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CCC Interrogatory #8

Interrogatory

Reference: Ex. H1/T1/S1 pp. 38-39

Question:

Over the 2020-2022 period OPG recorded debit additions of $105.2 million to the
Nuclear Development Business Account in relation to non-capital preliminary planning
and preparation costs for a Darlington SMR (small modular reactor):

a) Is OPG seeking recovery of this amount through the Application?

b) Please provide detailed budgets for each of the 4 activities identified in Chart 4
for 2020, 2021 and 2022;

c) Please provide detailed budgets for the years 2023-2026 regarding SMRs;

d) Please provide the due diligence assessment referred to in the evidence;

e) Please provide all materials provide to OPG’s Board of Directors regarding the
selection of the SMR technology;

f) Please provide all materials provided to the Province regarding the selection of
the SMR technology;

9) Please provide a list of all technologies considered.

h) Please provide all reports produced internally regarding the selection of the
SMR supplier and technology.

Response

a) Yes.

b) OPG managed the costs of preliminary planning and preparation activities for a
small modular reactor (“SMR”) at the Darlington New Nuclear site as identified
in Ex. H1-1-1, Chart 4, within the budget envelope of $270M. As discussed in
part e) below, this budget envelope was approved by OPG’s Board of Directors
(See Attachment 2)." A breakdown of the projected amounts for the anticipated
activities can be found in Appendix 4 of Attachment 2, DNNP Project & Scope
Breakdown. The OPG Board of Directors’ approval required that actual
expenditures be substantially consistent with Appendix 4, which they were.

c) OPG declines to provide the requested information on the basis of relevance.

OPG'’s Application addresses only the amounts OPG proposes to clear from the
previously authorized deferral and variance accounts and certain specific

1 OPG'’s plans for these activities were also discussed in EB-2020-0290, Ex. F2-8-1.
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approvals sought in connection with the implementation of the IESO’s Market
Renewal Program. As such, the information sought is not relevant to any issue
before the OEB in this Application.

See Attachment 1 (confidential) for OPG’s assessment process in respect of
the three identified developers and their respective SMR technologies. This
assessment was undertaken with the goal of selecting a single technology
developer to deploy an SMR at the Darlington New Nuclear site.

See Attachment 2 (confidential) for the OPG Board of Directors’ approval of
OPG’s preliminary planning and preparation budget for a SMR at the Darlington
New Nuclear site, including the selection of a SMR technology. OPG is providing
this document as this approval underpins OPG’s request for recovery of
amounts recorded in the Nuclear Development Variance Account in this
Application. OPG declines to provide any additional “materials provided to the
Board of Directors” that mention the selection of SMR technology on the basis
of relevance.

OPG declines to provide the requested information on the basis of relevance.
This interrogatory seeks information on communications with the Province of
Ontario that is not relevant to deciding any issue on the approved Issues List in
this application. The activities and resulting costs related to SMR technology
selection were undertaken by OPG and are fully explained in evidence with
additional detail provided in the document produced in response to part d) of
this interrogatory.

OPG considered a total of 11 different SMR technologies (in no particular order):
Terrestrial IMSR-400

GE-Hitachi BWRX-300

X-Energy XE-100

OPG declines to answer on the basis that this is not an appropriate question.
The question ignores the principle of proportionality, which underlies the
interrogatory process, in that it is overly broad and all encompassing. Contrary
to the OEB Rules of Practice and Procedure (Section 26.02 (d)), the question

Witness Panel: D&V
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does not "contain specific requests for clarification of a party's evidence,
documents or other information in the possession of the party and relevant to
the proceeding. The question seeks without limit all reports produced internally
regarding the selection of the SMR supplier and technology.

Furthermore, OPG notes that much of the documentation captured by this
request would not be relevant to any issue before the OEB in this proceeding.
OPG is seeking approval of the costs associated with the technology selection
process, and not approval of the technology that was selected, and has
provided, in response to part d) of this interrogatory, a detailed internal
document outlining the process. OPG's assessment and evaluation of particular
technologies and their characteristics and potential vulnerabilities are, as such,
irrelevant, and moreover, contain highly confidential information proprietary to
third parties and OPG, disclosure of which could lead to significant commercial
harm.

Witness Panel: D&V
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UNTARIU OPG Confidential Exclusive

GENEHATIUN FOR APPROVAL by the Board of Directors

August 13, 2020
SMALL MODULAR REACTORS - APPROVAL OF FUNDS AND UPDATE OF SMR PROJECTS
DECISION REQUIRED

The purpose of this memo is to request Board approval to release $270 Million (consistent with the business
plan) for the planning and design of a Small Modular Reactor (SMR) at Darlington, and to renew and maintain
the Power Reactor Site Preparation Licence (PRSL).

ISSUE

The Darlington New Nuclear Project (DNNP) is part of OPG’s Strategic Objectives including Energy Industry
Leader (which our climate strategy contributes to). OPG has selected four developers to proceed to the next
phase of our process, which includes planning and design work, plus activities to maintain the PRSL.
Funding for this work, equivalent to the release requested, is included in the 2020 to 2026 business plan.
OPG is seeking approval to release funds for 2020 and 2021 in order to further develop the technologies
and select one by November 2021. Once selected, a detailed business case and release quality estimate
will be prepared by 2023. OPG has provided a release strategy for future years below.

ANALYSIS

To briefly recap, OPG has been evaluating the opportunity to deploy a First-Of-A-Kind SMR at our Darlington
New Nuclear Project site which is the only site in Canada with an approved Environmental Assessment and
a PRSL.

e OPG is proposing a 300-400 MW SMR plant which is the right size for coal plant replacement

e The 2028 deployment period goal for DNNP is important to
o obtain First-mover benefits in North America (maximum supply chain in Canada, jobs and

GDP) and,

(¢]

(Note that this DNNP work is quite separate from OPG’s support to the Global First Power micro-modular
reactor project).

In 2019, OPG began a process to systematically review potential SMR Technology Developers to identify
which would be the best fit for a potential new nuclear power plant at the DNNP site.

At the October 2019 Board Retreat, OPG reported on the first phase of that review, and outlined how we
would undertake a more in-depth Due Diligence process to identify potential SMR technology developers
that could meet the required timeline, with sufficient engineering complete, the right design features, at a
competitive cost, and bringing supply chain opportunities to Ontario and Canada.

In March 2020, we reported that OPG was beginning the Due Diligence assessment of certain SMR
developers, and in May we reported that commercial options were being evaluated with respect to potential
funding and partnership arrangements with SMR technology developers (not yet selected as of May) and
for potential future strategic alliances.

The March 2020 GOC update included an economic case and detailed the due diligence process to select
two (or more) developers that had the most suitable technologies, and could meet our schedule to deploy
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an SMR at DNNP by 2028. OPG also highlighted the intent to fund some detailed engineering work, as well
as the preparation of a CNSC Licence to Construct (LTC) application, in order to ensure that necessary

timelines are met with quality.

OPG regularly updates the Province of Ontario, as our shareholder, on our new nuclear work. Such updates
have included our overall SMR strategy; potential impact on electricity rates from an SMR; benefits in terms
of combating climate change; the pan-Canadian approach; potential for federal funding to support SMRs;
and our SMR work with utilities in Saskatchewan, New Brunswick, as well as Bruce Power in Ontario. In
particular, we have worked closely with these peer utilities to support the three provinces on the Premiers’
Memorandum of Understanding on SMRs signed Dec 2019, which calls for the provinces to work
collaboratively on an SMR feasibility study and a strategic plan for deployment. Additional details on
collaborative work are provided in Appendix 5.

OPG has now completed its DNNP due diligence work, || N NN NN

, OPG has selected four developers to work with more closely over the next 15
months with the goal of selecting a single technology partner and progressing the project. A detailed
explanation of the DNNP due diligence outcomes is included in Appendix 1.

OPG has decided to progress further discussions with SMR companies GE-Hitachi, X-Energy, || JJlland
Terrestrial as those which bring the best combination of opportunities for a pan-Canadian fleet.

The work to be completed over the next 15-month period through November 2021 is to ensure project
development and engineering design sufficiently complete for a Class 5 estimate and an application to the
CNSC for a Licence to Construct. This will include preparing a full project scope, schedule, and cost estimate
to support a Business Case, and determining which technology partner and project will deliver the best
investment for OPG and Ontario. Choice of an SMR partner could happen in phases, reducing from four to
one potential partner as certain hurdles are overcome as described in Appendix 1. This work will require
certain funding, which is why we are seeking Board approval for release of the budgeted funding envelope
at this time.

See Appendix 3 for a more detailed description of the deliverables, and Appendix 4 for a preliminary
estimate of major project costs over this period.

For clarity, the request for approval is a preliminary step and does not include full project costs, such as
construction. No decision to proceed with project construction has been made, and is subject to ongoing
development of the project and a gated release strategy which is described below under DNNP Release
Strategy.

Delegation of approval authority to the CEO for execution of the contracts is requested at this time as the
detailed scope and cost estimates will be completed in Q4-2020 through discussions with developers.

DNNP Release Strateqy

Funding for the DNNP will be released in phases as certain deliverables are completed and as an updated
business case analysis is refined, including the total cost of the project.

Current Phase

Project OM&A for preliminary planning costs, including SMR technology development and Site Preparation
relicensing were approved as part of the 2020-2026 Business Plan. Delegation of authority from the OPG
Board of Directors to the CEO is being requested in August 2020, prior to issuing contracts to the SMR
technology developers to continue with project development for DNNP, detailed engineering design, and
preparation for DNNP licensing. Ongoing updates to the Board will be provided in November 2020 and early
2021 on the progress with commercial negotiations and the SMR companies’ progress at meeting our
expectations for the project.

Future Phases

A DNNP Business Case will be developed in 2021 to incorporate project costs for site preparation and
construction, for gated release decisions in the fall of 2021 and the fall of 2022, summarized as follows and
as shown in the diagram below:

e Nov 2021 - Nov 2022: Class 4 estimate enabling a decision to proceed on site preparation and long
lead material manufacturing with a preferred SMR technology developer [Capital Funding].
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Nov 2022 — Nov 2023: Class 3 Release Quality Estimate (RQE) to be prepared, with High Confidence
schedule and cost, enabling a decision to construct and final project estimate to be approved in
November 2023 [Capital Funding].

Refined

classes of estimates will progressively be achieved, similar to how the Darlington Refurbishment

Release Quality Estimates were prepared over time, to provide cost certainty prior to moving forward with
construction and for procurement of long lead time materials.

The final

| project approval which includes the remaining project funding for construction, commissioning, and

closeout is expected to be requested in late 2023, at the point where a Release Quality Estimate and High
Confidence Schedule are available, approximately 6 months prior to the planned start of construction in Q2

2024.
| 2019 | 2020 | 2021 | 2022 | 2023 | 2024 2025 2026 | 2027 | 2028 | 2029 | 2030 |
Project Capital . Release Qudlity
OMEA Busis OMEA I t Pre tCl 4 Estimate
Phan Funding Plin Update Class § q:m: : C‘ Release No.

4 ¢

@ Preliminary Planning

‘ ‘ ’ ; Initiation Phase

Definition Phases

Execution Phases

’ Business Case Update

Detailed Planning

0 Economic Case Update

OM&A

Site Prep Construction
ON 2

Start Unit
Construction

Unit h=Service

.
s @

. - S

Capital (for all eligible expenditures)

Unit Construction and Commissioning

RECOMMENDATION / RESOLUTION

That the Board of Directors:

@)

(i)
(iii)

Approves release of a $270 M funding envelope to commence project development work on the
Darlington New Nuclear Project for the approximate 2020 — 2021 period substantially consistent
with the DNNP Project & Scope Breakdown set out at Appendix 4;

Delegates approval authority to the OPG President and CEO for the release of funds within the
funding envelope referenced in (i) above;

Requires that further Board approvals be sought if the cost of the work as set out in (i) above is
expected to increase.

Recommended by:

"Original signed by:"

Dominique Miniére
President, Nuclear

Approved for submission to
the Board of Directors by:

"Original signed by:"

Ken Hartwick
President and CEO

This Board memo was reviewed and approved for submission to the Board of Directors by the

Generation Oversight Committee at their meeting of August 12, 2020.

APPENDICES

1.

aroOd

Update on Darlington New Nuclear Project (DNNP) small modular reactor (SMR) Due Diligence
work including recommendations on SMR Developers with whom commercial negotiations are
commencing

DNNP lllustrative Roadmap

Developer Deliverables

Projected Major DNNP spending areas

Update on New Nuclear growth strategy collaborative work
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APPENDIX 1: UPDATE ON DARLINGTON NEW NUCLEAR PROJECT (DNNP) SMALL MODULAR REACTORS (SMR) DUE
DILIGENCE WORK INCLUDING RECOMMENDATIONS ON SMR DEVELOPERS WITH WHOM COMMERCIAL NEGOTIATIONS
ARE COMMENCING

Darlington New Nuclear Project

In 2019, OPG began a process to systematically review potential SMR Technology Developers to identify
which would be the best fit for a potential new nuclear power plant at the Darlington New Nuclear (DNNP) site.
As of July 2020, OPG has completed phase 3 of the review and assessment process (the “due diligence”
phase), in collaboration with other utilities, and wishes to report the outcome to the Board.

In summary, OPG has decided to progress its options development discussions with GE-Hitachi, X-Energy,
I 2nd Terrestrial, for reasons outlined below.

Due Diligence process
Since the May update, OPG has completed the due diligence process on six potential SMR Technology
Developers —

The process entailed:

o development of questions to the developers in the subject areas of Engineering, Fuel & Physics,
Reactor Safety, Licensing, Quality Assurance and Supplier Relationships, Finance, and Legal.

e provision by each developer of written materials covering the subject areas

e adeep dive review by teams of subject matter experts and representatives of each utility

e developer response to a fundamental question identified during the previous stage of the process as
being key to the potential success of that developer for the DNNP process (eg: commitment to the
project; timeline; fuel qualification and availability)

e review of strategy options and opportunities for OPG, taking account of potential pan-Canadian

deployment I 1 Canadian content

e creation of recommendations and alternatives, with pros and cons
The output of the due diligence process has been reviewed by ELT members.

Due Diligence results

The result of the due diligence process is that OPG intends to continue working with four developers in order
to determine which of these four developers is best fit for the project. These developers are GE-Hitachi, X-
Energy, ]l and Terrestrial. It was not possible at this stage to confidently limit further work to fewer
developers, due to pro’s and con’s, and the risks and opportunities associated with each of these developers.
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Although OPG has decided to continue working with the above four SMR technology developers, please note
that as reported in previous GOC updates, OPG may allow the other developers that can demonstrate
sufficient progress on their own, to re-engage in further discussions with OPG prior to November 2021.

Next steps
By about the end of 2020, our goals are to:

e have clearly identified key requirements for each potential SMR technology developer partner;
¢ have a path established for their work over the next year; and
¢ ideally to have narrowed the field to fewer than four developers to continue working with in 2021.

By Nov 2021, the goal is to finalize a decision on the single SMR technology developer, and develop a
business case for Board approval to advance to a construction licence application. In order to do this, the
following steps need to be completed.

Hurdles
By September 2020:
L]

By November 2020:
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By November 2021:
e To have from all the remaining SMR technology developers,
o completed basic design and a certain level of detailed design of the nuclear island completed,
enabling a class 5 estimate; and
o a sufficiently advanced licensing framework to enable submission of License to Construct
Application in early 2022.

Depending on the results of this hurdle/gating process, we could stop progressing with some developers at
the different gates.

Commercial discussions
OPG will undertake further discussions with the developers GE-Hitachi, X-Energy, |JJJJilland Terrestrial.

If successful in establishing satisfactory arrangements, it is anticipated that OPG will work with these
developers on the design, and preparation of construction and manufacturing strategies from mid-2020 to late-
2021. This will include discussions around financing of their detailed manufacturing design, and commercial
aspects such as intellectual property rights, and sharing in future contracts, etc. This is expected to include
OPG funding some detailed engineering work, and preparation of a CNSC construction licence application, in
order to ensure our schedule is met with quality. More details on this topic are provided in Appendix 3.

Additional Details

The main body of this report shows a simplified chart of the proposed funding release timelines, project
development and plant construction. A more detailed illustrative roadmap is provided (see Appendix 2)
outlining additional milestones of the project.

Funding related to this stage of the process is discussed in a separate section of this Board memo (for
Approval).

Further updates on the commercial discussions described above will be brought to future Board meetings. In

addition, progress on overall development of a potential DNNP new nuclear project will continue to be provided
at upcoming Board meetings.
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APPENDIX 3: DEVELOPER DELIVERABLES

The current developmental scope of work spans about 15 months, to November 2021. During 2021, the
strategy is to work with the leading Developers to progress their SMR design and the associated business case
in order to make a final technology selection in Q4 2021.

For each SMR design, the following project goals are to be accomplished in this period:

Advancing the SMR design specific to a reactor facility for Darlington

Preparing the required deliverables for a Licence to Construct application

Preparing a full project scope, schedule and cost estimate to support a Business Case

4. Defining requirements for site preparation work, and supporting PRSL renewal as required.

wn =

Based on the outcomes of the work listed above, a business case supporting the best technology option will be
developed for Board approval in November 2021.

Deliverables Summary:

Each Developer is at a different stage of design completion, and therefore the effort required, and the scope of

the contracts to meet the project goals, will be specific to each. As a result, the contracts will be broken up into

two phases:

1. Phase A (nominally 3 months) is focused on developing design and site requirements, gap identification,
and establishing the scope and schedule for the remainder of the contract

2. Phase B (to the end of 2021) will be executing the scope agreed in Phase A to meet the project goals

Advancing the facility design is the most significant component of the work to be done. The Developers will
have to review their current design and reconcile the requirements to Canadian regulations, codes, and
standards. In addition, site-specific requirements, facility layout, and geotechnical testing is required. Balance
of Plant design, an area that typically has not been a priority for a number of the Developers, will also need to
be progressed.

The current project plan requires submission of the Licence to Construct in early 2022 to meet a 2024 start of
construction. This licence application is a significant undertaking, with design and safety analyses expected to
be at an advanced state. The application also calls for deliverables related to construction and commissioning
programs.

In June 2020, OPG submitted an application for renewal of the current PRSL for Darlington, with a hearing
projected in mid-2021. Any required support for this hearing, as well as site preparation requirements are also
included in the scope of work for the Developers.

In addition to the technical deliverables, each Developer will work with OPG project staff to put together full
project scope, schedule, and cost estimates, as well as OM&A and lifecycle capital cost estimates. These
products will support the final technology selection and associated business case.

Other specific deliverables that the Developers will be required to produce in this period include the following:
1. Lifecycle fuel management strategy and interface with NWMO

Operating radiation dose estimates and minimization strategy

Operating radiation emission estimates and minimization strategy

Operating conventional emission estimates and minimization strategy

Low and intermediate level radiation waste estimates and minimization strategy

Modular construction strategy

Supplier strategy

Full Scope Simulator preliminary design

N ORAWON
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APPENDIX 4: PROJECTED MAJOR DNNP SPENDING AREAS

83274 - DNNP Program Management & Oversight 6.0 18

* QOverall Program Management

* Qversee and manage the Development Partner Agreements

* Stakeholder and indigenous community outreach and
engagement

* OPG matrixed support (SLAs)

* External legal contracts

* Program Contingency of $5M

27601 - DNNP EA & Licensing 7 13

* PRSL renewal submission and support through Licence issuance
(TCD Q3 2021)

* LTC protocol development

* Support of preparation of LTC submission for multiple Developers

* Environment support of DNNP licence Commitments

* CNSC Licensing fees $5M

86022 - DNNP Engineering & Oversight 5 25

* Development of Engineering programs required to manage
Advance reactor

* Embedded engineers to directly collaborate on basic design
with the development partners

¢ Perform owners engineer activities to review and accept
designs

* Engineering matrixed support (SLAs)

* Managed Task Contracts & Project Contingency $10.5M

86066 — DNNP Site Preparation Engineering & 0 7

Planning

* Engineering required to support site preparation activities
(Bridges, services, roads, buildings, etc)
* Geotechnical studies required for site layout

86064 & 86065 - SMR Development 86.0 103

* SMR & BOP design

¢ LTC Technical deliverable preparation

« Site layout options and requirements

* SMR OM&A and lifecycle capital cost assessment
* SMR Project scope, schedule, and cost estimates

Total 104 166
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APPENDIX 5: UPDATE ON NEW NUCLEAR GROWTH STRATEGY COLLABORATIVE WORK

As described in Appendix 1, OPG has completed a detailed due diligence review of potential SMR technology
partners.

Likewise, OPG is participating in the work of the Canadian Nuclear Association-
Candu Owners Group SMR Secretariat which is helping develop actions for the national SMR Action Plan to
respond to the recommendations of the 2019 SMR Roadmap.
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Records File Information: internai Use Only

ONTARIOPGWE
Wy Records SCI/USI Retention OPG-FORM.0076.Ro04"

GENEHA‘”UN - See Guidance Saction
Type 2 Business Case Summary
To be used for investments/projects meeling Type 2 critesia In OPG-STD-0078.

Project Information

Project# | 5AB10050 | Document#: .~ |

Project Title: § G10 Major Overhaul & Upgrade

oo {[0oM8A R cCapital [JCapital Spare | . - .

Class:" - . | [IJMFA [JCMFA [JProvision Investment Type: | Sustalning

BV ot § BN DOthem' ,.g\"‘ #

Phase: . .| Execution Release: | Parilaf
ie Target in-Service or

Facility: SAB1 (NF20) Completion Date: . | Aug 2018

Project Overvlew

We recommaend the release of $1,500k, Including $55k of contingency. The eatimated total project cost Is $ 27,000k,
Including $ 2,427k of contingenéy. The guality of the astimate for this release Is Class 3, and for the total project s Class 3.

This releass will fund the following scope of work. It does not commit OPG to further investment on this project.
« Purchase the runner prior to full execution release dus to the tong lead time required for deslgn and manufacture.

An Initiation and Definition BCS was approved October 18, 2013 to complets a Technical Specification and uprate analysis of
critical compenants and completa the RFP process.

Part A: Business Need

Execution of this project will ensure availability and refiability of SAB1 G10 for 25-30 years and also ansure that Hydro-Theimal
Operations maintains and develops hydro rescurces.

Sir Adam Beck G.S. #1 (SAB1) G10 was ariginally placed in-service in 1930 as a 25Hz unit rated for 45MVA then converted to
80Hz In 1956. The last major averhaul completed on the unit was in 1988, During the upcoming overhaul, the opportunity exiats
to execute additional work which would increase the capacity and efficiency of G10 and allow Niagara Operations to better
utilize the water available to the station. The recommended altemative upgrades the currant rating of the unit to the following

capabliities:

Turbine Generator
E % Power (MW) Rating paramsters
Best Full Load MVA MW
Existing Unit 43.0 57.0 55 55
'Upgraded Unit 58.0 59.0 63 59
Impravement +12,0 +20 | +8 +4
A Life Cycle Plan (LCP) for SAB1 (R-NF20-01556-0002) was approved July 2008. The recommended altemative was an eight

unit station (G3-G10) which included overhaul and upgrade of G10. This project Is also included in the 2014-16 Business Plan.

Part B: Preferred Alternative: Perform Major Overhaul and Upgrade Unit to 55MW, 63MVA
Deacription of Preferred Alternative

The project woukd execute a complete refurbishment of the generator stator and rotor induding a rewind, and replacemant of
all supporting electrical auxillaries. A major overhaul of the lurbine would ba campieted, including installation of a new unner,
headcover, and wicket gates. Further Investigation and possible repalr would be done on the penstock and scrolicasa,
incltding completion of a foad carrying capacity analysis.

A Definition Project Charter (NP, - was approved October 2, 2013 which includes a detailed scape of work
based on actual work completed on G7, G9, and G3.

*Associated with OPG-STD-0076, Developing and Documenting Businass Cases
OPG-TMP-0004-R004 (Microsofi® 2007)
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Type 2 Business Case Summary

Project #: SAB10050 Documen| #:
Project Tille:  G10 Major Overhaul & Upgrade, <Partial> <Execution> Ralease

Part B: Proferred Alternative: Perform Major Overhaul and Upgrade Unit to 55MW, 83MVA
Description of Preferred Alternative

An equipment supply agreement batween OPG and Amerlcan Hydro Comp (now Wair) was signed Feb 2007 for the supply of
runnets for G3-G10. The runner for G10 will be purchased under the lerms of thls agreemenl. The decision lo purchase 8
runners and the S3AB1 overhaul program were recommended and supported by Ihe 2008 LCP for SAR1.

The execution stratedy is lo award a single conlract to a general contractor. A Technical Spedification is under davelopment
(5% complele) which will specify equipment and components proven and existing on previous SAB1 upgredes. The general
contractor wilt be responsible for completing the Installation design (mechanical, electrical, civil}, manufacture of parts, supply
of equipmenl (excepl the runner), removal of existing equipment, and Instaliation of new andlor refurbished equipment. This
stralegy wilf reduce lhe cost of re-engineering equipment, lower the contract cosl, and reduce the duplication of spare parts,

An Inltial Project Execution Plan (PEP) and Risk Analysis have baen drafted.
The unil will be overhauled during a Planned Oulage from August 2015 to July 2018,

This alternative Is recommended since il will address availability and reliability concams, has Ihe highest NPV, and lowest risk
profila. It Is aiso conaislen] with Hydro-Thenmal Operations mandale to maintaln and develop hydro resourcas.

Deliverablea: Asaoclated Milestones (Ifany): | Target Date:

Purchase new runner PBCS approved July 4, 2014
PQ issued July 11, 2014
EBCS approved Sepl 30, 2014

Main centract for Genaral Conlractor RFP slart July 2014
Award main conlract Cet 2014
Runner armive af sile Aug 2015

Part C: Other Alternatives
Summarize all viable alternalives consldered, Including pros and cons, and associaled risks. Other alternatives may include
different means to meet the same business need, and a reduced or Increased scope of work, efc,

Altermative 2: Base Case ~ No Project

Do nolhing, continue with the existing LEM program for fhe unit and corrective malntenance on an ad hoc basls,

Based on in its current condition, G10 could likely run wilhout major investment until 2018, at which time the |urbine is axpecled
lo bave reduced rellability and the transformer is axpected to reach end-of-lifa. If left unaddressed, an eventual failure will result
in a forced outage during either the Nuclear Refurbishment, SAB2 Ovarhaul Program, or the |ater stages of the SAB1 Overhaul
Program.

Therefore, thls altemative is not recommended,

Alternative 3. Parform a Minor Overhaul for 10 Years of Operation at 45.9MwW

Malnlain the currenl rating of the genarator. The scope of wark would be largely focussed on cleaning, lesting and repair of
axisting aqulpment, including removal of the generator rotor for cleaning and a flux test, Also included |8 the purchase and
insfallation of a new transformer.

Thig alternative has lhe worst NPV due lo its investment requirements and expected outcome of reliability, and the fact that |he
next overhau! will occur in Ihe middle of the Nuclear Refurbishment & SAB2 Overhaul Programs.

Therefore, this altemative is not recommanded.

Alternative 4: Perform Major Overhaul to Engure 15-20 Years of Operation at 45.9MW

Mainlain the curren| rating of the gencrator. The project would execute a complele refurblshment of the generator slalor and
rolor, including a rewind, and replacament of ali supporting slectrical auxillarias, A major overhaul of the turbina would be
completed including weld repair of the runner, inslallation of new wicket pates and potentfal Instafl of a new headcover.

This alternative provides for low lechnical risk, but is not recommended due lo Ils lower NPV,

OPG-TMP-0004-R004 (Microsoft® 2007)
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Type 2 Business Case Summary

Project #: SAB10050 Document #:
Project Fille;  G10 Major Ovarhaul & Upgrade, <Partial> <Execulion> Relsase

Alternative 5: Upgrade the Unif to 1MW, 88MVA

The scope of wark for this aitamative is very simllar lo that of the preferred allernative, with the significant difference belng the
purchase and inslallation of a new generator and all of the associated work required [o the superstructure to accommodale the
unll.

Due lo a less favourable NPV and Increased technical risk with the expanded scope, this altamative is not recommended.

Part D: Project Cash Flows, NPV, and OAR Approval Amount

k§ : LTO [ 201420 2018 | 20187 | 2017 [ 2018 | 2019 | Futuré [ Total "
Currently Released 100 700 800
Requasted Now o 890 610 1,500
Future Required L e 12,300 | 12,400 24,700
Total ProfectCost { [ 090 | 13810 12400] ' ‘ - ' | 21,000
Ongoing Costs -
Grand Total 890 | 13810 12,400 : 27,000
Estimata Classg: Class 3 Estimate at Complation: | $27,000k
NPV: £43.9M OAR Approval Amount: | $1.500k
Addttlonal Infonmation on Project Cash Flows (optionat):

{k$) LTD 2014 2015 2018 2017 Total

BP 2014-16 0 100 10,000 15,400 25,500

SummaryofEstimate | 0 | 'go0 | 13610 | 12400 | | 27.000 |

Variance 0 890 3,610 (3,000} 1,500

Approval has been requested for Niagara's 2014 annual Capital forecast; changes witl ba managed within the revised budget
envelopa.

Part E: Finan¢lal Evaluation

M$ " Upgrade to Basa Case Minor Major Upgrada to
55MW, G3IMVA No Projact Overhaul Overhaul 6 1MW, 68MVA
Project Cost 270 N/A 7.1 20.3 385
NPV (after tax} 270 243 19.6 188 22.1

Summary of Financlal Model Kay Assumptions or Key Findings:

Ensrgy projections per the SAB1 LCP are still valid.
Project costs based on actual costs from G7, G, and G3 overhaulsiupgrades.
The potential for a higher MCR during the Darlington refurbishment program has nol been included.

Part F: Risk Assgassment

Risk Class Description of Risk Risk Management Strategy Post-Mitlgation
Costs higher thar expected Release amount requesied for purchase
Cost of runner only has sufficient contingency Low Low
of 8%,
Scops N/A — supply of runner only
Runner not detivered in time, dalaying Order the runner as soon as possible.
Schedule the start of the execution phase Moniter progress of suppller. Medium Low

OPG-TMP-0004-R004 (Microsoft® 2007)
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Type 2 Business Case Summary

Praject #: SAB10050 Document #;
Projact Title:  G10 Major Overhaul & Upgrade, <Partial> <Exacution> Reteasa
Part F; Risk Asasssment _
| RiskClass | - . Doseripfionof Risk. . | Risk Managemont Strstegy . | Post-Mitigation. |
Requlred resources are identified as per | Accept the risk.
Resources the project charter, No additional Low Low
resources are anticipatad.
Quality/ Due lo volume of work and consolidation | Peer reviews will bs used whan
P "';:Y of englneering packages, technical specs | appropriata to ansure accuracy of Low Low
6IAMMAaNCa | and RFP package may contain errors. documentation.
Runner doas riot meet performance Runner design based on uprate study
Technical requirements. and modeling which has been Low Low
completed.
This is a large multifaceted project with a | Mlagara Operations recently compieled
Oth variely of risks which may contribute to overhauls on three othar SAB1 units. L
ther paor execution, Lessons leamed and PIRs will be used ow Low
to ensure strong project defivery.

Part G: Post tmptementation Review {PtR) Plan

{J 1tis determined appropriate that only a Project Closure Report (PCR) Is needed as the PIR for this project, due to its
straight forward deltverables, which do not require any measures other than confirmation of compietlon or deltvary,

Typea of PIR Report

Target In-Service or Completion Date

Target PIR Completion Date

Moasurahbi

Parameter

N/A

e Currant Hasetine

Target Rasutt

How wilt It be
measured?

Who witt measure 1t?
{person/group)

PIR requiraments are not Inciuded in this release as they wiil be identifiad in the BCS for Full Rejeass of funds.

Approvals

] Slgnature

| Comments

l

Date

The recommended altemative, Incudin

business need,

g the identified ongoing costs, H any, represents the best option fo meal the valfidated

Recommended
Mike Marfalli
SVP HTG-

by (Project

(.

/%Mé:jiu

18 Juniitg

| coneur with the

business decision as documented in this BCS,

Financa Approval:

Robly Heard
SVP & CFO

per QPG-STD-X)76

A H

/g Fun 1Y

t confirm that this project, including the identified origoing costs, i any, wilt address the businass nead, is of sufficient priority to
pracaed, and provides value for money.

Approved by:

Tom Mitchell

Presldent & CEQ

par OAR 1.1

Dbt

21 Jow 1

OPG-TMP-0004-R004 (Microsoft® 2007)
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Type 2 Business Case Summary

Profect #: SAB10050 Document #
Project Title: 510 Major Overhaul & Upgrade, <Partial> <Execution> Release

Appendix A: Summary of Estimats
Project Number: | SAB10050
Project Title: G10 Major Overhaul & Upgrade
k$ PLTD | 2014 | 2018 | 2046 | 2017 | 2018 | 2019 ] Foture | Totat I %
QPG Project
Management 140 620 625 1,385 5.1
OPG Engineering
(including Design) 120 120 240 09
OPG Procured
Materfals 485 720 170 1,375 5.1
OFG Other
Design
Contract(s)
Construction
conmct(’) 10,970 10|180 21'150 78_3
EPC Contract(s)
Consuitants 120 120 04
Other Contracts /
Costs
Interest 78 105 122 303 1.1
Subtotal 821 | 12,538 | 11,247 24,573 91.0
Contingsncy 169 1,075 1,183 2,427 9.0
Total 990 | 13,610 | 12,400 27,000 { 100.0
Notes
Totat Definition cost
Project Start Date Aug-2016 wchates iingincy r )
Target In-Sesvice (or AFS) | | 0.0 Contingency includad in this BCS
Data {Nuclear only) -
Totai contingency released plus

Target Completion Date contingency in this BCS (Nuciear only)

: Total released plus this BCS without
Escalation Rats 1.7% confingency (Nucisat ) - :

: Total refeasad plus this BCS with
lnta'rost Rate 5.0% contingency (Nuclear onky
: Estimate at Completion.

Removal Costs See note only spant contingency for Nuclear) $27,000k

Note: Removal Costs are included In the Summary of Estimate, however they haven't been fully identified at this time.
They will be broken out as part of the RQE for the Full Execution BCS.

Prepared hy: Approvedby:, *
Atfan Lansbury Date Ken Prince Date
Project Leader 2014-08-04 Section Manager - Projects 2014-06-04

OPG-TMP-0004-R004 (Microsoft® 2007)
P,

ageAtof A2



Filed: 2024-03-22
EB-2023-0336

Exhibit L-H-SEC-01, Attachment 1
Page 6 of 6

Internal Use Only
OPG-FORM-0075-R004

Type 2 Business Case Summary

Project #: SAB 10050 Document #:
Project Title:  G10 Major Overhaul & Upgrade, <Partial> <Execution> Release

[Appondlx 8: Comparison of Total Project Estimates and Project Vardance Analysis !
Comparlson of Total Project Estimates
' Totai Project Estimata in k$ 10 Yot
Phase | Release :“’_.J. m’""" _(by year including contingency) Future:{ Project
. achsad P T j 20140 2015 | 2018 | 2017 | 2018 [ 2019 | | Estimate
init & Def Fult 2013-10-18 | 100 | 11,500 | 15,400 27,000
Exec Partial § 2014-05-17 | 820 | 12,750 | 13,430 27,000
Project Varlance Analysis
Choose an it LTD Totef Froject Varian
: S8 a1 item, LastBCS | This BOS ce Commants
OPG Projoct n/a 1185 The last BCS did not have a breakdown of casts as
Management ) that was not required for a Type 2 BCS at that time.
OPG Engineering
(including Design) e 0
OPG Procured
Materials n/a 1,375
OPG Other n/a
Design Contract(s) n/a
Construction
Contract(s) n/a 21,150
EPC Contract(s) nfa
Consultants n/a 120
Other Contracts /
Costa I
interest n/a 303
Subtotal n/a 24573
Contingency n/a 2,427
Total n/a 27,000

OPG-TMP-0004-R004 (Microsoft® 2007)
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- Type 3 Business Case Summary
To he used for invesiments/projects meeting Type 3 critena in OPG-STD-0076.

Executive Summary and Recommendations

Project Information
Project# | SAB10050 [ Dacument#: | NF20-BCS-08707 021-xxxx

Project Title: | G10 Major Overhaut and Upgrade

Jomea [ capitat [] Capitat Spare
Class: Omra [QcMrFA [ Provision Investmen! Type: | Sustatning
[J Others: i
Phase: - Execution Release: Full -
Target in-Service or
Facility: SAB1 Completion Dsts: July 2018
Project Overview

We recommend the release of $24.7M, inchiding $2,427K of contingency. The estimated total project cost is $27M,
Including $2,427K of contingency. The quality of Ihe estimate for this release is Class 3. and for the tola project is Class 3.

This release will fund the fotlowing scope of work:
¢ Generalor end Stator rewsnd and Etectrical auxilianes, new main transformer and static excitation
+ New upgraded runner and major overhaul of ihe lurbine components.
+« New PTFE thrust bearing.

The rehatditaled G10 unit is expected to produca 59 GWh annualty. including an ncremental increase of 13 GWh due to the
instafiation of higher capacily stator windings, more efficient runner and transformer.

Thrs sustaning invesiment is consistent with the approved Life Cycle Plan (LCP) for SAB1 and OPG's objective of continuing
to increase clean, renewable generation from is existing fleet of hydroetectric assets.

t

Problem StatementBusiness Need: L8 oo

Execution of Ihis projact wil ensure avariaisity and réliabity of SABT G10 tnr 25-30 years agc( also er)suve that ﬁydr@Thermal
Operations maintains and develops hydro resources.*

Summary ot Preferred Allemnative:

The project would execute a complote rafurbishment of the generator stator and rotor tncluding a rewind, and replacement of
all supporting etectrical auxitiaries. A major overhaut of the lurbine would be completed. including instaltation of a naw runner,
modified head cover, and new wicket gates Further invesligation ard possible repair woutd be done on the penstock ard scroll
case, including completion of a foad carrying capacily analysis.

A Dafinition Phage Charter (NEG 40121 2-055%) was approved Octlaber 2, 2013 which incltudes a detailed scope of work based
on actual work completed on G7, G9, and G3.

This alternative s recommendad since it will addrass availabiity and reliability concems, has the highest NPV, and lowes! nsk
profite. It is also consisten! with Hydro-Thermal Operations mandate to maintain and develop hydro rescurces

History of BCS releases and project cost estimates:

The project cost estimale of $27M has been consistent through alt refeases.
+« InwDef BCS approved Oct. 18/13 to complete Technical specification and Uprale Study,
« Parliat BCS approved June 21/14 to purchase a now upraled Runner

Hislory of scape and schedule changes:
Tha scopa and schedule hava not changed fram the previous BCS's

“Assoaaled wih OPG-STD-0078, Developing and Documenting Business Cases
OPG-TMP-0004-R004 (Microsoft® 2007)

Page i of it


213760
Rectangle


Project #: SAB10050

Filed: 2024-03-22
EB-2023-0336
Exhibit L-H-SEC-01

Internal L?’O‘béﬁd!gt -
OPG-FORM-0078S
Type 3 Business Case Summary
Document # NF20-BCS-08707.021-xxxx

Project Title:  G10 Major Overhaul and Upgrade, <Fuli> <Execution> Release

Project Overview

Key Assumptions and Risks:

The project will be executed by a single main contrector. All equipment and manpower, except for the runner purchase, will be

included in the scope of work for the contractor.

Project Cash Flows, NPV, and OAR Approval Amount

k$ LTD 2014 2015 2018 2017 2018 2019 Future Total
Currently Released 990 1,310 2,300
Requested Now . 12,300 | 12,400 24,700
Future Required -
Total Project Cost 890 | 13610 12,400 27,000
Ongoing Costs -
Grand Total . 990 13,610 12,400 27,000
Estimate Class: Class 3 Estimate at Completion: | 27,000
NPV: 26,951 OAR Approval Amount: | 27,000
Addltlonal Information on Project Cash Flows (optlonal):
The 2014 cashflow wiil be managed within the Nlagara Operations budget envelope.
Approvals

| Signature | Comments | Date
The recommended alterative, including the identified ongoing costs, If any, represants the best option fo meet the validated
business need.
Recommended by (Project !
Mike Marteli ' (S Dec (&
SVP HTO P
| concur with the business decision as doeliriented in this BCS.
Finance Approval: ;
Beth Summers :
SVP & CFO |~ 22 ./ ﬁ'
per OPG-STD-0078

| confirm that this project, including the identified ongoing costs, if any, will address the business need, is of sufficient priority to

proceed, and provides value for money,

Approved by:
Tom Mitchell
President & CEO per OAR 1.1

130m 1S
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Type 3 Business Case Summary

Project #: SAB10050 Document #: NF20-BCS-08707.021-xxxx
Project Title:  G10 Major Overhaul and Upgrade, <Full> <Execution> Reiease
Business Case Summary

Part A: Business Need

Execution of this project wili ensure avaliabliity and reliability of SAB1 G10 for 25-30 years and also ensure thal Hydro-Thermal
Operations maintains and develops hydro resources.

A generator rewind and an upgraded runner wili result in improved unit efficiency and a maximum continuous rating (MCR)
increase of approximately 9 MW. This project is a sustaining investment required to ensure continued reilable operation of G10
and to maximize the use of water available from the Niagara River new third tunnei

Sir Adam Beck GS #1 (SAB1) G10 was onginaliy placed in-service in 1930 as a 25Hz unit rated for 45MVA then converted to
60Hz in 1956. The last major overhaul completed on the unit was in 1986. During the upcoming overhaul, the opportunity exists
to execute additional work which would increase the capacity and efficiency of G10 and allow Niagare Operations to better
utilize the water availabie to the station. The recommended altemative upgrades the current rating of the unit to the foliowing

capabilities:

Turbine : ~  Generator
Pawer (MW) Rating parameters
Best FullLoad | MVA : MW
Existing Unit 43.0 57.0 55 55
Upgraded Unit 55.0 §9.0 63 59
improvement +12.0 +2.0 +8 +4
A Life Cycle Pian (LCP) for SAB1 {R-NF20-01556-0002) was approved July 2008. The recommended altemative was an eight

unit station (G3-G10) which inciuded overhaul and upgrade of G10. This project Is aiso inciuded In the 2015-17 Business Pian.

The project cost estimate of $27M has been consistent through all reieases.
e Init/Def BCS (NPG-08707.021-0127) approved Oct. 18/13 to compiete Technical specification and Uprate Study.
¢ Partial BCS (NPG-08707.021-0141) approved June 21/14 to purchase a new uprated Runner.

Part B: Preferred Alternative: Perform Major Overhaul and Upgrade unit to 55 MW, 63 MVA
Description of Preferred Aiternative

The project would execute a complete refurbishment of the generator stalor and rotor including a rewind, and replacement of
all supporting electrical auxilaries. A major overhaul of the turbine would be complated, Including Jnstallation of a new runner,
modified Heladgovar, and new wicket gates. Further investigation-and posslble rspalr would be done on the penstock and
scrolicase, Including’ completion of a load camying capacity analysls.. .

A Definition Phase Charter (NPG-00121.2-0055) was approved October 2, 2013 which includes a detalled scope of work based
on actual work completed on G7, G9, and G3.

An equipment supply agreement between OPG and American Hydro Corp (now Weir) was signed Feb 2007 for the supply of
runners for G3-G10. The runner for G10 wiil be purchased under the terms of this agreement. The decision to purchase 8
runners and the SAB1 overhaul pregram were recommended and supported by the 2008 LCP for SAB1.

The execution sirategy is to award a single contract to a general contractor. A Technical Specification has been developed
which will spacify equipment and components proven and existing on previous SAB1 upgrades. The general contractor will be
responsible for completing the installation design (mechanical, electrical, civil), manufacture of parts, supply of equipment
(except the runner), removal of existing equipment, and instaliation of new and/or refurbished equipment. This strategy wiil
reduce the cost of re-engineering equipment, lower the contract cost, and reduce the duplication of spare parts.

An initial Project Execution Plan (PEP) with Risk Anaiysis (NPG-00121.1-0025) was approved June 25, 2014 and is attached
below.

The unit will be overhauled during a Planned Qutage from August 2015 to July 2018.

This aitemative is recommended since it will address availability and reliabliity concerns, has the highest NPV, and lowsst risk
profile. it is also consistent with Hydro-Thermal Operations mandate to maintain and develop hydro resources.

*Assoclated with OPG-STD-0076, Developing and Documenting Business Cases
OPG-TMP-0004-R004 (Microsoft® 2007)
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Project #: SAB10050 Document #: NF20-BCS-08707.021-xxxx

Project Title:  G10 Major Overhaul and Upgrade, <Fuil> <Execution> Reiease

Deliverables: Assoclated Milestones (If any): Target Date:

Purchase new runner PBCS approved Juiy 4, 2014
PO issued Juiy 16, 2014

Main contract for Generai Contractor RFP start Sept 18 2014
Fuli BCS Approval 'Jan 2015
Award main contract Jan 2015
Construction Start Aug 2015
Equipment in Se_rvica - _ Juiy 2016

g

PEP SAB100G50 r0
APPROVED. pdf

Part C: Other Alternatives
Summarize ail viable altarnatives considered, Including pros and cons, and assoclated nisks. Other altematives may inciude

differant means to meet the same business need, and a reduced or increased scope of work, etc.
Alternative 2: Base Case — No Project

Do nothing, continue with the existing LEM program for the unit and corrective maintenance on an ad hoc basis.

Based oninits current condition, G10 couid likeiy run without major investment untii 2018, at which time the turbine is expected
to have reduced reiiabiiity and the transformer is expected fo reach end-of-iife. if ieft unaddressed, an evenluai faiiure wiii result
in a forced outage during either the Nuciear Refurbishmant, SAB2 Overhaui Pregram, or the later stages of the SAB1 Overhaui

Program.
Therefare, this altemative is not recommended.
Alternative 3: Pearform a Minor Overhaul for 10 Years of Operatlon at 45.9 MW
Maintain the current rating of the generator. The scope of work wouid be largeiy focussed on cleaning, testing and repair of
existing equipment, inciuding removai of the generator rofor for cleaning and a flux test. Also included is the purchase and

instaiiation of a new transformer.

This altemative has the worst NPV due to its investment requirements and axpected outcome of reiiability, and the fact that the
next overhaui will occur in the middie of the Nuclear Refurbishmant & SAB2 Overhaui Programs.

Therefore, this altemative is not recommaended.
Alternative 4: Parform Major Overhaut to Ensure 15-20 Years of Operatlon at 45.9 MW

Maintain the current rating of the generator. The project would execute a compiete refurbishment of the generator stator and
rotor, including a rewind, and repiacement of aii supporting eiectrical auxiiianies. A major ovaerhaui of the turbine wouid be
compieted inciuding weid repair of the runnar, instailation of new wicket gates and potentiai instail of a new headcover.

This aitemative provides for low technicali risk, but is not recommended due to its iower NPV, il aiso doas not take advantage
of the opportunity to increase capacity and efficlency to make batter use of the avaiiable water.

Alternative 5: Upgrade the Unit to 81 MW, 68 MVA

The scope of work for this alternative is very simiiar to that of the preferred atemative, with the significant differenca bsing the
purchase and instaiiation of a new generator and all of the associated work required to the superstructure to accommodate the

unit.
Due to a iess favourabie NPV and increased technical risk with the expanded scope, this atemative Is not recommended.

OPG-TMP-0004-R004 (Microsoft® 2007)
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Project #: SAB10050 Document #: NF20-BCS-08707.021-xxxx
Project Title:  G10 Major Overhaul and Upgrade, <Fuil> <Execution> Release
Part D: Project Cash Fiows, NPV, and OAR Approvai Amount
k$ LTD 2014 2015 2018 2017 2018 2019 Future Total
Currently Released 990 1,310 2,300
Requested Now - 12,300 12,400 24,700
Future Required .
Tatal Project Cost 990 13,610 12,400 27,000
Ongoing Costs -
Grand Total 990 13,610 12,400 27,000
Estimate Class: Ciass 3 Estimate at Completion: | 27,000
NPV: 26,951 OAR Approval Amount: | 27,000
Additional Infarmation on Project Cash Flows (optional):

(k$) : LTD 2014 2018 2016 017 Tota}

BP 2015-17 0 990 13,610 12,400 0 27,000

Summary of Estimate 0 990 13,610 12,400 0 27,000

Variance (SoE - BP) 0 0 0 0 0 0
The 2014 cashflow will be managed within the Niagara Operations budget envelope.
Part E: Financial Evaluation

Upgrade to Base Case Upgrade to
MS S5MW,63MVA | NoProject | MinorOverhaul | Major Overhaul | oy og Mya

Project Cost 27.0 N/A 71 203 38.5
NPV 270 243 18.6 19.8 23.1
Incremental NPV 27 N/A (4.7) 4.7) (1.2)
Summary of Financiai Model Key Assumptions or Key Findings:
Energy projections per the SAB1 LCP are stili valid.
Project costs based on actual costs from G7, G9, and G3 averhauis/upgrades.
The potential for a higher MCR during the Dariington refurbishment program has not been included.

NPV SAB10050 G10
Overhaul & Upgrade

Part F: Qualitative Factors

b

Since hydroelectric generation is @ renewable source of energy, the loss of a hydroslectric generating unit will increase the

anvironmental impact of meeting Ontario’s electricity demands. This will potentiaily necessitate tha supply of energy from other
less sustalnable sources; therefore, increasing the reliability and production of SAB1 will potentiaily reduce the environmental
impact of meeting Ontario’s electricity demands.

Statlon Enhancement
Upgrades performed on the unit such as the modermnization of the excitation system, unit protections and controis wiil improve

the unit responss and ensure compliance with Electricity market rules. This will enhance the overall station performance.

Health and Safety
The work will be compieted in a manner that ensures G10 and associated equipment will be compliant with current corporate
and provinclal health and safety standards. Efforts will aiso be made to ensure that any new equipment Installed is ergonomic.
Enhancements such as upgraded lighting will improve the work environment and reduce health and safety risks to workers.

OPG-TMP-0004-R004 (Microsoft® 2007)
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Part F: Qualitative Factors

Environmental
An Environmental Assessment is not required for this project as the scope of this upgrade does not extend the operationai

parameters for SAB1 past the parameters associated with the original 10 unit station configuration.

Part G: Risk Assessment

S8 Post-Mitigation
Risk Class Descri of Risk Risk
ption Management Strategy
Cost based on recent G7, G9 and G3
Cost Costs higher than expected projects. A contingency ailowance Is Low Low
inciuded in the estimate (9%)
A very comprehensive and detalled
S Planned Execution Phase not compliete. | scope has been developed, with lessons Lo L
cope Discovery Work isamed from previous unit scope and as- ow
found extra work detailed in the scope.
. Preilminary estimates of hours required
Scheduie 2:'3% :2 'gt:;n p;?g:ggﬂ?:: ;1“ uc:on e to complete the work are based on Low Low
9 : recent G3, G7 and G9 projects.
Required resources have been
Resources lgstijfﬂderr;tu?:soﬁsources (PES, PWU) committed to per the PEP. Contract Low Low
i additional resources as required.
Due to volume of work and consalidation
Quaiity/ of engineering packages, functionai Peer reviews have besn used to ensure o Lo
Performance | specs and RFP packages may contain accuracy of documentation.
errors.
Unit doas not mest performance G10 is a repeat of G3 with very minor
Technical requirements differe ' Low Low

Addlitional Risk Analysis:

G3 project was managed with multiple contractors and purchase orders which created many Issues. G10 will be managed by a
single main contractor with only two purchase orders. The technical specification Is very specific and has reduced engineering
design. Lessons ieamed from previous projects were analysed and included in the project.

Part H: Post Implementation Review (PIR) Plan

Type of PIR Report Target In-Service or Completion Date Target PIR Completion Date
Simpiified PIR September 2016 September 2017

Measurable How wlll it be Who will measure it?

Parameter Cutvant Bassline TArJet Raault measured? ip_omonlgroup)
MCR 45.9 MW 55 MW Unit Metering SAB1 Production
Apparent Power 55 MVA 63 MVA Unit Metering SAB1 Production
Runner Efficiency at 1988 Gibson Test Gibson Test Tech Supp Eng
best efficiency point. HTO/P&T
Runner Cavitation N/A As per model testing Visual inspection NPG Asset/Projects

results (cavitation
guarantee Is 59 MW)

OPG-TMP-0004-R004 (Microsoft® 2007)
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Part {: Definitions and Acronyms

BP Business Plan
HTO Hydro-Thermal Operations

LEM  Leading Edge Maintenance

LCP Life Cycle Plan

MCR  Maximum Continuous Rating

MW Megawaits

MVA  Megavolt Ampere (a unit of measure of apparent power)
NPG  Niagara Piant Group {now Nlagara Operations)

NPV  Net Present Vaiue

P&T  Performance & Testing

PES Plant Engineering Services

PTFE Polytetrafluoroethylene - a synthetic polymer with numerous applications. The best known brand name is Tefion.
PWU  Power Workers Union

RQE  Rsiease Quaiity Estimate

RFP Request for Proposal

SAB  Sir Adam Beck

OPG-TMP-0004-R004 {(Microsoft® 2007}
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I Appendix B: Comparison of Total Project Estimates and Project Varlance Analysis ’

Comparison of Total Project Estimates
~ Total Project Estimate ink§ Total
Phase Release N’:&" : (by year contingency) - Future Project
2014 | 2015 | 2016 | 2017 | 2018 | 2019 Estimate
init & Def Full 2013-10-18 100 11,500 | 15,400 27,000
Exec Partial 2014-05-17 820 12,750 | 13,430 27,000
Exec Fult 9380 13,610 | 12,400 27,0600
Project Varlance Analysis
Total Project :
LTD : Varlance . Comments
s Last BCS | ThisBCS | 3
OPG Project
Management 1385 1,386
OPG Englneering
(Including Design) 240 240
OPG Procured
Materials 1228 1,828
OPG Other
Deslign Contract(s)
Construction
Contract(s) 21,150 21,150
EPC Contract(s)
Consultants 120 120
Other Contracts /
Costs
Interest 303 303
Subtotal 24 573 24,573
Contingency 2427 2427
Total 27,000 27,000

OPG-TMP-0004-R004 (Microsoft® 2007)
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Appendlx A: shmmary of Estimate

Project Number: | SAB10050
Project Title: G10 Major Overhaul and Upgrade
k8 - | Lo | 2014 | 2018 | 2016 | 2017 | 2018 | 2019 | Future | Total %
OPG Projec
Management 34 108 620 625 1,385 5.1
OPG Engineering
(inchuding Design) 120 120 240 0.9
Sl e a85| 720|170 1,375 5.1
OPG Other
Deasign
Contract(s)
Construction
Contract(s) 10970 | 10,180 21,150 78.3 |
EPC Contract(s)
Consultants 120 120 04
Other Contracts /
Costs
Intorest 76 105 122 303 1.1
Subtotal 34 787 | 12535 | 11,217 24,573 91.0
Contingency 0 168 1,075 1,183 2427 8.0
Total 34 956 | 13,610 | 12,400 27,000 | 100.0
Notes
Totat Deflnition coet
Aug-2018 x ‘N
Projsct 8tarf Date } ug-201 {axciud bf_l | 34
Target In-Service (or AF8) Jui-2018 Contingency included in this BCS N/A
Date Kre e (Nuclear only) ;
i Total contingency released plus
Target Completion Date July -2018 contingency In this BCS (Nuciear only) N/A
Escalation Rate 17% contingency (Nucless only) N/A
: . Total released plus this BCS with
Interest Ra& 5.0% contingency (Nuciser o) N/A
T ' Estimate at Completion
Remaoval Costy g acly 3 o 27,000
M ”: “, ﬁm /.
-M
N 27 2o Y > peefalny
Ala ghiity, e Date *| Ken Prince Date
Project Leader 2014-11-27 Sectlion Manager - Projects 2014-12-03

OPG-TMP-0004-R004 (Microsoft® 2007)
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Appendix A: Summary of Eatimate

Project Number: | SAB100S0 S e —
Project Title: G10 Ma’orOverhaul and Um:de
k$ Wil LTD 2014 2018 2018 2017 2018 2018 | Future | Total %
OPG Project
Management 34 108 620 625 ) ) 1,385 51
OPG Engineering
(including Design) - 12?__7__ 120 240 0.9
OPG Procured
Materials 485 720 170 - 1,375 51
OPG Other
Design
Contract(s} 1P =i
Construction
Contract(s) 10,970 10,180 21,150 78.3
EPC Contract(s)
Consuitanis 120 120 04
Other Contracts /
Costs
Interest 76 105 122 303 1.1
Subtotal . a4 787 | 12,838} 11,217 24,573 1.0
Contingency 1] 168 1,075 1,183 2427 8.0
Totsd 34 9581 13,610 412400 | 27,000 100.0

Notes

Totsl Definition cost
1 s .
Project Start th i Aug-2015 yoi for 34
Target In-Service (or AFS) Jul-2016 c«mmmuum N/A
L. . SEERe Sen i (Nuclear only)
Target Completion Date | July -2018 m”."c""“" g ki N/A
FESF dgv A Total released plus this BCS without
Escalation M 1.7% contingency (Nucear only) N/A
: Total released plus this BCS -illl
Interost Rate 5.0% M Nuciear only) N/A
Estimate at Completion

Removal Cuh onty ipant o v 27,000

« ;w !; ’4‘("'

Date “! Ken Prince Date

Project Leader 2014-11-27 Section Manager - Projects 2014-12-03
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Appendix B: Comparison of Total Project Estimates and Project Variance Analysis

Comparison of Total Project Estimates B
Total Project Estimate in k$ Total
| 2014 | 2015 | 2016 | 2017 | 2018 | 2019 m!
Init & Def Full 2013-10-18 100 11,500 | 15,400 27,000
Exec Partial 2014-05-17 820 12,750 | 13,430 27,000
Exec Full 930 13,610 | 12,400 27,000
Project Variance Analysls
: ( Total Project :
> W LTD r Variance | Comments . S 3
3 e § Last BCS | This BCS » : PR
OPG Project
Management 1,385 1,385
OPG Englineering
(including Design) i o
OPG Procured
Material 1.375 1375
OPG Other
Design Contract(s)
Construction
Contract(s) 21,150 21,150
EPC Contract(s)
Consultants 120 120
Other Contracts /
Costs
Interest 303 303
Subtotal ; 24,573 24,573
Contingency 2,427 2427
Total 27,000 27,000

OPG-TMP-0004-R004 (Microsoft® 2007)
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Appendix C: Financlal Evaluation Assumptions
Key assumptions used In the finencial model of the Project are (complete reievant assumpticns oniy):

Projaect Cost:
1. Overali projact cost estimates were heavily based on G3, G7 and G9 rehabiiitations
2. Costs for components and jabour were based on costs for similar work camied out in the past with appropriate escaiators
applied
3. Cost reduction by reducing engineering design by using proven designs from previous units

Financiai:
1. The new generator and associated equipment will have a useful service life of 50 years
2. Increased capacity wiil generate higher revenue
3.

Project Life:
1. The project can start immediately after approval
2. The project can be compieted and the generator can be commissioned by the end of Q4 2016

3.
Energy Production:
1. Energy forecasts were based on Niagara River flow modaels
2. Generation at the Beck plants can be maximized while adhering to the market dispatches
3. Historical forced outage rates will be typical in the future

Operating Cost:
1. There will be minimai incremental operating costs associated with the upgraded G10 unit

List further detail below as appropriate from the Financiai Evaiuation:

Appandix D: Referances

SAB1 Life Cycie Pian (R-NF20-01558-0002) dated December 2007
Business Plan 2015-2017

Releasg Quality Estimate

initlal Project Execution Plan (NPG-00121.1-0025) approved June 25, 2014
Definition Phase Charter (NPG-00121.2-0055) approved October 2, 2013

OPG-TMP-(004-R004 (Microsoft® 2007)
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Project Information

Project# | BK180649 (SAB10050) | Document #: | NIAG-REP-08707.021-0201

Project Title: | G10 Major Overhaul and Upgrade
[1OM&A [X Capital [] Capital Spare
Class: COJMFA [ CMFA [ Provision Investment Type: | Sustaining
[] Others:
| Phase: Execution Release: Superseding
Facility: SAB1 | Zf:gi} otion Bac® O | April 2017

Project Overview

We recommend the release of an additional $6.14M, including $1M of contingency. The project was originally released
at $27M including $2.4M contingency, which will be consumed by cost variances as explained below. The revised
estimated total project cost is $33.14M, including $1M of contingency. The quality of the estimate for this release is Class
1 (+15%), and for the total project is Class 1 (+15%).

This is accompanied by a shift of the in-service date from July 2016 to April 2017..

This release will provide additional funding to com plete the following scope of wark:
e Stator windings, electrical auxiliaries, new main transformer, static excitation and controls installation,
*  New upgraded runner, headcover and bottom ring and overhauled turbine components installation.
¢  Start-up and commissioning.

The rehabilitated G10 unit is expected to produce 53 GWh annually, including an incremental increase of 13 GWh due to the
installation of higher capacity stator windings, more efficient runner and transformer.

This sustaining investment is consistent with the approved Life Cycle Plan (LCP) for SAB1 and OPG's objective of continuing
to increase clean, renewable generation from its existing fleet of hydroelectric assets.

Reasons for Variance:

1. PWU support costs ($1,853): The PWU support costs for contract monitoring and site preparation were not covered
in the original EBCS; the project team initially planned to execute as an Owner Only contract at lower cost, but this did
not transpire and the costs were not accounted for in the RQE.

2. EPC contract pricing ($1,375): The lowest contract bid price was significantly higher than the RQE allowance. It
included higher than expected risk cost associated with an all-inclusive contract, which is the preferred contracting
stralegy as it shifts resource demand and performance liability to the contractor.

3. New head cover and bottom ring ($1,100): Based on emergent information from (9, a decision was made to
procure a new head cover and bottom ring; these costs were not included in the original RQE or EBCS.

4. Grit-blasting and lead abatement ($975): A change in work method was requested to significantly improve
containment of fugitive lead paint particulate, improving cleanliness in the powerhouse from a Health & Safety
standpoint, thereby increasing execution cost.

S. Interest Costs ($610): Higher than expected EPC contract cost, combined with an overall nine month delay in the
completion date contributed to higher than estimated interest costs.

6. Runner currency exchange and escalation allowance {$450): The value of the Canadian dollar declined
significantly during execution; there was no allowance for escalation from the original blanket purchase order, in the
original RQE or EBCS.

7. Moody cone tip and stainless steel draft tube extension scope changes ($418): Based on recent discovery of
cavitation on G9, it was decided to change the draft tube extension material to stainless steel at an increased cost, In
addition, after disassembly, the Moody Cone tip was discovered to be missing. A new tip was fabricated and installed
to preserve runner performance guarantees.

8. Windings delayed delivery (Schedule impact): The EPC contractor experienced quality issues during fabrication of
the generator windings which will result in an approximate nine month delay to the in-service date. Although the

Contractor mitigated schedule impact where possible, this will result in carrying cost to OPG. Liquidated damages

“Associated with OPG-STD-0076, Developing and Docum enting Business Cases
OPG-TMP-0004-R004 (Microsoft® 2007)
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Project #: BK 180649 (SAB10050) Document #: NIAG-REP-08707.021-0201
Project Title: ~ G10 Major Overhaul and Upgrade, <Superseding> <Execution> Release

Project Overview

recovery will be negotiated but are not included in this estimate due to remaining schedule uncertainty.

9. Other additional scope and discovery work ($786): Major contributors - discovery work ($257) - penstock bulge
injection Moody Cone instail/lower fan repair/thrust bearing/shaft steel replacement, Schedule delays ($220k) -
Andritz mobilization was impacted by IESO and Powerhouse Crane not available early in the projecl

Key Assumptions and Risks:

The project, except for the runner supply, is being executed under a single, well-qualified EPC contractor, mitigating the risk to
OPG associated with coordinating multiple contractors and suppliers. The unusually complex G10 stator winding configuration
resulted in significant manufacturing challenges which have now been resolved through dedicated process improvements.

Page 2 of 12

Project Cash Flows, NPV, and OAR Approval Amount

ks " LTD | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | Future | Total
Currently Released 14600 | 12,400 ‘ ‘ 27,000
[ RequestedNow | -| 4816 1324 7—71‘* R I 6,140
Future Required - ‘ '
Total Project Cost | 14,600 | 17,216 1,324 3 33,140
Ongoing Costs - ‘
Grand Total 14,600 17216 | 1,324 | | ; 33,140
Estimate Class: Class 1 Estimate at Completion: | 33,140
NPV: OAR Approval Amount: | 33,140

Additional Information on Project Cash Flows:

The 2016 cash flow is being managed within the Niagara Operations budget envelope; the 2017 cash flow will be incorporated
in the 2017 Business Plan.

OPG-TMP-0004-R004 (Microsoft® 2007)
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Approvals

[ Signature | Comments Date

The recommended alternative, including the identified ongoing costs, if any, represents the best option to meet the validated
business need.

Recommended by (Project f [

Sponsor): ( 5 |
i . m 20 At 160
President, RG&PM ‘

| concur with the business decision as documented in this BCS.

Finance Approval:
Ken Hartwick

SVP & CFO K /Q‘JL? Ln/é
per OPG-STD-0076

I confirm that this project, including the identified ongoing costs, if any, will address the business need. is of sufficient priority to
proceed, and provides value for money.

Approved by:
Jeff Lyash y
President & CEO per OAR 1.1 _~ b e %zq S , A/,

W _,

OPG-TMP-0004-R004 (Microsoft® 2007)
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Project #:
Project Title:

Business Case Summary

Part A: Business Need

Execution of this project will ensure availability and feliability of SAB1 G10 for 25-30 years and also ensure that Renewable
Generation and Power Marketing maintains and develops hydro resources.

A generator rewind and an upgraded runner will result in improved unit efficiency and a maximum continuous rating (MCR)
increase of approximately 9 MW. This project is a sustaining investment required to ensure continued reliable operation of G10
and to maximize the use of water available from the Niagara River new third tunnel

Sir Adam Beck GS #1 (SAB1) G10 was originally placed in-service in 1930 as a 25Hz unit rated for 45MVA then converted to
60Hz in 1956. The last major overhaul completed on the unit was in 1986. During the upcoming overhaul, the opportunity exists
to execute additional work which would increase the capacity and efficiency of G10 and allow Niagara Operations to better
utilize the water available to the station. The recommended alternative upgrades the current rating of the unit to the following
capabilities:

Turbine

, . ____Generator [ MCR ]
Power (MW) Rating parameters [ (MW)
Best Full Load MVA MW
Existing Unit 43.0 57.0 55 55 45.9
Upgraded Unit 55.0 59.0 63 59 55
Improvement +12.0 +2.0 +8 +4 9.1

A Life Cycle Plan (LCP) for SAB1 (R-NF20-01556-0002) was approved July 2008. The recommended altemative was an eight
unit station (G3-G10) which included overhaul and upgrade of G10. This project is also included in the 2015-17 Business Plan.

e Init/Def BCS {(NPG-08707.021-0127) approved Oct. 18/13 to complete the Technical Specification and Uprate Study.
e Partial BCS (NPG-08707.021-0141) approved June 21/14 to purchase a new uprated runner.

Part B: Preferred Alternative: Perform Major Overhaul and Upgrade unit to 55 MW, 63 MVA

Description of Preferred Alternative

The project is executing a complete refurbishment of the generator stator and rotor including a rewind, and replacement of all
supporting electrical auxiliaries, A major overhaul of the turbine has been undertaken, including installation of a new, uprated
runner, headcover, lower ring and new wickel gates. Inspection of the penstock, Johnson valve and scroll case has revealed
the need for significant repair and polyurethane injection.

A Definition Phase Charter (NPG-00121.2-0055) was approved October 2, 2013 which included a detailed scope of work
based on actual work completed on G7, G9, and G3.

An equipment supply agreement between OPG and American Hydro Corp (now WAH) was signed Feb 2007 for the supply of
runners for G3-G10. The runner for G10 was purchased under the terms of this agreement. The decision to purchase 8 runners
and the SAB1 overhaul program was recommended and supporied by the 2008 LCP for SAB1. The G10 RQE failed to allow
for escalation and exchange rate fluctuation, as provided for in the WAH agreement.

The Technical Specification covering equipment and components which was based on previous SAB1 upgrades has stood up
well during execution of the main EPC contract. That general contractor is responsible for completing the design (mechanical,
electrical, civil), manufacture of parts, supply of equipment (except the runner), removal of existing equipment, and installation
of new and/or refurbished equipment and installation of all of equipment and materials. It is believed that his sirategy has
reduced the execution cost and the associated risk to OPG, over what it would be under a multiple contracts scenario.

An Initial Project Execution Plan (PEP) with Risk Analysis (NPG-00121.1-0025) was approved June 25, 2014 and is attached
below.

The unit is being overhauled during a Planned Qutage from October 2015 extended to February, 2017.

This approach was recommended since it addresses availability and reliability concerns, had the highest NPV, and lowest risk
profile. It is also consistent with Renewable Generation and Power Marketing mandate to maintain and develop hydro
resources

*Associated with OPG-STD-0076, Developing and Documenting Business Cases
OPG-TMP-0004-R004 (Microsoft® 2007)
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Project #: BK180649 (SAB10050) Document #: NIAG-REP-08707.021-0201
Project Title:  G10 Major Overhaul and Upgrade, <Superseding> <Execution> Release
Deliverables: Associated Milestones (if any): Target Date:
This phase of the project will:
Complete the mechanical and electrical installation and ! Equipment in Service Feb 2017
commissioning work.
EBCS BK180649
(SAB10050) G10 Majo
Part D: Project Cash Flows, NPV, and OAR Approval Amount
k$ LTD 2016 ‘ 2017 2018 2019 2020 2021 Future Total
_Currenﬂy Released 14600 | 12,400 | | . 27,000
Requested Now 2 4816 | 1,324 | ;r ' 6,140
Future Required - ' ” B [
Total Project Cost 14,600 17,216 1,324 33,140
Ongoing Costs = _
Grand Total 14600 | 17.216 | 1,324 | 33,140
Estimate Class: Class 1 _Estimate at Corp@pz__! 133,140

NPV:

OAR Approval Amount: | 33,140

Additional Information on Project Cash Flows {optional):

The 2016 cash flow will be managed within the Niagara Operations budget envelope; the 2017 cash flow will be incorporated in
the 2017 Business Plan.

Part E: Financial Evaluation (Revised to reflect current approval request)

Upgrade to Base Case : . Upgrade to
M$ S55MW,63MVA |  NoProject | MinorOverhaul | Major Overhaul | . MW, 68 MVA
Project Cost 33.1 N/A 7.1 22.3 446
NPV 22.0 219 18.3 17.5 19.5
Incremental NPV 0.1 N/A (3.6) (4.4) (2.4)
Summary of Financial Model Key Assumptions or Key Findings:

Energy projections per the SAB1 LCP are still valid.
Project costs are based on actual costs and current projections of work to complete.
The potential for a higher MCR during the Darlington refurbishment program has not been included.

NPV SAB10050 G10
Overhaul & Up...

OPG-TMP-0004-R004 (Microscft® 2007)
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Part F: Qualitative Factors

Sustainable Development
Since hydroelectric generation is a renewabple source of energy, the loss of a hydroelectric generating unit will increase the

environmental impact of meeting Ontario's electricity demands. This will potentially necessitate the supply of energy from other
less sustainable sources; therefore, increasing the reliability and production of SAB1 will potentially reduce the environmental
impact of meeting Ontario’s electricity demands.

Station Enhancement
Upgrades performed on the unit such as the modernization of the excitation system, unit protections and contrals will improve
the unit response and ensure compliance with Electricity market rules. This will enhance the overall station performance.

Health and Safety
The work will be completed in a manner that ensures G10 and associated equipment will be compliant with current corporate

and provincial health and safety standards. Efforts will also be made to ensure that any new equipment installed is ergonomic.
Enhancements such as upgraded lighting will improve the work environment and reduce health and safety risks to workers.

Environmental
An Environmental Assessment is not required for this project as the scope of this upgrade does not extend the operational
parameters for SAB1 past the parameters associated with the original 10 unit station configuration.

Part G: Risk Assessment

Risk Class Description of Risk Risk Management Strategy Post-Mitigation
Probability | Impact
Allowances have been made for the
expected spending trends to the end of
the project. A contingency is also
included consistent with the Estimate
Class. Although it is possible for
Cost Costs higher than expected additional problems to arise during Medium Medium
commissioning, Niagara has had recent
success with the Weir runner/Andritz
overhaul combination. The rewind
portion of the contract will be transitioned
to Owner Only.
2 The odds of there being significant
Scope F’!a ned Execulion Prase pdt compiess. additional discovery work are reduced at Low Low
Discovery Work this point.
Newly qualified fabrication process has
been developed with a firm delivery date.
Delay in completion of construction will Although it is possible for additional
Schedule result in lost generation revenue. problems to arise during commissioning, Medium Low
Potential risk to coil manufacturing. Niagara has had recent success with the
Weir runner/Andritz overhaul
combination.
Insufficient OPG resources (PES, PWU) | Required resources commitied to date
Fresoomse to support the work have been sufficient. i Lok
Confidence has been established that we
Due to volume of work and consolidation | will receive high quality coils based on
Quality/ of engineering packages, functional extensive work by Andritz at the expense Ll Low
Performance | specs and RFP packages may contain of a schedule delay. The prototype coils
errors. successfully passed testing requirements
and will continue to be spot checked. |
i Unit does not meet performance G10 is a repeat of G3 with some [
gt requirements additions. Lo Low

Additional Risk Analysis:
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Additional Risk Analysis:

G3 project was managed with multiple contractors and purchase orders which created many issues. G10 is being executed by
a single general contractor under only two purchase orders. Site execution to date has been very good. Major additional work

items that were not captured in the specification have been identified and addressed.

Part H: Post Implementation Review (PIR) Plan

Type of PIR Report i

» VTi[ggtﬁlnji‘s‘q\_/ingrrComﬁpletion Date

__Target PIR Completion Date

Simplified PIR February 2017 i February 2018

Measurable Eurmant Basgiine Target Result How will it be Who will measure it?

Parameter measured? (person/group)
MCR 45.9 MW 55 MW Unit Metering SAB1 Production
Apparent Power 55 MVA 63 MVA Unit Metering SAB1 Production
Runner Efficiency at 1986 Gibson Test Gibson Test Tech Supp Eng
best efficiency point. HTO / P&T
Runner Cavitation N/A As per model testing Visual Inspection NPG Asset/Projects

results (cavitation
guarantee is 59 Mw)

Part I: Definitions and Acronyms

Megavolt Ampere (a unit of measure of apparent power)

Polytetrafluoroethylene - a synthetic polymer with numerous applications. The best known brand name is Teflon.

BP Business Plan

HTO  Hydro-Thermal Operations
LEM  Leading Edge Maintenance
LCP Life Cycle Plan

MCR  Maximum Continuous Rating
MW Megawatts

MVA

NPG  Niagara Plant Group (now Niagara Operations)
NPV Net Present Value

P&T Performance & Testing

PES Plant Engineering Services
PTFE

PWU  Power Werkers Union

RQE  Release Quality Estimate
RFP Request for Proposal

SAB  Sir Adam Beck
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Appendix A: Summary of Estimate (Revised)
Project Number: | BK180649 (BK180649 (SAB10050)) - T
Project Title: G10 Major Overhaul and Upgrade
kS LTD 1 2016 ‘ 2017 2018 2019 2020 | 2021 Future Total %
OPG Project
Management 340 695 142 1,177 é 36
OPG Engineering |
(including Design) 67 291 50 408 1.2
QPG Procured
Materials . 1,698 545 2,243 6.7
OPG Cnst Labour 368 1,245 240 1,853 5.6
Design
Contract(s)
Consftruction
Contract(s) 14,654 9,414 572 | 24,640 743
EPC Contract(s) .
Consultants 182 | 79 0 261 8
Other Contracts / |
Costs
Interest [ 180 633 120 913 2.8
Subtotal 17,469 | 12,902 1,124 31,485 95.0
Removal Costs 645 645 | 1.9
Contingency 0 800 200 1,000 3.1
Total 18,114 | 13702 | 1,324 ] | 33140 | 100.0
Notes

Project Start Date 0ct-2015 | Tl Dafifiton soet 34

{excludes unspent contingency for Nuclear)
'll:')argat In-Service {(or AFS) February-2017 Contingency included in this BCS N/A

ate (Nuclear only)
L Total contingency released plus
Target Completion Date February -2017 contingency in this BCS (Nuciear only) N/A
- Total released plus this BCS without

Escalation Rate 1.7% contingency (Nuclear only) NIA

Total released plus this BCS with

*]

Interest Rate 5.26% contingency (Nuclear only) NiA
Removal Costs $645k EseimEs o Lot wion 33,140

{includes only spent contingency for Nuclear)
Prepared by: Approved by:
Rick Comacchio Date Ken Prince Date
Project Leader 20186-05-27 Section Manager - Projects 2016-05-27
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I Appendix B: Comparison of Total Project Estimates and Project Variance Analysis

Comparison of Total Project Estimates
Total Project Estimate in k$ Total
Phase | Release Apg;fe"a’ r (by year including contingency) Future Project
2014 | 2015 [ 2016 | 2017 | 2018 | 2019 Estimate
Init & Def Full 2013-10-18 | 100 | 11,500 | 15.400 | ' 27,000
Exec Partial | 2014-05-17 | 820 | 12,750 | 13430 27,000
Exec Full 2015-01-13 | 930 ' 13,610 12,400 | 27,000
Exec Full 990 | 17,124 | 13702 | 1324 E 33,140
!
|
Project Variance Analysis
k$ j LTD Tot] Prgjeat Variance Comments
LastBCS | This BCS
e | 1385 | 1177 a0 | Querestiat fom origral RE fas esuted n
QPG _Engine_erlng I 240 408 168 Higher than bu!:fggted cost, parﬂg dug to additional
(including Design) coverage re: winding manufacturing issues.
|
3:2:;"’;““’" 1,375 2,243 868 Qﬂ?.i?é’sla;ﬁﬁsﬂﬁlfg?;gé’%géiﬂf;??;ﬁxﬁfgfé?“ °
cone tip.
OPG CNST Labour 1,853 1,853 | No budget allowance included in original RQE.
Design Contract(s)
Higher than expected cost on award, and higher
Finkeiog
Removal Costs included $645k
EPC Contract(s)
Consultants 120 261 141 | IESO/Hydro 1/Pinchin, ete.
?ther Contracts /
Costs
Interest 303 813 610 | 7 months schedule extension
Subtotal 24,573 32,140 7,567
Original contingency | 2.427 | (2,427) | Consumed by cost variances
Revised Contingency _' 1,000 1,000 | Added new contingency: 15% of remaining spend
Total | 27000 33,140 6,140
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