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REMAINING UNITS CONTINGENCY
1.0 OVERVIEW

This exhibit recaps OPG’s process for developing contingency and describes the process for
controlling and approving the use of contingency that was extensively discussed in EB-2016-
0152." This exhibit also summarizes the contingency allocations to Units 3, 1, and 4 (the

“‘Remaining Units”).

2.0 CONTINGENCY DEVELOPMENT

Determining the amount of contingency is an integral step to the planning, estimating,
scheduling and risk management processes of any project. The Association for the
Advancement of Cost Engineering (“AACE”), a leading authority in the area of cost
engineering, management and estimation, defines “contingency” as an amount that is added
to an estimate to allow for items, conditions or events, for which the state, occurrence or
effect is uncertain and that experience shows will likely result, in aggregate, in additional
costs. The AACE definition states that “contingency is generally included in most estimates,
and is expected to be expended.”? The Project Management Institute, a leading professional
membership association for the project, program and portfolio management profession,
explains that contingency allowances are part of the funding requirements for a project, and

included in the cost baseline (or budget) to account for identified risks.?

OPG'’s approach and process for developing contingency has not materially changed since
EB-2016-0152.*

"In EB-2016-0152, OPG described the comprehensive and robust risk management system for the Program, and
how that process was a key input into the determination of the amount of contingency included in the Release
Quality Estimate (“RQE”) (see EB-2016-0152, Ex. D2-2-7). OPG also explained the contingency development
process and provided the amount of contingency that was included at the time of RQE for the entire Program,
as well as a breakdown of the contingency across the five Major Work Bundles for Unit 2.

2 “Cost Engineering Terminology”, Recommended Practice 10S-90, AACE International, WV, rev. 2007.

3 Project Management Institute, Guide to the Project Management Body of Knowledge (PMBOK Guide), 6th ed.,
2017, Section 7.2.2.6 at p. 245.

4 EB-2016-0152, Ex. D2-2-7.
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Contingency is typically estimated using statistical analysis informed by experience-based
judgment and considers only residual (post-mitigated) risk exposures. The contingency
estimate is developed through a detailed evaluation of: (1) the uncertainties in estimating
cost and schedule; and (2) discrete risks relating to cost and schedule. This process relies
upon the use of both qualitative and quantitative methods, including development of a risk
register to evaluate potential risks, their consequences and probabilities of occurrence, and
performance of an integrated cost and schedule Monte Carlo simulation. Attachment 1
provides a recap of the Monte Carlo simulation methodology. This process of risk
identification and classification, and development of the contingency amounts through a
detailed evaluation of the above factors, has continued through the development of the Units
2 and 3 Execution Estimates (“U2EE” and “U3EE”), and will be used to produce the Units 1

and 4 Execution Estimates.

OPG'’s contingency estimate is developed based on the following inputs: (1) cost uncertainty;

(2) schedule uncertainty; and (3) discrete risks. These inputs are explained below:

1. Cost estimating uncertainty is the possibility that the costs of the projects are more or
less than the applicable estimates, taking into consideration the estimate classification of
the base project cost (excluding discrete risk events).

2. Schedule estimating uncertainty is the possibility that the actual schedule durations for
the projects are more or less than the estimated durations (excluding discrete risk
events).

3. Discrete risks are the incremental cost and schedule impacts to the project if risk events
were to occur. These include risks that are specific and applied to individual project
bundles, such as delays to procurement of a specific component for a specific project, as
well as global Program risks that could impact the DRP in an overarching manner.

Once probabilities and consequences are assigned to these risks, a Monte Carlo simulation

is run. The output of the Monte Carlo simulation is a probability distribution of cost estimate

outcomes, as well as a probability distribution of schedule duration outcomes.

The contingency development process described above is an iterative process: (1) cost

estimates for project bundles and functions are continually updated, as are the uncertainty





0 N OO o B~ WO DN -

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

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

Tab 2

Schedule 6

Page 3 of 10

ranges around those estimates and the probability distributions; (2) schedule duration
estimates and uncertainty ranges are also continually updated, as are the probability
distributions; (3) the risk register is continually updated as new discrete risks are identified or
previously identified risks are retired; probabilities and consequences associated with those
risks are continually re-assessed based on experience on the previous unit(s), or based on

newly emerging information.

As each of the Remaining Units’ estimates are updated, usually at the point where the
specific unit’s cost and schedule estimates need to pass through a Phase Gate (see Ex. D2-
2-3, Attachment 1 for OPG’s Phase Gate Governance), the Monte Carlo simulation is re-run
in order to develop the latest modelled estimate of the contingency required to assure a
certain confidence level in executing the project. This modelled contingency forms an input
into management’s judgement of the amount of contingency required to develop a high

confidence estimate.

Once the high confidence contingency estimate is developed, OPG either allocates
contingency at the project level, or retains the contingency at the Program level. Project
contingency is derived from the individual discrete risks and cost uncertainties specific to the
scope of work on a given project and is managed by project directors. Project risks have a
localized project impact if they occur. Program contingency is derived from overarching
Program risks managed at the executive level that could impact the overall Program, and

may require Program-wide response.

There are a number of low probability, high consequence events that could impact the
Remaining Units, and which are beyond the ability of the project to manage or mitigate.
These events are not modelled and, therefore, not included in the contingency amounts
determined using the approach described above. The low probabilities associated with these
types of events would mean that they would not contribute significantly to the contingency
amounts determined using the probabilistic assessment methods described above and in
Attachment 1.
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At the time of the RQE, Management had compiled a list of such events and OPG had
provided examples in EB-2016-0152 (see Ex. D2-2-7). The examples provided were: 1) force
majeure; 2) a significant labour disruption, including a shortage of trades labour to execute
the work; 3) changes in the political environment; 4) an international nuclear accident or
incident (Fukushima-type event), and 5) unforeseen changes to financial and other economic
factors, e.g., escalation or interest rates significantly higher than those assumed in
developing the estimate for the Remaining Units. In EB-2016-0152,°> OPG had also noted
that, if such an event were to occur, Management would need to evaluate the impact of the
event on the cost and schedule for the Program and provide a recommendation to the OPG

Board of Directors for approval on the appropriate response.

Such an event has occurred with the COVID-19 pandemic. The COVID-19 pandemic and the
Government of Ontario’s state of emergency declaration on March 17, 2020 in response to it,
which mandated physical distancing and the closure of everything but essential services,
could not have been reasonably foreseen in planning for the DRP. Therefore, there was no
modelling of such an event, and no amount included in the initial contingency developed for
the Program. Management responded by assessing the potential impact of the COVID-19
pandemic on the DRP, based on available information, and ultimately sought and received
OPG Board of Directors approval to continue with the Remaining Units’ refurbishments with a
four-month deferral of the start dates of each of the Remaining Units. While OPG has
estimated the approximate cost impact to the DRP as a result of the four-month deferral,
given the inherent uncertainty associated with the on-going pandemic, its ultimate impact on
the DRP cannot be forecasted (Ex. D2-2-7).

3.0 CONTINGENCY AMOUNTS
Detailed evaluation of cost and schedule uncertainties and discrete risks enables OPG to

determine the appropriate amount of contingency required for the Remaining Units.

5 EB-2016-0152, Exhibits L04.3-6 EP-013 and L04.3-2 AMPCO-071, part (c).
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In EB-2016-0152, OPG had provided evidence, supported by its expert witness, that, given
the scale and complexity of the Program and the fact that it is a mega-program, the
appropriate level of contingency for the Program was that amount which equated to a 90%
confidence in cost and schedule estimates.® The OEB, in its Decision and Order in EB-2016-
0152, agreed with OPG that the 90% confidence level and the associated contingency

required was the appropriate amount to use for both planning and ratemaking purposes:

The OEB accepts that P90 is a reasonable contingency factor for this project.
The P90 factor was determined by OPG based on a statistical modelling of
risks identified by OPG. As such, the P90 contingency amount should form
part of the approved DRP-related in-service amounts. The OEB does not
agree with the arguments put forth by some parties that the contingency level
should be set differently for planning and ratemaking purposes. The OEB
finds that if setting a contingency budget at the P90 level is appropriate from
a planning perspective it is logical that it is also appropriate to approve that
level of contingency for recovery in rates.’

In this application, OPG is proposing setting payment amounts on the same basis for the

Remaining Units as the OEB approved in the last application.

3.1 Base Estimates and Contingency Amounts

As the Program continues from the execution of the first unit’s refurbishment to the last unit’s
refurbishment, the accuracy of the base estimates of cost and schedule (also referred to as
“point estimates”) are expected to improve as actual experience on the prior unit(s) is built
into these base estimates.® In addition, cost and schedule uncertainties are expected to
decrease (both in number and in the expected probabilities and consequences associated
with the remaining uncertainties). Similarly, the number of discrete risks are expected to be
fewer and the probabilities and consequences of the remaining discrete risks are expected to

lessen. Taken together, these changes are expected to translate into an increase in base or

6 EB-2016-0152, Tr. Volume 1, Feb 28, 2017, p. 33, lines 15-21.

7 Ontario Energy Board, Decision and Order, EB-2016-0152, Ontario Power Generation, Inc., Application for
payment amounts for the period January 1, 2017 to December 31, 2021, December 28, 2017, p. 38.

8 Ex. D2-2-5, Program Schedule, for specific examples of how the actual experience on Unit 2 was used to inform
the updated base duration estimates for particular work activities or scopes of work.
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point estimates, and a decrease in the amount of contingency required to achieve a

particular confidence level in achieving a desired cost and schedule outcome.

In Ex. D2-2-3, OPG provides a detailed explanation of its Lessons Learned process and
examples of Strategic Improvements that have been, or are being, implemented for the
Remaining Units. In addition to having executed the Unit 2 refurbishment, the application of
Lessons Learned and Strategic Improvements provides increased certainty in OPG’s point
estimates of cost and schedule. This increased certainty translates into smaller ranges
around the point estimates of cost and schedule for the various projects that make up the
Program. These smaller ranges are inputs to the Monte Carlo simulation and result in a

smaller derived contingency amount for a 90% confidence level.

3.2 Remaining Units’ Contingency Amounts

The total contingency amount required for the Remaining Units, at a 90% confidence level,
was derived in the initial two iterations of the U3EE. The remaining unspent contingency
amount included in the in-service amounts for the Remaining Units is $647M.° This
contingency amount represents approximately 10% of the Remaining Units’ estimate,
including contingency. This percentage is within the range of cost estimate uncertainty
associated with a Class 2 estimate per AACE guidelines. Class 2 estimates have a range of -
5% to -15% to +5% to +20%.

3.2.1 Factors Driving Reduced Contingency Need

The Remaining Units’ unspent contingency amount of $647M is 49% of the $1,312M that
was initially allocated to Units 3, 1, and 4 at RQE. The reasons for this reduction in required
contingency include that, having completed Unit 2, and having implemented a robust
Lessons Learned process along with targeted Strategic Improvements, OPG now has: (1)
higher confidence in its project cost point estimates; (2) higher confidence in its point
estimates of schedule durations; and (3) fewer forecast discrete risks and lower forecast

impacts from certain of the remaining discrete risks.

9 Ex. D2-2-7, Chart 1.
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Factors contributing to this higher confidence in the project cost point estimates and point

estimates of schedule durations are as follows:

1.

Cost estimates: Cost estimates for repeated scope on the Remaining Units are now more

certain because the work has been executed on Unit 2 and detailed costs are available.
The causes of cost overruns or cost savings on Unit 2 have been analyzed in detail and
appropriate adjustments were made to the point estimates for projects on the Remaining
Units. In addition, Lessons Learned have been, or are being, applied to all projects’ work
packages. The effect of these changes is a reduction in cost uncertainty and an
associated reduction in the amount of cost contingency required, compared to the
estimate at RQE and U2EE.

Schedule duration: Schedule duration estimates for all work packages are now more

certain than at RQE and U2EE. Every critical path duration has been adjusted based on
Lessons Learned and to include the impact of Strategic Improvements. Delays have been
analyzed in detail and those which are not expected to be repeated have been excluded
from the Remaining Units’ schedules. In addition, adjustments have been made to
productivity assumptions based on Unit 2 experience. The effect of these changes is a
reduction in schedule uncertainty and an associated reduction in the amount of schedule

contingency required, compared to earlier estimates.

Discrete risks: A large number of discrete risks have been retired, or if not fully retired,
have been assessed with reduced probability and consequence estimates as compared
to RQE and U2EE. Examples include:

Material manufacturing and delivery — the manufacturing and delivery process is now
mature and issues have been addressed; for example, the majority of the Owner
Supplied Materials for Unit 3 are on-site or already manufactured, therefore costs are
known / committed and the risk is retired;

Goods and Consumables — there is a better understanding of the volume and price of

goods and consumables based on the Unit 2 experience; and,
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o Discovery work — there is a reduced risk of discovery work, having completed Unit 2 and
achieved a better understanding of the condition of those components that could not

have been inspected before breaker open.

In summary, a lower contingency amount is needed to maintain 90% confidence in schedule
and cost estimates for the Remaining Units as compared to RQE and U2EE because of the
impact of utilizing smaller uncertainty ranges for cost and schedule estimates as inputs to the
Monte Carlo modelling for the Remaining Units than was used at RQE and U2EE, a reduced
number of discrete risks, and a lower probability of occurrence and lower consequences for

the majority of the remaining discrete risks.

A breakdown of the remaining unspent contingency amount for Unit 3 is provided in Chart 1.

Chart 1

Breakdown of Remaining Unit 3 Contingency Amounts

Contingency ($M)
Program Element -
Unit 3

RFR (includes Unit Islanding) 46
Turbine Generator 20
Fuel Handling/Defueling 10
Steam Generator 8
Balance of Plant (includes Special Projects, Shutdown Layup 29
and Refurbishment Support Facilities)

Subtotal Major Work Bundles 112
Program/Functions/Schedule* 126
Total Remaining Contingency 238

*includes all contingency interest

The contingency amounts including interest and escalation which remain unspent for Units 1
and 4 are $215M and $194M, respectively.

As discussed above, low probability, high consequence events that could impact the

Remaining Units, and which are beyond the ability of the project to manage or mitigate,
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including the COVID-19 pandemic, are not factored into the development of the above

contingency amounts.

3.3 Control and Approval of Contingency Usage

Authorization of the use of contingency funds is controlled through the Refurbishment
Change Control Process.™ Each contingency request requires an explanation of the risk or
uncertainty element that has been realized. At the time of RQE, all contingency requests

were channelled through the Change Control Board (“CCB”).

In 2016, a decision was made to allow the Senior Project Directors of each of the Major Work
Bundles to release contingency to the projects under their responsibility up to $5 million per
risk event."' This decision was made in order to increase agility in managing emergent
project changes. The authority required to approve the release of contingency escalates for
higher amounts. If the contingency request exceeds the authority of the Senior Project
Director, then the requested change is subject to the review and approval of the CCB. All
requests for Program contingency, as well as contingency allocated to the Functions,'?> must
continue to be presented to the CCB for review and approval, as the associated risks and
uncertainties are applicable to the entire Program, rather than individual Major Work

Bundles.

In the event that any contingency remains unused at the end of the Program, the favourable
revenue requirement amount will be recorded in the Capacity Refurbishment Variance

Account and returned to ratepayers in a future proceeding.

0 OPG-MAN-00120-0016 Project Integrated Change Control and NK38-NR-PLAN-09701-10001 Darlington
Refurbishment Project Planning and Controls Program Management Plan.

" EB-2016-0152, Ex. L4.3-1 Staff-058.

12 Functions are work groups within OPG'’s Program and Execution Management and Support organizations that
provide a broad range of support to the Program, including oversight, coordination, and integration among the
various contractors and ongoing station operations.
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ATTACHMENTS

3  Attachment 1: Explanation of Monte Carlo Simulation
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Attachment 1: Monte Carlo Simulation

Contingency is typically estimated using statistical analysis informed by judgment based on

past experience and considers only residual (post-mitigated) risk exposures.

Monte Carlo simulation is a computerized mathematical technique that simulates the execution
of a project thousands of times, accounting for potential realization of discrete risk events and
project uncertainties based on the probability distribution function and the consequence of
each risk. The technique builds models of possible results by substituting a range of values for
any factor that has inherent uncertainty. The model is then used to calculate the results in an
iterative manner, involving thousands of iterations, each using a different set of random values
from the probability distribution functions.' The output provides decision makers with a range
of possible outcomes for the project and the associated probabilities that those outcomes will
occur. The discrete probability distribution of outcomes often takes a shape similar to an
inverted bell; therefore, are often referred to as “Bell” curves. The cumulative version of these
probability distribution of curves, often takes a shape similar to an “S”; therefore, are often
referred to as “S” curves. Using these “S” curves, the amount of contingency required to be
added to the base cost estimate to obtain a certain level of confidence can be determined. This
quantitative result is used as an input to determine the amount of contingency required at

different confidence levels for both the project schedule and project cost.

OPG uses @Risk, a leading risk analysis software tool from Palisade Corporation, an
internationally recognized leader in this field. @Risk is a tool which facilitates the running of a
Monte Carlo simulation, based on the risk inputs. At the time of RQE, OPG had also retained
a risk modelling subject matter expert from Palisade to assist in the architecture and

robustness of the model and to oversee the simulation.

' Palisade Corporation, Monte Carlo Simulation <http://www.palisade.com/risk/monte_carlo_simulation.asp>.




http://www.palisade.com/risk/monte_carlo_simulation.asp
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The results of the Monte Carlo simulation are an important, but not the sole input into the
determination of the appropriate level of contingency to be included in the project estimate in
developing, say, a 90% confidence estimate. The judgement of the project staff, project
management, project executive management and OPG’s executive management are also
important inputs. Ultimately, the confidence level in achieving a certain schedule and cost
outcome, and validation of the overall adequacy of the contingency estimate required to
achieve that outcome is informed both by the quantitative results of the Monte Carlo simulation

and by management judgement.
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REMAINING UNITS COST

1.0 OVERVIEW

On November 13, 2015, OPG’s Board of Directors approved the Release Quality Estimate
(“RQE”) for the Darlington Refurbishment Program (“DRP or the “Program”), which formed the
basis of the OEB’s approval in EB-2016-0152. The RQE was based on the best information
available regarding the Program as at November 2015 and included cost estimates of sufficient
quality based on industry standards in order to establish the four-unit, program-level control
budget for the DRP. This exhibit briefly recaps the RQE.

Since November 2015, OPG has continued to refine its cost and schedule estimates for

individual units’ refurbishments and for the Program, through the completion of unit Execution

Estimates (“EE”). Unit EEs were completed in advance of the refurbishment outages of Units

2 and 3, as follows:

1. For Unit 2, the Unit 2 EE (“U2EE”) was completed in August 2016;"

2. For Unit 3, the Unit 3 EE (“U3EE”) was finalized in August 2020 and reflects the impact of
the COVID-19 pandemic on the start dates of the refurbishment outages of Units 3, 1, and

4 (the “Remaining Units”). 2 See Section 2.3 below and Attachment 1.

OPG plans to develop Unit EEs for Units 1 and 4 as follows:
1. For Unit 1, the Unit 1 EE (“U1EE”) is forecast to be completed in November 2021; and
2. For Unit 4, the Unit 4 EE (“U4EE”) is forecast to be completed in May 2023.

While the focus of the unit EEs is on finalizing a cost and schedule baseline for the next unit
to be refurbished, the estimate for the Program is also refreshed in order to verify the Program
cost estimate. As a result, the U3EE is OPG’s best estimate for the cost for each of the

Remaining Units and, therefore, for completion of the Program.

" The Unit 2 Execution Estimate was filed in EB-2016-0152, Ex. L-4.3-1 Staff-055.
2 Ex. D2-2-5, Section 3.1 and Ex. D2-2-5 Attachment 2.
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This exhibit provides OPG’s updated Program cost summaries. Based on the U3EE, forecast
in-service amounts for the Remaining Units are also provided, as is further detail on the costs

for each of the Major Work Bundles for the Remaining Units.

Consistent with the OEB’s approval in EB-2016-0152, this exhibit reiterates that OPG’s
success should be measured at the total envelope level of the Remaining Units. Should OPG
deliver the Remaining Units within the envelope amount of $6,604.2M, consisting of
$6,444.4M3 capital and $159.8M OM&A,* this would also mean that the overall Program would
have been completed within the Program estimate of $12.8B set at the RQE, excluding the

cost impacts of the COVID-19 pandemic.

OPG'’s planned approach for COVID-19 cost impacts is discussed further in Section 2.3.

2.0 PROGRAM BUDGETS

2.1 Release Quality Estimate

Completion of the RQE in November 2015 was a major milestone in planning for the Program
and marked the end of the Definition Phase. In the RQE, OPG determined that the total
estimated cost of refurbishing all four units at Darlington would be $12.8B, including

contingency, capitalized interest and escalation.

The RQE, supported by the Execution Phase Business Case Summary,® was approved by
OPG’s Board of Directors in November 2015. The RQE was subsequently presented to the
Minister of Energy who announced his endorsement of the DRP on January 11, 2016.° The

RQE represents the baseline estimate or control budget for the entire DRP.”

3 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.

4 Of the $159.8M of OM&A costs, $110.5M is being requested in this application for the 2022-2026 rate period.
The remainder represents actual OM&A expenses in 2019 and forecast OM&A expenses in 2020 and 2021 on
the Remaining Units.

5 The Execution Phase Business Case Summary was filed in EB-2016-0152 (Ex. D2-02-08, Attachment 1).

6 https://news.ontario.ca/en/release/35478/ontario-moving-forward-with-nuclear-refurbishment-at-darlington-and-
pursuing-continued-operations-at.html

7 EB-2016-0152, Ex. D2-2-8, p.3.
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As discussed in the last application, contingency included in the RQE Program estimate of
$12.8B did not include amounts to cover low probability, high consequence events, such as
the COVID-19 pandemic.® OPG’s proposed treatment of any ultimate impact of the COVID-19

pandemic on the Program is discussed in more detail in Section 2.3.

2.2 Unit 2 Execution Estimate

The U2EE was finalized in August 2016, two months prior to the Unit 2 refurbishment outage
start date of October 2016, and ten months after completion of the RQE. The U2EE was an
update of the forecast costs and schedule for the refurbishment of Unit 2. The U2EE also
confirmed a total Program cost of $12.8B, as it was at the RQE. The U2EE was the basis upon
which OPG’s Board of Directors gave its August 2016 approval for the final release of funds to
complete the execution of the Unit 2 refurbishment outage and served as the baseline against
which performance on the Unit 2 refurbishment outage was measured. See Ex. D2-2-2 for a

detailed discussion of how the U2EE was a more refined estimate as compared to the RQE.

2.3 Unit 3 Execution Estimate

Similarly, the U3EE represents refinements to the estimate for Unit 3 in particular, and the
latest updated cost and schedule estimates for the Program. The U3EE was finalized in August
2020, in advance of the Unit 3 refurbishment outage start date of September 2020. A summary
of the final U3EE is provided in Attachment 1.

As discussed in Ex. D2-2-3, the U3EE was refined and updated twice to reflect changes in
Program schedule, experience from Unit 2 execution including Lessons Learned,
implementation of Strategic Improvements, updated risk analyses with resultant updates to the

contingency estimates, revised cost flows, and updates to interest and escalation.

Burns McDonnell/Modus Strategic Solutions (“BMcD/Modus”), the independent oversight
consultant to OPG’s Board of Directors, reviewed two iterations of the U3EE. Overall,
BMcD/Modus found that:

8 EB-2016-0152, Ex. D2-2-7, and Ex. D2-2-6, Section 2 in this application for more information.
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...the process for developing the estimate was consistent with
the process the DR team has used to date on the DR project,
starting with RQE. U3EE is based on estimates that have
progressively matured, and as more is known, certainty around
estimates increases. U3EE’s increased base cost estimate and
decreased contingency from the U3 Target Budget is a
consequence of this ongoing building of project maturity.®

In its second report, BMcD/Modus also noted:
Based on the maturity of the DR project, the Unit 3 estimate can
be classified on the lower range of a Class 2 (+5% to +20%), and
upper range of a Class 1 (+3% to +15%) as measured by the

AACEi classification system'® adopted by OPG for the DR
project.'t 12

BMcD/Modus’ two assessment reports are included as Attachments 2 and 3.

COVID-19 Pandemic Impact on Program

In response to the COVID-19 pandemic and the state of emergency declaration by the
Province of Ontario on March 17, 2020, OPG immediately suspended all pre-requisite field
work within the Darlington site on Unit 3, while continuing off-site field work and continuing
planning and preparatory work for the Remaining Units, utilizing staff working from home. After

assessment, OPG determined that return-to-service activities on Unit 2 could safely continue.

Based on a preliminary evaluation of the likely impacts of the pandemic on the Program, OPG
Management determined that a deferral of the start date of the refurbishment outage of Unit 3,
and correspondingly Units 1 and 4, by four months each, would be the most probable and

feasible scenario.

9 Burns/Modus Report, Unit 3 Execution Estimate, Darlington Refurbishment Project, Burns McDonnell/Modus
Strategic Solutions, March 5, 2019, p. 2. See Attachment 2.

0 AACE International Recommended Practice No. 18R-97.

" Independent Oversight Team, Report on Darlington Unit 3 Execution Estimate, Burns McDonnell/Modus Strategic
Solutions, November 11-12, 2019, p. 2. See Attachment 3.

12 Class 2 estimate ranges are: Low: -5% to -15%; High: +5% to +20%; Class 1 estimate ranges are: Low: -3% to
-10%; High: +3% to +15%.
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The key factors which were considered in the analysis that resulted in the decision to defer the

start dates of each of the Remaining Units by four months, included:

1. The safety of OPG’s and contractors’ employees;

2. Maintaining safe and reliable operation of OPG facilities, with particular emphasis on the
impact on Darlington operations;

3. The impacts on the planning effort and resources required to re-plan for each of the
Remaining Units;

4. Availability of critical resources for the refurbishment outages;
Fitness-for-Service assessments for each of the Remaining Units’ systems and
components;
Regulatory approvals required;
Feasibility of unit refurbishment outage overlaps; and,

Commercial impacts, including delay claims and warranties.

This change was subsequently approved by OPG’s Board of Directors, resulting in the

refurbishment of Unit 3 beginning in September 2020.

During the period of May to September 2020, OPG reviewed its evaluation of the impact of the
COVID-19 pandemic on the Program, and resumed field work on Unit 3, with COVID-19
protocols in place. OPG’s COVID-19 protocols have allowed work to safely continue to date;
however, there continue to be significant uncertainties about the eventual impacts. OPG will
continue to adjust its mitigation plans as needed in response to the pandemic, and will continue

to manage the impacts on the DRP as best as possible.

OPG also prepared the final USEE in August 2020 to formalize the changes to the Program

as a result of the deferrals caused by the COVID-19 pandemic. The final USEE included the

following refinements:

1. The most up-to-date actual experience on Unit 2, including additional Lessons Learned
and discovery issues — this allowed a small reduction in the working schedule duration for
Unit 3.

2. Revised direct field labour productivity assumptions based on the Hybrid Schedule.





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

Tab 2

Schedule 7

Page 6 of 19

3. A strategic decision to transfer two key scope packages in the Turbine Generator Major
Work Bundle (i.e., the centerline work and generator stator replacement) to General
Electric, the Original Equipment Manufacturer (“OEM”), from CanAtom. This transfer of
scope was coincident with the decision to perform the Unit 3 generator stator rewind in-situ
rather than replacing the generator stator.

4. Revised cash flows and interest and escalation amounts, consistent with the revised

schedule.

The final U3EE resulted in no changes to the overall Program estimate of $12.8B, to the
individual estimates for each of the Remaining Units, or to the High Confidence schedule

durations for each of the Remaining Units.

The final U3EE separately identifies, and OPG’s 2020-2026 Business Plan includes, a
preliminary estimate of the impact of the COVID-19 pandemic and of deferring the start dates
of the Remaining Units’ refurbishment outages on the Program of $150M. The ultimate impact
of the pandemic on the Program remains inherently uncertain, cannot be forecasted and, as
discussed in Ex. D2-2-6, is not included in the contingency. 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. OPG is not seeking approval of any COVID-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 Capacity Refurbishment Variance Account (“CRVA”) in a future

proceeding.
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Chart 1 provides a comparison of the Program estimates as at the RQE, the U2EE and the

final USEE. The final USEE forms the basis for the approval amounts requested for the

Remaining Units in this application.

Chart 1: Program Cost Breakdown at RQE, U2EE and U3EE (M$)

RQE U2EE U3EE
Bundle / Category Nov % Aug % Aug %
2015 2016 2020
Major Work Bundles 6,992 55% 6,983 55% 8,021 63%
F&IP/ SIO* 933 7% 959 7% 1,150 9%
OPG Functions 2,869 22% 2,852 22% 2,975 23%
Contingency 2,006 16% 2,007 16% 647 5%
Total High Confidence 12,800 | 100% | 12,800 | 100% | 12,800 | 100%
Estimate
Note that all numbers are in dollars of the year, i.e., including interest and escalation in each line item.
*F&IP/SIO refers to Facility and Infrastructure Projects / Safety Improvement Opportunities

Comparing the final U3EE and the U2EE, which were completed 48 months apart, the most
noticeable change is the increase in the total forecast Program costs for the Major Work
Bundles, offset by a reduction in the amount of contingency required to assure a high
confidence forecast. The primary reasons for this change are that: (1) Unit 2 has now been
completed and the contingency utilized on Unit 2 is now reflected in base estimates; and (2)
based on Lessons Learned on Unit 2, base estimates have been updated for the Remaining
Units to include Lessons Learned on Unit 2, including risks that have now become certainties
and, therefore, included in base estimates. This concept of increasing “point” or “base”
estimates, offset by a reduction in contingency requirements is explained in Ex. D2-2-6,
Section 3. In summary, cost and schedule uncertainties and the number of discrete risks have
decreased, as have the probabilities and consequences associated with the remaining risks,

necessitating a lower amount of contingency to establish high confidence in forecasts costs.

3.0 IN-SERVICE AMOUNTS
In the EB-2016-0152 proceeding, the OEB granted envelope approval for OPG’s in-service
amount request for Unit 2. In its EB-2016-0152 Decision and Order, the OEB stated:
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The OEB will not micromanage the DRP, but rather will hold
OPG accountable to deliver the DRP on time and on budget. If
OPG were to face CRVA scrutiny for each component part of the
Unit 2 project, it may lead to unintended consequences and
lessen the ability of OPG to deal with issues as they arise. As
OPG argues convincingly in its reply submission, the
refurbishment of Unit 2 is a single integrated project, not a web
of independent projects. It must be managed on a holistic,
dynamic basis, where “higher cost may be incurred in one area
to address a risk or resolve an issue in another area, which,
when taken as a whole, is to the benefit of ratepayers.” At the
end of the day, it is OPG’s responsibility to deliver the Unit 2
project (and the campus plan projects) within the budget
envelope approved in this proceeding ....... OPG should have
some flexibility in doing so.™

Based on the final U3EE, and consistent with the OEB’s approval for Unit 2 in EB-2016-0152,
OPG is requesting total in-service additions of $6,442.6M over the IR term, consisting 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).
. Also consistent with the OEB’s approval in EB-2016-0152, while the total high-confidence in-
service amount for each of the Remaining Units may ultimately be different than the forecast
amounts shown, OPG’s success should be measured at the total envelope level of the

Remaining Units.

As noted in Ex. D2-2-2, variances in nuclear revenue requirement resulting from variances in
Program in-service additions (as well as DRP OM&A expenses) will be recorded in the CRVA.
The balances in the CRVA, if any, will be brought forward for review and approval by the OEB
in a future proceeding.

The breakdown of the Remaining Units in-service amounts is shown in Chart 2.

3 Ontario Energy Board, Decision and Order, EB-2016-0152, Ontario Power Generation Inc., December 28,
2017, p.41





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

Tab 2

Schedule 7
Page 9 of 19

Chart 2: Breakdown of the Remaining Units In-service Additions ($M)'

Unit 3 Unit 1 Unit 4 %
# | Bundle / Category 2024 % 2025 % 2026
I/S IS I/S

1 S:Lﬂgge?:gn'tzeeder 1072.6 | 43% | 798.0| 42% | 837.4| 41%
2 Turbine Generators 2015 | 12%| 206.3| 11% | 2309 11%
3 Balance of Plant 242.0| 10% 188.3 | 10% 1976 | 10%
4 Fuel Handling/Defuelling 17.3 1% 8.5 0% 5.4 0%
5 Steam Generators 43.3 2% 42.8 2% 46.2 2%
6 Subtotal Major Work Bundles 1,666.7 | 67% | 1,243.9| 65% | 1,317.5| 65%
7 Project Execution 70.4 3% 49.7 3% 47.5 2%
8 Contract Management 11.9 0% 7.8 0% 10.9 1%
9 Engineering 75.6 3% 48.9 3% 57.0 3%
10 | Managed Systems Oversight 2.8 0% 1.9 0% 2.2 0%
11 Planning and Controls 25.6 1% 20.9 1% 26.0 1%
12 | Nuclear Safety 11.4 0% 8.3 0% 111 1%
13 gL%grfoarT Fees and Other| 7331 39| s641| 3%| 659| 3%
14 | Supply Chain 12.4 0% 11.3 1% 14.8 1%
15 | Work Control 30.7 1% 271 1% 33.2 2%
16 | Operations and Maintenance 2850 11% 2180 | 11% 2498 | 12%
17 | Subtotal OPG Functions 599.1 24% | 4499 | 24% | 5184 | 26%
18 | Contingency 2381 10% | 215.0| 11% | 194.0| 10%
19 | 1ota! High Sonfidence Unit | 5 504.0 | 100% | 1,908.8 | 100% | 2,029.8 | 100%
20 Total Envelope In-Service $6.442.6M

Amount for Remaining Units

4 Inclusive of minor early in-service amounts totalling $3.0M as follows: (i) The Unit 1 amount of $1,908.8M
includes $1.4M for an Early In-Service Project placed in-service in 2023; (ii) the Unit 4 amount of $2,029.8M
includes $1.6M for an Early In-service Project placed in-service in 2024.
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3.1 Unit 3 versus Unit 2

As provided in Ex. D2-2-2, the cost for Unit 2 only, i.e., excluding the Definition Phase costs,

was $3,417M, of which $3,340.5M is the capital in-service amount. The Unit 3 capital in-service

amount is forecast to be $2,504.0M. The primary contributors to the Unit 3 capital in-service
amount being forecast to be approximately $840M lower than that for Unit 2 are:

e Scope: As mentioned in Ex. D2-2-3, scope differences between Units 2 and 3 include
scope completed with Unit 2 that was of benefit to all four units because of the integrated
four-unit configuration of the Darlington station, and scope not needing to be repeated
because of the Darlington units being of the same design. These include Pre-requisite
Engineering for Retube and Feeder Replacement (“RFR”) and Defuelling, a large portion
of the shutdown system work scope, breathing air and service air upgrades, and certain
facilities, such as washrooms and trailers. The scope that will not be repeated on Unit 3
accounts for approximately $600M of the reduction in the in-service amount for Unit 3
compared to Unit 2. These reductions are partially offset by costs related to the Turbine
Generator Controls and generator stator rewind scope on Unit 3 that was not performed
on Unit 2 and in the investment in the Darlington 3 Innovations Project (“D3IP”), totalling
approximately $200M.

o Lower Costs: Interest, contingency and fees are all forecast to be lower for Unit 3 than for
Unit 2, resulting in a forecast cost reduction of $200M.

e Productivity Improvements: Based on industry experience and specific improvements to
trades training programs and to radiation protection practices, the Unit 3 estimate reflects

unit-over-unit productivity improvements of 18%.

3.2 Units 1 and 4 versus Unit 3
As shown in Chart 2, the forecasted in-service amounts for Units 1 and 4 are approximately

$600M and $470M less than the forecasted in-service amount for Unit 3.

The primary contributors to the Unit 1 in-service amount being forecast to be approximately
$600M lower than that for Unit 3 are:
e Scope: Scope differences between Units 3 and 1 include the cost of investment in D3IP

tooling, which will be placed in service at the time of Unit 3 because it will be used, in full,
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for Unit 3 refurbishment outage. As well, unlike Unit 3, Unit 1 does not include a generator
stator rewind. Scope that will not be repeated on Unit 1 accounts for approximately $100M
of the reduction.

e Lower Costs: Lower costs for Unit 1 compared to Unit 3 are attributed to: (1) engineering
modification packages prepared for Unit 3 that will be applied to Unit 1, with only minor
updates needed; (2) tooling procured for Unit 3 that will largely be repaired and re-used on
Unit 1; and, (3) the overlapping of Unit 1 with both Units 3 and 4, combined with the planned
Organizational Evolution Strategic Improvement (discussed in Ex. D2-2-3, Section 5.1.1
and expanded upon in Ex. D2-2-8, Section 2.2.1.1). Modest reductions in interest and
contingency also contribute to the lower cost of Unit 1 compared to Unit 3. Lower costs are
forecast to account for approximately $300M of the difference in costs between Units 1 and
3.

e Productivity Improvements: Further unit over unit productivity improvements are forecast,
based on the improved training and radiation protection process improvements, resulting
in a predicted shorter High Confidence Schedule (by two months) for Unit 1 than for Unit 3
and hence lower trades and Project Management Team (“PMT”) costs. In addition, there
are lower forecast training and re-training costs for Unit 1 as a result of the overlapping
schedules, the lower risk of loss of trades, and the strategy of moving the PMT and trades
from the prior unit to the subsequent unit refurbishment outage (see Ex. D2-2-8, Section
2.2.1.1). These productivity improvements are forecast to account for approximately

$200M of the difference in costs between Units 1 and 3.

The comparison of Unit 4 to Unit 3 is similar to the above comparison of Unit 1 to Unit 3.
However, the Unit 4 cost does not benefit as much as Unit 1 from the sharing of resources as
a result of overlapping schedules. Higher PMT and closeout costs on Unit 4 than on Unit 1 are
partially offset by lower costs, lower contingencies, and further productivity improvements
expected from Unit 4 being the fourth unit to be executed, with the end result being a forecast

cost increase over Unit 1 of approximately $120M.
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3.3 Major Work Bundle Costs

As can be seen from Chart 2, the Major Work Bundles represent approximately two-thirds of
each of the Remaining Units’ refurbishment costs. The Major Work Bundle costs for Units 3,
1, and 4 are $1,668.6M, $1,243.9M, and $1,317.5M respectively or 67%, 65%, and 65% of the

respective in-service amounts.

The cost estimates for all Major Work Bundles are based on the detailed scope, schedule,
contingency and cost estimate development, as discussed in Ex. D2-2-3, Ex. D2-2-5, Ex. D2-
2-6, and in this exhibit. As part of the development of the respective Unit EEs, each of the
Major Work Bundles and functional cost estimates must progress through OPG’s gated
process (see Ex. D2-2-3, Attachment 1). The final gate, Gate 3, occurs prior to completion of
the Unit EEs and submission of a request to the OPG Board of Directors for approval for a
release of funds to proceed into the refurbishment outage of each unit. At Gate 3, the Major
Work Bundle and functional estimates are challenged at gate review meetings with OPG’s

DRP executives.

The following sections present details on the cost estimates of the Major Work Bundles for

each of the Remaining Units.

3.3.1 Remaining Units Retube and Feeder Replacement
The RFR Major Work Bundle accounts for $1,072.6M, $798.0M, and $837.4M or

approximately 43%, 42%, and 41% of the Units 3, 1, and 4 in-service amounts, respectively.

As shown in Ex. D2-2-4, Attachment 2, since the RQE, the Unit Islanding scope of work has
been moved from the Balance of Plant Major Work Bundle, to the RFR Major Work Bundle, as
combining these scopes of work under one PMT is expected to improve performance. A
breakdown of the RFR costs, which now include Unit Islanding, for Units 3, 1, and 4 is set out
in Chart 3 below.





0o N o a B~ WN

11
12
13
14
15
16
17
18
19
20
21

Chart 3: Remaining Units RFR Bundle Costs

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

Exhibit D2
Tab 2
Schedule 7

Page 13 of 19

Forecast Costs ($M)
OPG Project Management 35.2 3% 39.6 5% 48.1 6%
Execution Phase 1,037.4 97% 758.4 95% 789.3 96%
Total 1,072.6 100% 798.0 | 100% 8374 | 100%
Note that all numbers are in dollars of the year, i.e., including interest and escalation in each line item.

As discussed in Ex. D2-2-4, OPG and CanAtom revised the RFR estimate for the Remaining
Units, This revision was informed, as before, by steps and methods in the Comprehensive
Work Packages (“CWP”) and by performance on the mock-up, but had the added benefit of
having actual task durations, resource utilization and other performance data from Unit 2. The
RFR estimate has also been improved, compared to the RQE, through the incorporation of
Lessons Learned into every CWP, including the assessment of delays experienced, and the
elimination of “one-time” delays incurred on Unit 2.'® The expected productivity improvements
resulting from Strategic Improvements in Training, Radiation Protection and the use of the
Hybrid Schedule have also been factored into the revised estimates.'® In addition, the RFR
cost estimate now includes the costs and benefits resulting from the implementation of the
D3IP tooling improvements. The estimate also includes the impact of the Organizational
Evolution Strategic Improvement, which comprises the implementation of the Project Centric

Organization, Workstream Specialization and the One Team Approach."

Differences in the scope of work for the Remaining Units is also a factor influencing the revised
RFR estimates. For example, the number of Engineering Change packages required to be
prepared for the RFR Major Work Bundle (excluding Unit Islanding) for Unit 3 was
approximately 60% of those required for Unit 2, which was largely attributable to the decision

not to employ bulkhead shielding in Unit 3. For Unit Islanding, the required number of

5 Ex. D2-2-3 Section 4 for a discussion of the Lessons Learned process.
16 Ex. D2-2-3 Section 5 for a discussion of Strategic Improvements.
7 Ex. D2-2-3 Section 5.1.1 for a discussion of the Organizational Evolution Strategic Improvement.
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engineering change packages for Unit 3 was 19% of the number required for Unit 2 because

many of the Unit Islanding modifications did not need to be redone for Unit 3.

Similar to the process employed during the development of the RQE, OPG, working
collaboratively with CanAtom, conducted a rigorous vetting process of the Unit 3 RFR estimate
as part of the process leading up to the Gate 3 review. This process included challenge
sessions with OPG’s DRP executives where the RFR senior project managers would present
and defend the estimate. All aspects of the estimate were reviewed and challenged, including
direct field labour hours, PMT costs, subcontracts, support services and equipment, owner

supplied materials, goods and fees.

3.3.2 Remaining Units Turbine Generators Costs
The Turbine Generators (“TG”) Major Work Bundle accounts for $291.5M, $206.3M and
$230.9M or approximately 12%, 11%, and 11% of Units 3, 1, and 4 in-service amounts,

respectively. A breakdown of the Turbine Generator costs for Units 3, 1, and 4 is set out in
Chart 4 below.
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Chart 4: Remaining Units Turbine Generator Bundle Costs

Forecast Costs ($M)
Description Unit 3 o Unit1 | Unitd4 |
2024 o 2025 o 2026 o

Turbine Generators -
Engineering Services and
Equipment Supply and Field
Services (General Electric)

172.8 59% | 120.1 58% | 151.8 66%

Turbine Generators - EPC 926| 32% | 714| 34%| 624| 27%

(CanAtom)

OPG Executed Projects 4.4 2% 1.0 0% 1.0 0%
OPG Project Management 19.7 7% 11.7 6% 13.8 6%
OPG IRI* Support 2.1 1% 2.3 1% 2.0 1%
Total 291.5| 100% | 206.3| 100% | 230.9 | 100%

Note that all numbers are in dollars of the year, i.e., including interest and escalation in each line item.
*IRI refers to OPG’s Inspection and Reactor Innovation Division.

As set out in Ex. D2-2-4, Section 3.3, the TG Major Work Bundle scope of work is divided into
two contracts: (1) an Engineering Services and Equipment Supply and Field Services
Agreement (“ESESFSA”) between OPG and General Electric (“GE”), the OEM of the turbine
generators; and, (2) an Engineering, Procurement and Construction (“EPC”) contract between
OPG and CanAtom. In Chart 4, the estimated costs of the ESESFSA with GE are shown in the

first line and those of the EPC contract with CanAtom in the second line.

As also set out in Ex. D2-2-4, Section 3.3, leading up to the execution of Unit 3, OPG awarded
additional execution scope to GE that had originally been assigned to CanAtom. Specifically,
OPG decided to rewind the generator stators for Units 3 and 4 in-situ and to award this scope
to GE, and also to award the centerline inspection and maintenance scope for the turbine
generator set to GE. This decision was based on a favourable assessment of cost and
schedule savings and on GE’s deep experience in performing this type of work as the OEM.
The estimated costs for the GE scope of work includes a fixed price component for the stator
rewind and centerline inspection and maintenance, thereby providing cost certainty to OPG for

this work.
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The turbine generator EPC contract with CanAtom covers the maijority of the fieldwork required
to install the first-of-a-kind (“FOAK”) turbine and generator excitation digital controls on Unit 3,
and for inspection and repair of other equipment and components, such as the condenser on
each unit. The estimates for this scope of work were derived from the original budget estimates
at the RQE, factoring in Lessons Learned, mitigation of FOAK risks, eliminating “one-time”
delays and including assumed productivity improvements. These estimates were reviewed in

challenge sessions leading up to approval of the final USEE.

3.3.3 Remaining Units Balance of Plant Costs
The Balance of Plant (“BOP”) Major Work Bundle accounts for $242.0M, $188.3M and
$197.6M or approximately 10%, 10%, and 10% of Units 3, 1, and 4 in-service amounts,

respectively. A breakdown of the BOP costs for Units 3, 1, and 4 is set out in Chart 5 below.

Chart 5: Remaining Units Balance of Plant Bundle Costs

Forecast Costs ($M)
Description Unit 3 . Unit 1 . Unit 4 o

2024 | ® | 2025 | % | 2026 |
Balance of Plant Work 107.6 44% 84.4 45% 88.4 45%

Refurbishment Support Facilities 6.9 3% 0.0 0% 2.8 1%
Shutdown, Layup and Services 28.0 11% 26.7 14% 26.2 13%
Specialized Projects 34.3 14% 36.1 19% 36.9 19%
Operations & Maintenance 41.5 17% 29.2 16% 27.9 14%

OPG Project Management 23.7 10% 11.9 6% 15.3 8%
Total 242.0 100% 188.3 100% 197.6 100%

Note that all numbers are in dollars of the year, i.e., including interest and escalation in each line item.

The development of the BOP cost estimates for Units 3, 1, and 4 were derived from the Unit 2
actuals, and followed a similar process to that of the RFR project, incorporating Lessons
Learned from Unit 2, eliminating “one-time” delays and factoring in productivity improvements.
Where actual experience from Unit 2 was not available, the contractors developed a new

estimate. Differences in the scope of work in the BOP Major Work Bundle for the Remaining
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Units, compared to Unit 2, are as a result of OPG performing the engineering replication work,

and of there being a lesser need for new refurbishment support facilities.

3.3.4 Remaining Units Fuel Handling and Defuelling Costs
The Fuel Handling and Defuelling Major Work Bundle accounts for $17.3M, $8.5M, and $5.4M

or 0.7%, 0.5%, and 0.3 % of Units 3, 1, and 4 in-service amounts, respectively. A breakdown

of the Fuel Handling and Defuelling costs for Units 3, 1, and 4 is set out in Chart 6 below.

Chart 6: Remaining Units Fuel Handling and Defuelling Bundle Costs

o Forecast Costs ($M)
Defuelling 6.6 | 38% 1.1 13% 1.2 | 22%
Fuel Handling 1.4 8% 0.0 0% 0.0 0%
OPG Project Management 9.4 54% 7.3 87% 4.2 78%
Total 17.3 100% 8.5 100% 5.4 100%
Note that all numbers are in dollars of the year, i.e. including interest and escalation in each line item.

The estimates for Units 3, 1, and 4, incorporate the Lessons Learned on this project.

3.3.5 Remaining Units Steam Generators Costs
The Steam Generators (“SG”) Major Work Bundle accounts for $43.3M, $42.8M and $46.2M

or approximately 2%, 2%, and 2% of Units 3, 1, and 4 in-service amounts, respectively. A

breakdown of the SG costs for Units 3, 1, and 4 is set out in Chart 7 below.
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Description

Forecast Costs ($M)

Unit 3 Unit 1 Unit 4
2024 | %® | 2025 | " | 2026 | %
Steam Generators EPC o o o
(BWXT/CANDU)* 31.0 | 71.6% | 30.8 | 72.0% | 331 71.7%
OPG Project Management 3.2 7.4% 2.6 6.1% 3.2 7.0%
OPG IRI** Support 9.1 21.0% 9.4 21.9% 9.8 21.3%
Total 43.3 100% 42.8 100% 46.2 100%

Note that all numbers are in dollars of the year, i.e., including interest and escalation in each line item.
*BWXT/CANDU refers to the Babcock & Wilcox Canada Ltd. and Candu Energy Inc. Joint Venture
**IRI refers to OPG’s Inspection and Reactor Innovation Division.

The majority of the scope of work of the SG Major Work Bundle is subject to fixed/firm pricing

where tasks are highly defined and consistent with those performed at other nuclear facilities.

The fixed price pricing model will provide OPG with greater cost certainty. A cost reimbursable

target price model applies to the remainder of the scope of work. The estimates for Units 3, 1,
and 4 incorporate the Lessons Learned on this project.
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FOR APPROVAL by the Board of Directors

GENERATION

August 13, 2020

DARLINGTON REFURBISHMENT - FINAL UNIT 3 EXECUTION ESTIMATE

DECISION REQUIRED

The purpose of this memo is to request approval from the Board of Directors for the Final Unit 3 Refurbishment
Execution Estimate (U3EE) cost and schedule baseline:

e Commencement of the Unit 3 refurbishment execution immediately following the Single Fuel Channel
Replacement (SFCR) outage, with a planned start date for defuel on September 2", 2020. In the
event that the SFCR outage is completed earlier than planned, the project remains ready to start defuel
earlier.

e Final Unit 3 High Confidence Cost Estimate of $2,559 Million, which is unchanged from the U3EE
previously approved in November 2019.

ISSUE

In November 2019, OPG’s Board of Directors approved the USEE and full release of funding to proceed with
the execution of the Unit 3 refurbishment planned for May 2020 at a total cost of $2,559 Million. The estimate
was developed using actual experience of Unit 2, including the completion of the Feeder program, inclusion of
the Lower Body Instrumentation series, and other lessons learned and strategic improvements. The cost
estimate was considered a class Il estimate and preserved the overall program funding of $12.8 Billion.

Since that time, management has continued with the detailed planning and preparations for the execution of
the Unit 3 refurbishment. As a result of the COVID-19 pandemic, OPG deferred the planned start of the Unit 3
refurbishment to early September 2020. The deferred start of the Unit 3 refurbishment by four months has a
cascading impact on the start of future unit refurbishments, with the overall schedule maintained to refurbish all
four units by the end of 2026.

In Q1 2020, the Turbine Generator project team finalized a decision to transfer two key scope packages
(centreline work, and stator replacement) from the execution vendor, CanAtom, to the Original Equipment
Manufacturer (OEM), General Electric (GE). In place of a stator replacement, GE will perform an in-situ rewind
that was previously planned to be completed on the removed stator in an on-site warehouse. This change
mitigates the risk of a significant critical significant lift in the station. CanAtom has retained significant
modification scope for engineering and construction of ‘first of a kind’ upgrades to the turbine and excitation
controls systems, including replacement of 5 generator auxiliary systems skids.

This Final U3EE sets out OPG’s plans for the execution of Unit 3 refurbishment and includes an updated risk
and contingency analysis that will form the basis for monitoring of Program performance. The unit’s high
confidence cost has been preserved at $2,559 Million as previously approved in November 2019, and the high
confidence schedule duration is unchanged at 40 months. This Final U3EE also sets out the high confidence
cost and schedule estimates for Unit 1 and Unit 4.

As set out below, OPG is continuing to manage the impact of COVID-19 on the DRP, which does not form part
of DRP’s program budget or this Final USEE. Based on impacts known to date, OPG expects to incur costs of
approximately $150 Million for the DRP as a result of the four-month deferral. Management continues to monitor
and manage the trends of the pandemic, track related expenditures separately and assess any opportunities to
mitigate the impact.

ANALYSIS

This Final U3EE takes into consideration the additional planning and preparatory work executed since the
November 2019 Board meeting, and incorporates the following:

e A cost estimate and schedule based on the most up to date actual experience on Unit 2, including the
incorporation of lessons learned and discovery issues, with additional strategic improvements
stemming from the Lean/Kaizen methodology to identify further opportunities.
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e A cost estimate and schedule based on revised direct field labour productivity assumptions that
incorporates a hybrid (24/5/6/7) shift schedule for critical path activities, and tooling investments that
realize the full benefits of parallel Pressure Tube / Calandria Tube removal for Unit 3.

e Following the scope change decision, CanAtom, working with the OPG team, revised their TGR work
strategy. The OPG & CanAtom teams have continued to work collaboratively on the details of the plan
and are making good progress towards finalizing the plan, expected by late July.

e Revised risk analysis, and resultant contingency required for residual risks.

o Review of cash flows, including interest and escalation requirements, against the updated working
schedule.

All of these items have been compiled into the Final U3EE class Il estimate, as well as a review of the 4-unit
overall cost estimate. The following sections summarize this analysis.

1. The cost estimate for executing Unit 3 refurbishment is preserved at $2,559 Million.

In November 2019, OPG’s Board of Directors approved the U3EE and full release of funding to proceed
with the execution of the Unit 3 refurbishment targeted for May 2020 at a total cost of $2,559 Million. The
estimate was developed using actual experience of Unit 2 including the completion of the Feeder program,
inclusion of the Lower Body Instrument Tubing series, and additional lessons learned and strategic
improvements.

Since that time, management has continued with the detailed planning and preparations for the execution
of the Unit 3 refurbishment. The Final USEE has been preserved at $2,559 Million, which includes
$240 Million of contingency.

To-date, $2,962 Million has been released for Units 3, 1 and 4 planning, detailed engineering and
procurement of long lead materials, and the execution of Unit 3.

A summary of funding releases for Units 3, 1 and 4 is provided in Table 1 below.

Table 1: Subsequent Unit Funding Releases

Unit Cumulative Funding
Release ($M)
Unit 3 2,559
Unit 1 276
Unit 4 127

Total 2,962

2. Unit 3 Scope remains unchanged.

The scope for Unit 3 remains unchanged and is consistent with the U3EE scope presented for approval in
November 2019.

As previously reported, the refurbishment scope to be completed on each unit is largely the same, however
Unit 3 includes the execution of the Turbine and Generator Controls upgrade and the in-situ rewind of the
Generator Stator, which were not part of the Unit 2 refurbishment.

In addition, previously approved investments in Re-tube and Feeder Replacement (RFR) tooling are
expected to result in efficiencies on each of the subsequent refurbishment units.

The investment in tooling will allow for dual work tables to be used during the installation of Calandria Tubes
and enable the removal of Pressure Tubes and Calandria Tubes at the same time. The resultant
efficiencies gained have been incorporated in the Unit 3 execution schedule.
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3. Unit 3 Revised TG Execution Strategy.

As previously noted in the Issues section, the centreline work and stator in-situ rewind have been assigned
to GE for Unit 3, as well as Units 1 and 4. A three-unit contract amendment has been finalized for GE to
perform this execution work at Darlington. GE has not performed field work at Darlington in the past,
however GE has performed a successful stator rewind at Bruce Power, and performed centreline
turbine/generation inspection and maintenance work outages around the world, and at dozens of nuclear
plants in the United States.

Risk reviews and lessons learned from Unit 2 have been shared with GE with mitigation plans in place.
Executing with GE saves OPG the cost of paying for OEM oversight for CanAtom during execution, as well
as inspection activities.

The turbine excitation controls and generator auxiliary skid execution work that remains with CanAtom can
be executed independently from most of the GE work, providing increased schedule flexibility for both
vendors.

4. Analysis of Unit 3 execution phase risks, opportunities, and contingency is complete.

The $257 Million of contingency estimate approved in November 2019 was derived through a detailed
analysis and probabilistic modelling of the program risk profile, and reflected the experience gained during
the execution of Unit 2 and incorporates numerous lessons learned, discovery issues, and opportunities
relative to direct field labour productivity. Approximately $17 Million was drawn since November 2019 and
Management has determined that the remaining $240 Million is sufficient to address the remaining known
risks for Unit 3.

Management has revisited the risk and opportunities profile for Units 1 and 4 to confirm that the 4-Unit
contingency allotment is sufficient and within the $12.8 Billion Program commitment.

As discussed below in Section 8, no adjustment to contingency has been made related to COVID-19 impact
as it is a highly uncertain and unpredictable ‘black swan’ event that OPG could not have forecasted.

5. The Unit 3 Working Schedule incorporates a Hybrid Shift Schedule.

Unit 3 project performance will be managed against a Working Schedule duration currently planned as
1,096 days or 36 months. This represents a reduction of 3 days from the U3EE duration of 1,099 day
approved in November 2019. The change is a direct result of OPG’s robust lessons learned program,
which identified an opportunity to increase the efficiency of the return-to-service deliverables based on
OPG’s operating experience from Unit 2.

As noted in the November 2019 version of the U3EE, a hybrid shift schedule has been designed to attract
and retain the right resources and implement a sustainable schedule for the duration of the Program. Each
critical path series was assessed to determine an optimal execution strategy that incorporates 24/5, 24/6
and 24/7 shift schedules. Implementation of this strategy is expected to yield several benefits:

e Resource Retention — adoption of a 24/5 shift schedule is expected to appeal to execution
resources and improve the likelihood of trades and supervisory staff retention for the duration of
the Program.

e Reduced Resource Demand — reduces supervisory and trades demand by 20%, reduces burn out
on long duration series, reduces overtime premiums for direct field labour and reduces the size of
the overall PMT organization.

e Improves Agility in Schedule Management and Delays — included in the 1,096 schedule duration
are 930 critical path working days. The difference represents weekends where tool maintenance,
equipment repairs and other logistical issues will be conducted. The difference also affords an
opportunity to recover time lost, if needed, and provided it is the correct business decision.

Detailed Program execution schedules have been completed and issued and a detailed Level 3 integrated
cost and schedule performance baseline has been established.

A copy of the Level 1 working schedule is included in Appendix 1.

The planned schedule duration is based on a detailed evaluation of schedule risks, tooling and work
production rates, transition times between series, and most importantly lessons learned from Unit 2 actual
durations. Production targets have been established based on realistic, achievable and sustainable rates
with specific initiatives focused on improving performance.
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Risks and opportunities for each activity along the critical path, including discrete technical risks associated
with the installation and commissioning of the new Turbine and Generator controls system have been

incorporated in the schedule durations.

The High Confidence schedule will be used to assess Program success. Management will report on
Unit 3 performance to the Board of Directors on a quarterly basis, against both the Unit 3 working schedule
and the high confidence schedule, with clear indications of Program status and contingency utilization.

The overall program budget remains within the $12.8 Billion approved plan.

The overall 4-Unit high confidence cost estimate remains at $12.8 Billion, subject to the ultimate impact of
COVID-19 impacts discussed in section 8.

Changes in the Units 1 and 4 estimates reflect anticipated risks and opportunities identified from the Unit 2
experience as well as the build-up of the Unit 3 estimate. This includes schedule savings resulting from
the capital investment in tooling improvements. Table 2 below shows the cost estimate of each unit, which
has been preserved since November 2019. A 4-unit cost comparison by major bundle is provided in
Appendix 2.

Table 2: Refurbishment 4-Unit Estimate

U3EE FINAL
DIVISION ($Millions) (Nov 2019 Unit 3 Variance
Approved) Estimate
Cost Thru Unit 2 (including D20) 6,131 6,131 0
UNIT 3 2,559 2,559 0
UNIT 1 1,954 1,954 0
UNIT 4 2,106 2,106 0

TOTAL: 12,800

High Confidence durations for Units 3, 1 & 4 remain unchanged. Refurbishment start dates for
each unit reflects deferral in response to the COVID-19 pandemic.

The High Confidence schedule duration for each Subsequent Unit refurbishment remains consistent with
the U3EE approved in November 2019.

OPG has reassessed the Program schedule as a result of the COVID-19 pandemic. The deferral of the
Unit 3 refurbishment has a cascading impact on the Subsequent Units’ refurbishment start dates as no
additional overlap was introduced during the schedule reassessment. However, each unit's duration
continues to be the same and the overall schedule is maintained to refurbish all four units by the end of
2026. The revised four-unit high confidence schedule is shown in Table 3 below.

Table 3: Comparison of 4-Unit High Confidence Schedule (U3EE vs. Final U3EE)

High Confidence (U3EE) High Confidence (Final U3EE)
o Start Finish ?N‘I‘;z:'ﬁs“) Start Finish PN‘I‘;z:'}:’S") veriance
U2 Oct-16 Jun-20 44 Oct-16 Jun-20 44 0
U3 May-20 Sep-23 40 Sep-20 Jan-24 40 0
U1 Oct-21 Dec-24 38 Feb-22 Apr-25 38 0
u4 May-23 Jun-26 37 Sep-23 Oct-26 37 0
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Subsequent Unit start dates are being planned to align series windows so that dedicated execution teams

can transition from one unit to the next for their specific scope of work.

With respect to the RFR series, the execution strategy will have dedicated Removal, Installation, and
Feeder Teams. Each team will be responsible for the planning and execution of their respective work
programs. Subsequent Unit schedules have been planned in a way that enables these teams to transition
from one unit to the next as their respective windows are completed. The strategy enables a level of
proficiency to be gained resulting in improved performance overall.

The Turbine Generator scope of work has also been scheduled following the same strategy. Sufficient time
has been allocated between refurbishment outages to enable a successful transition between the
refurbishment units.

The impact of COVID-19 is not reflected in the DRP’s $12.8 Billion Program estimate.

The COVID-19 pandemic is an unforeseen, ‘black swan’ event not contemplated by the DRP’s planning
and, as a result, is not included in the Program estimate. Based on impacts known to date, OPG expects
to incur costs of approximately $150 Million for the DRP as a result of the four-month deferral of Unit 3
refurbishment execution. Given the inherent uncertainty associated with the pandemic and the inability to
accurately forecast its ultimate impact on the DRP, Management continues to monitor and manage the
trends of the pandemic, track related expenditures separately and assess any opportunities to mitigate the
impact.

Management is adequately prepared and ready to proceed with the execution of Unit 3.

The project remains ready to begin Darlington Unit 3 refurbishment execution. Pre-requisite field work will
continue to ramp up through August with COVID-19 protective measures in place, which have been
effective to date.

Unit 3 Design Engineering is substantially complete at 99%, including the Turbine Generator Control
System modification design. The Emergency Heat Sink modification design was also completed (7 weeks
ahead of the recovery plan date) with incorporation of design changes and lessons learned from Unit 2
execution. The two remaining design engineering packages are related to Auxiliary Shutdown Cooling and
Fire Protection modifications and are on track to be completed by the end of October, ahead of the need
date, to incorporate operating experience from Unit 2.

Material Procurement is on track with no threats to execution. There are currently no significant issues
impacting the refurbishment supply chain due to the COVID-19 pandemic — OPG continues to monitor the
supply chain and is working closely with our vendor partners.

Completion of Comprehensive Work Packages (CWPs) for RFR and Balance of Plant are tracking to, or
ahead of, their T-16 week milestones. As of July 24th, for the Turbine Generator bundle, 199 out of 241
CWPs are complete, with the remaining 42 CWPs tracking within the T-16 week milestone, driven by the
early 2020 decision to transfer execution responsibility for major turbine centreline work from CanAtom to
General Electric. The remaining CWPs are committed to be complete no later than T-4 weeks to the start
of the window.

The Fuel Handling (FH) Equipment Reliability Index (ERI) is 82% versus a target of 84% at breaker open
primarily due to unplanned unavailability on Trolley 3 and 4. Although the current performance is slightly
below target, the recent challenges occurred on the non-refurb trolley have been corrected and are well
understood. The ERI is a lagging rolling average metric and will not recover to 84% prior to Unit 3 defuel.
However, the team is confident that overall system health for all FH equipment is in good standing and the
Reliability Campaign, in preparation for Unit 3 defuel, is complete.

The team has also strategically planned pre-requisites in the event the SFCR outage is completed earlier
than planned, allowing flexibility to ensure these items are completed earlier. Just-in-time Training for key
FH Staff is on track to be completed prior to defuel.
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RECOMMENDATION / RESOLUTION

Management is requesting that the Board of Directors approve the following items related to the DRP:

¢ Commencement of the Unit 3 refurbishment execution immediately following the Single Fuel Channel
Replacement (SFCR) outage, with a planned start date for defuel on September 2", 2020. In the
event that the SFCR outage is completed earlier than planned, the project remains ready to start defuel

earlier.
e Final Unit 3 High Confidence Cost Estimate of $2,559 Million, which is unchanged from the U3EE
previously approved in November 2019.

Recommended by: Approved for submission to
the Board of Directors by:

S R =

Dietmar Reiner Ken Hartwick
Chief Project Officer & SVP, Enterprise Projects President and CEO

This Board memo was reviewed and approved for submission to the Board of Directors by the
Darlington Refurbishment Committee at their meeting of August 11", 2020.

APPENDICES
1. Unit 3 Level 1 Execution Schedule

2. 4-Unit Cost Summary
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Pre-Reqs
# Division (Unit Unit 2 Unit 3 Unit 1 Unit 4 Total
0/DIF&S)

1 RFR - Retubing & Feeder Replacement 703 1,460 1,026 767 824 4,782
2 IL - Unit Islanding 8 47 1 0 0 56
3 FH - Fuel Handling 35 8 8 4 3 58
4 DF - Defueling 5 25 8 3 2 43
5 TG -Turbine Generator 39 196 254 185 205 879
6 BOP - Balance of Plant 34 261 113 86 88 582
7 SDLU - Shutdown, Layup and Services 7 86 29 24 23 169
8 SG - Steam Generator 5 60 41 40 42 189
9 RSF - Refurbishment Support Facilities 4 36 7 0 3 51
10 SP - Specialized Projects 0 62 40 38 40 181
1 WD - Waste Disposal 0 12 10 10 10 42
12 OM - NR Operations and Maintenance 0 S 39 27 26 101
13 Sub-Total Bundle Projects 841 2,263 1,575 1,187 1,267 7,133
14 F&IP + SIO Projects 1,068 0 0 0 0 1,068
13 OPG Execution + Functional Support 362 441 290 217 258 1,569
16 OPG Ops & Maintenance 53 355 265 205 239 1,118
17 Sub-Total Before Contingency 2,324 3,059 2,131 1,609 1,764 10,887
18 Interest 440 358 189 129 147 1,261
19 Contingency 0 0 240 216 195 652

Total by Unit
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l. Executive Summary

Burns & McDonnell Canada and Modus Strategic Solutions Canada Company (“Burns/Modus”) have been
requested by the Darlington Refurbishment Committee (“DRC”) of the Ontario Power Generation Board
of Directors to provide the following report regarding the Darlington Refurbishment Project’s (“DR
Project”) current cost and schedule forecast for the refurbishment of Darlington Unit 3 (the “Unit 3
Execution Estimate Forecast” or “U3EE”). Specifically, Burns/Modus has been requested to examine the
reasonableness of the process OPG is using to develop the U3EE, how OPG and its vendors are utilizing
Unit 2’s actual events and progress, the operational experience (“OPEX") and lessons learned from
performing the Unit 2 refurbishment to its benefit for Unit 3, and how the U3EE effort compares to
industry best practices for similar projects.?

The DR Project Team’s U3EE is an updated forecast to the Unit 3 portion of the DR Project’s $12.8 Billion
Release Quality Estimate (“RQE”) approved by the Board of Directors in November 2015. In our November
12, 2015 Report to the DRC on RQE, Burns/Modus stated: “While the DR Team will continue to refine
unitized estimates for each of the four units in order to make specific funding requests, the Control
Budget, if accepted by the Board, will be the baseline against which both the stakeholder confidence and
public trust will be measured.” (Burns/Modus RQE Report, November 12, 2015) The DR Project’s U3EE is
intended to provide a current snapshot of the cost and schedule compared to RQE, with a data cut-off of
November 28, 2018.

The DR Team’s current U3EE forecast shows Unit 3’s target Working Schedule has been reduced from Unit
2’51071 days to 1028 days; while the current cost estimate (including contingency) is $2.487B, $12M over
the Unit 3 estimate in the “Current Target Budget” established by the DR Team in November 2016. These
forecasted differences are due to allowable adjustments, funding of improvements to all three future
units, and allocation of funds between the units.? Overall, U3EE reflects a reduction in contingency based
on the increased maturity of the DR Project since RQE as a result of Unit 2 actual experience and costs
and improved estimates for some work. This increased maturity has allowed the DR Team to narrow the
potential risk and range of outcomes around the Unit 3 forecast through the incorporation of lessons
learned into the base estimate and schedule. Overall, the total $12.8B approved in RQE is unchanged by
this forecast and appears not to be at risk based on U3EE's results.

Unit 2’s execution is ongoing® and lessons learned from the remaining work series will need to be reflected
in the final Unit 3 Control Budget and Working Schedule.* While risk remains with the completion of Unit
2, current projections by the DR Team indicate Unit 2 will finish within the 40-month commitment date

1 Notably, Burns/Modus has not been requested to provide an opinion regarding the accuracy of the DR Team’s U3EE forecast
nor the sufficiency of the identified budget for performing the work.

2 The Unit 3 Target Budget is based on approved changes that have been tracked, managed and reported through OPG's approved
change control process from RQE to present. See OPG’s Figure 4 in its Memorandum to the Unit 3 Board of Directors that tracks
the progression of the Unit 3 forecast and OPG’s Table 3 that reflects approved budgetary changes.

3 As of this writing, the remaining work on Unit 2 is Fuel Channel Installation, Feeder Installation, Vault Restoration and Return-
to-Service. As of 8-Feb-2019, Unit 2 work is 75.9% complete. The actual durations for these series will need to be factored into
the Unit 2 OPEX for subsequent units.

4 The “Unit 3 Control Budget” and “Working Schedule” are the budget and schedule that OPG will use for measuring performance.
As with the Unit 2, the Unit 3 Control Budget and Working Schedule are based on aggressive targets and used for setting up
performance Key Project Indicators, like “Schedule Performance Index (SPI)” and “Cost Performance Index (CPI).”
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(February 27, 2020) and within the Control Budget. Completing Unit 2 is a critical accomplishment which
forms an outer boundary for Unit 3’s likely cost and schedule performance. The DR Team intends to
finalize its Unit 3 Control Budget and Schedule in 3Q 2019 to reflect the remaining Unit 2 execution results,
lessons learned from these final work series and remaining analysis of cost and schedule opportunities for

Unit 3.

Based on our review of the DR Team’s progress to date with the development of the current U3EE
forecast, Burns/Modus finds that:

>

The DR Team’s process for collecting, vetting and interpreting lessons learned from Unit 2 is
consistent with best practices we have observed in other multi-unit projects (including OPG’s
Pickering A Return to Service), and the DR Team has made significant progress identifying
technical improvements for Units 3/1/4;

The U3EE represents a bounding forecast of Unit 3’s budget and schedule; the next step the DR
Team has articulated in the process is to further increase certainty and analyze the results of
remaining work before setting the Unit 3 Control Budget and Working Schedule;

In performing this review of the U3EE, Burns/Modus found that the process for developing the
estimate was consistent with the method the DR Team has used to date on the DR Project, starting
with RQE. U3EE is based on estimates that have progressively matured, and as more is known,
certainty around estimates increases. U3EE’s increased base cost estimate and decreased
contingency from the Unit 3 Target Budget is a consequence of this ongoing building of project
maturity.

The development of the U3EE contingency has followed the same basic process as used for RQE
and was confirmed using OPG’s risk management system and quantitative assessment techniques
(i.e. Monte Carlo). OPG is prudently maintaining contingency for the distinct risks for Unit 3,
including potential limits to trades labour, Ontario supply chain support, overlaps of units for the
first time, Bruce Power’s simultaneous MCR Program and other project risks;

The DR Team has made reasonable assumptions regarding its functional costs that are spread
across the remaining three units and is looking for other opportunities for economies of scale and
cost reduction;

Based on the results OPG has achieved to date on Unit 2 relative to RQE and the preparations
OPG is making for Unit 3, the current U3EE forecast is consistent with and bounded by RQE and
incorporates the assumption that Unit 3 Project’s performance will improve upon the schedule
and cost outcome of Unit 2.

Notwithstanding the DR Team’s efforts to date, there are a number of key issues and opportunities that
the DR Team intends to pursue prior to completing the Unit 3 Control Budget and Working Schedule:

» All Unit 3 contractor derived estimates for improving direct field labour (“DFL") productivity and

Project Management Team (“PMT”) for Unit 3 require additional vetting, so that assumptions
used in their Unit 3 bases of estimates (“BOE”) can be fully tested and understood. If, as an
example, there are adjustments needed in a contractor’s estimate from RQE (i.e. to incorporate
missed scope or underestimated complexity), that same adjustment will be required for the
control budgets for all three subsequent units. Thus, all vendors should update their BOE
documents to incorporate Unit 3 assumptions, changes and improvements, including the impact
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of changes made to their Construction Work Packages (“CWPs”) that are being revised based on

Unit 2 OPEX.

> Each Unit 3 contractor needs to fully identify how it intends to retain, train and deploy qualified
DFL and PMT to improve labor proficiency in the field because these details will adjust both
upfront cost and DFL productivity projections.

» Some scopes of work, particularly the Turbine Generator (“TG”) Digital Controls, require more
mature and detailed estimates. Currently the TG estimates from CanAtom are not sufficiently
developed to meet Class Il (+20%/-15%) requirements. The demands of the Unit 3/1/4 schedule
will require CanAtom to perform significantly more TG work than on Unit 2 in a shorter period,
with significantly less float.

> The revised schedule for Unit 3 will continue to evolve as lessons learned and the results of
readiness activities, such as horizontal and vertical slice reviews, are conducted.

> Innovations the DR Team has examined for Unit 3 for tooling, radiological protection and other
potential improvements need to be monetized, and if OPG Management determines there is a
positive business case, these improvements need to be pursued.

In summary, the reduced risk that comes from repeating the work should provide confidence that Unit 3
can complete within the total RQE envelope, thus increasing the certainty of maintaining the total $12.8B
RQE budget. Moreover, the DR Team’s U3EE process for analyzing and processing learnings from Unit 2
is likely to increase the probability of OPG meeting its commitments for Unit 3. The DR Team’s work also
sets a good course for continuous improvement of Units 1 and 4.

Il. Burns/Modus Methodology

Burns/Modus’s examination into the U3EE began in early January 2019, concluding with this report. Our
focus was on choosing a representative sample of OPG’s process for developing the U3EE. We embedded
with the DR Team and used a risk-based approach in examining the DR Team’s methodology, focusing on
the execution work, the largest variables for Unit 3 and where scope is different from Unit 2.

We structured our review around the following key questions:

e How does the U3EE compare to the cost and schedule performance from Unit 2 and the Unit 3
RQE estimate?

e Has the DR Team established, to date, a reasonable process for examining the various elements
of cost that compose the U3EE?

e What additional work is required to complete Unit 3 Control Budget prior to Breaker Open?

Burns/Modus examines each of these issues herein. We provide an overview of the buildup of the current
U3EE, the lessons learned process the DR Team used for extracting technical issues and one-time events
that impacted schedule and productivity on Unit 2, and how effective that process has been to date. We
also describe the development of each major execution bundle’s forecast, as the method each contractor
used varies.
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In addition, we identify the status of each of the major components of the U3EE and the specific issues
that will need closure prior to the setting of the Unit 3 Control Budget in 3Q 2019 and provide some
additional opportunities for the DR Team to consider.

lll.  Analysis of U3EE Forecast Process

A. Comparisons U3EE Forecast to RQE Assumptions
1. U3EE Forecast Build-Up

The starting point for the DR Team’s current U3EE forecast is the Unit 3 portion of RQE approved by the
Board of Directors in November 2015 (see Table 3, Darlington Refurbishment’s Memo to Board of
Directors). The approved 4-Unit RQE was based on a Class 2/3/4/5 series of estimates that were further
matured through the first three quarters of 2016. The resulting Unit 2 Execution Estimate (“U2EE”)
formed the Unit 2 Control Budget and has been the basis for measuring Unit 2’s performance. The plan
at RQE was for Unit 2 to have the largest budget (including contingency) and schedule duration
commensurate with the risk of its being performed for the first time. OPG has planned to gradually reduce
the cost and schedule duration for each subsequent unit.>

The DR Team’s current Unit 3 forecast of $2,487M is inclusive of $305M of contingency, which is $12M
over the Unit 3 Target Budget as demonstrated below. For the U3EE, the DR Team has the benefit of
reviewing and analyzing the performance of Unit 2 with the corresponding actual costs. As a result, the
U3EE starting point is more mature than the Unit 3 portion of RQE. Figure 1 represents the result of this
maturity:

Figure 1
Unit 3 Estimate Variances from RQE to U3EE
"g" $3,000
% Variance Budget to RQE Variance U3EE to Budget Total Variance U3EE to RQE
52,500 $2,408 +$67, 3% $2,475 +$12, <1% $2,487 +$79, 3%
-$227,-43% -$219,-42%
+58, 2%
$2,000
+$21, 4%
-$9, -2%
$1,500
+$56, 26%
-$5,-2% )
+$50, 18% 574, 29%
$1,000 +524, 9%
$500 +549, 6% +599, 11% +$148, 17%

S0

U3 RQE U3 Current Target Budget U3 EE

. RFR B Major Systems EmBOP B OPG Functions Hm Contingency

Unit 3
Control Budget
3Q 2019

5 In its Memorandum to the Board of Directors, OPG’s Table 3 shows the original split of units at RQE and subsequent weigh
points. The Unit 2 budget is included with development costs at RQE and is part of the budget approved at that time.
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As depicted above, the U3EE represents an estimate with a reduced uncertainty band that reflects the
majority of the work as repeated performance while still recognizing certain first-of-a-kind (“FOAK”)
scopes. The $S79M increase in base cost reflects the maturation of Unit 3’s base estimate since RQE,
factoring the analysis of Unit 2 actual experience, lessons learned, delays, one-time events, approved
changes, and productivity gains. Moreover, Unit 3 is adding $59M of one-time investment costs in tooling
innovation projects for RFR, known as D3IP, while the benefits of these improvements will be realized on
each subsequent unit.

2. Unit 2 Performance Trends

The DR Team is utilizing the actual experience and learnings from Unit 2 as a basis for improving
performance certainty for Unit 3. The “High Confidence Budget and Schedule” is the measuring stick the
DR Team is using as the 4-unit baseline, with a 112-month schedule duration and $12.8B Control Budget.
As noted, the DR Team is also using the Control Budget and Working Schedule to drive the DR Project to
more aggressive targets and to measure performance. The DR Team’s expectation for Unit 2 (and all
subsequent units) is to drive performance to the lowest cost and shortest schedule that could be
prudently and safely achieved, while ensuring the overall performance was within the High Confidence
commitments.

The DFL budgets for execution manhours to perform the work were developed to be aggressive from the
outset. These budgets were based on OPEX from prior CANDU refurbishments. Series estimates were
then modified by time trials performed in the mock-up that were generally very aggressive. In addition,
there were improvements to the tooling first used for Unit 2 that were not field tested, and unique first-
of-a-kind circumstances at Darlington, such as the size of the vault and volume reduction outside of
containment, that needed to be accounted. Thus, the High Confidence Budget and Schedule established
sufficient margin for the first-time performance on Unit 2 in the form of contingency; that performance
can now be reviewed to identify how it may be improved for Unit 3 and the other units, and appropriate
adjustments can be made to base cost to incorporate that OPEX. This is a critical part of the work the DR
Team has done in preparation of the U3EE forecast.

Unit 2 is 75% complete, and to date tracked the midpoint between the aggressive target Working Schedule
and the High Confidence Schedule, though the manhours used to date range above the aggressive Control
Budget target, which was accounted for in contingency. Figure 2 is a chart that depicts the relationship
between schedule and cost performance on Unit 2 to date®. Figure 2 also shows a comparison of the
actual schedule duration for the activities completed to date, against the “Working Schedule”, “Most
Likely” and “High Confidence” risk ranges predicted in the Monte Carlo risk simulation used for Unit 2 at
RQE.

6 The work depicted in this chart is critical path from the inception of Unit 2 to the current Fuel Channel Installation (“FCI”), which
is in progress at this time. As noted, the Project is currently 75% complete with FCI, Lower Feeder Installation, Vault Restoration
and Return to Service remaining.
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Figure2  Unit 2 Performance v. Working Schedule and Budget
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From our review of the Unit 2 results depicted in Figure 2, we have the following observations:

o Schedule Duration: This comparison shows how close Unit 2’s actual critical path duration to
date was to the Most Likely duration modeled at RQE. The total actual Unit 2 critical path
duration is 703 days, which is only 27 days longer than the modeled “Most Likely” duration of
676 days in the schedule. On an individual series basis, only two individual durations exceed the
“High Confidence” range (post-Containment Preparation and End Fitting Removal); these delays
were primarily caused by unforeseen conditions, tooling issues and FOAK discoveries. Of the
remaining series, five either met or exceed (i.e. were shorter) than the “Most Likely” duration
while four series had durations exceeding Most Likely though were shorter than High Confidence.
In aggregate, the Unit 2 schedule performance to date has been comfortably within the expected
range of outcomes, which is a good result for the first unit of the DR Project.

e (Critical Path DFL Manhours/Productivity: As noted, the DFL budgets for manhours were
developed to be aggressive from the outset. As depicted in this chart, Unit 2 has been challenged
to meet the aggressive DFL manhour target set in the Control Budget. Unit 2 carried sufficient
contingency within the High Confidence Budget to cover these exceedances. U3EE is the initial
attempt to learn from the Unit 2 experience and reset these budgets based on that experience.
This is among the reasons the DR Team has increased the Unit 3 base budget, as discussed
throughout this report.

Nevertheless, this Unit 2 performance to date should provide confidence that the remaining units in the
DR Project can learn from, meet or improve upon Unit 2’s schedule performance, which notwithstanding
some challenges, met the High Confidence Budget and Schedule. Figure 2 also shows that for Unit 2, the
DR Team mitigated the impact of any potential or actual delays, one-time challenges and other schedule
slippage by increasing craft manhours above the Control Budget; thus, in reviewing the impact of these
events on Unit 2, the opportunity for Unit 3 will be to meet or beat the Unit 2’s schedule performance
while increasing productivity and reducing DFL manhours.
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3. Summary of Changes in Unit 3 Planning Assumptions

The U3EE forecast remains within the overall RQE budget and represents a natural progression of the
maturity level from RQE. The DR Team’s Unit 2 experience has driven increases to the size of the base
cost of Unit 3, resulting in higher base cost certainty and less contingency (See Figure 1) Overall, the DR
Team has taken a bounding approach to U3EE in anticipation of performing additional work to increase
certainty for the Unit 3 Control Budget. This approach is appropriate at this time with Unit 2 in progress
and work remaining to confirm details of the Unit 3 schedule and approach. The following is a brief
summary of the major planning assumptions embedded in the U3EE.

o DFL Productivity: The DR Team’s approach toward anticipating productivity gains from Unit 2 for
the U3EE forecast has been generally conservative, knowing that additional details will emerge.
As an example, CanAtom’s current cost performance index (“CP1”) on Unit 2’s RFR is 0.52. Even
though CanAtom’s forecast for Unit 3 improves this by ~25% or to 0.73, the DR Team has adjusted
it downward 0.62 because they believe CanAtom’s current forecast is optimistic, which reflects a
lesson learned from Unit 2. Additional vetting will occur prior to setting the Control Budget for
Unit 3.

e Contingency: The DR Team has reduced contingency on Unit 3 from $524M at RQE to $305M for
its U3EE. This resulted in distribution of RQE-held contingency into the base cost, including $157M
in field labour productivity costs that were risks but are now, in essence, baked into the U3EE
forecast based on the Unit 2 experience (See Figure 1 that depicts this comparison). This
reduction in contingency further reflects the increase in maturity that the DR Project gains from
having Unit 2 actual costs and experience. This was an expected part of the maturation of the
Project.

e Balance of Plant (“BoP”): The scope for BoP and Shutdown Layup (“SD/LU”) is much smaller on
Units 3/1/4 because Unit 2 included the building of one-time facilities and systems. In addition,
certain projects that were performed in the BoP bundle on Unit 2 were moved to the new Major
Systems bundle for the subsequent unit, including Adjuster Rods, Flux Detectors and Valves which
are traditionally maintenance programs.

e Major Systems Including Turbine Generator (“TG”): The largest unit-over-unit scope difference
is on the Turbine Generator project. The Turbine Generator Controls and the stator replacement
will be performed for the first time on Unit 3 as will repeated scope from Unit 2, the excitation
upgrade and installation of generator auxiliary skids. In addition, the TG project has a much
narrower schedule window. Unit 3’s schedule also overlaps with Unit 1 leaving only
approximately 10 weeks of float between the two units’ TG work. The size and importance of this
TG scope has resulted in the DR Team establishing a new bundle, Major Systems,’ with additional
management in place.

e Engineering: With the vast majority of the work on Units 3/1/4 a repeat of Unit 2, OPG has taken
control of and is self-performing the replication engineering work for all BoP projects. This
approach is geared toward reducing cost and completing the replication of all three units at this
stage.

7 The Major Systems Bundle consolidates TG with other scopes of work (Fuel Handling, Defueling and Specialized Projects) that
previously had been performed as stand-alone scopes of work. Bundling of these scopes allows for more efficient management
and spreading of PMT and Functions. In addition, Major Systems is performing certain like scopes (adjuster rods, flux detectors)
that for Unit 2 were part of the BoP.
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e Unit Overlaps: Early in the Unit 2 planning process, OPG Management decided to simplify the
approach to the first unit by “unlapping” it from the subsequent units. Unlapping Unit 2 has
allowed the DR Team to focus on its performance and collect lessons learned for the subsequent
units. Starting with Unit 3, each of the remaining units will have a significant portion of its
execution simultaneous to refurbishment of another Darlington unit; in the case of Unit 1, its
entirety is planned to be “lapped” by Unit 3 and Unit 4. Therefore, risks related to retention of
staff need to be analyzed and actions need to be put in place

e Bruce Power MCR and Life Extension: At the time of RQE, Bruce Power’s plans for its
refurbishment of six of its eight units were not finalized. Now that Bruce Power’s plans have
solidified, its Unit 6 MCR project is scheduled to begin on essentially the same schedule as
Darlington Unit 3, and Bruce Power’s Units 3 and 4 will be partially concurrent to Darlington Units
1 and 4. Moreover, Bruce Power has awarded contracts for execution to many of the same
vendors. OPG and Bruce Power are collaborating on identifying resources to support demands,
sourcing of engineered components and lessons learned.

e Support Buildings: The completion of most of the Campus Plan buildings and the RWPB has
reduced the overall scope of Unit 3. Also, supporting facilities inside the powerhouse were mostly
accomplished during Unit 2.

B. Evaluation of DR Team’s Process for Developing U3EE
1. OPEX and Lessons Learned Collection Process

For the development of the U3EE, the DR Team has executed a plan for extracting critical OPEX from Unit
2’s performance. As each work series completed, the DR Team immediately held lessons learned sessions
with the performing contractors for work on the critical path and near the critical path. These meetings
were attended by the field superintendents, engineers, project management staff and others as
necessary. The DR Team and contractor teams reviewed the schedule, actual performance and sequence
of work and identified issues for further review and disposition. The contractor representatives used the
information gathered in these sessions to modify their schedules, budgets and corresponding
Comprehensive Work Packages (“CWPs”). We sampled the information gathered from these sessions and
found it to be well organized and substantive.

Monetizing the impact of the lessons learned has varied depending on the contractor or work group
involved. The following are high-level descriptions of how each Project bundle utilized lessons learned it
the U3EE:

e RFR/CanAtom: The RFR bundle conducted lessons learned meetings which highlighted one-time
events and other challenges that both extended durations of activities and caused additional DFL
manhours to be expended. CanAtom collected this information and created series-based
depictions of the impacts of these events on its plan. CanAtom is now incorporating this
information into revised CWPs for use on Unit 3. As of this writing, CanAtom was 16% complete
with its Unit 3 CWPs. Once complete, CanAtom will have a fuller picture of the cost and schedule
differences between the completed Unit 2 and the estimated Unit 3. Separately, CanAtom also
provided a cost estimate for U3EE that includes a re-estimate of man-loading, shift strategies and
shift lengths for Unit 3, as well as best-and-worst case scenarios. CanAtom also adjusted its
manhours where its team felt necessary. The result of this USEE estimate from CanAtom is a
revised Class Il estimate with somewhat different assumptions than it was carrying at RQE based
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on this OPEX. It is important to note that the CanAtom’s U3EE estimate does not at this time
directly factor the Unit 2 actual costs or attempt to monetize the one-time events. Once the Unit
2 execution work is complete, CanAtom’s dual approaches to its Unit 3 estimate need to be
reconciled.

Balance of Plant/ES Fox: The BoP bundle has largely used the actual DFL manhours from Unit 2,
subtracted the hours associated with Unit 2’s one-time events and applied a 5% improvement to
the remaining work budget; where BoP didn’t have actual hours, ES Fox and the BoP team
performed a new bottoms-up estimate.

Major Systems/CanAtom and Darlington Station: For Unit 3, the DR Team has bundled some of
the scope differently than on Unit 2 into the Major Systems bundle. The Turbine Generator
estimates were all provided by CanAtom based on its Unit 2 experience. The lessons learned
sessions for Unit 2 TG work have been not completed to date; thus, there was no formal approach
to using the lessons from Unit 2 in the U3EE. These details as well as more mature estimates will
be needed for setting the Unit 3 Control Budget.

2. Schedule Development for USEE

RQE assumed a 40-month (1217 days) planned high-confidence duration for each of Unit 2 and Unit 3.
Unit 2 proceeded with a Working Schedule of 1071 days. The current 1028-day Unit 3 forecast duration
reflects an overall improvement of 43 days v. Unit 2’s 1071-day planned Working Schedule. The DR Team’s
adjustments reflect removing the duration of one-time events, tooling improvements and assumptions
regarding workforce proficiency. This current forecast was developed in consultation with CanAtom and
the other work groups who have performance windows on or near critical path.

Burns/Modus has reviewed the methodology for the DR Team’s Unit 3 schedule improvement and agree
with the process the DR Team used to derive these savings. The following are highlights of the DR Team’s
process:

One-Time Events: The impact of one-time events on Unit 2 was reviewed and categorized by the
DR Team through the Lessons Learned process described herein. In our review, we analyzed the
attribution of one-time events for each series on the critical path, and how that analysis is
reflected in the DR Team’s analysis of the schedule. The DR Team’s approach to schedule duration
was reasonable.

Tooling Savings: The tooling innovation team known as D3IP has identified a number of initiatives
that are projected to increase efficiency in the field. As of the time of the U3EE, the DR Team had
accepted one improvement (addition of work tables) and modeled the potential improvement of
a second initiative (simultaneous Pressure Tube/Calandria Tube Removal) resulting in ~30 days of
improvement.

Increased Proficiency: A key lesson learned from Unit 2 was the need to increase the workers’
proficiency for performing at the outset of a work series. There are multiple proposals under
consideration from CanAtom and ES Fox to retain workers and PMT from Unit 2 to Unit 3; this
could reduce cost by re-employing workers who are already trained and indoctrinated into the
work. In addition, CanAtom is in the process of revising its training plans for Unit 3 as a result of
some of the learnings from this Unit 2 review.
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o Scope Differences from Unit 2: There are differences in scope and contractor means and
methods that vary from Unit 2 to Unit 3. A 12-day reduction to the Working Schedule was taken
for the elimination of bulkhead shielding; this work was difficult to perform on Unit 2 and omitting
the shielding can be mitigated through operations. However, there is some work forecasted to
last as long or longer on Unit 3. As an example, due to the likelihood of extended start-up due to
the new TG Controls, the DR Team has added 23 days at the end of Unit 3.

The following chart provides some illustrative examples of how the lessons were translated from Unit 2
execution into the Unit 3 plan. Note this work is ongoing and will complete after all Unit 2 series are
completed.

Sample of Work Series Lessons Learned Review — Unit 2 v. Unit 3 Plan
Critical Path Unit2 | Unit2 | Unit3 Unit 2 Events Unit 3 Plan Rationale
Work Series Plan Actual | Plan
Defueling 116 87 90 Defueling exceeded Unit 3 has assumed +3-day
the most optimistic margin over best-ever
duration performance on Unit 2
Bulkhead; 74 73 56 Execution was Planned reduction in
Containment impacted by welding duration based on simplified
Isolation; issues bulkhead design from Unit 2;
Prerequisite reduction in welding time;
Work less complex pre-requisite
work for Unit 3
Post- 65 111.7 79 20-days identified due | Change in means and
Containment to significant methods results in -12 days
Isolation unforeseen work; impact ; drain and dry lessons
difficulty installing incorporated; team assessed
shielding and removal | complexity of work,
of bridges unforeseen conditions on
Unit 2 for Unit 3 margin
End Fitting 37 55.8 40 6-day late start; 20- Repairs to End Fitting tool to
Removal day late finish; 10 improve reliability; increase
documented incidents | to base duration due to
overall difficulty.
Pressure Tube 34 40.6 35 16 issues identified Maintaining original Unit 2
Removal resulting in 12 days of | planned duration
impacted
performance
Calandria Tube 108 116 95 12 days impacted by Reflects elimination of one-
Installation numerous one-time time delays and set-up issues
events

In summary, the DR Team’s process for translating schedule lessons appears to be reasonable. As
identified above, the DR Project’s planned durations for Unit 3 were modified to be both longer and
shorter than Unit 2 depending on the circumstances that drove the Unit 2 actual durations. In addition,
the DR Team embedded some operational margin for transitions from one segment to the next to cover
the issues from Unit 2. There are additional opportunities for improvement that the DR Team intends to
pursue, as discussed below.
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C. Summary of Vendor and Functional Cost Forecasts — U3EE Forecast

The cost estimate embedded in the U3EE forecast is made up of a combination of contractor-derived
forecasts and OPG forecasts for its Functional costs, with the DR Team’s leadership making appropriate
adjustments based on its view of the Unit 2 experience and other critical factors. The lesson learned
process was intended to identify the technical details of schedule and workhour challenges that each work
group embedded in their U3EE forecast. The collection of Unit 2 events and actual costs to date provided
the contractors with a good basis for reflecting on their U3EE forecasts. Initially, the DR Team sought to
have the contractors derive their estimates from the actual costs to date, though with ongoing work in
the Unit 2 execution phase, this proved to be premature for U3EE.

CanAtom and ES Fox utilized their own forecasting methods. The following identifies how these (and OPG)
estimates were developed. Prior to the setting of the Unit 3 Control Budget, by which time the remaining
contractor-driven critical path activities will be completed, we recommend that the contractors provide
an-OPEX driven versions of their forecasts which directly utilize the actual costs and events from Unit 2 as
an alternate source of data.

1. RFR and Islanding

RFR/Islanding - Comparison of RQE to U3EE Forecasts
1050
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Major Cost Drivers from RQE to U3EE:

e  Modified Work Tables (D3IP) +$59M

e Actualized field productivity based on Unit 2 +$55M

e Increased cost of goods, subcontracts and equipment +$S47M
e Additional Vendor PMT +$11M

e Additional contract adjustments +44M

e Reductions in Interest, Escalation and Contingency due to retired risks based on Unit 2 lessons learned
-558M.

a) Estimating Methodology

CanAtom performed a bottom-up re-estimate similar to an estimate it performed at RQE. The estimate
is largely driven by Unit 2 OPEX, though in a different manner than was initially sought by the DR Team.
Based on the work to date on Unit 2, CanAtom’s field superintendents were tasked with reformulating
their mixes of shift patterns, crew sizes and varying working conditions (e.g. in or out of plastic suits) to
re-estimate the work based on the known quantities in the original RQE estimate.
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During this process, variances from Unit 2 were classified into several categories, including: lessons
learned, CPl improvement, tooling improvements, scope changes and no change. These codes were used
to indicate the Team’s reason for the variance. Several challenges were conducted between the DR Team
and CanAtom and agreement was reached of the total forecasted man-hours to be carried for U3EE for
each series. The result was revised Class Il estimate that improved productivity (in aggregate) from Unit
2 levels (approximately 0.50 CPI) to a 0.72 CPI for its DFL, a 38% improvement. As noted, the DR Team
thought this level of improvement was too optimistic at this time and reduced the productivity forecast
from 0.72 to 0.63, which resulted in a $55M addition to the RFR base budget amount. This forecast will
be progressively updated and challenged as the remaining Unit 2 work series are completed.

CanAtom’s PMT was calculated based on FTE’s on a monthly basis for the duration of U3 and converted
to manhours. This forecast will need to be vetted and updated for the Unit 3 Control Budget.

b) Opportunities for Unit 3 Control Budget — RFR/Islanding

Based on the results of the U3EE forecast, the following represent areas of improvement for RFR’s
estimate prior to the completion of the Unit 3 Control Budget:

(1) DFL Productivity

Labour productivity was identified as the primary contributor to Unit 2 cost increases from the Control
Budget. When actual productivity is compared to the planned production, CanAtom’s CPI averaged ~0.50
for all work series. CanAtom’s commodity work down curves consistently show a slow ramp up for each
series, but eventually meet or exceed their planned production rate by the end of the series, albeit
sometimes behind the Working Schedule. The following chart shows CanAtom’s planned and actual
production curves for End Fitting Removal with a generalized depiction of the execution.

Sustained productivity for
EF Removal was only met
in the last 30% of the
series, after one-time
events were overcome.

The charts on top of Figure 2 depict CanAtom’s recap of the EF Removal series’ lesson learned process in
which the production and work down curves were discussed. The charts describe direct impacts to the
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work from one-time events and other challenges. The horizontal red bar represents approximate planned
peak of sustained productivity. The vertical green bars represent the actual daily production, which only
reached a sustained level at or above the red bar in the later stages of the work series. The bottom chart
is Burns/Modus’ analysis of the same EF Removal work series that compares the planned production
versus the actual production. The planned curve shows a fairly steep slope, indicating a quick ramp up in
production; however, the actual curve shows CanAtom started late and did not achieve the same slope of
production until the last 30% of the work series. The gap between the two indicates the difference
between planned and actual percent complete over time. This analysis indicates that once the one-time
events were overcome, planned production rates were achieved. This is indicative of the opportunity of
eliminating the impact of one-time events. Based on this analysis and lesson learned from other work
series, CanAtom and the DR Team can improve DFL productivity for U3.

U3EE adjusts the labour portion of the forecasted base budget by $55M due to learnings from Unit 2.
Steps to improve DFL productivity for Unit 3 have been identified by the respective CanAtom and DR
Teams and are briefly summarized below:

e Addressing and applying Lessons Learned

e Identifying and eliminating one-time field events

e Update, revise and simplify CWPs

e  Optimizing series crews and shift patterns, reduction of work in plastic suits

e More hands-on training to facilitate proficiency of crews before working on reactor face

e Optimizing Radiation Protection (“RP”) support by scheduling needs in the field as opposed to
“demand-as-needed”

e |Improve cooperation and coordination with CanAtom to resolve issues proactively rather than
reactively

e Reduction of overtime, which was used on Unit 2 to mitigate schedule impacts and effects on
worker productivity

e Improved Project Controls real-time reporting and transparency of actual hours to target specific
areas of concern in a timely manner

(2) PMT

While most of the attention on RFR has been focused on the DFL productivity, both CanAtom’s overall
cost and the ratio of Project Management personnel (PMT) need to be examined and vetted. CanAtom’s
leadership identified that their RQE Class Il estimate for PMT was low which drove increases through the
course of Unit 2. On Unit 2, CanAtom’s actual cost through September 2018 reflects a DFL-to-PMT ratio
of 2:1. In its U3EE forecast, CanAtom increased its DFL-to-PMT ratio to 3:2, a 30% increase over Unit 2
actuals. In establishing the final Unit 3 Control Budget, these numbers need to be vetted and CanAtom
should be tasked with right-sizing the PMT, as well as justifying these costs and establishing a plan for roll-
over of resources to Units 1/4 that is reasonable and verifiable.
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(3) Tooling Improvement Opportunities

D3IP was launched during the course of Unit 2 to bring innovation and a potential new approach to RFR
tooling and construction methods. There have been over 30 different opportunities identified, some
deemed more promising than others. In addition, OPG is vetting through D3IP whether to adapt its tool
set with some of the improvements Bruce Power has made in preparation for its MCR Program. The DR
Team has decided that it will only make changes to the RFR tooling’s function if the expected
improvements carry a high-level of certainty and return. The RFR Project Team will need a positive
business case to support any Unit 3 D3IP innovations, including the following:

Doubling Work Tables for Calandria Tube Installation and Calandria Tube Sheet Bore Cleaning:
Detailed design is complete on improved work tables which would allow more parallel activities
in the field and provide up to 26 days in schedule savings per unit, which was included in the U3EE.
An added benefit is that Bruce will be using this tooling approach that will support similar training
which may facilitate the ease of movement of workers between the projects. This may help
optimize supply of resources between the utilities.

PT/CT One-Piece Removal — another improvement for the Removal Phase would be removing and
disposing the Pressure Tubes and Calandria Tubes together, which could have a positive gain of
approximately 30 days on critical path per unit and reduce cost by $20M cost/unit. CanAtom was
tasked with progressing the engineering analysis needed to accelerate this option for Unit 3. The
DR Team believes there is a 60% chance the engineering analysis will be complete in time for this
change to affect Unit 3. ATS, the tooling vendor, is concurrently working on the same engineering
solution for Bruce Power. Thus, the DR Team has accounted for the risk that this work will not be
completed on time as part of the Monte Carlo for Unit 3; this is part of Unit 3 contingency.

Bellows Cut Tool Improvements — This tool was problematic in operation during Unit 2, and
changes to the design are intended to make it more robust and less prone to failure. The potential
impact to Unit 3 is less than $10M and fewer than 10 days saved on critical path. The revised
design is also being developed by ATS for Bruce Power. U3EE assumes this tool will not be used
on Unit 3, though will be incorporated if ready by the Unit 3 Control Budget.

CT Install Leak Test tool — This is in very early stages of development and may not be ready for
Unit 3. The current view is the potential impact is less than $10M and will result in fewer than 10
Days of schedule improvement. U3EE assumes this tool will not be used on Unit 3.
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2. Major Systems — Turbine Generator, Fuel Handling, Defueling
Major Systems - Comparison of RQE to U3EE Forecasts
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Major Cost Drivers from RQE to U3EE within Unit 3:
e  Flux detectors, adjuster rods and fission chambers transferred from BOP +$34M
e  Reduction in risk and contingency -$38M
e  Productivity of .50 improving to .63 CPI.

a) Estimating Methodology
CanAtom’s estimate for TG projects will require additional maturation and detail. As of U3EE, for costs
related to the Turbine Generator, CanAtom prepared the Unit 3 execution estimate by adjusting the
budget to reflect Unit 2 lessons learned, challenges and productivity, though as with RFR, Unit 2 actual
costs were not used, except as a reference. One-time events were “removed” by using the U3 budget at
Unit 2EE as the estimate starting point. OPG oversight cost are based on the start and finish date of the
approved OPG resources as per the org chart. This is optimized for the multi units overlapped schedule.
The other part of the Major Systems bundle is the small Specialized Projects transferred from BoP,
Defueling and Fuel handling Projects. The scope transferred from BOP is to be performed by the Inspection
and Reactor Innovation (IRI) division of OPG. OPG oversight is being performed and estimated based on
assignment of resources documented in the team’s organizational chart.
b) Opportunities for Unit 3 Control Budget — Major Systems
The following areas of improvement for Major Systems have been identified:
e Elimination/monetization of one-time events for repeated scope
e Revise CWPs to incorporate Lessons Learned
e Improve training, hoisting, rigging performance
e Use experienced resources from Unit 2 as available
e CanAtom to retain experienced personnel for its execution team

e Consolidate CanAtom, GE and OPG engineering into one integrated hub to timely resolve issues

OPG has forecasted 25% improvement in CPI from Unit 2 of .50 to 0.63 for U3 EE.
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3. Balance of Plant Bundle (including BoP, Shut Down/Lay Up, Refurbishment

Support Facilities and Steam Generator)

BOP SDLU RSF SG- Comparison of RQE to U3EE Forecast
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Major Cost Drivers from RQE to U3EE:

e Vendor PMT +$22M

e Additional cost of ASDC project +$S17M

e Additional PHT pump repairs +$15M

e Unit 3 valve scope to be performed by Ops and Maintenance within DR Project budget-$17M
e Unit 3 consolidation of projects under Major Systems -$24M

e Transfer of risk/contingency to base -$48M

a) Estimating Methodology

ES Fox’s estimate overall reduced DFL by 5%. Where available, ES Fox used Unit 2 Actual costs as a starting
point, and adjusted actuals to remove one-time events and delays, apply lessons learned and an efficiency
factor. Where Unit 2 actual costs were not available, because the work was not yet performed, ES Fox
estimated the work on a bottom up basis with quantities/hours and unit rates. As part of the changes
OPG initiated for Units 3/1/4, OPG has assumed the design responsibility for this and future units for BoP
work. This has reduced cost for design work, as the replication for all three remaining units from Unit 2
can be done simultaneously. ES Fox’s recent Unit 3 performance of the pre-requisite Vacuum Vapour
Recovery System (“VVRS”) project illustrates how the application of Unit 2 lessons learned can
immediately improve the performance of Unit 3 work. The VVRS Project is the first Unit 3 project to be
completed incorporating lessons learned from Unit 2. There were two windows of work. The Working
Schedule duration was reduced from 178 days for Unit 2 to 73 days for Unit 3 for the first window, and
114 days for Unit 2 to 73 days for Unit 3 for the second window. The overall cost decreased: Unit 2 actual
cost was $23M, Unit 3 cost is S9M. The overall cost impact still needs to be determined and confirmed.
However, the project should be viewed as a success story.

On Unit 3, ES Fox attributed the improved results on VVRS to training and continuity of using the same
field personnel and removing impediments so the crews could perform. In addition, one-time events
identified on Unit 2 and were eliminated for Unit 3. The lessons from this project are being applied across
all bundles on Unit 3 as a model for improved performance.
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b) Opportunities for Unit 3 Control Budget — BoP
The following areas of improvement have been identified:
e Update CWPs to incorporate Lessons Learned
e Vendor engagement in constructability review
e Utilize same work force involved in previous unit (e.g. VVRS)

e Streamline PMT organization: identifying specific individuals and roles going forward into future
units

e Improved response to Field Initiated Changes (“FICs”)
e  Optimizing RP: enabling trades to perform low-level RP tasks to free up Green qualified staff

e Retaining qualified field resources to reduce learning curve

4., OPG Functions

Execution and Functional Support - Comparison from RQE to
U3EE Forecast
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Major Cost Drivers from RQE to U3EE:

e Bottom up assessment of project management and functional support, reductions of headcount from
Unit 2, increases in Radiation Protection support from Operations & Maintenance

a) Estimating Methodology

OPG utilized a bottom-up assessment of project management and function support based on an
organizational chart, needs established for personnel and unit-over-unit roll-over of the work.

b) Opportunities for Control Budget - Functions
The following areas for improvement have been identified for the Unit 3 Control Budget:
e Reduction in management/oversight costs

e Align the shift patterns for Operations and Maintenance and Radiation Protection Personnel to
match ongoing construction work, and ensure resources are part of scheduled tasks in P6.

Optimization of FTEs will be reviewed through further enhancement of the Unit 3/1/4 plan, in which:
e PMT is spread through single overhead pool that gets allocated to the units as the work requires;

e Monthly reporting can evolve to show metrics for common work on all three units.

IV.  Remaining Work to Complete Unit 3 Control Budget

A. Work to Complete Unit 3 Control Budget

Throughout this report, Burns/Modus noted that the DR Team took steps to improve the overall certainty
of its cost and schedule forecasts in the U3EE. Further review of OPEX from Unit 2’s ongoing work (Fuel
Channel Installation and Upper Feeder Installation) is planned prior to the setting of the Unit 3 Control
Budget. With the current U3EE forecast complete, the DR Team can now focus on the opportunities for
further improving the outcome of Unit 3. The DR Team intends to lock down the Unit 3 Control Budget
and Working Schedule in 3Q 2019, including setting targets for the High Confidence Work Schedule,
project performance metrics, contingency and expected cash flow. Doing so will require the team to
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continue its process for analyzing the lessons learned from the remaining Unit 2 work series, revisiting the
work already completed and vetting of contractor provided work product to ensure the Unit 3 Schedule
and Control Budget are appropriately and fully defined. The following is a summary of this remaining work:

e Finalizing Unit 3 Working Schedule: The DR Team has followed a process for assembling,
integrating, vetting and finalizing the Unit 3 Execution Working Schedule by September 2019. The
following are the steps in this process:

O

The DR Team completed its most recent update to its Level 1 Schedule in time for the
U3EE forecast. This Level 1 schedule includes the results of all lessons learned sessions
through to the Fuel Channel Installation. As the remaining series are completed (FCI,
Upper and Lower Feeders, and RTS), the Level 1 will incorporate the high-level lessons
learned into the work durations.

The contractors have until the end of March 2019 to complete their Level 2/3 schedules.
Once these project schedules are received and quality checked by the DR Team, they will
be integrated in the Unit 3 Master Schedule. The DR Team intends to begin vertical and
horizontal slice reviews of the Unit 3 Master Schedule in April 2019, during which the
execution team will take a very granular look at the construction process and confer on
the final logic, sequence, support activities and other details needed for execution. This
process could require 2-3 months to ensure there is full analysis from all groups
supporting execution. It is also another opportunity to air out and vet lessons learned
from Unit 2 and bring ideas forward for increasing efficiency.

The contractors continue to update/revise/simplify their CWPs to incorporate lessons
learned and changes to work series, all of which impact the work hours, sequence of work,
logic and duration; these changes need to be reflected in the contractors’ Level 3
schedules. Currently, CWPs from the vendors are behind schedule; this could have an
impact on the completion of the Unit 3 Working Schedule if these issues persist.

The DR Team will baseline the schedule at all levels (1/2/3) by September 2019. There
could be changes in work hours that require adjustments to the Control Budget at the
time of the baseline.

e RFR Project: The following are outstanding actions for finalizing the RFR Unit 3 Control Budget:

19| Page

O

Completion of Unit 2 RFR Work: As noted, CanAtom has remaining key work series that
will require review and scrutiny of the lessons learned process. It is critical that the DR
Team fully vet these series to determine if the schedule and cost increases on these series
represent a one-time event or a potential adjustment to the estimate. If it is the latter,
this kind of estimate adjustment will also have an impact on each of Units 3/1/4.

Analysis of RFR Forecast using Unit 2 actual costs: As noted, CanAtom’s current Unit 3
forecast for DFL and PMT was generated as a refreshed, bottoms-up estimate. For
purposes of comparison, the DR Team will need to perform a full, detailed vetting process
for the entire CanAtom estimate for Unit 3 based on Unit 2 actual costs and results.
Included in this review should be optimization of shift strategies, PMT support and
application of lessons in revisions to work strategy.

Bridging Strategy: An unintended consequence of the unlapping of Unit 2 from Unit 3 is
the risk that CanAtom (as well as the other contractors) could lose trained, skilled craft
workers. CanAtom has submitted a proposal to OPG known as its Bridging Strategy that
covers the purported costs of holding approximately 50-60 craft workers during the
interim period between the completion of Unit 2 and the start of Unit 3. CanAtom’s
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proposal also includes using these resources and its PMT to rewrite CWPs and improve
upfront training programs, practice in the mock-up, planning and preparation. If there is
no agreement on this plan or some other strategy for maintaining continuity at the craft
level, CanAtom may let its craft workforce go at the end of its Unit 2 work, creating risk
that they will not be able to rehire them when Unit 3 starts up. A business case is being
reviewed to disposition this request.

o D3IP Innovations: As noted, there are additional D3IP projects that the DR Team is
pursuing that will require a decision and a path forward.

Major Systems: CanAtom’s TG project estimates and schedules will require additional attention.
Currently, these estimates are not at Class Il maturity or detail. While the TG scope on Unit 2 was
off-critical path and didn’t impact the Project’s schedule, the TG work scope on Units 3/1/4 is
larger and must be performed in significantly shorter duration, as the unit-over-unit roll-over has
very little float between performance periods, plus the TG controls will be installed during a
concurrent Unit 2 outage.

Tier O Initiatives: Based on lessons learned and OPEX from Unit 2, the DR Team has identified
certain critical and cross-cutting issues that impacted schedule duration, cost of performance or
both. Many of these Tier 0 are focused on contractor actions (such as D3IP and Bridging) while
others are OPG-led, such as Radiation Protection support and processes; use of non-destructive
examination (“NDE”) methods for inspections; increase efficiency of owner reviews. There are
currently 30 Tier O actions that are in progress, each one of which could have a positive impact on
cost or schedule. These will need to be dispositioned and built into the schedule for the work
going forward.

Burns/Modus Opportunities

The following are additional opportunities for Management to consider for refining the U3EE.

Lessons Learned Process: As noted, the DR Team'’s lessons learned process has been effective at
identifying technical issues and one-time events. Going forward, this process would be enhanced
by monetizing the cost and schedule impacts (when possible) of events and issues that were
identified. This will enhance the team’s ability to range potential improvements and increase the
quality of future forecasts.

Multi-Unit Management Approach: The DR Team has identified the potential cost savings and
economies of scale that could be gained from performing the remaining units as a single program.
As noted, a key lesson learned from Unit 2 is the value of retention of skilled resources and the
repetition of work tasks. A 3/1/4 approach could focus on the rolling wave of similar work from
one unit to the next, with work crews staying in unified teams. Doing so will require changes the
DR Team as well as advancing the development of the Unit 1 and Unit 4 execution schedules and
details, which may prove difficult. This approach could reduce cost, risk and schedule, and provide
greater certainty if it is feasible.

Ontario Supply Chain: OPG has a team in place and a number of key initiatives aimed at
monitoring the readiness of the Project’s key suppliers and sub-suppliers who are fabricating
materials needed for Units 3/1/4 as well as the six units at Bruce Power. The current stress on
the suppliers is likely to increase; thus, Burns/Modus recommends instituting additional metrics
and increasing surveillance of these suppliers as necessary to obtain additional comfort that they
can meet schedule.

Project Controls Improvements: The DR Team has developed project controls systems and
reporting that excel at collecting information, though there are certain enhancements that would
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improve the accuracy of the team’s forecasting of field performance. These include simplification
of reporting analytics, trend analysis and expanded use of Monte Carlo/risk analysis. In addition,
the DR Team and the contractors should consider using common platforms for input and
extraction of risks, issues and corrective actions where practicable. We have provided a more
granular identification of these enhancements directly to the DR Team for its consideration.

V. Conclusion

The U3EE forecast presented to the Board of Directors for the March 2019 meeting should provide
confidence that the current estimate for Unit 3 is consistent with and generally bounded by the Unit 3
portion of RQE. Based on the information the DR Team has prepared, Burns/Modus can support that the
process used to date should result in a Unit 3 Control Budget and Working Schedule that will leverage Unit
2’s lessons learned to increase certainty in Unit 3’s potential outcome.
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l. Executive Summary

The Darlington Refurbishment Committee (“DRC”) of the Ontario Power Generation Board of Directors
has requested Burns & McDonnell Canada and Modus Strategic Solutions Canada Company
(“Burns/Modus”) to provide the following report regarding the process used by the Darlington
Refurbishment Project (“DR Project”) to develop the Control Budget and Schedule for the refurbishment
of Darlington Unit 3. This report reflects the DR Project’s progress since the Unit 3 Execution Estimate
Forecast that was presented to the DRC and the BOD in March 2019 (the “March DRC Meeting”) and which
was the subject of our report to the DRC (the “March 2019 Report”).

Since the March DRC Meeting, CanAtom has completed the Fuel Channel Installation, Upper and Lower
Feeders and has begun restoring the vault. The current Unit 2 forecast completion of June 25, 2020is 119
days (9%) longer than the High Confidence Schedule duration though the cost is within the Unit 2
execution estimate of $3.417B. Based on recent nuclear and non-nuclear megaproject results, the
expected result for Unit 2 should be considered a success, and Unit 2 has effectively served as a laboratory
for injecting immediate improvements into the planning for Units 3/1/4.

The DR Team’s U3EE was a snapshot of the then-current Unit 3 budget and schedule that was presented
as a progress report to the DRC in the March DRC Meeting. The current estimate and schedule are
intended to form the “Unit 3 Control Budget” and “Unit 3 Working Schedule” which OPG will use for
measuring Unit 3’s performance. The DR Team’s Unit 3 Control Budget is an updated forecast of the Unit
3 portion of the DR Project’s $12.8 Billion Release Quality Estimate (“RQE”) approved by the Board of
Directors in November 2015. Since the March DRC Meeting, the DR Team has been working to build
confidence into the Unit 3 Control Budget and Working Schedule. The following is a comparison to RQE
and Unit 3EE snapshot:

Chart 1 Summary of Unit 3 Control Budget and Schedule
RQE Unit 3EE Unit 3 Variance from Unit
(2015) (March Control 3EE
2019) Budget
Unit 3 Base Cost Estimate (S) $2.408B $2.487B $2.559B +S72M
Unit 3 Contingency ($) $0.524B | $0.305B $0.2578B (548M)
Unit 3 Working Schedule (Days) 1071 1028 10991 +71 Days

As Unit 3’s planning has matured, the base cost estimate has increased while contingency has decreased.
In the period since the March DRC Meeting, Unit 3’s base cost has increased by $72M (2.8%), contingency
has been reduced by $48M and the Working Schedule has been extended to 1099 calendar days (930
working days). A significant portion of the growth in the base estimate since the March DRC in the Unit 3
base estimate is to compensate for the Unit 2 performance on the Upper and Lower Feeder work which
were over-budget and schedule; Lower Feeders were only recently completed on October 23. Since the
March DRC Meeting, the DR Team led challenge sessions over the last several months have resulted in
over $150M of estimate reductions based on lessons learned, Unit 2 OPEX and application of
programmatic efficiencies. Burns/Modus attended many of these challenges and found them to be
effective. The result of those challenges is a better defined and detailed Unit 3 estimate and schedule.

! Due to the 24/5 shift schedule, 1099 calendar days equates to 930 working days.
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The Unit 3 Working Schedule has been modified to incorporate a revised shift schedule whereby the head
count of Direct Field Labour (“DFL”) can be reduced along with overtime, shift premiums and Project
Management Team (“PMT”) as part of a two shift per day, five (and sometimes six) day per week calendar
(referred to as the “24/5” shift). The 1099 calendar day/930 working day Working Schedule incorporates
this strategic change, which is intent on increasing worker productivity. The DR Team believes the revised
estimate and schedule reflect increased certainty and confidence in Unit 3’s performance.

Based on the maturity of the DR Project, the Unit 3 estimate can be classified on the lower range of a
Class 2 (+5% to +20%) and upper range of Class 1 (+3% to +15%) estimate as measured by the AACEi
Classification System adopted by OPG for the DR Project.? Unit 3 has to date expended $437M. The Unit
3 Control Budget has $257M contingency for the remaining cost, which calculates to 12.0% of the current
Estimate to Complete (“ETC”) of $2.1228B.

A. Burns/Modus Summary Evaluation
As with the March 2019 Report, Burns/Modus has focused on the reasonableness of the process and
assumptions OPG has used to develop the Unit 3 Control Budget, and in particular how OPG and its
vendors have utilized the operational experience (“OPEX") and lessons learned from the Unit 2
refurbishment to benefit Unit 3. We were also mindful of how the process used by the DR Team’s Unit 3
Control Budget compares to industry practices for similar projects. Based on our review of the DR Team’s
development of the Unit 3 Control Budget and Schedule, Burns/Modus finds that:

> The DR Team’s process for developing the Unit 3 Control Budget is consistent with the methods
OPG has used to date on the DR Project, starting with RQE, and conforms to best practices used
in the industry for developing cost estimates. The Unit 3 Control Budget is an updated, unitized
forecast based on estimates that have progressively matured since RQE, including the reflection
of nearly all of Unit 2’s actual cost and schedule history and lessons learned. The revised Unit 3
estimate is largely based on production rates previously achieved for periods during Unit 2’s work.

> Since the March DRC Meeting, while Unit 2’s execution of Fuel Channel Installation and Upper
and Lower Feeders continued, CanAtom iterated its Unit 3 estimate for RFR that reflected lessons
learned and OPEX from Unit 2. Through the 2Q and 3Q, the DR Team worked with CanAtom on
series by series challenge sessions to identify the variances, question CanAtom’s cost and
schedule estimates, and increase overall confidence. As a result of these challenge sessions, the
CanAtom estimate was reduced by over $150M and the schedule was reduced by 100 days
Working Days.

» Unit 3’s scope is bounded and certain key external issues (notably supply of materials, logistics
and tooling) that impacted work on Unit 2 that have been resolved should not be repeated on
Unit 3/1/4. These would be considered “One Time Events”.

» The Unit 3/1/4 Working and High Confidence schedules were developed in deliberate stages with
key stakeholder involvement and the schedule was updated to account for Unit 2 OPEX, modified
resourcing strategies and innovations to produce a reasonable and achievable plan.

> The DR Team has reasonably considered Unit 3’s overlaps with Unit 1 and Unit 4 for purposes of
reducing and allocating cost, achieving economies of scale, and rationalizing PMT cost and
optimizing DFL in anticipation of future expected resource challenges. Unit 3’s Breaker Open has
been shifted to May 6, 2020 to reduce potential impacts from the overlap of Unit 2.

2 AACE International Recommended Practice No. 18R-97, COST ESTIMATE CLASSIFICATION SYSTEM — AS APPLIED IN
ENGINEERING, PROCUREMENT, AND CONSTRUCTION FOR THE PROCESS INDUSTRIES TCM Framework: 7.3 — Cost
Estimating and Budgeting
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» Units 1 and 4 have base estimates of $2.115B and $2.193B, respectively. Unit 1 will be the
beneficiary of the most resource overlaps and opportunities for economies of scale with Units 3
and 4, thus its lower estimate. Achieving the level of cost reduction on Unit 1 and 4 will depend
in part on the timely transference of lessons learned. The current Unit 1 schedule appears to be
optimally timed to use craft from Unit 3 with minimal gaps that will reduce training time and
utilize direct experience. In addition, there are costs for D3IP that are being picked up by Unit 3.
Unit 1 currently has 17% contingency while Unit 4 has 11.5%.

» The DR Team’s ongoing process for collecting, vetting and interpreting lessons learned from Unit
2 is consistent with best practices we have observed in other multi-unit projects (including OPG’s
Pickering A Return to Service), and the DR Team has a strong basis for planned improvements for
Units 3/1/4. These lessons learned have led the DR Team to re-plan a significant portion of the
work on the basis of: (1) production rates that CanAtom can meet and sustain for each repetitive
work series; (2) a revised 24/5 based work schedule that is expected to increase craft productivity
and proficiency while reducing the total number of craft required, overtime, shift premiums,
weekend work, and other costs; (3) PMT reductions and insertion of OPG personnel into the
OneTeam approach.

> The development of the Unit 3 Control Budget’s contingency has followed the same basic process
as used for RQE and was confirmed using OPG’s risk management system and quantitative
assessment techniques (i.e. Monte Carlo). The 1099 calendar day Unit 3 Working Schedule (930
working days) is an aggressive Working Schedule that is based on improvement from Unit 2. In
addition, the change in the shift schedule to the 24/5 driven critical path will allow Unit 3 to utilize
weekends for catching up as necessary, though there would be cost associated with direct cost,
overtime and shift premiums for working those days.

» In light of the work that has occurred since the March DRC Meeting, the $257M of contingency is
12% of the remaining Unit 3 ETC and is appropriate for a Class 2/1 estimate. OPG is prudently
maintaining contingency for the discrete risks for Unit 3, including potential limits to trades
labour, Ontario supply chain support, overlaps of units for the first time, potential impact on
labour availability from Bruce Power’s simultaneous MCR Program and other project risks.

> Feeder work was the largest source of increased cost and schedule on Unit 2 and poses a risk to
the Unit 3 Control Budget and Schedule. The Unit 2 manhour overrun on the Feeder work was
60% of CanAtom’s total manhour overrun on RFR and 35% of the total DR Project overrun. As
discussed in detail in Section C.1. below, numerous issues impacting progress on Feeders are
being examined at this time, including identification and impact of One-Time Events from Unit 2.
CanAtom’s Unit 3 Feeder estimate was increased by 47% over the RQE budget to account for Unit
2 lessons learned and to correct aspects of its original estimate. CanAtom believes this current
estimate is bounding based on the re-planning and other actions it has taken to date.
Burns/Modus recommends the DR Team complete the recently started Feeder lessons learned
program and provide other means such as partial check estimates and thorough schedule analysis
to ensure these estimates are complete.

Based on the results OPG has achieved to date on Unit 2 relative to RQE and the preparations OPG is
making for Unit 3, Burns/Modus has confidence the current Unit 3 Control Budget and Schedule have
been developed with a robust process. Burns/Modus’s current confidence level should only increase once
the Feeder work and the remainder of Unit 2 is complete and is subjected to the same rigorous process.
The charts below identify Burns/Modus’ Confidence Level in the Unit 3 Estimate and Schedule. The cost
of each element of the Unit 3 budget is represented in SM proportionally below and is shaded according
to our confidence level:
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Figure 1 Unit 3 Estimate — $2,559M — Confidence Level
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RN e ~9122M-5% | OPG Exec + Func Support - $271M - (Non-Controls/Stator) | Plant - 5110M
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RFR Project - DFL {All Except
Feeders) - $253M - 10% RFR Project -
Goods -
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RFR Project - i
RFR Project - OPG PMT - FF-5122M - - = " | OPG Operations & Maintenance -
$157M - 6% 5% 2% $269M - 11% Interest - 5202M - 8%

Figure 1&2 Color Coding:
The above graphic depicts the entire Darlington Unit 3 budget including OPG costs. Each rectangle represents a cost element
proportionally sized (SM) in relation to the total Unit 3 budget and assigned a color code based on Burns/Modus’s confidence in
that cost element. Similarly, the below chart represents the major schedule segments and our confidence (in calendar days) in
that segment of the overall Unit 3 schedule.
Green —represents high-confidence in the estimated cost / schedule resulting from an estimate that meets an AACE Class 2 or
better; represents work that was performed on Unit 2; and lessons learned are incorporated into the base estimate, schedule,
and workplans.

— represents moderate confidence in the estimated cost / schedule resulting from an estimate that meets an AACE Class
2; will have critical path impact; lessons learned from Unit 2 have not been fully incorporated into the plan
Red — represents low-confidence in the estimated cost / schedule resulting from an estimate for work that exceeded cost and
schedule on Unit 2; or work that will be performed for the first time on Unit 3.
White — Work that has not been performed yet on Unit 2.

Burns/Modus has evaluated the major schedule segments for Unit 3 are represented below are shaded
according to our confidence level:

Figure 2
- U3 Baseline:
- 1088 + 11
o~ 158 305 50 372 132 71 Days for Fuel
m
> Runs = 1099
4] 200 400 600 800 1000 1200

@ Breaker Oper to Bulkhead Commissioning @ Vault Preparation & Removal Series @ Inspections Series

O Installation Series OVault Restoration and Bulkhead Removal 0O OPG Commissioning

O Fuel Runs

In summary, Burns/Modus finds the process used in preparation of the Unit 3 Control Budget and
Schedule consistent with a Class 2/1 estimate under the AACEi Classification guidance and conforms to
industry good practice. The reduced risk that comes from repeating the work should provide confidence
that Unit 3 can complete within the total RQE envelope, thus increasing the certainty of maintaining the
total $12.8B RQE budget. The DR Team’s work also sets a good course for continuous improvement of
the budget and schedule for Units 1 and 4.
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Il. Unit 3 Planning Since March 2019

Since the March 2019 Unit 3EE forecast and in further development of the Unit 3 Control Budget and
Working Schedule, the DR Team has focused on establishing a reasonable, achievable and repeatable
work plan that accounts for Unit 2 OPEX and lessons learned. The following is a detailed summary of the
DR Team’s progress in developing the Unit 3 Control Budget and Schedule since the March 2019 Meeting.

A. Unit 2 Progress Since March 2019

In our March 2019 Report, we prepared an analysis of the Unit 2 Performance versus the Unit 2 Working
Schedule and Budget with comparison to the Monte Carlo simulation used for Unit 2 at RQE. As of the
March 2019 Report, the critical path series performed to date were 27 days behind the Planned (Most
Likely) and 3-4 months ahead of the High Confidence Schedule. The activities on critical path work had
experienced manhour overruns of +289,800 hours over Unit 2 Working Schedule. We have updated that
same chart (Figure 3 below) to include the work series that have been completed since the March 2019
Report, namely Fuel Channel Installation and Lower Feeder Installation. As depicted below, these last two
work series were +39.5 and +97 days longer than the Unit 2 Working Schedule. In addition, these two
work series accounted for more than 30% of the overrun of manhours on the critical path, resulting in
contingency drawdowns.

Unit 2 Performance v. Working Schedule and Manhour Budget

Figure 3
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As of the completion of Calandria Tube installation in December 2018, CanAtom was +32.6 days ahead of
the High Confidence Schedule and -69.4 days behind the Working Schedule. Fuel Channel Installation and
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Lower Feeders accounted for -136.5 days of delay over their Working Schedule durations®. At the
completion of the Lower Feeder Installation, Unit 2 was forecast to complete +209 days beyond the High
Confidence Schedule. Therefore, CanAtom appeared to be comfortably within the High Confidence
Schedule but for these last two series, which suggests that the key to restoring the baseline schedule for
Unit 3 would be eliminating or mitigating the issues that caused these and the other “red” series in Figure
2 to extend beyond their original schedule. The Unit 3 re-planning effort has focused on these and other
critical areas to achieve improvements.

B. Lessons Learned Process

The DR Team has executed a robust plan for extracting critical OPEX from Unit 2’s actual performance. As
each work series completed, the DR Team immediately held lessons learned sessions with the performing
contractors who worked on or near the critical path. These meetings are attended by the field
superintendents, engineers, project management staff and others as necessary, during which they review
the schedule, actual performance, sequence of work and identified issues for further review and
disposition. The contractor representatives use the information gathered in these sessions to modify their
schedules, budgets and corresponding Comprehensive Work Packages (“CWPs”). CanAtom has assigned
ateam leader to develop reports that show the results of this analysis, summarize the impact of One Time
Events and assess the extent of delays in both days and hours. We sampled the information from these
sessions and attended some of the meetings and found them to be well organized and substantive.
Attachment A summarizes select key work series on the critical path that have been performed on Unit
2, reviewed for lessons learned and re-planned for Unit 3. This chart summarizes how the DR Team has
utilized this information for planning the schedule duration, shift pattern and other process changes for
Unit 3.

1. RFR Lessons Learned
The most significant advances in the RFR critical path lessons learned process since the March DRC
Meeting have been: (1) CanAtom monetizing some of the major delay impacts caused on Unit 2 by One
Time Events, first of a kind (“FOAK”) and issues that can be mitigated in future performance; and, (2) the
DR Team’s focus on identifying sustainable production rates for each of the repetitive series in RFR that
can be used as the basis of the revised Unit 3 estimate.

As of the March DRC Meeting, Unit 2 was approximately 80% complete overall and CanAtom was actively
working on Fuel Channel Installation and Upper Feeder Installation, each of which were being impacted
at the time by ongoing production challenges and One Time Events. Since the March DRC Meeting,
CanAtom has partially monetized the impact of the One Time Events in both days and work hours. The
following chart depicts the 141 days and over 3,000 hours on critical path impacted by these one-time
and FOAK events for key series as assessed by CanAtom in its lessons learned reports to date*:

3 Planned duration for Fuel Channel Installation was 125 days and Lower Feeder Installation was 96 days; actuals
for these were 160 days and 193 days, assuming an October 22, 2019 date for Lower Feeders.

4 CanAtom’s work monetizing the lessons learned is ongoing. Chart 2 depicts only those work series CanAtom has
completed its review to date. The remaining critical path series and Feeders are being examined as the work is
completed. Appendix A further identifies how lessons learned are being applied.
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Report to Darlington Refurbishment Committee
Review of Unit 3 Control Budget

Lessons Learned Assessed Impacts — Unit 2
Critical
Chart 2
@ Work Series v:l_l(:)ﬂ:r \gl:r: Path
CwWP y Hours
2172 Fuel Channel Installation 43,853 46.2 1,075
J1g3 | CdlandriaTube 16,430 39.1 893
Installation
2180 CTSB Inspection 14,535 14.7 344
2169 PT Removal 10,032 12.6 284
2168 End Fitting Removal 10,022 10.37 244
2177 CT Removal 9,132 10 212
2176 CTl Removal 3,773 4.32 103
2179 LT and Bellows Inspection 3,791 2.51 22
5178 Calandr.la Vessel 547 0.67 16
Inspections
2141 | Feeder Coupling 229 0.2 4
Disconnect
Total 112,344 141 3,197

The results from the lessons learned process were transacted directly into the Unit 3 cost estimate and
schedule (See Appendix A for examples). From this history, CanAtom has calculated performance trends
that have become the basis of its Unit 3 estimate. CanAtom has transacted the impact of all One Time
Events and other OPEX-based adjustments as part of the revised Unit 3 cost estimate and schedule. This
analysis also allowed the DR Team to examine other alternatives for performing the Unit 3/1/4, including
altering the shift pattern for the critical path work. As discussed below, the 24/5 shift pattern has been
adopted for approximately half of the critical path work for Unit 3.

Chart 3 below reflects the work that the DR Team’s lessons learned for the two series that occurred after
the March DRC Meeting, both of which had challenges on Unit 2:

Series Unit 2 Unit 2 Unit2 | Unit 2 Unit 2 Actual | Unit3
Chart 3 Planned | Actual CPI Budget Manhours Estimated
Duration | Duration Manhours Manhours
Fuel Channel 125 Days | 161 Days | 0.41 132,304 228,238 154,983
Installation

Unit 2 Events

e CanAtom calculated delays at 43,853 work hours and 46.2 days; if these
delays and related manhour overruns could have been avoided, the series
could have completed on-time

e Key Causes included: (1) Human Performance; (2) Coordination with
Feeders; (3) Bellows Welding; (4) End Fitting/Pressure Tube Alignment; (5)
Coordination of resources

e CanAtom's progress recap in its lessons learned Report provides details
regarding the impact of the issues encountered on Unit 2 Fuel Channel
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Installation that contributed to the slow ramp-up to sustainable
production rates

e Based on the data assembled and reviewed, CanAtom was able to
determine a sustainable production rate once the upfront issues were
resolved; that production rate has been used for calculating the duration,
hours and resources for Unit 3 estimate

Unit 3 e Unit 3 basis of estimate for Fuel Channel Installation assumes:
Improvements o Training for proficiency prior to series will accelerate the ramp-up
o Ramp-up will occur over 1-2 weeks based on logistics and efficient
access to the reactor face
o Fuel Channel Installation will reach a sustainable peak of 5 /day
e Duration range for Unit 3 is estimated at 123 (planned/most likely), 119.5
(best case) and 134 (worst case)

UHT“NDFG“!R Fuel Channel mf::.‘xn:r: :M.m CANAT M
GENERATION |BD Curve Report Date: 9-May-19
el Production Results: ;
Avg Rate: 62 FC installed Points/day fl‘
Max Rarte: 205 FC Installed Points/day SA Protective Avg; 155 prsfday
Min Rate: 0 FC installed Points/day Eddy Corrent Sleeve Shattered Y039 50
Median:52 Points per Fusl Channel Could Not Locate .
i e skl = W10 Cutout
o 5 pair/Rework eederPlatform
_-—‘_\_L,““ \Ejn:tt:n!in\eﬂnll Feederiirork ettt EF Remons] & NO1 ;ﬁ;ﬂm il
Thubtach Shield Plug Disout Housekeeping 200
EF-PT “'Z“N"‘\ Dropped onto Bulkhesd Feeder Work ot
8000 Bellows We!
:‘eﬂe:::gﬂ Angle _ ;T,i:wm Feedarmon on Crn:rp)::;i -
- ] EF- PT P é
i 3 \\ Alignment 150 8
% Ei?;:;ﬂim I:;‘f’;::’:"““‘ t::i” EF-PT ADayi Finad Reactorispection | %
g - Birine bl Bellows Weld ! Ag"m?m\ (0 :
& EF Stuck \ v AQE SFCR 3
B | M
. ATP operation Slow Ramp-up Caused AN b o i
DisledgedHandrall | ‘ | | ' s
000 by One-Time Events it fHHH
Improper Bellows Weld | . ‘
& Weld Machine Failures t | |
FME Discovery \' | ‘
During Lattice Tube | | | 50
Preinstall Inspection T | 1
. \ ' ' NI
A 4|l il
§ 8 8 5 3 3 3 % B X OX OB XOEOEROROEOROEOE OSSO S OIOBORIIDEGORO
2 AR oA A x 2 8 2 %A $ 5 8 3 Ll =
B Transition In BL Per Day Actuals Per Day NS Forecast Per Day BN Trymsition Out Final Reactor insp, me ADS SFCR B Remaining = Actusals Remaining = = Forecast Remaining
Series Planned | Actual CPI Unit 2 Unit 2 Actual | Unit 3 Estimate
Duration | Duration Budget Manhours Manhours
Manhours
Lower Feeder 96 days 193 days | 0.25 114,098 ~430,000 176,383
Installation (forecast)
Unit 2 Events e CanAtom has recently initiated the formal lessons learned process for the

entirety of the feeder work (upper and lower)
e Upper and Lower Feeders were impacted by significant One Time Events
and other identified issues including:
Inconel 690 material change

o Vendor supply issues
o Nozzle preparation and inspection
o Welding procedures required modifications
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Logistics, scaffolding and field management

FME incursions

Lower Body Tubing and instrumentation on critical path
Cantilever supports

o O O O O

Craft absenteeism
o High weld rejection rates
e CanAtom has committed to significant changes for Unit 3 based on the
Unit 2 performance
e Lower Body Tubing installation was initially planned to be concurrent with
Upper and Lower Feeder installation

Unit 3 e Unit 3 basis of estimate for Lower Feeder Installation assumes:
Improvements o Continuous effort on the Feeder work with a smaller, well trained

crew working 24/5 will improve productivity

Elimination of One Time Events

Ramp-up will occur over 1-2 weeks based on logistics and efficient

access to the reactor face

o Lower Feeder Installation will reach a sustainable peak of 10 /day
e Duration range for Unit 3 is estimated at 117 (planned/most likely), 96
(best case) and 137 (worst case)

ONTARIOPOWER > = 2 \TE
EOWER Lowor Fonder Weld Complate B0 Curve s carATIM

s

B tin P e 2
original hascline schadule &

Slow Ramp-up Caused
by One-Time Evgnts
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8
Oy Bl Pl oy Dl ()

cEae
I

CanAtom’s Unit 2 performance of the Feeder work yielded the largest cost variance from the base RQE
estimate. The following chart identifies the manhour overrun CanAtom experienced on Unit 2 and the
increased Unit 3 budget for this work:

Feeder Work Craft (DFL) Manhour Comparisons
Chart 4 Unit 2 Unit 3
Planned Actual Variance Planned Variance
from Plan
Upper Feeders® 203,000 721,000 +355% 474,000 +58%
Lower Feeders 158,000 467,000 +296% 176,000 +10%
Total - Feeder Work 361,000 1,188,000 +329% 650,000 +45%

® The Upper Feeder cost code includes: Nozzle Inspection and Weld Preparation, Feeder Instrumentation, Feeder
Scanner install and Lower Body Tubing.
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CanAtom has updated the base estimate for Unit 3 planned production rates, resulting in a 45% increase
in DFL hours over RQE. The full RQE Feeder estimate was $27.8M, while Unit 3’s estimate for Feeders is
now $52.11M (+47%). As shown above, the Upper Feeder work series slow ramp-up was impacted by
One Time Events, performance issues, supply and logistical issues that have been addressed and should
not be repeated. The schedule has been revised for Lower Body Tubing work and there an opportunity
to plan to perform work concurrent to Feeder installation. The formal lessons learned process for the
Feeder work has recently begun; however, the DR Team has been addressing and mitigating issues on the
Feeder work on an ongoing basis throughout Unit 2. The Feeder estimate should be thoroughly reviewed,
challenged and refined further based on completion of the lessons learned.

CanAtom has updated the base estimate for Unit 3 planned production rates, resulting in a 45% increase
in DFL hours over RQE. The full RQE Feeder estimate was $27.8M, while Unit 3’s estimate for Feeders is
now $52.11M (+47%). As shown above, the Upper Feeder work series slow ramp-up was impacted by
One Time Events, performance issues, supply and logistical issues that have been addressed and should
not be repeated. The schedule has been revised for Lower Body Tubing work and there an opportunity
to plan to perform work concurrent to Feeder installation. The formal lessons learned process for the
Feeder work has recently begun; however, the DR Team has been addressing and mitigating issues on the
Feeder work on an ongoing basis throughout Unit 2. The Feeder estimate should be thoroughly reviewed,
challenged and refined further based on completion of the lessons learned.

2. Lessons Learned — BOP and Major Systems

The lessons learned process was not exclusive to RFR and critical path activities. The DR Team has also
conducted lessons learned sessions and recorded results for Balance of Plant (“BOP”), Turbine Generator
and other specialized projects.

e Balance of Plant/ES Fox: ES Fox utilized lessons learned in developing the Unit 3 BOP estimate
by quantifying one-time events and delays and deducting them from the Unit 2 actual costs to
form the basis of the Unit 3 estimate. The lessons learned process identified $14.3M and 279
total non-critical path days of potential savings for Unit 3, which provides float to Units 3/1/4 and
reductions to PMT cost. The lessons learned review also determined that productivity could be
improved by 5%, and therefore the DFL hours were reduced accordingly. In addition, the scope
of BOP is different for Unit 3. For example, some of the BOP work on Unit 2 was planned to be
performed once for the entire program, and other scopes (adjuster rods, flux detectors) have
been moved to other bundles for performance. The lessons from this project are being applied
across all bundles on Unit 3 as a model for improved performance. The following areas of
improvement have been identified:

Update CWPs to incorporate lessons learned

Improve and standardize the lessons learned process
Vendor engagement in constructability review

Utilize same work force involved in previous unit (e.g. VVRS)
Improved response to Field Initiated Changes (“FICs”)
Retaining qualified field resources to reduce learning curve

O O 0O O O O

e Major Systems: The lessons learned process on Major Systems identified a number of One Time
Events and opportunities forimprovement. As a result, the One Team approach was implemented
with OPG and vendor PMT to improve communication, coordination and accountability. A major
lesson currently being implemented is the addition of a lunchroom in the turbine hall to reduce
nonproductive time. Through this and other changes, the Turbine Generator team is planning on
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a 36% increase in productivity compared to Unit 2. Due to the manhour overrun on Unit 2 and
the additional turbine controls change out for Unit 3, the Turbine Generator work merits close
watching. The changes initiated within the DR Team to place this work in the Major Systems
bundle should provide the additional oversight needed for this work. Moreover, it will be critical
for the Turbine Generator team to accurately record, document and disposition lessons learned
for Unit 3. Unlike Unit 2, when the Turbine Generator work was far off the critical path, Unit 3’s
schedule will require a definitive completion and roll-over to Unit 1, as there are less than 3
months of float between the units.

C. Unit 3 Schedule Development

Since the March DRC Meeting, the Unit 3 schedule has evolved to reflect maturation of planning
assumptions, Unit 2’s actual performance and lessons learned. As noted in the March 2019 Report, the
DR Team’s analysis of Unit 2 has continued to result in an increase of the base estimate cost for Unit 3,
though with a correspondingly narrower range of project risks (and contingency requirements). This
narrowing of project risk and reduction of contingency is a result of the elimination of the One Time Events
and the opportunities presented by second-time performance, mitigation of Unit 2 issues and innovations.

RQE assumed a 40-month (1217 days) planned High-Confidence duration for each of Unit 2 and Unit 3.
Unit 2 proceeded with a Working Schedule of 1071 days and is currently forecast to complete in 1249
days. At the March DRC Meeting, the Unit 3 forecast was 1028-days, an overall improvement of 43 days
v. Unit 2’s 1071-day planned Working Schedule.

Starting before the March 2019 Unit 3EE forecast, the Unit 3 DR Team was working to understand the
reasons for Unit 2’s outcome and rationalize the Unit 2 result to determine high confidence Unit 3/1/4
schedule durations. The DR Team used a deliberative process with multiple iterations and challenges,
with CanAtom's full participation. The result is a 1099 calendar day (930 working day) schedule, the
difference being that many weekend days are not planned to be full work days with the 24/5 schedule.
The following summarizes the process the DR Team used to develop the Unit 3 Working and High
Confidence Schedule durations.

1. Rev. C Schedule

After more than 6 months of review, vertical slice meetings, challenge sessions and reviews of OPEX, the
DR Team agreed on a working schedule on July 10, 2019 known as the Unit 3 Rev. C Schedule, which was
1064 calendar days for Unit 3. This schedule was based on a 24/7 critical path schedule with no “credit”
for the D3IP innovations, including the second heavy worktable and simultaneous Pressure Tube and
Calandria Tube removal. While the Rev. C schedule did account for the lessons learned through Calandria
Tube Installation, it did not account for the Unit 2 experience with the Fuel Channel Installation and Lower
Feeder Installation series, which were underway or just completed. Therefore, the DR Team has always
assumed there would be an update to the Rev C Schedule.

2. 24/5 v. 24/7 Shift Pattern

As the Rev. C schedule was being completed, the DR Team began exploring with CanAtom a different shift
structure for working the critical path activities. Unit 2’s Working Schedule was built using a round-the-
clock, 24/7 shift pattern on the critical path with the field craft workers working continuously in a “4 on/4
off” shift pattern. To maintain this shift regime, CanAtom has to employ four different shifts of workers
staggered around the clock and weekends. As Unit 2 progressed and each critical path work series closed
in on its completion, the field work switched to a “safe sprint” during which it began employing two shifts
each working 6 to 7-day weeks at extended hours with smaller, select crews of the top performing craft.

11| Page Confidential 11-12 November 2019





Filed: 2020-12-31

. Report to Darlington Refurbishment C it EB-2020-029(I), Exhibit D2-2-7
BURNS eport to Darlington Refurbishment Committee iy, Altachment 3, Page 13 of 31

\\MEDONNELL Review of Unit 3 Control Budget ) M@bU§

STRATEGIC SOLUTIONS

While the 4 on/4 off and 24/7 safe sprint allowed the Project to progress, this had the impact of drawing
contingency for overtime and shift premiums.

As a result, CanAtom proposed moving certain work series to a 24/5 schedule, with two 10-hour, five-day-
per-week shifts and using 24/7 for only shorter duration work series that are tool intensive. The potential
benefits of the 24/5 shift pattern are: a reduction in headcount to fill two shifts vs. four shifts of qualified
workers; increased productivity; a reduction in payment of shift premiums and overtime; a reduction in
worker burn-out; the availability of weekends to perform clean-up, planning and logistics, and spot
overtime if necessary; reduction of PMT to manage the work; among other reasons. The potential
downside is not progressing the critical path two days a week. The DR Team weighed the relative benefits
for Unit 3 and concluded that the benefits of the 24/5 shift were substantial.

For the Unit 3 baseline schedule, CanAtom has recalibrated its estimate to incorporate 24/5 shifts into
~53% of the critical path activities, comprising 13 of the 97 series on the critical path. Those activities that
are short in duration (less than 1 week), are typically focused on the use of a tool and have limited
manpower, or where the primary skill is general construction work may remain on the 24/7 shift pattern.
Conversely, labour intensive series that rely on training and skill of the trades were deemed candidates
for 24/5. As a result, CanAtom reduced its Unit 3 estimate by approximately $70M, based on using the
24/5 shift for approximately half of the work.

Figure 4 Unit 3 Planned vs. Unit 2 Baseline Schedule

1099 Days
U3 24/s 158.3 305.5
24/5 and 24/7
1071 Days
U2 Baseline 184.7 325.3
24/7
0 200 400 600 800 1000 1200
Breaker Oper to Bulkhead Commissioning | Vault Preparation & Removal Series W Inspections Series

M Installation Series W Vault Restoration and Bulkhead Removal W OPG Commissioning
® Fuel Runs

The overall differences by segment between Unit 3 24/5 and the Unit 2 Baseline schedule are as follows:

e Breaker Open to Bulkhead Commissioning: The 26-day reduction accounts for a 23-day
reduction for defuel and 19 days reduction for descoping the bulkhead shielding from Unit 2 OPEX.
These reductions were partially offset by longer durations for Accessibility Platform Trolley
(“APT”) install, containment testing, and vault vapor recovery configuration.

e Vault Preparation and Removal Series: The 20-day reduction is largely due to the consolidation
of the PT and CT removal series into one activity, saving 30 days. This savings is offset by longer
and shorter durations for a variety of activities that net to approximately 10 additional days.

e Inspection Series: The shorter durations for the tube sheet bore cleaning and bellows inspections
series result in 12.5 days reduction. These reflect OPEX from Unit 2.
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o Installation Series: The 59-day increase in the schedule is due to longer durations for Lower
Feeders, support scaffolding, and the cantilever installation, and 24/5 durations for Calandria
Tube installation, Fuel Channel Installation and Lower Feeder Installation. These changes amount
to more than 50 days with additional minor changes adding 9 days increase in schedule duration.

e Vault Restoration and Bulkhead Removal: An increase of 8 days to the schedule for vault
restoration and bulkhead removal is the net result of several activities that were added and
shorter durations for other activities. Activities that were added or are longer duration include
Lower Body Tubing, +31 days; Reactor Tooling Platform (“RTP”) removal, +17 days; and removal
of lower body supports, + 7 days. Activities that were removed or are shorter include replacing
the Reactor Accessibility bridge, -20 days; removal of bulkheads and shielding, -17.5 days, and
installing feeder cabinets, -9 days.

e OPG Commissioning: The 20-day increase in the schedule duration is due to longer durations for
OPG activities including hot commissioning, run-up and synchronization, and high-power testing.

As shown above, the first three segments, from Unit 3’s breaker open through Removal and the Inspection
series, are shorter by a combined ~59 days. This reflects a greater confidence in the work that is both
highly mechanized (removals) and more predictable for Unit 3 due to the completion and incorporation
of lessons learned from Unit 2. The latter half of the schedule, from the Installation series to
Commissioning, represents work that is either underway or only recently completed on Unit 2. Based on
the Unit 2 experience, the current Unit 3 schedule reflects 86 calendar days longer for the installation and
commissioning portion of the schedule and is overall 28 calendar days longer than the Unit 2 baseline.

With the shift to the 24/5 schedule, there will be ~60 “non-working” Saturdays, of which approximately
half are available for catch-up days if the work gets behind schedule. Working these Saturdays would
impact direct cost but would not cause a schedule extension. As noted, these are the series CanAtom has
not yet completed and incorporated lessons learned into the planning and scheduling of the work in this
portion of the schedule. There is an opportunity for further refinement of this portion of the schedule
which should be a focus for the DR Team as this work concludes.

3. Additional Schedule Challenges
There were additional and multiple challenges by the DR Team to the overall duration of the Unit 3
schedule that CanAtom included in the formation of the Project schedule:

e 3-Point Range Challenges: As part of establishing the schedule, CanAtom developed a 3-point
range that accounted for the base assumptions for each series’ Planned/Most Likely, Best Case
and Worst-Case scenarios. CanAtom prepared a detailed analysis that identified: basis for each
of the 3 points; comparisons to Unit 2 planned and Unit 2 actual durations and assumptions;
summary of production levels; and other details that allowed for a granular examination of
CanAtom’s basis of schedule. This analysis was thoroughly vetted during the Q2/Q3 2019 Unit 3
challenge sessions. This 3-point range analysis should be updated with recent changes to the
schedule as well as any further changes that will ultimately be incorporated into the Execution
Schedule.

e Production Rates: As noted, one of the primary goals for the lessons learned reports was for
CanAtom to identify from Unit 2 reasonable and achievable production rates for each of the
repetitive work series that could be used as a basis of the Unit 3 estimate and schedule. The
lessons learned process produced the initial groundwork for the revised production rates; as part
of the recap of each series, the review team examined the point at which the Unit 2 series
achieved a sustainable production rate. Based on this analysis, CanAtom adjusted its Unit 3
targets. The DR Team reviewed and challenged each of the major series’ production rates to
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confirm that they were appropriately calculated and could be repeated in successive units. The
result for each such series is based on CanAtom’s assessment of reasonable and achievable
production rates.

e Ramp-up and Proficiency Training: As noted, one of the key lessons learned from Unit 2’s
performance was the quality and proficiency of craft training prior to entering the vault, which
resulted in slower than expected ramp-up rates for certain work series. CanAtom has committed
to improve the content and quality of training in the mock-up with a focus on increasing worker’s
proficiency at the start of the series. CanAtom’s training budget for Unit 3 is $51.7M. This
investment in training should reduce ramp-up periods for long series such as Calandria Tube
Installation, Fuel Channel Installation and Feeders. CanAtom has updated its training process
though given the importance attached to it, they should provide demonstrable and measurable
evidence that the planned training improvements are materializing.

e Work Efficiency Factors: CanAtom provided a series of opportunities to reduce the impact of
operational constraints that may improve productivity in the remaining units. These challenges
included: reducing previous requirements for wearing plastics in the vault, performing
radiological surveys off-shift and other potential improvements. OPG has accepted some of these
issues and is working to eliminate identified barriers to the contractors’ performance.

e Incomplete Work Series: The work series on Unit 2 that have not been completed or for which
the full analysis of OPEX and lessons learned has not been performed present an opportunity for
further refinement to the overall Unit 3 cost and schedule. These incomplete work series include
critical activities: Upper Feeder Installation (off-critical path), Lower Feeder Installation, Lower
Body Tubing, vault restoration and start-up. CanAtom has made reasonable assumptions
regarding these series, factoring in the 24/5 shift schedule and potential changes based on level
of assumed improvement from Unit 2 to Unit 3. As the work and lessons learned process is
completed for these series, the results should be monitored as they are incorporated into the
schedule and budget.

4, Final Execution Schedule
The current agreed 1099 calendar day/930 working day Unit 3 schedule has been approved for planning
purposes as the Working Schedule. As with the Rev C Schedule, the Unit 3 Working Schedule will need to
undergo additional detailed analysis and challenges in order to finalize the Unit 3 Execution Phase
Schedule. The DR Team will need to perform vertical slice reviews to ensure that the schedule can be
supported at the granular, day-to-day field operation. The team expects this process to complete in late
4Q.

D. Risk and Contingency
Throughout the Unit 3 schedule development process, the DR Team has incorporate lessons learned and
refined the planning to increase the confidence in the schedule. As a result, the 40 month schedule
continue to be a high-confidence duration. As noted, the 24/5 driven critical path will allow the Unit 3
project to utilize some non-working Saturdays for catching up when and if necessary, though there would
be cost associated with direct labour, overtime and shift premiums. The DR Team has identified and
monetized a discrete risk for use of Saturdays during the 24/5 periods for catch-up when needed.

Unit 3 is holding $257M in total contingency inclusive of $115M in contingency for discrete risks, the most
notable of which are:

e Assumed ramp rates are not achieved due to lack of training;
e Retention of trades;
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e Vendor performance;
e Turbine Generator controls — first time installation.

Over the course of Unit 2, the DR Team has increased the effectiveness of the risk management. Currently
these and the other articulated discrete risks are being appropriately managed.

lll.  Unit 3 Control Budget

The following is a summary of the process the DR Team and the vendors have utilized for development of
the Unit 3 Control Budget. In this section, we provide a brief summary of how the estimate for each of
the major project bundles has evolved over time. Below is a comparison of the overall variances from
RQE to the Unit 3 Control Budget by major estimate component.

A. Overall Unit 3 Budget Comparison

Figure 5 Unit 3 Estimate Variances from RQE to Control Budget
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B. RFR Cost Estimate
RFR is the largest cost component on the DR Project and its activities represent the majority of the critical
path. CanAtom’s Unit 3 cost estimate is essentially a duration-based estimate derived from unitized
production rates, utilizing the updated Unit 3 schedule durations, revised crew sizes, multiple shift
patterns and rates to determine the base cost of the direct work. From this DFL base cost of the work,
CanAtom built out the project management team including utilizing OPG resources consistent with the

OneTeam approach and eliminating redundancy, support services, engineering, and other indirect costs
based on their experience from Unit 2 to build a complete estimate. Although not a bottom up re-
estimate for Unit 3, this CanAtom estimate does incorporate detailed analysis and revisions based on the

5 The $202M of Interest for Unit 3 is allocated proportionally to each cost element represented in the chart.
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lessons learned on Unit 2 and expected unit-over-unit improvement. This represents a best practice for
updating the RQE estimate with actual experience from Unit 2 execution.

The Unit 3 estimate’s overall variance from 2016 RQE is an increase of 22% but a decrease from the Unit
2 estimate at completion of 19%. The largest variances in magnitude from the Unit 3 RQE budget to the
current Unit 3 estimate are due to changes in the Direct Field Labour and Project Management Team
costs. These changes result in $115M of the $157M overall increase in the Unit 3 budget since U3EE.

After the cost estimate was assembled, the RFR DR Team and Burns/Modus performed a series of
challenge sessions over the months of July, August, and September with the CanAtom Unit 3 estimating
team. The challenge sessions addressed all areas of the estimate from DFL and PMT to Support Services
and Goods. The result of these challenge sessions was more than $150M of reductions to the CanAtom
estimate. Senior management of OPG and CanAtom were directly involved in these challenges. These and
other budget decreases were a direct result of these challenge sessions that occurred between OPG and
CanAtom since the March DRC Meeting. The details of each section of the final RFR estimate are further
addressed below.

1. Direct Field Labour (DFL)

The DFL estimate is based on the duration of the work to be performed, daily production rates, the crew
size, and a blended crew labor rate. For the critical path series work, the duration from Unit 2 was used
as the starting point and adjusted to remove One Time Events, add savings from lessons learned, and
other factors to obtain the duration for the Unit 3 series. In addition, CanAtom determined the optimal
shift schedule (24/7, 24/5 or 24/6) for the work based on the length of the series and the nature of the
work. For each series, the CanAtom team analyzed the Unit 2 performance and incorporated lessons
learned to develop an appropriate crew size. The total estimate for each series then becomes a simple
multiplication of duration times crew size times the blended labor rate. The non-critical path series
estimates were calculated in a similar manner.

The Unit 3 DFL estimate is $304.7M, a 47% increase from the Unit 3 RQE Budget of $206.7M and a 30%
decrease from the Unit 2 Estimate at Completion (EAC) of $432.8M. The largest components of the
variance from the Unit 3 budget to the current Unit 3 estimate are due to: Upper Feeders ($26M), PHT
and Moderator Drying (517M), Training and Bridging (515.6M), Feeder Cabinet Removals (57M), a variety
of smaller changes of up to ~$3M apiece, and the further definition of Site Support within the estimate.
These changes reflect the refinement of the crew sizes and durations from Unit 2 OPEX.

2. Project Management Team (PMT)

The PMT estimate is based on CanAtom’s experience on Unit 2, adjusted to incorporate the unit-over-unit
approach. This approach aligns the PMT with each of the three main phases of work: removal, installation,
and feeders. The PMT was developed utilizing position requirements and organization charts to
determine the headcount and staffing plan for the duration of the work. CanAtom aligned its PMT
organization to include key positions from OPG’s PMT to reduce duplication and cost. The Unit 3 PMT
estimate is $154M, 12% higher than the Unit 3 budget of $138M though 28% lower than the Unit 2 EAC
of S213M.

3. Subcontracts
CanAtom’s subcontract estimate for Unit 3 is $46M, 50% higher than the Unit 3 budget of $30.5M and
50% lower than the Unit 2 EAC of S91M. For the replication of the work on future units, CanAtom has
reduced its reliance on technical staff from tooling subcontractors and will rely on its own staff. In
addition, shorter durations for the feeder work will reduce the Non-Destructive Examination (“NDE”)
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subcontract value. Further reductions to the critical path from Unit 2 durations will reduce miscellaneous
subcontract costs that are based on overall duration.

4, Support Services and Equipment (SSE)
CanAtom’s SSE estimate for Unit 3 is $22M, 80% higher than the $11M budget and 51% lower than Unit
2’s EAC of $46M. This is a result of CanAtom implementing a small tools management system and
purchasing of plant / tools for reuse.

5. Owner Supplied Materials (OSM)
The OSM estimate for Unit 3 has increased by 4% to $122.5M from the $117M budget. The increase is
due to budget transfers from the Definition Phase to Unit 3 for OSM that will be installed for Unit 3.

6. Goods
CanAtom’s Unit 3 Goods estimate has increased from a budget of $10.7M to $50.8M. This represents a
revised Goods strategy to purchase and reuse equipment over all units rather than rent equipment. This
will reduce rental costs, which results in lower SSE above than Unit 2’s EAC. This reuse of goods for Units
1 and 4 justifies lower costs per last two units.

7. Reimbursable Non-Markup (RNM), Non-Target Cost (Non-TC), and
Fixed Fee (FF) and Markups
The remaining categories of the Unit 3 estimate have increased a collective $3M from the Unit 3 budget
of $165M to $168M in the current estimate. This reflects and adjustment based on the Unit 2 experience
for the living out allowance for travelling workers.

Figure 6 . .
& Unit 3 RFR/Islanding Budget Forecasts (SM)
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Summary of Major Cost Drivers from RQE to Unit 3 Control Budget:

e Reduction in DFL and PMT due to shift change from 24/7 to 24/5 increased productivity through more
training, decreased ramp up time, decreased overtime, reduction in CanAtom PMT org -$100M

e  Reductions in Interest, Escalation and Contingency due to retired risks based on Unit 2 lessons learned
-S58M.
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C. Major Systems

For the Turbine Generator project, CanAtom used the Unit 3 RQE budget as the starting point, adjusting
the budget to reflect Unit 2 lessons learned, scope additions, and productivity, though as with RFR, Unit
2 actual costs were not used, except as a reference. One-Time Events were “removed” by using the Unit
3 budget at Unit 2EE as the estimate starting point. OPG oversight costs are based on the start and finish
date of the approved OPG resources as per the organizational chart. This is optimized for the multi units
overlapped schedule. CanAtom has forecasted a 36% improvement in CPI from Unit 2 of 0.50 to 0.68 for
Unit 3. The two scopes of work on the Turbine Generator project that will receive the most attention —
digital control change out and stator replacement — appear to have appropriate risks identified and
detailed plans for execution. The Digital Controls change out is considered FOAK for Darlington, and the
lift planning for the stator will require focus given the issues that occurred on Unit 2.

The other part of the Major Systems bundle is the small Specialized Projects transferred work from BOP,
Defueling and Fuel handling Projects. The scope transferred from BOP is to be performed by the Inspection
and Reactor Innovation (IRI) division of OPG Operations and Maintenance. OPG oversight is being
performed and estimated based on assignment of resources documented in the team’s organizational
chart. The Major Systems bundle went through multiple challenge sessions associated with Gate 3a.

The following summarizes the Major Systems portion of the Control Budget and changes since RQE.

Figure 7 Unit 3 Major Systems (TG SP DF FH)
Budget Forecasts (SM)
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Summary of Major Cost Drivers from RQE to Unit 3 Control Budget:

e  Flux detectors, adjuster rods and fission chambers transferred from BOP +$42M
e Reduction in risk and contingency -$18M
e  CPIof 0.50 (Unit 2) improving to 0.68 (Unit 3) -$11.1M

D. Balance of Plant
For the Unit 3 estimate, ES Fox used Unit 2 actual costs as a starting point, and removed those costs
associated with One Time Events and delays, then applied lessons learned and an efficiency factor of 5%.
Where Unit 2 actual costs were not available, because the work was not performed on Unit 2, ES Fox
estimated the work on a bottom-up basis with quantities/hours and unit rates. Major differences from
Unit 2 include: (1) scope was transferred to Operations and Maintenance and Major Systems; (2) Project-
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specific PMT is now consolidated into a single ES Fox PMT organization, and (3) OPG has assumed the
design responsibility for this and future units for BOP work, which has reduced cost for design work, as
the replication for all three remaining units from Unit 2 was done simultaneously. BOP went through
multiple challenge sessions associate with Gate 3a.

ES Fox’s Unit 3 performance of the pre-requisite Vacuum Vapour Recovery System (“VVRS”) project
illustrates how the application of Unit 2 lessons learned can immediately improve upon the performance
of Unit 3 work. The VVRS Project is the first Unit 3 project to be completed incorporating lessons learned
from Unit 2. On Unit 3, ES Fox attributed the improved results on VVRS to training and continuity of using
the same field personnel and removing impediments so the crews could perform. In addition, One Time
Events identified on Unit were eliminated for Unit 3. The results from VVRS showed a 50% reduction of
cost and schedule the second time it was performed.

The following is a summary of the overall change to BOP:

Figure 8 .
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Summary of Major Cost Drivers from RQE to Unit 3 Control Budget:
e  Unit 3 valve scope to be performed by Ops and Maintenance within DR Project budget-$46M
e Unit 3 transfer of projects to Specialized Projects under Major Systems -$42M

E. Functional Support Areas
The Unit 3 Control Budget for the Functions is based on organization charts and a bottom-up assessment
of project management and function support needs. The Functional Groups have been through challenge
sessions associated with Gate 3a.

Based on Unit 2 lessons learned, the following opportunities have been identified for Unit 3:

e 24x5 shift change will result in lower monthly burn rate

e Reduction in management/oversight costs

e One Team concept will improve communication and coordination

e Align the shift patterns for Operations and Maintenance and Radiation Protection Personnel to
match ongoing construction work, and ensure resources are part of scheduled tasks in P6.
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Figure 9

Unit 3 Execution and Function Support Budget
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Figure 10 . . .
Unit 3 Operation and Maintenance Budget
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Major Cost Drivers from RQE to Unit 3 Control Budget:

Change to 24x5 shifts reduces monthly burn rate

Additional cost due to schedule alignment for revised generation dates

Maintenance: additional blues usage

Radiation Protection: increased trades rates; increased support; additional planning, training, RWPB
support
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IV.  Industry Comparisons and Benchmarking

A. Unit-over-Unit Improvements
The construction industry highly values the capturing and use of lessons learned from a project. In a
presentation to a Project Management Institute (PMI) seminar, Sandra Rowe and Sharon Sikes provided
a process for collecting and utilizing lessons learned:”’

Figure 11
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Throughout the course of the Unit 2 Project, the DR Team has followed a very similar sequence with
extraction of the lessons learned from the project’s performance.

From RQE forward, OPG has operated on the assumption that it should realize unit-over-unit
improvement in cost and schedule based on leveraging lessons learned and OPEX from each successive
refurbishment. The experience and lessons learned derive not only from Darlington, but also earlier
refurbishments of CANDU units at Bruce, Wolsong, Point Lepreau and Embalse, each of which CanAtom’s
partners have supported. In addition, there are lessons from the Pickering Return to Service Project and
other nuclear and non-nuclear projects where similar scopes of work were performed multiple times in
series, under similar circumstances, and the result the second time through was dramatic improvement.
Some examples from our team’s background include:

e Pickering A Return to Service: OPG performed the Pickering A Return-to-Service (RTS) project
beginning in the late 1990s and extending to 2005. The Pickering A units were placed in lay-up
condition in 1997 and required extensive refurbishment and upgrading before they could be
returned to service. The original program budget was $780M and three-to-four years’ schedule
for all four units. The initial phase, the Unit 4 RTS Project, was more than 300% over-budget and
two years late. A detailed root cause assessment attributed these overruns to: (1) poor scope
definition at the outset of the project; (2) poor planning of the work; (3) beginning construction
before engineering and planning were sufficiently complete; (4) inadequate project controls that
led to a misunderstanding of the project’s progress; among other causes. Unit 4 was returned to
service in the summer of 2003, and the decision to proceed to the next unit’s (Unit 1)
refurbishment was in doubt. After a lengthy re-planning process during which the OPG Project
Team directly addressed each of the Unit 4 lessons learned, the Unit 1 team established a revised
$1B cost estimate (including contingency) and 1-year schedule based on 100% completed design
and substantially completed planning and assessing. Unit 1 finished on-time and on-budget
despite encountering latent issues and other “known unknowns” that had been anticipated as
part of the re-planning process. Overall, Unit 1 represented a $500M and 2-year improvement
over Unit 4 and was recognized by Engineering News Record Magazine for revitalizing OPG’s

7 Rowe, S. F. & Sikes, S. (2006). Lessons learned: taking it to the next level. Paper presented at PMI® Global
Congress 2006—North America, Seattle, WA. Newtown Square, PA: Project Management Institute.
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nuclear program.® The Project Team was in advance planning stage of the Restart of Units 2 and
3 when these projects were cancelled due to an adverse assessment of unit conditions.

e Calvert Cliffs 1 and 2 Steam Generator Replacement Project: Constellation Energy replaced the
steam generators in its twin reactors at the Calvert Cliffs Nuclear Generating Station in 2002-3.
The Unit 1 project encountered significant welding issues and missed schedule by nearly 50 days.
The Owner and contractor, SGT, engaged in a re-planning project based on a root cause analysis
and lessons learned from Unit 1 and reexamining fundamental assumptions for execution. The
result on Unit 2 was the project was completed in 66 days, 32 days ahead of schedule. The effort
set a world record for quickest steam generator replacement and was completed in 58 fewer days
than Unit 1. Moreover, Unit 2’s SG replacement welding had zero rejectable indications with no
weld repairs required. The most significant welds, done on the steam generator girths, covered
52 feet in circumference per steam generator. Overall, the girth welds improved from 47-days on
Unit 1 to 18-days on Unit 2. Mayo A. Shattuck Ill, Chairman, President and CEO of Constellation
Energy Group, stated, “Our crisp execution enabled us to complete this far ahead of schedule.
This was much more than a routine refueling outage and major equipment replacement. It was
truly an example of what can be achieved with high performance teamwork and meticulous
planning.” ° Calvert Cliffs Vice President Peter Katz attributed the outage’s success to the outage
team’s ability to work cohesively and to incorporate lessons learned from across the industry.
“We built a strong team to focus specifically on the outage, and we spent months prior to the
outage training, qualifying personnel and testing equipment and techniques,” Katz said.

Similar to these examples, Darlington Unit 2 has served as the proving ground and laboratory for lessons
learned that can be folded into immediate improvements on Units 3, 1, and 4.

B. 24/5 Shift Pattern and Craft Overtime
Labour proficiency, sustained productivity and availability of craft workers are several key risks that were
realized on Unit 2. The risk of having a relatively small pool of highly skilled nuclear workers presents a
challenging problem for Units 3/1/4, which will each have a period of overlap and will run concurrent to
Bruce Power’s MCR Program.

While there are benefits to the 4 on/4 off shift utilized on Unit 2, it can require a heavy PMT burden to
effectively manage the craft workers. The intent of the 4 on/4 off extends the project “day” to a full 24
hours, filling in the time each day a two shift, 10-hour day does not cover. However, Unit 2 lessons
learned showed that the high numbers of craft workers with myriad qualifications and training made
managing 4 on/4 off difficult for CanAtom. At the end of each work series, Unit 2 field management often
temporarily suspended the 4 on/4 off shift for the two shift “safe sprint” to utilize the best of the skilled
craft workers in a concentrated effort.

To mitigate these risks for the subsequent units, CanAtom and OPG are planning to use a 24/5 shift
structure for approximately 53% of the duration of Unit 3’s critical path. The immediate effect is to stretch
the planned 930 working days to 1099 calendar days. In addition, the new shift pattern will require
coordination at the field level as a number of work series, particularly in the early stages of the project,
will continue on the 24/7, 4 shift schedule. In exchange, the benefits of the 24/5 schedule include:

e CanAtom will need fewer craft workers on Unit 3 than on Unit 2, which should result in increased
productivity and lower overall cost;

8 https://www.enr.com/articles/13339-ontario-utility-shakes-off-troubles-and-invigorates-nuclear-
program?v=preview

9 https://www.power-eng.com/2003/04/25/constellation-energy-group-completes-steam-generator-replacement-
outage-at-calvert-cliffs-nuclear-power-plant/
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e Craft workers can plan to work longer weeks from the onset of the project, instead of needing to
work unscheduled overtime when the project fell behind, thus avoiding burnout;

e CanAtom and OPG will need fewer PMT to manage the work and be able to effectively spread its
management personnel over multiple units.

Many in the industry who study the effects of overtime on craft productivity would support moving to the
24/5 shift pattern. “In a tight labour market, overtime has frequently become the planned schedule from
the onset of the project,” due, in part to, “a shortage of skilled craftspersons,... the premium pay
associated with overtime has become a necessity to attract the required workforce.”° This meshes with
our experience, as the 50-hour week has become a typical schedule on projects in the United States,
especially on projects that need to attract travelers.

Nonetheless, many in the industry also recognize that a 50-hour work week with 10-hours of overtime
would eventually result in reduced productivity. Many of the labour studies on this issue relate to
construction projects only slightly similar to the conditions in a nuclear construction environment. Much
of the data analyzed in contractor associations (NECA, MCAA) relates to unplanned extended overtime,
not a planned 50-hour week. Four studies performed in the 1970’s to 1990’s by heavy contractors and
contractor trade associations conclude that a 50-hour work week results in a decline in productivity over
a 12-14 week period. The range of productivity loss at approximately 5 weeks was 5% to 10%; over a 12-
week period, productivity was impacted by a maximum of ~15%. The decline in productivity is much
steeper for 60 and 70-hour weeks.

A more recent review by the MCAA concludes that unplanned 50-hour weeks result in productivity below
0.80 generally after seven weeks. (MCAA Bulletin No. OT1, revised, 2011) Moreover, the MCAA notes,
“Experience indicates that a return to a normal 40-hour schedule tends to ‘reset’ the productivity of the
crew, such that if the crew returns to an overtime schedule, the productivity loss would ‘reset’ to that of
the first week of overtime.” (Id)

These conclusions are significant for the DR Project. Because the majority of the work series in which the
craft will be working 24/5 shift patterns are between 25 — 45 days, the workers on these shifts will get the
relief described from the 50-hour work week before productivity loss occurs. Thus, CanAtom may be able
to manage a large portion of Unit 3’s labour in the “sweet spot” by balancing stretches of overtime fewer
than 10-12 weeks and allow for the 40-hour/week reset for several weeks thereafter.

For the longer series (Calandria Tube installation, Fuel Channel Installation and Feeders), CanAtom is
planning to employ a two-shift, 60-hour/week safe sprint at the end of these series. The impact of such
planned overtime may not be as significant as the above studies of mostly unplanned overtime. One study
looked at the impacts of long-term, extended overtime and found the impact of 50-hour week to be 5%
to 10% over the long term. (Hanna, Taylor and Sullivan)

On the DR Project, labour availability, particularly in light of concurrent units, and capability, makes the
24/5 shift for Unit 3/1/4 a viable, if not preferable method to proceed. If CanAtom and OPG can effectively
manage this shift pattern mindful of the trends cited above, CanAtom believes moving to the 24/5 shift
will result in a $70M cost savings with manageable schedule impacts.

10 |mpact of Extended Overtime on Construction Labor Activity, Awad S. Hanna, P.E., M.ASCE, Craig Taylor and
Kenneth T. Sullivan, Journal of Construction Engineering and Management, ASCE June 2005
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C. Estimate Classification

Prior to RQE, OPG adopted the guidance of AACE International to help characterize the quality and inputs
to the DR Project’s estimates. As we noted in our RQE Report, the AACEi has provided guidelines, not
standards, for the construction industry to use as a communication device for “all the stakeholders
involved with preparing, evaluating, and using project cost estimates. The various parties that use project
cost estimates often misinterpret the quality and value of the information available to prepare cost
estimates, the various methods employed during the estimating process, the accuracy level expected from
estimates, and the level of risk associated with estimates.” !

The AACEi Classification System was developed, “to help those involved with project estimates to avoid
misinterpretation of the various classes of cost estimates and to avoid their misapplication and
misrepresentation. Improving communications about estimate classifications reduces business costs and
project cycle times by avoiding inappropriate business and financial decisions, actions, delays, or disputes
caused by misunderstandings of cost estimates and what they are expected to represent.”!?

The AACEi authors of the Cost Classification System provide a series of objective criteria that can be used,
often with modification for individual circumstances, for classifying estimates based on the methodology
used and the maturity level of underlying information on which an estimate is based. AACEi identifies
assignations from Class 5 (least mature) to Class 1 (most mature).

Based on the maturity of the inputs and overall quality level, Burns/Modus concludes that OPG’s Unit 3
estimate is commensurate with a Class 2/1 estimate. The following comparison illustrates the effort
applied by OPG and the vendors has aspects of both Class 1 and Class 2 estimates; we have provided a “v”
to identify which characteristics are met by the Unit 3 estimate.

Methods Used

a high degree of deterministic
estimating methods. Class 2
estimates are prepared in great
detail, and often involve tens of
thousands of unit cost line
items. For those areas of the
project still undefined, an
assumed level of detail takeoff
(forced detail) may be
developed to use as line items
in the estimate instead of
relying on factoring methods.

| Charté Comparison of Estimate Class Characteristics — AACEi 18R-87"
Characteristic | Class 2 Class 1
Level of 30% to 70% of full project 50% to 100% of full project definition. v
Definition definition
Estimating Class 2 estimates always involve Class 1 estimates involve the highest '

degree of deterministic estimating
methods and require a great amount of
effort. Class 1 estimates are prepared in
great detail, and thus are usually
performed on only the most important or
critical areas of the project. All items in
the estimate are usually unit cost line
items based on actual design quantities.

11 AACE® International Recommended Practice No. 17R-97 COST ESTIMATE CLASSIFICATION SYSTEM TCM
Framework: 7.3 — Cost Estimating and Budgeting

12|D

13 AACE International Recommended Practice No. 18R-97, COST ESTIMATE CLASSIFICATION SYSTEM — AS APPLIED

IN ENGINEERING, PROCUREMENT, AND CONSTRUCTION FOR THE PROCESS INDUSTRIES TCM Framework: 7.3 —

Cost Estimating and Budgeting
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| Chart6 Comparison of Estimate Class Characteristics — AACEi 18R-8713

Characteristic | Class 2 Class 1

Expected Typical accuracy ranges for V | Typical accuracy ranges for Class 1 \

Accuracy Class 2 estimates are -5% to - estimates are -3% to -10% on the low

Range 15% on the low side, and +5% side, and +3% to +15% on the high side,
to +20% on the high side, depending on the technological
depending on the technological complexity of the project, appropriate
complexity of the project, reference information, and the inclusion
appropriate reference of an appropriate contingency
information, and the inclusion determination. Ranges could exceed
of an appropriate contingency those shown in unusual circumstances.
determination. Ranges could
exceed those shown in unusual
circumstances.

Effort to Typically, as little as 300 hours Class 1 estimates require the most effort | Vv

Prepare or less to perhaps more than to create, and as such are generally
3,000 hours, depending on the developed for only selected areas of the
project and the estimating project, or for bidding purposes. A
methodology used. complete Class 1 estimate may involve as

little as 600 hours or less, to perhaps
more than 6,000 hours, depending on the
project and the estimating methodology
used.

End Usage Class 2 estimates are typically Class 1 estimates are typically prepared v
prepared as the detailed control to form a current control estimate to be
baseline against which all actual used as the final control baseline against
costs and resources will now be which all actual costs and resources will
monitored for variations to the now be monitored for variations to the
budget and form a part of the budget and form a part of the
change/variation control change/variation control program. They
program. may be used to evaluate bid checking, to

support vendor/contractor negotiations,
or for claim evaluations and dispute
resolution.

Based on these criteria, the level of accuracy associated with a Class 2/1 estimate would support
contingency in the range of 10%. Unit 3’s 12% contingency against the ETC would appear to be
appropriate given all of the considerations discussed herein. We provide some recommendations that
could further improve the confidence level of the Unit 3 Control Budget and Schedule prior to Unit 3
breaker open.

V. Recommendations and Risk Areas

Burns/Modus finds the process used in preparation of the Unit 3 Control Budget and Schedule consistent
with a Class 2/1 estimate under the AACEi Classification guidance. Since the March DRC Meeting, the DR
Team has addressed the open items then apparent, and the development of the schedule and cost
estimates has proceeded in a constructive, progressive manner with significant challenge sessions
occurring throughout. Issues we identified in our March 2019 Report with the quality of CanAtom’s
estimate were addressed and their Unit 3 estimate has been prepared on the basis of unitized production
rates that were observed in Unit 2’s performance. The lessons learned from Unit 2 should provide for
significant improvements in performance for Units 3/1/4.
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The major risks for Unit 3 appear at this time to be:

» The Turbine Generator work, including the controls change out and stator installation, that have
not been done to date at Darlington and are more time-sensitive due to the unit overlaps;

» Any potential issues that may arise through the completion of Unit 2 that will impact Units 3/1/4;

» Theinitial unit overlap from Unit 1, which could challenge the planning of Unit 1 and the execution
of Unit 3; and to a much lesser extent,

» The RFR Feeder Work, which as documented herein will need to evaluate and embed lessons from
Unit 2 to mitigate a repeat of those issues;

> The ability to attract and retain qualified craft for the RFR work and the ability to train those
resources to the level of proficiency required to perform the work at the expected ramp rates and
productivity levels required to achieve the schedule.

The reduced risk that comes from repeating the work should provide confidence that Unit 3 can complete
within the total RQE envelope, thus increasing the certainty of maintaining the total $12.8B RQE budget.
The DR Team’s work also sets a good course for continuous improvement of the budget and schedule for
Units 1 and 4.

With that said, there is work remaining for the DR Team to accomplish for refining and honing the estimate
and schedule for Unit 3’s performance and progressive development for Units 1 and 4. The following are
Burns/Modus’s recommendations for OPG to consider related to Units 3/1/4:

¢ Finalizing the Unit 3 Control Budget and Schedule: The Unit 3 Control Budget and Schedule that is
being presented to the BOD for approval is substantially complete, though can change if and when
more is known about the remaining series that are currently in-flight on Unit 2. The DR Team’s efforts
to finalize the Unit 3 Control Budget and Schedule will continue until Unit 2 is completed and lessons
learned can be extracted, evaluated, and transacted from the recently completed work (Lower
Feeders), the remaining vault restoration and startup of Unit 2. In addition, there is work ahead for
the team to complete the Unit 3 Execution Schedule and to ensure the Control Budget accurately
reflects the final high-level adjustments to the RFR schedule and CanAtom needs to complete the
Basis of Estimate documents for Unit 3. There is risk that the remaining work and analytical efforts
could result in changes to the Unit 3 estimate. The DR Team believes this risk is bounded at this time
by the Unit 3 Control Budget. In any event, all changes that occur after the BOD approval will be
required to go through formal change control.

o Recommendation: The DR Team should establish tracking metrics for the remaining work
series to communicate any revisions to the Unit 3 budget and schedule; the team should also
identify the milestones and schedule for completing the Unit 3 Execution Schedule, including
all vertical slice and resource assessments and detailed schedule input needed for the Unit 3
baseline.

o Feeder Work Requires Re-planning and Estimate and Schedule Updates to Build Confidence: The
Feeder Work resulted in the largest variances to the Unit 2 budget and represents the largest
individual changes from U3EE to the Unit 3 Control Budget. The Feeder lessons learned examination
has only just begun and until it is complete there is a risk that CanAtom’s Unit 3 estimate could be
impacted (reduced or increased). As with the other key series, a production trend emerged at the
end of the Lower Feeder Installation that may be useful for establishing a forward-looking production
rate. Once the lessons learned process is complete, CanAtom’s Unit 3 Feeder plan, schedule and
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estimate will require additional vetting to ensure consistency, accuracy and clearly identified changes
from Unit 2.

o Recommendation: CanAtom should provide check estimates of select elements of the Feeder
work. Such an estimate could provide additional comfort that the Unit 3 estimate is correct
and properly bounding based on the risks of performance. CanAtom should also clearly
identify any changes needed from RQE and detail the revised estimate for Units 3/1/4. Once
the plan is complete, the Feeder program would benefit from a thorough, 360-degree
readiness review that vets the Feeder team’s ability to avoid and mitigate the issues that
impacted Unit 2.

e Lessons Learned Process Evolution: As noted, Burns/Modus finds the current lessons learned process
and the resulting information to be well developed and executed. With the unit overlaps and
shortened planning periods, the lessons learned process will need to evolve for the results of the
process to be timely for each successive unit. Moreover, the methodology for monetizing impacts
from events for Units 1 and 4 needs to be standardized so that it can be completed more efficiently.

o Recommendation: The lessons learned program going-forward should be evaluated to ensure
timeliness, increase metrics and documentation for the future units. The DR Team should
institute tracking metrics that identify the status of ongoing lessons learned and impacts. The
process needs to be quickened and streamline for use on the overlapping units 1 and 4. The
DR Team should establish a method for monetizing lessons learned directly linked to the
estimate of the follow-on unit.

e Project Controls Improvements: The DR Team is already pursuing a combined project controls team
with CanAtom. This plan revolves around combining collection points of data and producing a single
set of project metrics from the OneTeam. As we have noted throughout Unit 2, the fidelity of the
project controls systems has been achieved, though the methods used for forecasting and homing in
on critical reporting formats need improvement.

o Recommendation: This combined effort would benefit from a Unit 2 reporting lessons
learned and assessment of effectiveness, followed by a strategic plan for improvements to
cost and schedule reporting. The refined reporting methods would take advantage of the
work of OPG’s PMO. Once the work is better defined, the combined staff can be right-sized,
and decisions can be made regarding systems, processes, etc. that can achieve economies of
scale.

e Estimating Unit 1 and 4: The next units’ estimating effort will be more urgent given the unit overlaps.
This effort will rely on the forecasting and analysis of on-going Unit 3 work in real-time. In addition,
there is an expectation for an ever-tightening range of outcomes, as the contingency for each unit
appropriately lessens with performance on the 3™ and 4™ unit. OPG will need - cooperation

from CanAtom _ to provide timely and accurate cost and schedule

information needed for forecasting and estimating.

o Recommendation: OPG should prepare and issue a standardized estimating template so that
the estimates prepared by vendors are consistent with OPG controls and standards. Also, the
OPG Estimating Group should perform early in the forecast review processes and perform
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check estimates to validate vendor estimates. OPG should re-consider utilizing US COST (or a
similar platform) for collection of cost data for Units 3, 1 & 4.

e Training: Given how important training will be for improving on Unit 2’s performance, CanAtom
should work shoulder-to-shoulder with OPG to refine the training program. CanAtom needs to set
reasonable targets for training so that the effort is right-sized and not considered a panacea that will
impose performance by itself.

o Recommendation: CanAtom should establish a verifiable work plan with interim goals and
tracking metrics to validate the effectiveness of the training. CanAtom should also grade the
effectiveness of training based on field performance. There should also be a cost element

applied to confirm CanAtom is providing value-for-money with its training program. Finally,
the training program should be subjected to periodic independent monitoring.

e Labour Management: As noted, the plan for Unit 3 has been altered to recognize the risks with
availability of craft labour. Moreover, the Unit 2 labour overrun and issues with productivity reflect a
need for further analysis and changes. Much of what should mitigate these labour issues should come
from lessons learned and improved CWPs and work instructions, and the 24/5 shift addresses the
need for a smaller workforce. OPG has also taken the lead with local trades to establish programs to
increase the population of qualified craft workers. However, there is a need for CanAtom to look
deeper to retain the best craft and PMT for the long haul.

o Recommendation: CanAtom should consider an incentive program that provides workers
additional compensation for meeting schedule, budget, quality, safety and attendance goals.
Such incentive programs are most effective when they are public goals, which create a level
of professional competition and pride. In our experience, even small incentives can have a
real impact on the craft. In addition, there should be some level of retention plan that ensures
well-trained and experienced craft workers stay at Darlington through Unit 4.

e Programmatic Approach to Units 3/1/4: The DR Team is considering methods for applying a
programmatic approach to the remaining units based on the repetition of performance of individual
series across the remaining units. CanAtom has already broken its performance by Area Managers to
begin this task. The team is looking for methods of retention of key workers who are managed for
repeat performance of the same work series, which would eliminate learning curves and improve
efficiency.

o Recommendation: The DR Team is looking to establish a 3-unit execution strategy that is
schedule focused to identify opportunities to roll-over personnel from one unit to the next
with optimal time between overlaps. The DR Team should rationalize the PMT to the extent
possible to spread their work across the three units. Along with this strategy change, the
team should make appropriate decisions regarding potential bundling of work packages
across the three units for repetitive performance. Also, there will be a need to change the
method of reporting akin to a portfolio management program, where performance is gauged
by unit and also by common work series. Finally, the DR Team should evaluate opportunities
to rationalize the required roles and reduce OPG’s PMT costs as a result of the change to a
programmatic approach
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Appendix A — Sampling of Work Series Lessons Learned from Unit 2 v. Unit 3 Planning

The following chart summarizes select key work series on the critical path that have been performed on Darlington
Unit 2, reviewed for lessons learned and re-planned for Unit 3. The Unit 3 Plan columns show a comparison of
CanAtom’s assessed durations for each of these series on a 24/7 shift v. a 24/5 and summarize the basis for:

e Selecting the planned shift;

e Calculating the duration;
e Identifying from lessons learned how CanAtom is altering its work planning.

Critical Path Unit2 | Unit 2 Unit3 | Unit3 | Unit 2 Events Unit 3 Plan Rationale
Work Series Plan Actual Plan Plan
(24/7) | (24/5)
Defueling 116 87 90 N/A Defueling exceeded the Unit 3 has assumed +3-day
most optimistic duration margin over best-ever
performance on Unit 2; work
will be on 24/7 shift
Vault 10 10.8 134 11.4 | Various series; Unit 2 Shift pattern includes both
Preparation; went generally as planned | 24/7 and 24/5 based on
APT Install, difficulty of tasks
Shield Plug
Swap
Bulkhead; 74 73 37.6 44 Execution was impacted Planned reduction in duration
Containment (24/6) | by welding issues, logistics | based on simplified bulkhead
Isolation; and field management design from Unit 2; reduction
Prerequisite in welding time; less complex
Work pre-requisite work for Unit 3;
Shift chosen is 2-shifts, 60
hr/week (24/6) due to nature
of the work
Bulk 23.8 21.2 22 26.3 Lost time with cable trays | 24/5 shift due to length of
Interferences and rerouting series; productivity gains and
and PDS reduced scope assumed as
Installation part of Unit 3 series
RTP 33 56 46.5 50.4 One time events and Work will be performed on
Installation (24/6) | issues from Unit 2 24/7 and 24/6 schedule due
installation assessed; to nature of the work.
resulting in 15 day
reduction to critical path;
CanAtom'’s further
analysis reduced to 9.5
days.
End Fitting 37 55.8 29.64 41.5 6-day late start; 20-day Repairs to End Fitting tool to
Removal late finish; 10 improve reliability; increase to
documented incidents of | base duration due to overall
One Time Events difficulty. 24/5 shift chosen
due to longer series, benefit
of not working weekends is
catch up on flasking, and
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Critical Path Unit2 | Unit 2 Unit3 | Unit3 | Unit 2 Events Unit 3 Plan Rationale
Work Series Plan Actual Plan Plan
(24/7) | (24/5)
reducing number of trades
needed to be trained for
execution
Pressure Tube | 34+ 40.6 25.8 36 16 issues identified D3IP Innovation to perform
Removal/ 30 resulting in 12 days of CT and PT Removal together;
Calandria impacted performance 24/5 shift chosen based on PT
Tube Removal Removal duration; net savings
of 30 days on critical path
Tube Sheet 33 33 23 24.1 | Slow ramp-up; Training improvements and
Bore Cleaning Productivity issues to be tooling; 24/5 shift to increase
and enhanced on future units | productivity and reduce
Inspection with additional tooling. number of craft trained
Calandria 102 116 85 90 One Time Events caused Process and tool
Tube 39 days of delay enhancements, improved
Installation training, proficiency and
productivity will reduce
duration; 24/5 shift chosen
due to long duration,
specialized training
Fuel Channel 125 161 116 123 Problems with tool and CanAtom is addressing
Installation material management, reasons for slow ramp-up; re-
training caused 46 days of | working training and logistics;
delay; issues with ramp- tool and material availability.
up to sustainable 24/5 shift pattern with
production level improved ramp-up time
Lower Feeder 96 193 97 117.2 | Multiple One Time Events | CanAtom to assign an Area
Installation beginning with Upper Manager and reorganize
Feeder Installation issues; | entire Feeder campaign;
logistics and set-up for utilize smaller, highly trained
welding resulted in down- | crews from Upper Feeder
time; weld failure rates through Lower Feeder work.
spiked; field management | 24/5 shift chosen for smaller
and craft productivity workforce, use of weekends
for tool maintenance and
logistics; duration and
estimate for Lower Feeders
includes last month of Feeder
install will be run on a 24/6
schedule, once the crews get
up to speed they will work
Saturdays in a "safe sprint"
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PROGRAM STRUCTURE AND OVERSIGHT

1.0 OVERVIEW

This exhibit describes the methods by which OPG, as the Program owner, will manage the
delivery of all scope for Units 3, 1, and 4 (“the Remaining Units”) safely, on time, on budget,
and to the required quality. The need to manage simultaneous refurbishment outages and
the strengthening of OPG’s project management infrastructure have led to an evolution in
OPG’s organizations and approaches to structuring its refurbishment execution and planning

activities.

In EB-2016-0152, OPG described in detail its role as owner of the Darlington Refurbishment
Program (“Program” or “DRP”) and the organizational structure and approach it implemented
to execute this role.” Here OPG builds upon that discussion to present the new organizations
for managing execution of Unit 3 refurbishment and the planning for subsequent units,
managing change, reporting results to internal and external stakeholders and providing

oversight.

To execute the Remaining Units refurbishment, including completing the ongoing Unit 3
refurbishment and planning for the subsequent units, OPG created the Refurbishment
Planning and Execution Organization comprised of the follow groups: Refurbishment
Execution — Unit 3 organization; Refurbishment Support, and Refurbishment Planning - Units
1 and 4. Section 2 discusses these groups, their activities and their component

organizations.

The Change Management, Cost Monitoring, Reporting, and Program Oversight organizations
are described in Sections 3 to 5. Together, these organizations enable OPG to continue to
work efficiently and cooperatively with the contractors to plan and execute the Remaining
Unit refurbishments, to effectively manage risks and changes, provide appropriate internal

and external reporting, and enable effective project oversight.

" EB-2016-0152, Ex. D2-2-2, pp. 3-10, and Ex. D2-2-9.
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2.0 ORGANIZATION FOR REMAINING UNITS EXECUTION
OPG continually investigates and implements organizational strategies to improve the
execution of projects. This section discusses the organization that OPG has implemented to

manage the refurbishment of the Remaining Units.

2.1 Program Management by Enterprise Project Management Office

The industry best practices implemented for the DRP are now being applied to all large
projects across OPG. Exhibits A2-2-1 and D2-1-1 discuss OPG’s enterprise-wide Project
Excellence Initiative. A major milestone of that initiative was the establishment of the
Enterprise Projects Organization (“EPO”) in September 2018, as described further in Ex. D2-
1-1.

Program Management is provided to the DRP through the Project Management Office and

the Commercial Management and Project Assurance divisions of the EPO.2

2.2 DRP Organization to Manage the Remaining Units

This section describes the Refurbishment Planning and Execution organization which OPG
has put in place to manage the planning and execution of the Remaining Units. OPG
executed the Unit 2 refurbishment outage without overlapping another unit’s refurbishment
outage in order to minimize risks and to adhere to the principle, as outlined in the 2013 Long
Term Energy Plan,® of demonstrating successful completion of the first unit's refurbishment
before proceeding to the next unit. As described in Ex. D2-2-3 and Ex. D2-2-5, the first
execution of overlapping refurbishment outages is scheduled to occur when the Unit 3 and
Unit 1 outages are expected to be underway simultaneously starting in February 2022. From
that date until the planned completion of the Unit 1 refurbishment outage in April 2025, OPG

will be managing overlapping refurbishment outages. Accordingly, as introduced in Ex. D2-2-

2 EB-2016-0152, Ex. D2-2-2, Sections 3.2.3 to 3.2.9, pp. 6-10 discuss the groups, which at the time, jointly
provided Program Management scopes of work to the DRP. These groups were: Engineering, Nuclear Safety,
Contract Management, Managed Systems Oversight, Program Fees and Other Support, Supply Chain and
Planning and Controls.

3 Government of Ontario, Achieving Balance — Ontario’s Long term Energy Plan, December 2013, pg. 29
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3, Section 5.1.1, OPG, in conjunction with its main contractor, CanAtom, evaluated how both

organizations could manage the Remaining Units as one integrated project.

A major change was implementation of the Organizational Evolution Strategic Improvement
including the Project Centric Organization, Workstream Specialization and the One Team
Approach. Project Centric Organization and Workstream Specialization concepts treat
phases of the refurbishment outages of the Remaining Units (e.g., the Lead-in and Removal
Phase) as a project, and build and maintain a specialized work team which is focused solely
on executing that phase of each refurbishment outage. This work team moves from the prior
to the subsequent unit to complete similar scopes of work. The One Team Approach, which
is being implemented in the organization of certain areas of the Program such as the Retube
and Feeder Replacement project, emphasizes the need to staff with the best resource
available for any particular role by drawing from both OPG and CanAtom personnel. Section

2.2.1 below provides a more detailed explanation of these concepts.

Staffing the Refurbishment Planning and Execution organization required mapping of existing
project management resources from the Unit 2 organization into the new organization and
adding capability as required. A very important consideration during this process was
retention, to the degree possible, of experienced project management staff and highly-trained

and skilled employees from the Unit 2 refurbishment project.

The resultant Refurbishment Planning and Execution organization which was implemented to
manage the Unit 3 refurbishment outage and to complete the planning and preparations for

Units 1 and 4 is shown in Figure 1.
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Figure 1: Refurbishment Planning and Execution Organization — Remaining Units

Refurbishment Planning
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The Refurbishment Planning and Execution Organization shown in Figure 1, along with the

Change Management, Cost Monitoring, Reporting, and Program Oversight organizations

described below in Sections 3 to 5, enables OPG to effectively and efficiently perform its role

as owner during the execution of the Remaining Units’ refurbishments. The roles executed
by these organizations provide confidence that:

e work is controlled and all changes tracked using the integrated schedule and cost
performance monitoring tools;

o worker protection, conventional and nuclear safety, environmental safety, and plant
safety requirements are met;

e quality requirements are met;

e risks are appropriately managed;

e detailed planning for Units 1 and 4, as described in Ex. D2-2-3, Section 3, is completed
on time and with quality, including implementation of Lessons Learned and Strategic
Improvements;

e appropriate progress reporting is done; and,

o effective internal and external oversight is performed.

The responsibilities of the three divisions which comprise the Refurbishment Planning and

Execution organization depicted in Figure 1, namely: (1) Refurbishment Execution — Unit 3;
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(2) Refurbishment Support; and, (3) Refurbishment Planning — Units 1 and 4, are described

in the following sections.

2.21

The Refurbishment Execution — Unit 3 organization contains the dedicated Project

Refurbishment Execution - Unit 3

Management Teams for the five Major Work Bundles, as well as OPG Operations and
Maintenance, as shown in Figure 2. High-level descriptions of the scopes of work in each of
the Major Work Bundles are provided in Ex. D2-2-4, Attachment 1.

Figure 2: Refurbishment Execution Unit 3

Refurbishment

Execution
Unit 3
Major Work Bundles Dedicated Project Management Teams

Balance of Fuel Handling Steam

Plant and Defuelling Generator OPG

RFR TG
OPG OPG OPG Operations
Integrated Integrated d
Project Team Project Team* Balance of Fuel Handling Steam . an

Plant and Defuelling Generator Maintenance

Contractor Contractor Contractor

*TG Controls scope executed by an Integrated OPG/CanAtom Project Team; Centerline TG scope executed by a GE team with OPG oversight
Denotes "One Team"of Contractor and OPG

2211

Each of the five Major Work Bundles has a dedicated Project Management Team as shown

Major Work Bundle Project Management Teams

in Figure 2. These teams are responsible for ensuring the effective planning and successful
execution of the scope of work in that Major Work Bundle, including that the responsible
contractors deliver the contracted services safely, to the quality required, on time and on
budget. The Project Management Teams are also supported by other OPG functional
groups, for example, Engineering.

The implementation of the components of the Organizational Evolution Strategic
Improvement are discussed below.
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RFR Project Management Team:

The majority of the RFR Major Work Bundle scope is critical path, including, Isolate from
Operating Units, Remove Interferences, Fuel Channel Removal, Inspections and Cleaning,
Fuel Channel Install and Restore from Operating Units.* The RFR scope also includes the
removal and installation of feeder pipes. As explained in Ex. D2-2-4, Section 3.2, CanAtom
has responsibility for executing the RFR scope under an Engineering, Procurement and

Construction (“EPC”) agreement.

As depicted in Figure 2, the RFR Major Work Bundle will be executed using the One Team
Approach with an integrated team of OPG and CanAtom staff. In building and maintaining
the RFR Project Management Team, the best-qualified individuals for lead roles such as
project directors and project managers, were selected from both OPG and CanAtom

resources.

Figure 3 is a simplified overview of the structure of the RFR Project Management Team,

which is responsible for providing oversight and executing the RFR Major Work Bundle.

4 Ex. D2-2-5, Figure 1 shows a simplified schedule of a refurbishment outage, highlighting the major critical path steps.
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Figure 3: RFR Project Management Team Organization

Simplifed RFR Organization Showing
Project Centric Approach and
Workstream Specialization
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Procurement
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*CWP = Comprehensive Work Package
**Quality Control reports to the Construction Manager in the Lead In and Removal and Install and Lead out Teams

Welding Program
Manager

Tooling Manager

Area Managers 1,

Quality Control
Manager
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As can be seen from Figure 3 above, the organization will have three major dedicated teams.
Each of these specialized teams will have all of the dedicated expertise needed to oversee
and execute the work safely, with quality, on budget and on schedule. Dedicated positions
include Engineering, Procurement and Construction leads, as well as Quality Control and,

where required, specialized positions such as a Tooling Manager and a Welding Program
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Manager. In accordance with the One Team Approach, any of these roles could be staffed by

an OPG or CanAtom employee, based on the best qualified individual.®

Area Managers will co-ordinate all of the work in a particular set of work activities. For
example, in the Lead In and Removals team, there will be an Area Manager for Bulkhead
Installation and Containment Testing, a critical set of work activities in a refurbishment
outage, which results in the unit under refurbishment being isolated from the containment
structure of the operating units. As noted in Ex. D2-2-3, Bulkhead Installation is one of the
areas where OPG is implementing Lessons Learned from Unit 2 to help achieve the planned
schedule improvements forecast for Unit 3. Other examples of the use of Area Managers
include: (1) in the Install and Lead Out team, there will be an Area Manager for the
installation activities on the face of the reactor, including calandria tube installation and fuel
channel installation; and (2) in the Feeders team, there will be separate Area Managers for

Feeder Removal, Feeder Installation and for the installation of instrumentation tubing.

The RFR Project Management Team demonstrates the application of the Project Centric
Organization. Structuring into three standalone specialized project teams (i.e., Lead In and
Removal, Feeders, and Install and Lead Out) facilitates effective and efficient decision-
making by ensuring that accountabilities and authority are at the right level of the
organization and that there are clear escalation protocols for when decisions need to be
made with input from more senior team members. This approach allows for a broader scope

of control by distributing decision-making deeper into the organization.

The RFR Project Management Team also demonstrates the application of Workstream
Specialization. Workstream Specialization will result in a shift from generalization to
specialization. Under generalization, multifunctional, cross-trained teams moved from one
work series to the next in sequence. Under specialization, high-proficiency teams will
execute the same work series on each of the Remaining Units, thereby building on their

expertise and experience enabling them to continue to perform at a high level on each

5 Ex. D2-2-3, Section 5.1.1
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subsequent unit. This approach is particularly beneficial given the overlapping refurbishment
outages planned for Units 3, 1, and 4. The specialized Lead In and Removal, Feeders, and

Install and Lead Out teams will move from Unit 3 to Unit 1 to Unit 4 as depicted in Figure 4.

Figure 4: Workstream Specialization Showing Preparation and Execution Windows

5 Preparation Critical Path
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The project directors will co-ordinate the work to determine when the specialized team under

their authority will transition from executing Unit 3 to preparation and execution activities for
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Unit 1, then on to preparation and execution activities for Unit 4. Preparation activities for
subsequent units will include incorporation of Lessons Learned, e.g., any required process
changes, Comprehensive Work Package (“CWP”) improvements, tooling improvements and

any identified opportunities for training improvements.

Workstream Specialization will apply not only to the Project Management Teams but also, to
the extent feasible, to the trades. For example, for feeder installation, which requires highly
proficient welders, OPG and CanAtom will work collaboratively to retain a select number of
the best performing welders to assist the Project Management Team, These individuals will
assist with preparations for the next unit, including the identification and implementation of
Lessons Learned, assisting with improvements to CWPs, and helping to improve training

programs and methods.

Retaining the best performers helps the entire team achieve peak performance levels earlier
than they would otherwise. The experience that the best performers have gained from having
completed the same work activities on a prior unit, combined with their involvement in the
preparatory activities described above, positions them to lead by example and to impart

knowledge to the wider team of trades, some of whom will be new to the activities.

Turbine Generator:

The Turbine Generator (“TG”) Major Work Bundle scope is not critical path. However, it is a
significant undertaking and, as discussed in Ex. D2-2-3, the TG Controls upgrade scope is a
First-of-a Kind (“FOAK”) activity at OPG because the first installation of the turbine controls
and generator excitation controls upgrades will occur during the Unit 3 refurbishment. This
scope includes replacement of the analog controls with digital controls for both the turbine
and the generator excitation, upgrades to the generator stator, and upgrades to various
auxiliary systems. OPG has taken measures to mitigate the risks associated with this FOAK
scope, including building a full-scope simulator to allow testing and training on the new digital

controls before they are installed and commissioned.
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As explained in Ex. D2-2-4, Section 3.3, the work under the TG Major Work Bundle will be
divided between General Electric (“GE”) and CanAtom. As depicted in Figure 2, the TG
Major Work Bundle scope completed by CanAtom, will also be executed using the One
Team Approach. The specialized scope of work to be executed by GE will be done by GE’s

team, with OPG providing oversight.

Balance of Plant, Fuel Handling and Defuelling, and Steam Generators

For the Balance of Plant, Fuel Handling and Defuelling, and Steam Generators Major Work
Bundles, separate OPG and Contractor Project Management Teams will be maintained.
OPG and its contractors will continue to optimize the teams and to streamline roles, working
collaboratively to identify any opportunities to eliminate unnecessary duplication, in order to
achieve the common goal of completing the DRP safely, with the requisite quality, on

schedule and on budget.

2.2.1.2 Operations and Maintenance
As described in EB-2016-0152, Refurbishment Operations and Maintenance is both a

functional and an execution organization which has a significant role during the execution of

a unit’s refurbishment outage.

As was done for Unit 2, Refurbishment Operations and Maintenance will continue to provide
functional support to the Major Work Bundles and also serves as the “custodian” of the
operating units in the plant by ensuring that the refurbishment work does not adversely

impact those operating units.

The Refurbishment Operations and Maintenance function serves as the “controlling
authority” for the units undergoing refurbishment within the construction island. In this role,
Refurbishment Operations and Maintenance is responsible for the safety of the plant, its
workers, and the environment, and ensures, in conjunction with the Darlington Station
Operations and Maintenance Department, that plant operation is in accordance with
Canadian Nuclear Safety Commission license requirements. Refurbishment Operations and

Maintenance ensures that the relevant structures, systems and components are maintained
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and refurbished to the appropriate nuclear standards and returned to service in top-

performing condition.

Refurbishment Operations and Maintenance provides the interface between the
refurbishment project (both OPG refurbishment staff and contractors’ staff) and station
operations, thereby ensuring that the complex processes of laying up the unit, accepting the
unit from station operations, then returning the systems to service and transferring control

back to station operations are executed safely and with quality.

Refurbishment Operations and Maintenance accountabilities include developing and
executing a phased return-to-service plan for each of the 58 systems required to be returned
to service before a unit can be restarted. This plan is executed as soon as feasible after
construction completion is declared for a system, thereby minimizing, to the extent feasible,
the large peak in the volume of work usually experienced near the end of a unit's
refurbishment, as systems are returned to service. The detailed understanding of the
regulatory requirements, including documentation requirements, in the Refurbishment
Operations and Maintenance function, helps OPG and its contractors to manage and resolve
any regulatory or documentation issues quickly. This reduces the likelihood of regulatory
issues or incomplete or poor quality documentation becoming a bottleneck and delaying the

unit’s return to service.

2.2.2 Refurbishment Support

The Refurbishment Support division shown in Figure 1 consists of Construction Support,

Work Management, Quality Management, and Lessons Learned and Strategic Initiatives.
The roles performed by Construction Support, Work Management, and Quality Management
were described in detail in EB-2016-0152, Ex. D2-2-9, pp. 2-5. A brief recap is provided

below.

2.2.2.1 Construction Support

The Construction Support team supports OPG’s contractors by helping to ensure they are

able to perform their work safely, in accordance with the Owner’s responsibilities under the
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Occupational Health and Safety Act. This team also helps contractors to maintain the overall
schedule, by resolving issues in the field to help enable the contractors to complete their
work, such as assisting with the resolution of missing equipment, interference with other work
groups, or assisting with resolving constructability issues. This team also monitors for

changing risks during field execution.

2.2.2.2 Work Management

Work Management is responsible for developing, monitoring, and controlling the unit

refurbishment outage integrated execution schedule. While each project and contractor is
responsible for producing a valid and executable schedule, Work Management is responsible
for validating each individual schedule and integrating it into the overall schedule for
execution. Work Management also ensures that work is properly planned prior to execution,
that scope is managed and controlled, co-ordinates day-to-day work control and interfacing
activities, resolves issues, initiates and controls changes, and monitors and reports on risks,

schedule status and performance metrics.

2.2.2.3 Quality Management

The Quality Management team performs quality surveillances at all stages of execution
planning and construction while also addressing critical and emerging issues. For example,
this team oversees the completion of work and confirms that regulatory requirements are
being met by checking the quality of documentation to verify that the completed work is
traceable, as required by the Darlington station’s operating license, and in compliance with

applicable standards.

2.2.2.4 Lessons Learned and Strateqic Initiatives

The Lessons Learned and Strategic Initiatives team is responsible for oversight of the
Lessons Learned process, as described in Ex. D2-2-3, Section 4, as well as for oversight of
the implementation of Strategic Improvements, such as those described in Ex. D2-2-3,
Section 5. This team is also responsible for identifying trends and opportunities across the
Program and industry and facilitating collaboration between OPG and Bruce Power. This

collaboration includes identifying efficiencies and opportunities for innovation, sharing of
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Lessons Learned, and leveraging economies of scale. Ensuring that Lessons Learned and
Strategic Improvements are identified and implemented, and that the expected performance
gains are verified, is critical to achieving the planned unit-over-unit efficiencies as the

Program moves through the refurbishments of Units 3, 1, and 4.

2.2.3 Refurbishment Planning — Units 1 and 4

The role of the Refurbishment Planning - Units 1 and 4 organization shown in Figure 1 is to

execute the planning process for Units 1 and 4, through to breaker open, in a manner similar
to the planning done for Unit 3, as explained in Ex. D2-2-3. The responsibilities of this
organization include the development of the execution plans for Units 1 and 4 by: (1)
incorporating Lessons Learned and Strategic Improvements in the plans for Units 1 and 4;
(2) establishing planning milestones and managing those milestones to completion; (3)
overseeing schedule and cost development and refinement, including on-going updates to
risk assessments and to contingency requirements; and, (4) planning and executing

Segment 0 work for Units 1 and 4.

As described above in Section 2.2.1, as specialized teams complete the Unit 3 field work
activities for which they are accountable and complete the Lessons Learned for that unit,
they will then be assigned to perform planning activities for the same work on Units 1 and 4.
The Refurbishment Planning — Units 1 and 4 organization will ensure that these transitions
are effectively managed to maintain a Project Centric approach while continuing to integrate
planning at the unit level. The Refurbishment Planning Units 1 and 4 organization will

transition in phases into the execution organization for Units 1 and 4.

3.0 CHANGE MANAGEMENT

OPG has implemented a robust change management process for the DRP which provides
guidance on how changes are assessed, implemented and reported. This was described in
EB-2016-0152, Ex. D2-2-9, Section 5. The purposes of change management and the change
management process, unchanged since EB-2016-0152, are: (1) to document the nature and
causes of changes; (2) to analyze and minimize the impact of the changes on Program

scope, cost and schedule; (3) to record and control cost, schedule and scope impacts of
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these changes against approved baselines; and, (4) to manage the proper allocation of

contingency funds as a result of approved changes.

The principles that OPG applies with respect to change management include:

o the executing organization will first attempt to mitigate the impacts of any change so that
the change is managed at the lowest authorized level of the organization;

e a change that has a significant potential impact on scope, cost and schedule is reviewed
in detail and the recommended direction is approved at the appropriate level;

e only after a change is approved by the appropriate authority level is the work assigned for
action by the executing organization; and,

e changes are not made solely for the purpose of correcting performance issues that are

within the control of the work program owner.

The change control process is applied from project inception through completion. The
constraints of cost, schedule and scope will be continuously and rigorously managed by
rejecting or approving changes and subsequently incorporating approved changes into the

revised Program and performance measurement baseline, where applicable.

Control and usage of contingency, including authority levels, is described in Ex. D2-2-6,
Section 3.3.

4.0 REPORTING

Reliable and accurate performance reporting keeps OPG and its contractors well-informed
on the progress of a unit's refurbishment. This results in alignment and ensures that the
proper information is available to make timely and collaborative project-related decisions.
Performance reporting provides information through the collection, collation and presentation
of performance related data. Accurate and timely performance reporting:

e communicates information to the right stakeholders such that the appropriate decisions

can be made, actions taken, or awareness generated,;
e communicates the status of the program including any trends, variance from plan, and

how the potential variance is being addressed or corrected; and,
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e ensures information is reliable, accurate and transparent.

OPG has made quarterly status reports available to the public through its website since the
start of the refurbishment of Unit 2, and plans to continue this practice until the completion of
the Program. The quarterly report covers the four project pillars of safety, quality, cost, and

schedule.

In accordance with the EB-2016-0152 Decision and Order,® OPG has also 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. (See Ex. D2-2-2, Attachments 1 and 2 for the 2018
and 2019 reports). Going forward, OPG proposes to continue providing annual reports with

the same scope as set out in Chart 1 below until the end of the Program.

6 Ontario Energy, Board, Decision and Order, EB-2016-0152, Ontario Power Generation, Inc., Application for
payment amounts for the period January 1, 2017 to December 31, 2021, December 28, 2017, p. 43-45.
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Chart 1: Annual OEB Reporting on the Program

Category Measure
Introduction and Table | N/A

of Contents

Executive Summary N/A

Overall Program Status

High level overview of the Program

Progress

Key Achievements
% Complete

Safety

Total Recordable Injury Frequency

Lost hours due to injuries

Explanation of any safety programs/initiatives launched by
OPG/contractors

Quality

# of Significant Field Rework Events

Cost

Cost Performance Index

Life-to-date cost

Actual versus forecast cumulative capital costs
Forecast to Complete

Estimate at Complete

Schedule

Current schedule performance
Schedule Performance Index
Status of Key Milestones
Critical Path Progress
Forecasted Completion Dates

Engineering

Summary of engineering status and key issues

Procurement

Summary of procurement status and key issues

Construction

Summary of construction progress and analysis of any
material variances from plan

Summary of any material labour issues

Summary of any material environmental issues

Testing, Start-up and
Commissioning

Summary of systems tested, commissioned, restarted, and
any material key results and issues

Program Risks and

Risk Management

Key risks and mitigation
Key issues and corrective actions

Staffing

Actual staffing levels against plan
Changes to staffing plan
Efforts to fill open positions
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5.0 OVERSIGHT
As described below, OPG’s assurance plan remains largely the same as provided in EB-
2016-01527 with appropriate adjustments given the completion of Unit 2 and the current

stage of the Program.

OPG employs an integrated assurance model and plan for the Program that is comprised of
several layers of oversight, including from Program staff, external contractors, Program
leadership, enterprise leadership and external advisors. The model ensures appropriate
oversight during the planning, execution readiness and execution phases of the Program,
with a focus on key risk areas. Specifically, oversight helps the Program to meet safety,
quality, cost and schedule expectations, by ensuring that issues are identified and resolved
expeditiously, and that transparent and accurate information flows up to appropriate levels

within the organization, including to OPG’s Board of Directors.

Key aspects of OPG’s Program oversight include:

1. Project-specific oversight processes and practices based on risk management, operating
experience, contract requirements, scope of work and reviews of contractor performance
by each of the Major Work Bundle Project Management Teams, as well as by the
Refurbishment Support organization.

2. Oversight of the Refurbishment Execution Organization by the DRP leadership team and
by other divisions within the EPO, including:

e Program Assurance within the Commercial Management and Project Assurance
group, which coordinates surveillance and reviews by OPG’s Nuclear Oversight, Field
Construction, and Quality Management divisions. These groups conduct audits,
assessments, and/or surveillance across the projects focused on identifying emerging
problems and opportunities in time to address them, including process improvements,
Lessons Learned and providing coaching and assistance to the project team and

contractors as part of an effective risk management culture. Program Assurance also

7 EB-2016-0152, Ex. D2-2-9, Section 8.
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manages the interface between the DRP and external organizations providing
oversight, including the Office of the Auditor General; and,

e Project Management Office, which ensures cost and schedule compliance including

forecasting, change management, and milestone adherence, effective risk

management, and complete and accurate metrics and progress reports.

3. OPG'’s Internal Audit group, which provides oversight of a broad range of areas such as

scheduling, cost estimates, contractor procurement, quality assurance, cost
management, contractor time keeping and EPC contracts. OPG’s Internal Audit group
has functional independence from management. The Internal Audit group publishes the
results of audits and requires that management actions be assigned, and tracked to
completion. The results of all audits are presented to OPG’s Chief Executive Officer and
the OPG Board of Directors.

Industry Assistance and Assessment, industry organizations are utilized to provide
technical assistance in potentially significant risk areas to help the Program team
understand the current performance compared to industry standards and to provide
recommendations for closing the gaps.

The Canadian Nuclear Safety Commission, which performs Program-focused
assessments to confirm implementation of the Nuclear Management System and

compliance with license requirements.

6. OPG Board of Directors Oversight

o The Darlington Refurbishment Committee of OPG’s Board of Directors (“DRC”),
which supports Program level oversight by OPG’s Board of Directors.
e Independent Advisor to the DRC, which supports the DRC’s oversight:

o During the Definition Phase and during execution of the Unit 2 refurbishment
outage, the OPG Board had engaged Burns McDonnell/Modus Strategic
Solutions (“BMcD/Modus”) to provide oversight on their behalf. During the course
of Unit 2, BMcD/Modus delivered 15 detailed quarterly reports to the DRC
regarding OPG’s Unit 2 execution performance, as well as on all other major
scopes of work being executed. In 2019, BMcD/Modus also reviewed the Unit 3

Execution Estimate and control budget and delivered two reports to the DRC.
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o Given the completion of Unit 2, OPG’s Board of Directors re-assessed the type of
oversight required and decided to engage the Refurbishment Construction
Review Board (“RCRB”) to continue to provide independent oversight services for
the remainder of the Program.® RCRB members have experience in senior
oversight and/or advisory capacities, with project management related to a
“mega-projects”, experience with nuclear plant operations, other extensive
nuclear power, regulatory, construction management, major contract
management, and project controls experience. The RCRB is normally comprised
of three to five external members, typically with support from one internal OPG
member. It meets approximately three to four times per year, depending on

Program status and schedule.

As events, trends, and risks are identified, the Program Assurance team collaborates with
accountable project/line owners and all internal and external assurance providers to re-
evaluate and prioritize oversight activities. This includes helping to identify the appropriate
scope for project self-assessments, Nuclear Oversight and Internal Audit reviews. This may
also include working with senior executives to identify and engage special advisors or an
advisory team to perform targeted reviews of specific aspects of the Program. This agile
“‘check and adjust” cycle ensures that oversight activities evolve to meet project demands
and enhance performance. The schedule of assessments, along with findings and outcomes
of completed assessments, are reviewed on a periodic basis with representatives from all
assurance providers to ensure that: (1) the planned assessments are timely and
appropriately risk-based; (2) cross-functional opportunities are identified and leveraged; and,

(3) duplicative assurance efforts are reduced or eliminated where possible.

8 During the refurbishment outage of Unit 2, the RCRB supported Program level oversight by the Chief Project
Officer, Chief Nuclear Officer and the Chief Executive Officer by providing independent assessments of
Program progress, estimates and schedules, facilitating early intervention and correction of any shortfalls in
execution.





		1.0 OVERVIEW

		2.0 organization for remaining units execution

		3.0 Change Management

		the executing organization will first attempt to mitigate the impacts of any change so that the change is managed at the lowest authorized level of the organization;

		a change that has a significant potential impact on scope, cost and schedule is reviewed in detail and the recommended direction is approved at the appropriate level;

		only after a change is approved by the appropriate authority level is the work assigned for action by the executing organization; and,

		changes are not made solely for the purpose of correcting performance issues that are within the control of the work program owner.

		4.0 REPORTING

		5.0 Oversight




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

Tab 2

Schedule 9

Page 1 of 8

IN-SERVICE AMOUNTS

1.0 OVERVIEW

This exhibit presents the capital expenditures for the Darlington Refurbishment Program
(“DRP” or “Program”) for the years 2016 to 2026 in Table 1. Tables 2 to 5 show the capital in-

service amounts, which are presented in the following nine categories:

Unit Refurbishment — Unit 3 In-service;

Unit Refurbishment — Unit 1 In-service;

Unit Refurbishment — Unit 4 In-service;

Unit Refurbishment — Unit 1 and Unit 4 Early In-Service Projects;

Unit Refurbishment — Unit 2 In-service (inclusive of Definition Phase of the Program);
Unit Refurbishment — Unit 2 Early In-Service Projects;

Safety Improvement Opportunities;

Facilities and Infrastructure Projects (other than the Heavy Water Storage and Drum
Handling Facility) and

Heavy Water Storage and Drum Handling Facility (“D20 Storage Project”).

In EB-2016-0152, the OEB approved an in-service capital envelope of $5,177.4M" which

reflects in-service additions over the 2016-2021 period in two broad categories:

1.

$4,800.2M for the Unit Refurbishment — Unit 2, which includes the refurbishment of Unit 2
and the Definition Phase of the Program, and;

$377.2M for the “Campus Plan Projects”, which comprises the Unit Refurbishment — Unit
2 Early In-Service Projects ($108.6M), Safety Improvement Opportunities (“SIO”)
($201.8M), and Facilities and Infrastructure Projects (“F&IP”) ($66.8M).2

This exhibit provides a summary of variances relative to these OEB approved amounts.

' EB-2016-0152, Decision and Order, p. 36.
2 EB-2016-0152, Ex. D2-2-10, pp. 2,4 and 7.
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2.0 IR TERM CAPITAL IN-SERVICE AMOUNTS

2.1 Unit Refurbishment — Remaining Units

The Unit Refurbishment — Units 3, 1, and 4 (“Remaining Units”) in-service amounts include
costs incurred to complete the refurbishment scope and return the Remaining Units to service.
The total in-service amount for the Remaining Units is $6,439.6M ($2,504.0M in 2024 for Unit
3, $1,907.3M in 2025 for Unit 1 and $2,028.3M in 2026 for Unit 4).

A description of the program that gives rise to the requested Remaining Units in-service
amounts is provided in Ex. D2-2-3 through Ex. D2-2-8. A breakdown of the costs included
within the Remaining Units in-service amounts (together with the minor Remaining Units Early
In-Service Amounts discussed in Section 2.2 below) can be found in Section 3 of Ex. D2-2-7.
A comparison of unit-over-unit in-service amounts can be found in Sections 3.1 and 3.2 of Ex.
D2-2-7.

2.2 Unit Refurbishment — Remaining Units Early In-Service Projects

As in EB-2016-0152, some assets arising from work performed for unit refurbishments are
placed in service and included in the rate base before the refurbishment of the unit is
completed, as they provide immediate benefit to the station. There are two Remaining Units
Early In-Service projects. These two projects have a total cost of $3.0M to be placed in service
as follows: $1.4M in 2023 and $1.6M in 2024.

3.0 D20 STORAGE PROJECT

The D20 Storage Project is a F&IP that was not included in EB-2016-0152 approved in-service
amounts.® The D20 Storage Project in-service additions include costs incurred to complete

the project and make the facility available for service to support the refurbishments of the

3 An amount of $14.6M placed in service in 2014 for the D20 Storage Project has been approved for inclusion in
rate base and is reflected in the rate base approved in EB-2016-0152. In the EB-2013-0321 Decision with
Reasons (pp. 58-59), the OEB originally approved a forecast in-service amount greater than $14.6M over 2014-
2015 and subsequently approved the Capacity Refurbishment Variance Account (“CRVA”) balances at December
31,2014 (EB-2014-0370) and December 31, 2015 (EB-2016-0152) that trued up the revenue requirement impacts
to the $14.6M actual in-service amount (e.g. see EB-2016-0152: Ex. L-2.2-1 Staff-008 and Ex. L-9.1-1 Staff-210).
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Remaining Units. The D20 Storage Project, including all requested in-service additions, is

discussed in Ex. D2-2-10.4

4.0 COMPARISON OF IN-SERVICE AMOUNTS

The Release Quality Estimate (“RQE”) for the Program was the basis for the pre-filed evidence
and OEB approved in-service amounts in EB-2016-0152. The RQE was approved by OPG’s
Board of Directors in November 2015. In August 2016, subsequent to the RQE, and prior to
the start of the Unit 2 refurbishment outage in October 2016, OPG completed a more refined
estimate of the Program budget and schedule, known as the Unit 2 Execution Estimate
(“U2EE”). The U2EE established the Unit 2 project baselines against which OPG measured its

performance, internally and publicly, during the execution of the Unit 2 refurbishment.

A summary of the U2EE was filed in EB-2016-0152.5 In that proceeding, OEB agreed with
OPG'’s proposed approach not to update its revenue requirement and to record the revenue
requirement impacts of any differences between actual and approved in-service amounts in
the Capacity Refurbishment Variance Account (“CRVA”).® Accordingly, the variances relative
to OEB approved in-service amounts discussed below include the previously identified
differences between the RQE and U2EE.

Relative to the OEB approved in-service envelope amount of $5,177.4M, the forecast variance
for the Unit Refurbishment - Unit 2 and the Campus Plan Projects is $132.7M or +2.5%, as
discussed below. As detailed in Ex. D2-2-2, Section 8, in this application OPG is not seeking
inclusion of this variance in rate base or the clearance of DRP-related amounts in the CRVA.”
Therefore, detailed explanations of the variance are not provided. A summary is provided

below by project category and also by year.

4 Capital in-service amounts for the D20 Storage Project are included in this Ex. D2-2-9, Tables 2 and 5.

5 EB-2016-0152, L-04.3-1 Staff-055.

6 EB-2016-0152 Decision and Order, p. 39.

7 With the exception of 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)
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Unit Refurbishment — Unit 2 (-$38.5M)

The Unit Refurbishment - Unit 2 in-service amount comprises costs incurred to complete the

refurbishment scope and return to service of Unit 2. This includes Definition Phase costs but
does not include any Early In-Service Projects that are used or useful to the Darlington station

in advance of Unit 2 return to service.

Compared to the OEB approved in-service amounts of $4,799.8M in 2020 and $0.4M in 2021
for Unit Refurbishment - Unit 2, OPG is forecasting amounts of $4,761.8M for 2020 and $0 for
2021. The variance (-$38.5M) results from five projects that have been re-evaluated since EB-
2016-0152 and were placed in-service prior to Unit 2 as Early In-Service Projects (-$70.3M),
rather than with Unit 2 (see discussion of Early In-service Projects below), partially offset by
higher spend on Unit Refurbishment - Unit 2 (+$31.8M).

Facilities & Infrastructure Projects (other than D20 Storage Project) (+$5.9M)

F&IP are pre-requisites for unit refurbishments and were placed in service and included in rate
base when they became used or useful to OPG. The projects are expected to remain useful
to OPG’s current and future nuclear operations, independent of whether the DRP is completed.
The variance is a result of higher spend on the Refurbishment Project Office (+$4.9M), Retube
& Feeder Replacement Island Support Annex (+$3.7M) and GM Facility Interim Office
(+$1.9M), partially offset by lower cost for the Water & Sewer Project (-$2.7M).

Safety Improvement Opportunities (+$85.0M)

The need for the SIO, and OPG’s commitment to undertake them, was established through
the Environmental Assessment that was approved by the Canadian Nuclear Safety
Commission. They are regulatory commitments made pursuant to the Integrated
Implementation Plan. The variance is a result of higher than planned project spend on the
Third Emergency Power Generator (+$35.0M), Containment Filtered Venting System (CFVS)
modifications (+$29.4M) and Shield Tank Overpressure Protection (STOP) (+$21.3M).
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Early In-Service Projects (+$82.3M):

The variance is primarily attributable to the five projects, described in the bullets below, which

were re-evaluated since EB-2016-0152 and placed in-service prior to Unit 2 (the “New Early

In-service Projects”). The New Early In-service Projects were originally scheduled to be placed

in-service in February 2020 as part of the OEB approved Unit Refurbishment — Unit 2 in-service
amount of $4,800.2M. They are:

Breathing Air Capacity Enhancement ($27.4M): This project provides breathing air to
plastic suits worn by personnel working in the vault. The air is provided via a station wide
header supplied by compressors and air receivers located in Units 1, 2 and 4 on the 107.5
elevation of the station. In order to meet the breathing air demands of work crews, the
breathing air system must be connected to the vault following bulkhead installation. This
project benefits the station immediately because the additional compressors and
associated equipment enhance reliability and performance of the overall station breathing
air system, as well as meeting additional DRP demands. This project did not have a
separate business case because of its original inclusion in the Unit Refurbishment — Unit
2 in-service category.

Fuel Handling Power Track Refurbishment ($24.1M): This project is to refurbish major
components of the three existing power tracks which are integral to the operation of the
fuel handling system. The fuel handling system at Darlington performs routine online
fuelling operations using fuelling machines mounted on trolleys. The power track provides
a flexible avenue for power, control and signal cables to be connected to the trolleys from
the central service area. This project benefits Darlington immediately because the
refurbished trolleys support the fuelling of the operating units. This project did not have a
separate business case because of its original inclusion in the Unit Refurbishment — Unit
2 in-service category.

Service Air Capacity Enhancement ($13.5M): This project includes installation and
commissioning of three new service air compressors and two new air receivers, including
all associated piping, valves and support. The purpose of the project was to increase the
capacity of the station service air system to handle the larger demand resulting from DRP

execution work. This project benefits the station immediately because the additional





0o N O o0 B~ WN -

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

Filed: 2020-12-31

EB-2020-0290

Exhibit D2

Tab 2

Schedule 9

Page 6 of 8

compressors and associated equipment enhance the reliability and performance of the
overall station service air system, as well as meeting additional DRP demands.®

e Lube Oil Tank Repairs ($3.6M): This project benefits the station immediately because the

repaired tanks are used by the whole station.
e Holt Road Services Relocation ($1.8M): This project benefits the station immediately
because the road changes support the Holt Road Interchange development to meet the

current traffic plan that addresses both station operations and refurbishment.

The New Early In-Service Projects were placed in service ahead of Unit 2 because, once ready
for intended use, they provided immediate benefit to Darlington as detailed above, and support

the operating units before and after the completion of the DRP.

The overall Early In-Service Projects variance is also attributable to slightly higher spends on
D20 Islanding Modifications (+$4.8M), Unit 2 Stopple projects (+$3.4M). Also contributing to

this variance is the forecast in-service of the Unit 3 Stopple project (+$1.9M) in 2021.°

4.1 2021 Budget versus 2021 OEB Approved

The forecasted 2021 in-service amount of $8.6M is higher than the OEB approved amount of
$0.4M due to closeout costs for the CFVS project (+$6.7M) and early in-service of the Unit 3
Stopple project (+$1.9M), partially offset by Unit 2 close-out costs advanced into 2020.

4.2 2020 Budget versus 2020 OEB Approved

The forecasted 2020 in-service amount of $4,782.7M is lower than the OEB approved amount

of $4,809.2M. The key drivers of the variance are:

e Lower Unit Refurbishment — Unit 2 in-service amount (-$38.0M) due to advanced in-service
of the New Early In-service Projects, as described above.

¢ Higher Unit Refurbishment — Unit 2 Early In-Service Project amounts due to delayed in-

service of Low Pressure Service Water from 2018 (+$6.7M) and closeout costs for

8 Breathing Air Capacity Enhancement, Fuel Handling Power Track Refurbishment, and Service Air Capacity
Enhancement projects were previously identified and described in EB-2016-0152, Ex J2.9.
9 The Unit 3 Stopple project was not included in the EB-2016-0152 Early In-Service Project approvals.
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advanced in-service of three of the New Early In-service Projects described above (i.e.,

Holt Road Services Relocation, Breathing Air Capacity Enhancement and Fuel Handling
Power Track) (+$3.8M).

e Timing of delayed SIO in-service project closeout costs (-$1.3M) for the EPG3, CFVS and

STOP projects.
e Higher F&IP (+$2.4M) project costs related to closeout costs for GM Facility Interim Office,

Refurbishment Project Office, R&FR Island Support Annex, and Water & Sewer Project.

4.3 2019 Actual versus 2019 OEB Approved

The actual 2019 in-service amounts of $16.0M are higher than the OEB approved amount of

zero dollars. The key drivers of the variance in the in-service amounts are:

e Advanced in-service of one of the New Early In-Service Projects described above (i.e.,
Fuel Handling Power Track Refurbishment) (+$7.4M).

e Delayed in-service of the STOP project from 2018 to 2019 (+$8.2M).

4.4 2018 Actual versus 2018 OEB Approved

The actual 2018 in-service amounts of $34.5M are higher than the OEB approved amount of

$8.9M. The key drivers of the variance in the in-service amounts are:

e Advanced in-service of one of the New Early In-Service Projects described above (i.e., the
Fuel Handling Power Track Refurbishment) (+$16.0M), and higher costs for Unit 2 Stopple
projects (+$3.4M), partially offset by delay of in-service of Low Pressure Service Water
(-$6.4M).

e Higher SIO in-service projects (+$10.8M) due to closeout costs for the delayed in-service
of the EPG3, CFVS and Powerhouse Steam Venting System Improvements, partially offset
by the delay of the in-service of the STOP from 2018 to 2019.

e Costs related to F&IP post-closeout activities (+$0.9M).

4.5 2017 Actual versus 2017 OEB Approved
The actual 2017 in-service amounts of $305.9M are higher than the OEB approved amount of

$8.5M. The key drivers of the variance in the in-service amounts are:
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e Advanced in-service of some of the New Early In-Service Projects described above (i.e.,

Breathing Air Capacity Enhancement, Service Air Capacity Enhancement and Lube Oil

Tank Repairs) (+$43.8M).

e Higher SIO in-service projects (+$236.7M) due to the delayed in-service of EPG3 and
CFVS projects from 2016 to 2017.

e Higher F&IP in-service projects (+$16.9M) due to post close-out activities for

Refurbishment Project Office, Vehicle Screening Facility and Electrical Power Distribution

System.

4.6 2016 Actual versus 2016 Budget
The actual 2016 in-service amounts of $164.4M are lower than the OEB approved amount of
$350.4M. The key drivers of the variance in the in-service amounts are:

¢ Higher costs on the Heavy Water Islanding Modifications (+$4.5M).

e Lower SIO in-service projects (-$176.2M) due to the delayed in-service of EPG3, CFVS
and Powerhouse Steam Venting System projects and lower costs for Emergency
Service Water Buried Services, partially offset by higher in-service of STOP.

e Lower F&IP in-service projects (-$14.4M) mainly due to delayed close-out costs for
Refurbishment Projects Office, Water & Sewer Project, Electrical Power Distribution
System and delayed in-service of Vehicle Screening Facility to 2017; partially offset by

higher in-service amount for Retube & Feeder Replacement Island Support Annex.
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Table 1
Capital Expenditures Summary - Darlington Refurbishment Program ($M)
Line 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
No. Description Actual Actual Actual Actual Budget Budget Plan Plan Plan Plan Plan
(a) (b) (c) (d) (e) () (9 (h) (i) (1) (k)
Darlington Refurbishment
Darlington Refurbishment Unit Refurbishment *
1 Darlington Refurbishment Program - Definition Phase 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 Darlington Refurbishment Program - Execution Phase 756.3 1,156.4 1,014.9 1,102.6 744.9 1,006.9 1,136.2 1,077.4 963.5 585.1 352.2
3 Total Darlington Refurbishment Unit Refurbishment 756.3 1,156.4 1,014.9 1,102.6 744.9 1,006.9 1,136.2 1,077.4 963.5 585.1 352.2
4 Facilities and Infrastructure Projects 10.6 1.5 0.9 1.3 0.4 0.0 0.0 0.0 0.0 0.0 0.0
5 D20 Storage Project 2 146.9 58.3 60.5 43.0 7.3 0.0 0.0 0.0 0.0 0.0 0.0
6 Safety Improvement Opportunities 105.4 33.0 2.9 3.5 6.4 0.0 0.0 0.0 0.0 0.0 0.0
7 |Total Darlington Refurbishment 1,019.2 1,249.3 1,079.2 1,150.5 759.1 1,006.9 1,136.2 1,077.4 963.5 585.1 352.2
Notes:

1

2 D20 Storage Project is a Facilities and Infrastructure Project.

The DRP Unit Refurbishment includes the Unit 2, Unit 3, Unit 1, Unit 4, and Early In-Service projects.
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Total
Final Project Total In-Service In-Service | In-Service | In-Service | In-Service | In-Service | In-Service | In-Service
Line Project Start In-Service | Cost In-Service IR Term 2020 2021 2022 2023 2024 2025 2026
No. Project Name Number | Category Date Date ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M)
(a) (b) (c) (d) (e) ) ()] (h) (i) ) (k) [0} (m) (n) (0) ()
ONGOING PROJECTS FROM EB-2016-0152
. . . . " . Unit Refurb
1 DN  |Darlington Refurbishment - Unit Refurbishment - Unit 3 Various Unit 3 Sep-20 Jan-24 2,504.0 2,504.0 2,504.0 2,504.0
2 | DN |Darlington Refurbishment - Unit Refurbishment - Unit 1 Various Umbgfq‘”b | Feb-22 | Apr-25 | 1,907.3 1,907.3 | 1,907.3 1,907.3
3 DN  |Darlington Refurbishment - Unit Refurbishment - Unit 4 Various Umbsiff:rb- Sep-23 Oct-26 2,028.3 2,028.3 2,028.3 2,028.3
4 Subtotal 6,439.6 6,439.6 6,439.6 2,504.0 1,907.3 2,028.3
COMPLETED PROJECTS FROM EB-2016-0152 *
5 DN  |Darlington Refurbishment - Unit Refurbishment - Unit 2 Various Umltﬁ:f;rb- 2010 Jun-20 4,761.8 4,761.8 0.0 4,761.8 0.0 0.0 0.0 0.0 0.0 0.0
6 DN |D20 Storade Proiect * 31555 F&IP Nov-06 Mar-20 509.3 509.3 0.0 13.8 0.0 0.0 0.0 0.0 0.0 0.0
. Unit Refurb -
7 DN ;*i:.“l?t.eei‘ Feeder Replacement (RFR) - Tooling for Removal 73112 | Earlyln- | Feb-12 | Jun-16 88.1 88.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vit service
Unit Refurb
8 DN  [Breathing Air Capacity Enhancement* 73537 Early In- Aug-14 May-17 274 27.4 0.0 1.2 0.0 0.0 0.0 0.0 0.0 0.0
service
Unit Refurb - Dec-19
9 DN |Fuel Handling Powertrack Refurbishment* 73162/ Early In- Sep-14 Aug-20 241 241 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0
73562 service Feb-19
10 DN  |Water & Sewer Project 2 73802 F&IP Jun-10 Oct-14 44.7 44.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1" DN |Darlington Energy Complex 2 73803 F&IP Mar-10 Dec-14 83.0 83.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
12 DN |Retube & Feeder Replacement Island Support Annex 2 73810 F&IP Sep-11 Nov-16 45.8 458 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0
13 DN |Refurbishment Project Office ? 73815 F&IP Sep-11 Nov-15 106.8 106.8 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0
14 DN | Third Emergency Power Generator 73360 SIO Apr-12 Apr-17 150.0 150.0 0.0 1.6 0.0 0.0 0.0 0.0 0.0 0.0
15 DN |Containment Filtered Venting System 73365 SIO Aug-13 Mar-17 110.0 110.0 0.0 (3.7) 6.7 0.0 0.0 0.0 0.0 0.0
16 DN |Shield Tank Overpressure Protection 73380 SIO Jan-13 Jul-19 35.4 35.4 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0
17 DN |Electrical Power Distribution System 2 73821 F&IP Nov-10 Jul-15 20.1 20.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18 6,006.4 6,006.4 0.0 4,777.5 6.7 0.0 0.0 0.0 0.0 0.0
PROJECTS NOT IN EB-2016-0152
19 No projects in this category 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
21 Total - Projects > $20M Total Project Cost 12,446.0 12,446.0 6,439.6 4,777.5 6.7 0.0 0.0 2,504.0 1,907.3 2,028.3
Notes:
1 Projects with expenditures during IR term OR In-Service Amounts in Bridge or IR term AND Completed/Deferred Projects (from EB-2016-0152 or subsequent).
2 For Facilities and Infrastructure Projects, Total Project Cost and release information reflect approved Business Case Summaries.
3 Projects deemed completed at date of 100% Return Equipment In-Service (REIS)
4 Unit Refurb - Early In-service includes New Early In-Service projects that were previously included with Unit Refurbishments in EB-2016-0152. Refer to Ex. D2-2-9 Section 3.0.
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Table 3
Capital Project Listing - Darlington Refurbishment Program
Projects $5M - $20M Total Project Cost '
Total
Final Project | In-Service| In-Service | In-Service | In-Service | In-Service | In-Service | In-Service | In-Service
Line Project Project Start In-Service Cost IR Term 2020 2021 2022 2023 2024 2025 2026
No. |Facility Project Name Number Category Description Date Date ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M)
(a) (b) (c) (d) (e) ® @ (h) (i) @) (k) ) (m) (n) (0) (2]
ONGOING PROJECTS FROM EB-2016-0152
1 No projects in this category
2 Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
COMPLETED PROJECTS FROM EB-2016-0152 *
Make leasehold improvements for the Nuclear
Refurbishment Interim Office Facility at 1908
Colonel Sam Drive "GM Facility" to
3 DN 553M Facility Interim Office Leasehold Improvements 73806 / FalP accorvquale the Nuclear Refurbishment Mar-10 Jun-20 104 0.0 10.4 0.0 0.0 0.0 0.0 0.0 0.0
- 73814 organization and some delegated support staff
for the period between the fall of 2010 until the
fall of 2013 when the Darlington Energy
Complex is ready for use
" Re-orient a valve to allow a hose connection to
Unit Refurb - be attached 1t of the I -
4 | DN |Balance of Plant - Low Pressure Service Water 73514 EarlyIn- |2 218ched as part ol ine fow pressurs Semice)  gerqg | yun-20 67 00 6.7 00 00 00 00 00 00
y water temporary modifications during Unit 2
service .
refurbishment
Unit Refurb - Replace the plate packs for all 8 heat
5 DN Fuel Handling - IFB Heat Exchanger Plate 73164 Early In- exchangersvof the |rraFJ|ated fu.e! bay system to Mar-14 Juk15 6.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Replacement service restore cooling capacity and mitigate margin
issue
Unt - o et rirns sy o
6 DN  |Balance of Plant - Negative Pressure Containment 73471 Early In- gative p Apr-12 Nov-16 5.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
senvice parameters used in three safety related
svstems
Provide isolation valves and a redundant
Balance of Plant - Heavy Water Islandin: Unit Refurb - | pressure relief path for the headers used to
7 DN y v 9 73472 Early In-  |transfer moderator and primary heat transport | Apr-12 Oct-16 104 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Modifications f "
service heavy water between units and the heavy
water processing facility
Enhance overall station Service Air capacity by
Unit Refurb - |installing additional compressors and
8 | DN [Service Air Capacity Enhancement® 73538 EarlyIn- |associated dryers, filters, receivers, piping, etc. | Sep-14 Juk17 135 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
service tied-in to existing SA system to meet additional
Refurb demands.
Build an extension to the vehicle screening
infrastructure at the DNGS Sally Port to
. . ) increase throughput of vehicles ~ .
9 DN |Vehicle Screening Facility 73817 F&IP entering/exiting the Darlington Protected Area Jun-13 Dec-16 6.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
at the Sally Port from the refurbishment and
Cambpus Plan oroiects
Increase nuclear safety margins by the
10 | DN [Powerhouse Steam Venting System Improvements | 73370 sio  |addiion of a second redundant control loopin | 51 45 | Noy.q5 56 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
the Powerhouse Steam Venting System
initiation loaic
Replace the buried Emergency Service Water
" DN |Emergency Service W ater Buried Services 73398 Sio Piping L6 due to extensive corrosive pitting Jul13 Dec-15 13.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
observed during inspection
12 Subtotal 78.6 0.0 17.2 0.0 0.0 0.0 0.0 0.0 0.0
PROJECTS NOT IN EB-2016-0152
13 No projects in this category 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15 Total - Projects $5M - $20M Total Project Cost| 0.0 17.2 0.0 0.0 0.0 0.0 0.0 0.0
Notes:

anwN

Projects with expenditures during IR term OR In-Service Amounts in Bridge or IR term AND Completed/Deferred Projects (from EB-2016-0152 or subsequent).
For Facilities and Infrastructure Projects (F&IP), Total Project Cost and release information reflect approved Business Case Summary.
This is a temporary F&IP Project that continued to attract interest until the in-service date of Unit Refurbishment - Unit 2.

Projects deemed completed at date of 100% Return Equipment In-Service (REIS)
Unit Refurb - Early In-service includes New Early In-Service projects that were previously included with Unit Refurbishments EB-2016-0152. Refer to Ex. D2-2-9 Section 3.0.
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Table 4
Capital Project Listing - Darlington Refurbishment Program
Projects <$5M Total Project Cost'
Total Average Cost | In-Service In-Service | In-Service | In-Service | In-Service | In-Service | In-Service | In-Service
Line Number of Project Of All IR Term 2020 2021 2022 2023 2024 2025 2026
No. Project Name Projects Cost ($M) Projects ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M)
(a) (b) (c) (d) (e) (®) (9 (h) (i) (1) (k)
1 |Unit Refurbishment - Early In-service® 19.5 22 3.0 1.9 1.9 0.0 1.4 1.6 0.0 0.0
2 |Facilities & Infrastructure Projects 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 Total - Projects <$5M Total Project Cost 19.5 2.2 3.0 1.9 1.9 0.0 1.4 1.6 0.0 0.0
Notes:
1 Projects with expenditures during IR term OR In-Service Amounts in Bridge or IR term AND Completed/Deferred Projects (from EB-2016-0152 or subsequent).
2 Includes New Early In-Service projects that were previously included with Unit Refurbishments in EB-2016-0152. Refer to Ex. D2-2-9 Section 4.0.
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Table 5a
Comparison of In-Service Capital Additions - Darlington Refurbishment Program ($M) 2016-2021
Line 2016 (c)-(a) 2016 (9)-(c) 2017 (9)-(e) 2017 (k)-(9) 2018 (k)-(i) 2018
No. Busi Unit Budget Change Actual Change | OEB ApEroved1 Change Actual Change | OEB ApEroved1 Change Actual
(a) (b) (c) (d) (e) (] ()] (h) (i) [0} (k)
Darlington Refurbishment - Unit
1 Refurbishment - Unit 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 |Darlington Refurbishment - Unit 98.8 46 1034 |  (58.6) 1.1 4338 49| (224) 8.6 13.9 225
Refurbishment - Early I/S
3 |Subtotal 98.8 4.6 103.4 (58.6) 1.1 43.8 44.9 (22.4) 8.6 13.9 225
4 |Facilities & Infrastructure Projects 57.4 (14.4) 43.0 (26.1) 0.0 16.9 16.9 (16.0) 0.0 0.9 0.9
5 |D20 Storage Project ? 0.0 160.0 160.0 (160.0) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 |Safety Improvement Opportunities 194.1] (176.2) 17.9 226.2 7.4 236.7 2441 (233.0) 0.3 10.8 11.1
7 |Total In-Service Capital Additions 350.4 (26.0) 324.4 (18.5) 8.5 297.4 305.9 (271.4) 8.9 25.6 345
5,310.2
Line 2018 (e)-(a) 2019 (e)-(c) 2019 (i)-(e) 2020 (i)-(9) 2020 (k)-(i) 2021
No. Busi Unit Actual Change | OEB AEE"°Ved1 Change Actual Change | OEB AEEI'OVGd1 Change Budget Change Budget
(a) (b) (c) (d) (e) (U] 9 (h) (i) ) (k)
Darlington Refurbishment - Unit
8 Refurbishment - Unit 2 0.0 0.0 0.0 0.0 0.0 | 4,761.8 4,799.8 (38.0) 4,761.8 | (4,761.8) 0.0
o |Darlington Refurbishment - Unit 225 (14.9) 0.0 76 76 2.9 0.0 10.5 105| (105) 0.0
Refurbishment - Early I/S
10 |Subtotal 225 (14.9) 0.0 7.6 7.6 | 4,764.6 4,799.8 (27.6) 4,772.3 | (4,772.3) 0.0
11 |Facilities & Infrastructure Projects 0.9 (0.8) 0.0 0.1 0.1 11.6 9.4 24 11.8 (11.8) 0.0
12 |D20 Storage Proiject * 0.0/ 3209 0.0 320.9 320.9 (307.0) 0.0 13.8 13.8 (13.8) 0.0
13 |Safety Improvement Opportunities 11.1 (2.8) 0.0 8.2 8.2 (9.5) 0.0 (1.3) (1.3) 8.0 6.7
Darlington Refurbishment - Unit
14 Refurbishment - Unit 3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Darlington Refurbishment - Unit 3
15 Refurbishment - Early IS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.9 1.9
Darlington Refurbishment - Unit
16 Refurbishment - Unit 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Darlington Refurbishment - Unit 1
17 Refurbishment - Early IS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Darlington Refurbishment - Unit
18 Refurbishment - Unit 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Darlington Refurbishment - Unit 4
19 Refurbishment - Early IS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20 |Total In-Service Capital Additions 345 3024 0.0 336.9 336.9 | 4,459.7 4,809.2 (12.7) 4,796.6 | (4,788.0) 8.6
Notes:

1 Amounts per EB-2016-0152, Ex. D2-2-10 Table 5 (other than D20 Storage Project).
2 D20 Storage Project is a Facilities and Infrastructure Project. In-service amount was excluded from EB-2016-0152.
3 Includes New Early In-Service projects that were previously included with Unit Refurbishments in EB-2016-0152. Refer to Ex. D2-2-9 Section 4.0.
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Table 5b
Comparison of In-Service Capital Additions - Darlington Refurbishment Program ($M) 2021-2026
Line 2021 (©-(@) 2021 (e)-(c) 2022 (@)©) 2023 ()-9) 2024 [3X0) 2025
No. Business Unit OEB Approved'| Change Budget Change Plan Change Plan Change Plan Change Plan
(a) (b) () (d) (e) ®) () (h) (i) ) (k)
21 |Darlington Refurbishment - Unit 0.4 (0.4) 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0
Refur - Unit 2
29 |Darlington Refurbishment - Unit 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Refurbishment - Early I/S
23 0.4 (0.4) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 |Facilities & Infrastructure Projects 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25 |D20 Storage Project 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26 |Safety Improvement Opportunities 0.0 6.7 6.7 6.7) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0
27 |Darlington Refurbishment - Unit 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | 2,504.0 2,504.0 | (2,504.0) 00
Refur - Unit 3
2 |Darlington Refurbishment - Unit 3 0.0 1.9 1.9 (1.9) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Refur - Early l/S
29 |Parlington Refurbishment - Unit 0.0 0.0 0.0 00 0.0 0.0 0.0 00 00| 1,9073 1,907.3
Refur - Unit1
30 |Darlington Refurbishment - Unit 1 0.0 0.0 0.0 0.0 0.0 14 14 (14 0.0 0.0 0.0
Refur - Early l/S
31 |Darlington Refurbishment - Unit 0.0 0.0 0.0 00 0.0 0.0 0.0 00 0.0 0.0 0.0
Refur - Unit 4
32 |Darlington Refurbishment - Unit 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16 16 1.6) 0.0
Refur - Early l/S
33 _|Total In-Service Capital Additi 0.4 8.2 8.6 (8.6) 0.0 1.4 1.4 | 2,504.1 2,505.5 (598.2) 1,907.3
Line 2025 ©-@) 2026
No. Business Unit Plan Change Plan
(a) (b) (©
34 Darling_ton Refurbis_hment - Unit 0.0 0.0 0.0
Refur - Unit 2
35 Darllng.ton Refurblshmenat - Unit 00 0.0 0.0
Refurbishment - Early I/S
36 0.0 0.0 0.0
37 |Facilities & Infrastructure Projects 0.0 0.0 0.0
38 |D20 Storage Proiect * 0.0 0.0 0.0
39 |Safety Improvement Opportunities 0.0 0.0 0.0
40 Darling_ton Refurbis_hmen( - Unit 0.0 0.0 0.0
Refur - Unit3
41 Darllng_ton Refurbishment - Unit 3 0.0 0.0 0.0
Refur - Early l/S
42 Darling_ton Refurbis_hmen( - Unit 1,007.3 | (1,907.3) 0.0
Refur - Unit1
43 Darllng_ton Refurbishment - Unit 1 0.0 0.0 0.0
Refur - Early l/S
44 Darllng_ton Refurbls_hmen( - Unit 00| 20283 2,028.3
Refur - Unit 4
45 Darllng_ton Refurbishment - Unit 4 0.0 0.0 0.0
Refur - Early l/S
46 |Total In-Service Capital Additi 1,907.3 120.9 2,028.3
Notes:

1 Amounts per EB-2016-0152, Ex. D2-2-10 Table 5 (other than D20 Storage Project).
2 D20 Storage Project is a Facilities and Infrastructure Project. In-service amount was excluded from EB-2016-0152.
3 Includes New Early In-Service projects that were previously included with Unit Refurbishments in EB-2016-0152. Refer to Ex. D2-2-9 Section 4.0.






