 5: Schematic of OPG’s Lessons Learned Process

Start

Id=ns and improwement opportunities (0]
are identified and presented to the
Lessons Leamned{LL] Program. LLs
coliected through RMO entries post
window meetings, pragram LL meetinss.
Collected |0 & LL are gocumented in a LLP
tracking ik

Initial attrioutes included Pfuj:l:r, Lo
recommandations

\a nin, Ua"’
Data Collection
-Rizk Manag=ment & Owersight Tool (RMO])
“Post Window Leszons Leamed Mestings
LL LL - “Program MeetingsWaorkshops

Siratesic Leszons

“Seif Assessments

“SCRs

“Weskly Critical Path Gains/Losses
“Project/Functional Issue/Findings

Screening

Project Management [Fid|or
Functional Manager (FM] assigned

reviews and screens B0 fLL to

evahuate further or close
Ho further action

required. 10/LL closed
reviewed as part of
project grading.

Phase I- Implementation &
Documentation

NK38-GUIB-09701-10054

Evaluate

Lessoms will e screened on the following basis:
-Lessons identified to hawe limited to o value in
pursuing

-Lesson which are no langer applicabie [resotved

or descoped).

-Lessons which are behavioural in nature

I0/LLand recommendations are reviewed
further against Tier criteria.
Recommendations may be upcated ot this
p-uint D'FPM,EFM.

PRAFM £aN request suppart from SMES o
suppart evaluations

One nl'thefblumnﬁ appiy
Outside of approved scope
Dutsige nfnudaetwmcnnnns:n:y
Changs invoives FOAK or FIAW approsch
Opportunity has potential
Mnﬁsfuunhne =M
New impact of one or more projects
{n:dule.ﬂnsl'c I:iu:|
Unit Director, PM or FM requested
Actions added to AMO Action Tracking

ﬁtv-

Ome o the fallawing apoly:
Exceads contral hudiltl‘ﬂﬂn
mnunE:nq'
Opportunity has potential -
minp.’uunfdanneh!m
Criticnl path schedule savings
o Critical Path schedule savings s 5
days
Change in impact of one or mare
projects [schedule/iagic ties]
Artinng sdded to AMO Action Tracking

Al of the following appiy:
Within current scope
‘Within current control budget
o critical path impack
Won Critical path impact <3 days

No impact on other produscts

Do not require formial action tracking

Strategic beszons learned by the
Executive Team a5 being consider=d
imperative to the organization
Discuszed in Refurdishment CARE

Phase II- Evaluation &
Incorporation

ORGANIZATIONAL COMMITMENT TO ¢ ¢ LessonsLeamed@opg.cdhad

PROJECT EXCELLENCE

Did We Learn Our Lesson?

¥
=~Action
~ Plan

Artion[s] created in AMO includes:
Cramier, Due Date, impal:tir not
imul:ment:ntmz{s:nmle] andfor
cun,lsmznulesminssqlmu'ﬁeﬂ
Risk Register Updated (if appiicabie]
DRAS Prepared

LL10 clazsified as Ther 1

Action
Plan

Action(s| crested in RMO includes:
Owner, Dwe Dete, impact if not
implemented|cost/schedule]
andor CostiSchedule Savings
‘Quantified

Risk Regjster Updated (it
q)nlil:!ble]

L0 classified as Tier 2

‘Sating check sheet compiete
Wesification Lessons lesrned

‘ incoTporated into planning

IMPLEMENT
ACTION

CLOSED

LU0 to be impl:m:m:d by
Praject or Function within existing
:mnuss;dispo:iu'un o process
where applicaoie e Added to
DEC ITF

LLAC Closed

Reviewed as part of Project Gating
KO/LL classified as Tier 3

Lesson Learned

Phase Ill Verification
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Attachment 6: Summary of Feeder Lessons Learned and Actions

The following table provides a summary of improvement areas identified for the feeder procurement and installation series on
Unit 2, and of the corrective actions implemented in these areas. These improvements provide high confidence that the issues

will not recur on the Remaining Units.

Improvement Area Actions Implemented
Planning, Project e Project vision developed with detailed logistics, organization, role documents, and resource plans to
Management and optimize production in four quadrants on each reactor face (8 quadrants total).
Construction ¢ Implemented “Project-centric” organization that integrates Construction resources into the Project team.
Management e Strengthened the integration, collaboration, and “One Team” approach between OPG and the contractor.
e Assigned a Construction Director and acquired additional experienced construction staff from other
vendors.

e Placed Reactor Engineering, Field Engineering and other Subject Matter Experts on shift to support
construction crews.

o Activity based project controls implemented to measure cost and schedule performance in greater
detail/smaller increments.

¢ Implemented a detailed look ahead process and reviews for all future work including “deep dives” on
training, materials availability, logistical plans, and resourcing.

e Established new daily planning and shift turnover protocols.

¢ Implemented enhanced issues escalation protocol and more frequent reporting routine.

Feeder Fabrication e Welding techniques for Inconel 690 materials and feeder fabrication with Inconel 690 components have
and Delivery been developed and qualified and do not need to be repeated on for the Remaining Units.

e Feeder fabrication is complete for Unit 3 and all feeders delivered prior to breaker open.
Training for ¢ Implemented upgrades/expansions to reactor training mock-up facilities to more accurately mimic “in
Proficiency plant” conditions.

¢ Expanded mock-up rehearsal time to ensure proficiency beyond qualification, using integrated teams that
include Trades, Quality Control, Radiation Protection, and Trades supervision.

e Expanded tooling/spares for mock-up to improve reliability of training equipment.

e Project Managers assigned accountabilities for training.
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Improvement Area

Actions Implemented

Tooling

Acquired additional tooling to facilitate construction including gap measurement tools, tools to hoist and
stack feeders in batches and “skates” to facilitate movement of feeders during fit-up.

Installation Process
and Methods

Developed an Integrated plan for all Feeder work, including completion of upper feeders, scaffold
modifications, and foreign material exclusion inspections.

Brought in additional expertise to support and manage upper feeder work.

Streamlined installation procedures based on early installation experience.

New techniques for installation of Upper Feeders evaluated to simplify the field installation.

Modified field installation procedure to meet seismic requirements.

Implemented independent third-party testing to confirm seismic qualification of cantilevers (feeders are
suspended from these).

Put a team in place to ensure foreign material challenges are fully resolved prior to fuel load.
Implemented cycle time report for each Feeder to understand individual delays.

Assigned Subject Matter Experts to resolve issues, make process adjustments, enhance tooling, and
provide additional training, where required, to increase the competency of the trades.

Integrated lead trainers on each work crew.

Changed work plans to improve schedule efficiency, e.g. radiography of welds taken off critical path.

Weld Pass Rates

Implemented fit-up checks before welding; and made various welding parameter changes.
Assigned additional welding engineer to each construction crew.
Assigned welding technicians to verify tooling condition and set-up prior to each weld.

Scaffolds — Reduce
Build Time and
Unplanned
Modifications

Assigned a scaffold Subject Matter Expert to optimize scaffold modifications and look ahead to avoid
unnecessary scaffold modifications.

Re-sequenced feeder installation to minimize scaffold modifications.

Acquired specialty scaffolding staff and supervisors.

Quality Issues
Resolution

Re-assigned additional Quality Control staff to support Lower Feeder work and to work in the Reactor
Vault

Brought in additional Quality Control staff from other contractors.
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Ontario Together

A MESSAGE FROM MICHAEL RENCHECK AND JEFF LYASH

The path to success is one best taken together. With this edict in mind, Ontario Power
Generation (OPG) and Bruce Power continue to build on our long-standing relationship by
collaborating on initiatives that support Ontario’s Long-Term Energy Plan and our Memorandum
of Understanding, which outlines how our organizations will improve efficiencies during the
province’s nuclear refurbishment programs and throughout station operations.

Since 2016, when the first interim report on our
collaboration was published, OPG and Bruce Power
have experienced significant progress on the Darlington
Refurbishment Project and the Life Extension Program,
respectively. OPG has safely completed more than 60
per cent of the work on the Unit 2 schedule and has
started the complex work of rebuilding the reactor. The
project is progressing on time and on budget. At the
same time, Bruce Power is more than two years into its
Life Extension Program, and has signed a number of
key supplier agreements as it prepares for its first Major
Component Replacement (MCR) project starting in
2020. Planning for the program remains on track.

Together, OPG and Bruce Power have been engaged

with the Construction Switch Initiative, an OPG program
designed to streamline refurbishment activities and
facilitate efficient field execution with safety and quality in
mind. With the demand for skilled trades on the rise, our
organizations have also been heavily focused on efforts to
build skilled trades capacity in nuclear, helping to ensure a
steady supply of highly qualified workers will be available
to complete the work.

During all these efforts, the province’s support has
remained steadfast and, in a report released in 2017,
the Financial Accountability Office (FAO) validated the
benefits of extending the province’s nuclear fleet. In the
report, the FAO cites Ontario’s Bruce and Darlington
nuclear refurbishments as the best generating option to
keep costs low for electricity customers and to protect
the environment.

With contracts signed with hundreds of local suppliers
and the creation of thousands of jobs in the province,
the Darlington Refurbishment Project and Bruce’s
Life Extension Program are Made in Ontario ventures
that are generating billions of dollars in economic and
environmental benefits for Ontarians.

As OPG completes Unit 2 refurbishment and Bruce Power
advances its Life Extension Program, we look forward
to building on the relationship we have established over
the years, powering Ontario together to provide clean,
reliable and affordable energy for the province.

Mithoasf 1 ok f%/‘“j\

Jeff Lyash

President and

Chief Executive Officer
OPG

Michael W. Rencheck
President and

Chief Executive Officer
Bruce Power

Bruce Povier
Innovation at work UNTAm FﬁWER
GENERATION

BRUCE POWER | ONTARIO POWER GENERATION 1
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Bruce Power

and OPG Operations

v
. .

‘: About Bruce Power
Bruce Power is the world’s largest operating nuclear
facility and is the source of approximately 30 per cent
of Ontario’s electricity. Formed in 2001, Bruce Power is
Canada’s only private sector nuclear operator and is a
Canadian-owned partnership of Borealis Infrastructure
Trust Management (a division of the Ontario Municipal
Employees Retirement System), TransCanada, the
Power Workers’ Union and the Society of United
Professionals. It operates eight CANDU units under
long-term lease from OPG.

In December 2015, Bruce Power signed a long-term
agreement with the province to refurbish six of its units
over the next two decades, investing billions of private
funds in these publicly owned assets.

Bruce Power Nuclear Site

Powering Ontario Together

:Q: About Ontario Power Generation

Ontario Power Generation (OPG) operates a diversified
portfolio comprising numerous generating stations: two
nuclear (Darlington and Pickering), 66 hydroelectric, three
thermal and one wind turbine. Through these facilities,
OPG generates clean, reliable and low-cost energy,
delivering about 50 per cent of Ontario’s electricity.

In October 2016, after a decade of detailed planning,
OPG began work on Unit 2, the first of the four units at
Darlington that will be refurbished over the course of
10 years. In February 2018, the provincial government
green lit refurbishment of Unit 3. And in June 2018, 60
per cent of the work on Unit 2 refurbishment had been
completed on time and on budget.

As well, Pickering is a critical generating asset to the
province. OPG's technical work shows the station can be
safely operated to 2024 and that doing so would save
Ontario electricity customers up to $600 million, avoid
17 million tonnes of greenhouse gas emissions and pro-
tect 4,500 jobs across Durham Region.
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Darlington Nuclear Generating Station

Pickering Nuclear Generating Station
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Economic and Environmental Benefits
The refurbishment and continued operation of the provide $3-$4 billion in annual economic benefit with go
Darlington reactors through to 2055 will see an average per cent of the expenditure taking place within Ontario.
of 14,200 direct and indirect jobs created per year. Every
dollar invested into the station results in a $1.40 increase The continued operation of Pickering during the Bruce
to the province’s Gross Domestic Product, thus providing and Darlington refurbishments will ensure a safe, reliable
an $89.9 billion boost to Ontario’s economy through the supply of electricity and will help the province avoid 17
project and subsequent 30 years of station operation. million tonnes of greenhouse gas emissions annually,
the equivalent of taking 850,000 cars off Ontario roads,
At its peak, the refurbishment of the Bruce Power site over four years.

will create 22,000 direct and indirect jobs annually while
also securing the organization’s future. The project will

Powering Ontario Together





@ Ontario’s Refurbishment Plan

An Overview of Bruce Power and OPG’s Integrated
Schedules

Ontario’s 2017 Long-Term Energy Plan outlines the
continued role for nuclear in the province, with the
refurbishment of the units at the Bruce and Darlington
sites. The successful refurbishment of Ontario’s nuclear
fleet will require investment in Units 3 through 8 at
Bruce and Units 1 through 4 at Darlington between 2016
and 2033.

Benefits of Collaboration

The provincial Long-Term Energy Plan encourages
Bruce Power and OPG to work together to share
knowledge and leverage economies of scale. The value
generated through this ongoing collaboration includes
improvements, risk reduction, dose reduction and more.

Bruce Power Refurbishment Schedule
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On November 12, 2015, Bruce Power and

OPG signed a Memorandum of Understanding
(MOU) that was facilitated by the Ministry of
Energy to formalize the collaboration between
the two organizations on nuclear refurbishment
and power plant operation.

The MOU addressed a key objective: the

two companies will identify efficiencies and
innovation that lower costs for ratepayers,
share lessons learned on refurbishments and
leverage economies of scale to ensure Ontario’s
refurbishments remain on time and on budget.

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

Darlington Refurbishment Schedule

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033
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Collaboration

Bruce Power and OPG have identified a number of collaborative areas that have improved
efficiencies in the planning and execution of our individual refurbishment programs.

—| Asset Management
and Inspection Programs
Leveraging operational experience in Inspections

Bruce Power’s Outage and Maintenance Services (OMS)
and OPG’s Inspection and Reactor Innovation (IRI)
organizations have a long-standing relationship, having
worked together to share operational experience and
insights on various aspects of each other’s inspections
programs. IRl specializes in the inspection and
maintenance of CANDU nuclear power plants in Canada
and around the world. OMS delivers safe, predictable
outages at optimum cost to achieve Bruce Power’s
commercial objectives.

“Bruce Power and OPG are
simplifying documentation and
developing a streamlined approach

to governance that will apply

to refurbishments. Eliminating
inefficiencies through our governance
updates will result in millions of
dollars in savings per unit.”

— Roy VanBeek, Bruce Power

Powering Ontario Together

Both organizations target meeting three to four times a
year to discuss successes, resource training, research and
development, and insights on refurbishment activities. At
these meetings, they also discuss key focus areas, such as:

« fuel channelinspection programs (tooling, inspection
methods and technology)

« steam generator inspection programs

« resource training and supervisor development (an
exchange program is being contemplated)






‘%’ Procurement

Aligning on parts supply

The need for similar parts along overlapping timelines has
offered OPG and Bruce Power a number of opportunities
for alignment, which translates into savings to the Ontario
ratepayer.

“By ensuring that OPG and Bruce Power have the same
component design specifications and requirements,
we're enabling manufacturers to continuously produce
components without changing specs or tooling; thereby,
ensuring the parts can be sent where they’re needed,
when they’re needed,” says Carla Carmichael, OPG

Vice President of Project Assurance and Contract
Management.

The organizations have identified opportunities for
savings through alignment in shared procurement and
inventory of items.

The goal is to develop plans and processes that support
steady supply for all nuclear fleet work while leveraging
economies of scale.

“Using the same vendors provides assurance of
the quality and supply of critical components
to both organizations.”

— Ken Brown, Joint Venture Group on the
Darlington Refurbishment Project.
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“We are also working with OPG on our large
procurements. If we team up with OPG,
and buy alongside them in even greater
quantities, the savings to both companies
are even higher.”

— Stephen Marcotte, Bruce Power

’@@O Common Tooling

Optimizing calandria tube installation

OPG and Bruce Power have identified potential efficiencies
in calandria tube installation through the Darlington Unit

3 Innovations Project, which was established to improve
re-tube and feeder replacement performance and shorten
critical path on subsequent units.

“We'll be able to increase production by adding an
installation work table to each work face, doubling the
number of tools available to install calandria tubes,” says
Greg Ferguson, OPG Project Manager of Re-tube and
Feeder Replacement Tooling Innovations. “This will allow
for parallel work , and support more efficient transitions
between work series.”

OPG will introduce these additional work tables during
Unit 3 refurbishment. By adopting this change, 16

days critical path days should be saved per unit, the
equivalent of 48 days over the course of the Darlington
Refurbishment Project.

BRUCE POWER | ONTARIO POWER GENERATION





@ Replacing Major Components

Minor improvements promise major time and cost savings

It's a fact — foreign material, such as metal shavings from
feeder tubes and steam generator nozzles, can result in
costly complications during refurbishment, which would
lead to delays.

“The MCR project is operating on a firm, fixed cost and
duration,” says Brock Leighton, Bruce Power MCR =
Balance of Plant Senior Program Manager. “Predictable
delays like this cannot happen [on the project].”

The prevention strategy is simple: install strainers in fuel
channels to catch all foreign material before they damage
the fuel or the fuel channels themselves.

The strainer solution was first implemented at Bruce
Power during the commissioning of Unit 4. To prevent
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potential complications or costly delays on the MCR,
Bruce Power has opted to install the strainers in each of
the 480 fuel channels. Since they haven’t been used on
site for more than 20 years, the team has been reviewing
past designs, installation/removal strategies and
prototype testing to determine the best path forward.

Bruce Power has also consulted with OPG for lessons
learned.

“Operational experience allowed us to make incremental
improvements,” says Martin Taylor, Bruce Power Owner’s
Engineer. “Those improvements will mean the difference
between remaining on schedule and on budget, and
experiencing delays and cost increases.”

Powering Ontario Together
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X Waste Management

N
Space optimization avoids costs

“It's a bit like Jenga,” says Dwayne Sommer, Bruce Power
MCR Construction Front Line Manager, about the
process used to create extra storage space for 16 steam
generators inside their Steam Generator Storage Building
at OPG’s Western Waste Management Facility.

“The time and money that would go into building a new
storage facility would be significant,” says Jeff Phelps,
Bruce Power Vice-President of Major Projects. “Instead,
we reviewed all potential options and came up with a
simple solution that would save money, space and time.”

To make space, the team reconfigured the generators
currently on-site by safely jacking up the 110-tonne
steam generators and placing them on skates, then
repositioning them onto storage saddles.

Lise Morton, OPG Vice-President of Nuclear Waste
Management reported: “It’s a great demonstration

of teamwork and cooperation among five different
companies: including OPG and Bruce Power, to ensure
the safe execution of work in the field.”
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Labour Arrangements

Filling the gap in skilled trades

As of 2020, OPG and Bruce Power will have parallel
refurbishments underway, which will mean concurrent
demand for highly skilled tradespeople to complete
the work.

And with various disciplines of trades soon to be in
short supply and the nuclear industry projecting further
shortages, planning is underway to ensure the right
people are available for work at the right time on both
mega-projects.

“It demands a multi-pronged approach,” says Carla
Carmichael, OPG Vice President of Project Assurance
and Contract Management.

First, the two companies are working together to
optimize schedules to minimize having the same trades in
demand at both sites at the same time, where budget and
timelines allow.

Second, work is being done to build capacity within the
current skilled trades workforce.

Third, efforts are being made with industry stakeholders
to increase the number of people entering the trades,

in part, by encouraging women, members of Indigenous
communities and people who are new to Canada, to join
the nuclear workforce.

“Diversity and inclusion are key to this plan,” says
Carmichael. “It’'s a diverse workforce that will get these
jobs done.”

BRUCE POWER | ONTARIO POWER GENERATION
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Building capacity for the future

OPG and Bruce Power recently launched two
programs aiming to build skilled trades capacity
within the nuclear industry.

OPG's Indigenous Opportunities in Nuclear program
(ION) is recruiting and placing members of First
Nations, Inuit and Métis communities in positions at
OPG, union halls and vendor partner organizations.
Partnered with Kagita Mikam Aboriginal Employment
and Training agency, ION aims to increase the OPG
Nuclear Indigenous

Powering Ontario Together
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complement from 1.7 per cent to 2.4 per cent,
mirroring the provincial workforce availability.

Meanwhile, Bruce Power has established a four-year,
$100,000 Indigenous scholarship program, which
will trigger another $100,000 in matching funds

by the Government of Canada. The scholarship

will benefit First Nation and Métis students in their
region, by promoting, supporting and celebrating the
achievement of First Nations, Inuit, and Métis people
— youth in particular.






Bruce & Darlington
Refurbishments

(‘\n Collectively leveraging an investment of

@ $26 billion, the refurbishments at Bruce
and Darlington represent the two largest
infrastructure projects in Canada.

A study conducted by the Conference Board
@ of Canada concluded that the refurbishment
of Darlington would contribute $15 billion to
Ontario’s GDP over the course of the project,
with employment increasing by an average

of 8,800 jobs and peaking with 11,800 jobs
between 2014 and 2023.

fny\ Operating Darlington post-refurbishment will
<o Secure approximately 5,700 resident jobs in
W Durham Region until the 2050s.

A similar study conducted by the Canadian
@‘3}' Council for Public-Private Partnerships for

the Bruce site concluded that during normal

operations, Bruce supports 18,000 direct and

indirect jobs every year and delivers $4 billion
in annual economic benefit.

r{::l,o During Bruce Power’s Life Extension

(%(‘—o Program, the sites will support an additional
5,000 jobs per year and contribute an

additional $1.7 billion — $23 billion in
economic benefit annually, through direct and
indirect spending on operational equipment,
supplies, materials and labour in the province.
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2017 SUMMARY OF

Document sharing

This diagram illustrates the ongoing interaction between Bruce Power and OPG in 2017.

OPG Documents Shared Bruce Power Documents
with Bruce Power Shared with OPG

. OPG Documents . OPG Documents . Bruce Power . Bruce Power
disclosed to not disclosed to Documents Documents not
Bruce Power Bruce Power disclosed to OPG disclosed to OPG

Total # of Documents Requested

Total # of Documents Requested
by Bruce Power in 2017 = 402

by OPG in 2017 = 207

* Documents requested includes all types of documentation, including refurbishment procedures, technical aspects,
project management, and some cases designs, and lessons learned.

**Not all documents could be shared because of commercial or intellectual property restrictions. Also some requests
were being processed at the time this report was prepared.
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Looking Ahead

OPG and Bruce Power’s long-standing relationship is built on a strong spirit of collaboration, driven by our individual
innovative efforts.

Through another collaborative partnership, Darlington Nuclear will become the first large-scale commercial nuclear
power station world-wide to produce molybdenum-9g9 (Mo-99), ensuring the world’s long-term supply of the critical
medical isotope used in more than 30 million life-saving diagnostic and medical treatments each year. Along the same
lines, Bruce Power produces cobalt-60, which sterilizes medical equipment and is used in the treatment of brain
tumours for millions of patients worldwide.

As we progress on the province’s refurbishment programs, each organization is applying collaborative and innovative
approaches to ensure we deliver the best value to Ontario’s ratepayers.

Powering Ontario Together
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Hon. Greg Rickford,

Minister of Energy, Northern Development and Mines
Whitney Block, Room 5630 5th floor

99 Wellesley St. W. Toronto ON,

M7A 1W1

Hon. Bill Walker

Associate Minister of Energy
Whitney Block, Room 5630 5th floor
99 Wellesley St. W. Toronto ON,
M7A 1W1

Dear Ministers,

Three years ago, Ontario Power Generation’s (OPG) team of project partners, industry experts,
energy professionals, and skilled tradespeople successfully began Darlington’s Unit 2 reactor
refurbishment. Likewise, in 2016, Bruce Power’s Life Extension Program started, and has
progressed on time and on budget with nearly $1.9B in inspections and projects completed.

Darlington Unit 2 is only the start. A total of 10 refurbishments will be completed in Ontario over
the next 14 years. In a few short months, the next phase of Bruce Power’s Life Extension
Program starts with the first Major Component Replacement (MCR) on Unit 6 in tandem with
Darlington’s second refurbishment of Unit 3. Our staggered, 13-year project schedule gives us
time to find efficiencies and lower costs, and our companies have enthusiastically accepted this
challenge. We've achieved collaboration and innovation in Engineering, Procurement, and
Construction, Training process improvements, project risk reduction, dose reduction, and
exchange of project operational experience (OPEX) and lessons learned.

Both projects have benefitted from lessons learned on OPG’s Unit 2 refurbishment, which has
enabled the teams to implement design changes to improve technology and critical path
workflow. Project installation and inspection tooling has been a point of convergence this year
forthe teams. The leak test tooling, installation work table, and conditioning tool have all seen
incremental improvements as a direct result of information sharing and lessons learned. The
bellows cut tool was also modified to improve outcomes. Minor changes to the tool's speed and
cutter heads produced more efficient outcomes and will reduce the need for rework during
critical path activities.

Significant progress has been made on the waste management and storage solutions for Bruce
Power’s MCR project. OPG’s Western Waste Management Facility (WWMF) will support Bruce





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

.. . Exhibit D2-2-3
Ministers Rickford and Walker
Attachment 8
November 11, 2019
Page 2 of 4

Page 2

Power’s upcoming refurbishment by providing interim storage and processing for low- and
intermediate-level nuclear waste. As such, we’ve recognized this as a primary integration point
for our companies.

In late 2018, stakeholders from Bruce Power and OPG met for the first Nuclear Waste
Management Summit. The group reviewed items including storage and handling, potential risks,
opportunities for waste reduction, and how to manage peak scheduled waste times. The MCR
Waste Working Team was developed to overcome challenges with the retube waste container
design and to maximize storage space at OPG’s waste facility. They developed a new retube
waste container with enhanced radiological shielding that allows for three-high stacking, and
implemented other simple solutions to increase storage capacity and, as a result, were able to
defer construction of a new facility.

There’s a common thread that binds our organizations and that is: the success of one begets the
success of its counterpart. It’s encouraging to see our employees take this adage to heart as
they work together to mitigate project risks, implement lessons learned and optimize results on
both sides. For example, OPG began its feeder weld testing by performing phased array
ultrasonics, but converted to radiography after it was deemed a superior method. Bruce Power
adjusted its plan for the Unit 6 refurbishment based on OPG’s findings.

Collaboration is also at the heart of our efforts to ensure sufficient skilled trades to undertake
the work required. The Bruce Power MCR program will secure an estimated 22,000 jobs directly
and indirectly from operations, and an additional 5,000 jobs annually throughout the investment
program, injecting billions into Ontario’s economy. For OPG over 14,200 jobs will be realized
during the project and over the life of the Darlington extended operations. During overlap
periods, when multiple units are being refurbished, an additional 4,000 plus trades will be
required to power our projects forward. Both Bruce Power and OPG are developing
collaborative partnerships with the Ontario construction building trades; government agencies;
indigenous communities; and educational institutions to actively promote, attract and train
skilled workers.

Our project leadership teams discuss schedule, risks, and performance on a bi-weekly basis and
we’ve had a number of employees accept secondments that have proven advantageous to both
parties. By embedding themselves in their industry peer team, they were able to capture
nuanced insights and act as intermediaries for their colleagues. Bruce Power’s process for
handling project documentation was enhanced as a result of secondment feedback. This
program has been a key element of the Bruce Power-OPG collaboration and we’ll continue to
encourage and support these types of activities. Our teams have also reached beyond our
Canadian borders to gain lessons learned and insights from the recently completed Embalse
refurbishment in Argentina.

Our organizations have also jointly collaborated with CANDU Owners Group (COG), a not-for-
profit funded by CANDU operators, on research and innovations that are contributing to
stronger operations on both our sites. One such research project allowed us to better manage
and extend the life of fuel channels in a CANDU reactor. Through these findings, we were able to
prolong the life of our nuclear units prior to refurbishment. Another COG-led project resulted in
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a fuller understanding of pressure tube behaviour, which has improved plant predictability and
reliability. These successful collaborative ventures have contributed billions of dollars back to
Ontarians in additional electricity generation and use of these assets. We're proud of the work
are teams are doing in the R&D space and will continue to seek out efficiencies that benefit our
sites and the province.

In 2023, Bruce Power and OPG will have five combined refurbishments ongoing, which will put
our abilities to the test. Our refurbishments are the largest infrastructure projects in Canada and
combined are creating more than 35,000 direct and indirect jobs across the province. With the
demand for skilled trades on the rise, our organizations have been working to build skilled
trades capacity. From grassroots initiatives in our local communities to partnerships with Skills
Ontario, we are collaborating to ensure the capacity exists to support the largescale nuclear and
non-nuclear projects occurring in Ontario.

As outlined in the Auditor General’s report, skilled trades are viewed as a potential risk to both
refurbishments as well as a number of other critical projects throughout the country. In 2019,
OPG partnered with Durham College and the International Brotherhood of Boilermakers to
develop a pre-apprenticeship program that trained 100 students that are now available to work
inthe nuclear industry as Boilermaker apprentices. These new recruits will be available when
both OPG and Bruce Power enter into overlapping unit refurbishments. In addition, Bruce Power
partnered with Georgian College to develop a new pre-apprenticeship program that will
encourage more young people to enterthe trades. The Georgian College program is a 34-week
program which gives students a hands-on introduction to five construction trades. A highlight of
the program is the 12-week paid placement at Bruce Power with suppliers and unions where
students are given an opportunity to put their classroom knowledge to the test. The pre-
apprenticeship program was deemed a success in its first year and has since received the
governmental approval and funding required to run again in 2020. Both OPG and Bruce Power
continue to work with all trade unions, contract partners and the Electrical Power Systems
Construction Association (EPSCA) on additional mitigation strategies relating to skilled trades
demand.

We have over 480 Ontario companies or suppliers involved in our refurbishments providing
economic development opportunities throughout the province. Many have secured long-term
supply contracts that span the 14-year horizon. These contracts are enabling the recapitalization
of the industry and the hiring of another generation of nuclear industry professionals. A number
of suppliers are also collaborating to produce innovative new technologies that are used here
and also exported to other countries.

Our companies are working collaboratively to maximize efficiencies for Ontario and deliver the
projects safely, with quality on time and on budget. By taking a pro-active approach in applying
lessons learned to date we are aligned around:

e Investingin our people: to build strong project managers and develop strong leadership
capabilities.
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e Owner oversight and involvement with our project partners and contractors to ensure
commercial commitments are met.

e Maintaining a “Project-Centric” approach with clear lines of accountability and
authority.

e Rigorous layered oversight at all levels of our organizations to ensure transparent and
accurate information flows and resolution of issues and learnings shared.

e  Build trusting collaborate relationships to drive for efficiencies and to maximize on
opportunities.

The pathway to success is paved in innovation and collaboration and we are encouraged by the
behaviours we see on a daily basis. Our teams continue to find efficiencies and work together to
create the best possible outcomes for our refurbishment projects. Together, we'll work to
provide the Province of Ontario with low-cost, carbon-free and reliable electricity for decades.

Sincerely,

b =t/ M tfrf W, /ét/bp,
Ken Hartwick Mike Rencheck
President and CEO President and CEO

Ontario Power Generation Bruce Power









