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SEC Interrogatory #1

Interrogatory

Reference: [H1-1-1, Table 7b]

Question:

With respect to the 2017-2021 in-service additions eligible for inclusion in the CRVA
for regulated hydroelectric:

a. Please explain the difference between ‘Total Project Cost’ and ‘1st Execution
Business Case costs.

b. For each project that had a final in-service date after 2021, please provide the
Total Project Costs and 1st Execution Business Case forecast for the equivalent
scope of work that involved in-service additions between 2018 and 2021.

C. For all projects whose final in-service date is after 2021, please provide the final
total in-service costs.

d. For all projects with a total forecast cost above $10M, please provide a copy of
the following documents:
i 1st Execution Business Case
i. Any subsequent Business Cases
ii. A copy of all internal audits, reviews (internal or external), or similar

documents discussing project performance.

e. Have any of the projects increased hydroelectric generating capacity? If so,
please provide details including the actual increase.

Response

a. “First Execution Business Case” cost represents the total project cost estimate

provided in the First Execution Business Case Summary (“BCS”), which, under
OPG’s current project management standards, would occur when a Class 3
estimate has been determined." “Total Project Cost” refers to the total actual cost
of a completed project, subject to any future close out costs that have not yet been
incurred.

In the course of preparing the response to this interrogatory, OPG identified that
the First Execution Business Case estimates for several projects presented in Ex.
H1-1-1, Table 7b, col. (c) incorrectly utilized the Full Execution BCSs as the

' As explained in Ex. L-H-Staff-07 part a), for certain Execution BCSs pre-dating the implementation of standardized
project management tools across the company, the cost estimates developed at the time may be considered to be
of a less accurate Class under OPG’s current project management standards.
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reference point for the “First Execution Business Case”. For these projects, which
includes the Sir Adam Beck | Generating Station — Unit G5 Major Overhaul project,
there was a Partial Execution BCS that preceded the Full Execution BCS.

OPG will file an updated version of Ex. H1-1-1, Table 7b and any necessary
changes to Ex. H1-1-1, Attachment 4 to correct the First Execution Business Case
cost estimates for these projects.

. There are no separate First Execution Business Case cost estimates for the

equivalent scopes of work comprising actual in-service additions between 2018 and
2021 for the projects identified in Ex. H1-1-1, Table 7b whose final in-service date
is listed as after 2021.

Total Project Costs for the scopes of work that involved the above in-service
additions are represented by the amounts of these in-service additions, as
summarized in Chart 1 below.

Chart 1
Project Total In-Service Reference
Amounts 2018-2021 (Ex. H1-1-1, Table 7b,
($M) sum of cols. (e) to (h))
Aguasabon GS — Surge 23.1 Line 14b
Tank Replacement
Abitibi Canyon GS — Unit 8.1 Line 15b

G5 Stator Winding
Replacement

Caribou Falls GS — Auto 14.6 Line 16b
Sluice System
Replacement

Sir Adam Beck | GS — 11.6 Line 17b
Units G1, G2
Replacement
Ranney Falls GS G3 53.7 Line 18b

c. Forall projects identified in Ex. H1-1-1, Table 7b whose final in-service date is listed

as after 2021, Chart 2 provides the total in-service costs, subject to final project
close out where it had not yet occurred at the time of this application.

Witness Panel: D&V
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Chart 2
Project Total In-Service Amount
($Mm)
Aguasabon GS — Surge Tank 24.5
Replacement
Abitibi Canyon GS — Unit 5 8.5
Stator Winding Replacement
Caribou Falls GS— Auto 15.9
Sluice System Replacement
Sir Adam Beck | GS — Units 112.9
G1, G2 Replacement
Ranney Falls GS G3 74.5

d. Consistent with OPG’s Filing Guidelines,2 OPG is providing Business Case
Summaries and project performance reviews for projects with a Total Project Cost

above $20M:
i. and ii. Business Case Summaries:
Chart 3
Project Total Project Documentation Provided
Cost® ($M)
Sir Adam Beck | GS 30.8 Attachment 1 (confidential):

— Unit G10 Major
Overhaul and
Upgrade

2014)

2015)

2016)

First Execution BCS (June 21,

Attachment 2 (confidential):
Execution BCS (January 13,

Attachment 3 (confidential):
Superseding BCS (August 31,

2 EB-2011-0286, Filing Guidelines for Ontario Power Generation Inc., November 11, 2011, p. 14.

3 Total Project Costs shown above include removal costs expensed to OM&A and the capital costs associated with
the project. Some BCSs also contain estimates for non-standard OM&A projects undertaken at the same facility in
addition to the capital project. Non-standard OM&A projects are managed and funded as separate scopes of work
and are excluded from the Total Project Costs shown above. OPG has not recorded any costs for non-standard

OM&A projects in the CRVA.

Witness Panel: D&V
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DeCew Falls Il GS — 35.5 Attachment 4: First Execution
Unit G2 Overhaul BCS (April 20, 2016)
and Upgrade
Manitou Falls GS — 25.3 Attachment 5: First Execution
Auto Sluice System BCS (November 27, 2018)
Replacement
Attachment 6: Project Over
Variance Approval (November
17, 2021)
Sir Adam Beck | GS 447 Attachment 7: First Execution
— Unit G5 Major BCS (August 30, 2018)
Overhaul
Attachment 8 (confidential):
Execution BCS (November 26,
2018)
Attachment 9: Project Over
Variance Approval (March 22,
2021)
Attachment 10 (confidential):
Superseding BCS (September
17, 2021)
Aguasabon GS — 26.4 Attachment 11: First
Surge Tank Execution BCS (November 19,
Replacement 2019)
Attachment 12 (confidential):
Execution BCS (February 05,
2020)
Attachment 13: Project Over
Variance Approval (December
07, 2021)
Sir Adam Beck | GS 122.8 Attachment 14 (confidential):

— Units G1, G2
Replacement

First Execution BCS (October
23, 2019)

Attachment 15: Project Over
Variance Approval (October
07, 2020)

Witness Panel: D&V
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Ranney Falls GS G3 74.5 Attachment 16: First
Execution BCS (March 14,
2017)
Sir Adam Beck Pump 48.7 Attachment 17: First
GS - Reservoir Execution BCS (August 18,
Replacement 2015)
ii. Project Performance Reviews (see Note):
Chart 4
Project Total Documentation Provided
Project
Cost
($M)
Sir Adam Beck | GS — 30.8 Attachment 18: PCR (December 21,
Unit G10 Major 2018)
Overhaul and Upgrade
DeCew Falls Il GS — 35.5 Attachment 19: PCR (October 4,
Unit G2 Overhaul and 2023)
Upgrade
Manitou Falls GS — 25.3 Project closeout in progress, no PCR
Auto Sluice System
Replacement
Sir Adam Beck | GS — 44.7 PCR and PIR in progress
Unit G5 Major
Overhaul
Aguasabon GS — 26.4 Attachment 20: PCR (December 8,
Surge Tank 2023)
Replacement
Sir Adam Beck | GS — 122.8 Attachment 21: PCR (October 13,
Units G1, G2 2023)
Replacement
Attachment 22: |IA Report (February
28, 2020)
Ranney Falls GS G3 74.5 Attachment 23: |A Report (November
23, 2018)
Attachment 24 (confidential): PCR
(November 2, 2023)

Witness Panel: D&V
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Sir Adam Beck Pump 48.7
GS - Reservoir
Replacement

Attachment 25: PCR (January 30,
2018)

Attachment 26 (confidential): PIR
(January 31, 2018)

Note:

PCR: Project Closure Report
PIR: Post-Implementation Report
IA: Internal Audit

e. Chart 5 sets out regulated hydroel

ectric projects with actual in-service additions

between 2017 and 2021 that have increased hydroelectric generating capacity:

Chart 5

Overhaul

Project Maximum Continuous Rating (MCR)
Increase (MW)
Sir Adam Beck | GS — Unit G10 Major 45.91t055.0
Overhaul and Upgrade
Sir Adam Beck | GS — Unit G5 Major 53.1 t0 58.0

Sir Adam Beck | GS — Units G1, G2
Replacement

0 to 57.5 per unit

Ranney Falls GS G3

0.8to 10

Refer to Ex. H1-1-1, Attachment 4 for further project details.
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Filed: 2024-03-22
EB-2023-0336

Exhibit L-H-SEC-01, Attachment 1

Page 1 of 6

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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OPG-FORM-0075-R004
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)
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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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GENERATION - See Guidance Section OPG-FORM-0076-R005

- 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)
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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

OPG-TMP-0004-R004 (Microsoft® 2007)
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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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Type 3 Business Case Summary
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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Type 3 Business Case Summary

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)
Page 3 of 6
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Type 3 Business Case Summary

Project #: SAB10050 Document #: NF20-BCS-08707.021-x00
Project Title:  G10 Major Overhaul and Upgrade, <Fuli> <Execution> Release

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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Type 3 Business Case Summary

Project #: SAB10050 Document #: NF20-BCS-08707.021-x0cx
Project Title:  G10 Major Overhaul and Upgrade, <Fuli> <Exscution> Release

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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Type 3 Business Case Summary
Project #: SAB10050 Document #: NF20-BCS-(08707.021-00cx
Project Title:  G10 Major Overhaul and Upgrade, <Full> <Executlon> Release

This page is intentionally left blank
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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> Release

For Internal Project Cost Contro!
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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> Release

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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Type 3 Business Case Summary
Document #: NF20-BCS-08707.021-00x

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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Type 3 Business Case Summary
Document # NF20-8CS-08707.021-xxxx

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

OPG-TMP-0004-R004 (MicrosoR® 2007)
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Type 3 Business Case Summary

Project #: SAB10050 Document #: NF20-BCS-08707.021-xxxx
Project Title:  G10 Major Overhaul and Upgrade, <Fuli> <Execution> Release

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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Type 3 Business Case Summary

Project #: SAB10050 Document #: NF20-BCS-08707.021-00x
Project Title:  G10 Major Overhaul and Upgrade, <Fuil> <Execution> Release

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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Type 3 Business Case Summary

To be used for investments/projects meeting Type 3 criteria in OPG-STD-0078.,

Executive Summary and Recommendations

Page 1 of 12

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
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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 _,
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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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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:

OPG-TMP-0004-R004 (Microsoft® 2007)
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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

OPG-TMP-0004-R004 (Microsoft® 2007)
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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

OPG-TMP-0004-R004 (Microsoft® 2007)
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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

OPG-TMP-0004-R004 (Microsoft® 2007)
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Executive Summary and Recommendations

Project Information

Project #: DQ280851 (Capital) | Document #: | NIAG-REP-08707.021-0189 R00

Project Title: | G2 Overhaul & Upgrade

[] OM&A Capital [] Capital Spare
Class: OMFA  [JCMFA [] Provision Investment Type: Sustaining
[] Others:
Phase: Execution Release: Full
i Target In-Service or
Facility: Decew Falls (NF23) Completion Date: FEB 14-2018

Project Overview

We recommend the release of $37,350k, including $5,440k of contingency. The estimated total project cost is
$38,100k, including $5,560k of contingency.

The quality of the estimate for this release, and for the total project is AACE Class 3.

This release will fund the following scope of work:
e A new reliable 90 MVA Generator and overhauled Turbine, producing 72 MW MCR.

o Upgrade of relevant downstream electrical equipment and protections as required, to ensure G2 generator output is safely
and reliably delivered to the grid.

e Removal of the current operating 9MW unit de-rating.

Problem Statement/Business Need:

The unit is currently de-rated, experiencing increased outages, and has a potential risk of generator failure. This project is
necessary to ensure safe and reliable operation of the unit capable of meeting Independent Electricity System Operator
("IESQ") committed Mega Watts (‘MW"). As per the Risk Treatment Plan (NF23-PLAN-09823-0001) this project eliminates the
very-high financial risk identified in the 2015 ERAP.

Summary of Preferred Alternative:

e Replace the generator with one that is appropriately sized to keep future options open. The project is based on
accommodating operation of G2 at its maximum runner capability of ~76 MWe. Maximum Continuous Rating (“MCR") will
remain at 72 MW,

e Replace the turbine shaft with one that is appropriately designed to keep future options open and provides an adequate
safety factor. The same diameter is expected and a new head cover will not be required.

¢ Re-use the existing runner and include cavitation repairs to the runner and draft tube (overhaul turbine).

e Upgrade of electrical equipment such as breaker and switchgear, transformer cooling, full static excitation system and unit
controls and instrumentation.

For detailed scope of work for this alternative refer to NIAG-REP-00121.2-0002

*Associated with OPG-STD-0078, Developing and Documenting Business Cases
OPG-TMP-0004-R004 (Microsoft® 2007)
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Project Title:

DQ280851 (Capital)
G2 Qverhaul & Upgrade, <Full> <Execution> Release

Project Overview

History of BCS releases and project cost estimates:

Definition BCS release was approved on Feb. 6, 2015 for $750k which has covered costs for Scope Definition, creation of the
Technical Specification and creating the Request for Proposals documents.

The 2015-17 Business Plan included $44,430 (CAP), based on a scope that included a new runner as well as powerhouse
movement mitigation measures.

The revised project estimate based on mid-range contractor bids proposals is $38,100k encompassing Alt. 1 scope which
includes; a new generator, overhauled turbine, and replacement of all necessary components. This alternative re-uses the
existing runner.

History of scope and schedule changes:
Initial Scope was for a New Stator only (Initiation Phase Charter and Business Plan 2014-16).
Scope developed in the Definition Phase was for a New Upgraded Generator, New Turbine Shaft, and a Turbine Overhaul.

Including a new runner in the scope was discussed and evaluated during the Definition Phase, but was not the preferred
alternative.

Key Assumptions and Risks:

The development of this project will be expedited to the extent possible, recognizing the increasing risk of failure as the unit
continues to operate.

Project Cash Flows, NPV, and OAR Approval Amount

k$ LTD 2016 2017 2018 2019 I 2020 Future Total
Currently Released 750 750
Requested Now - | 10,829 25,730 791 37,350
Future Required -
Total Project Cost 750 | 10,829 25,730 791 38,100
Ongoing Costs -
Grand Total 750 | 10,829 25,730 791 38,100
Estimate Class: Class 3 Estimate at Completion: | 38,100
NPV: 284,690 OAR Approval Amount: | 38,100
Additional Information on Project Cash Flows (optional):

(k$) | 2015 2016 | 2017 2018 Total

BP 2016-18 250 11,740 25,625 0 37,615

Summary of Estimate 222 11,357 25,730 791 38,100

Variance (SoE — BP) (28) (383) 105 791 485

The current Summary of Estimate is slightly higher than BP 2016-18; changes will be managed within the revised budget
envelope.

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. 1

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

Recommended by (Project Sponsor): N i
Allan Reid QMQAB,A(D W{, //L
Plant Manager, Niagara Operations

Finance Approval: v
Ken Hartwick :
SVP Finance, Strategy, Risk & CFO /Z_\ K ’ﬁ / f Xy £

per OPG-STD-0076
| 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. A

Approved by:

Jeff Lyash _

President and CEO per OAR 1.1 A . /77,)_:/ A0 2y
// / r 4 T,
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Business Case Summary

Part A: Business Need

The unit is currently de-rated, experiencing increased outages, and has a potential risk of generator failure. This project is
necessary to ensure safe and reliable operation of the unit capable of meeting Independent Electricity System Operator
(“IESO") committed Mega Watts (“MW").

Background of Issues:

On November 13, 2012, a loud, low frequency hum was discovered by an Asset Engineer and recognized as a possible
indicator of loose stator components. Preliminary investigation revealed severe fretting at the upstream split in the sectional
stator, cracks in key-bar brackets, and other issues in this area of the stator core.

Plant Engineering Services (“PES") conducted a root cause technical investigation (R-NF23-42120--0003) on G2 stator failure
which identified 2 main causes:

e  Apparent overloading of the unit for the last six or more years (due to unrecognized design differences between G1
and G2)

e The opening of the stator core split in the upstream area (although this was the design philosophy of the original
generator, it is recognized as a weak design today)

To conclude this project addresses G2's emergent generator issues: shortened life compared to design life, lower output,
higher maintenance costs and longer outage duration. Completion of this project will restore lost revenue potential and
mitigate the risk of unplanned generator outages.

Part B: Preferred Alternative: Upgrade Generator, Replace Turbine Shaft, and Turbine Overhaul

Description of Preferred Alternative

e Replace the generator with one that is appropriately sized to keep future options open (i.e. future runner replacement and
associated draft tube re-profiling)

e Replace the turbine shaft with one that provides an adequate safety factor. The same diameter shaft is expected and a
new head cover will not be required.

e Re-use the existing runner and repair cavitation on the runner and draft tube (overhaul turbine).

= A comprehensive look at the units’ power equipment and condition to ensure all systems are sized to meet the units’
current and expected future rating.

e This alternative produces the highest Net Present Value (see Part E), and is recommended as it provides an expedited
schedule with fewer component interdependencies (co-ordinating generator design with runner design). A conservative
approach is preferred given the current state of the unit and potential for generator failure.

Deliverables: Associated Milestones (if any): Target Date:
Present to Asset Management Committee March 21, 2016
BCS Approval April 15, 2016
NF23 G2 Outage Start Nov. 7, 2016
Contractor Substantial Completion Dec. 13, 2017
Planned Unit in Service Feb. 14, 2018
Project Closure Report Complete Aug. 30, 2018
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Part C: Other Alternatives

Summarize all viable alternatives considered, including pros and cons, and associated risks. Other alternatives may include
different means to meet the same business need, and a reduced or increased scope of work, etc.

Alternative 2: Upgraded Generator & New Runner

s There exists a limit on the water that can be discharged by the Decew facility into the 12 Mile Creek. The water is
currently portioned between ND1 (Decew GS #1 G5, G6, G7, G8) and NF23 (Decew GS #2 G1 and G2). The older ND1
station has a historically favourable GRC arrangement which negates efficiency gains that could be made by diverting
more water through NF23. As such, a new runner would not be able to take advantage of higher throughput until water is
available from ND1. This would happen when ND1's favourable arrangement expires.

e A new runner would improve cavitation performance to the extent possible, but would also require re-profiling the draft
tube to realize efficiency gains.

s Replace the turbine shaft with one that provides an adequate safety factor. The same diameter is expected and a new
head cover will not be required.

s This is not the recommended alternative as the schedule risks associated with the new runner were found to be
intolerably high given the risk of generator failure and the gains from the new runner would not be realized until some
future date.

Alternative 3: Status Quo (Base Case)

e Continue to operate the unit with regular inspections and repairs. This could include identifying an operating point that
would result in minimal vibrations and applying operating restrictions to operate the unit at this point. This unit restriction
would result in ongoing economic losses.

e This alternative was rejected as there is still a risk of generator failure (current repairs are expected to be a short term fix)
resulting in a long term forced outage while an overhaul is carried out.

Alternative 4: Replace Generator Only

¢ Replace the generator with a unit that matches the previous 72MW rating.
e Cavitation repairs to the runner and draft tube.
e This alternative was rejected as it would leave a turbine shaft in place with a marginal factor of safety.

Alternative 5: Repair Stator Core

e The repair involves a re-pile of the core.

e This alternative was rejected as; it is difficult to complete without damaging other parts of the unit, the likelihood of a
successful repair is low, and the longevity of the repair is probably only a few years.
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Part D: Project Cash Flows, NPV, and OAR Approval Amount (duplicate from Overview section)

k3 LTD 2016 2017 2018 2019 2020 Future Total
Currently Released 750 750
Requested Now - 10,829 25,730 791 37,350
Future Required -
Total Project Cost 750 10,829 25,730 791 38,100
Ongoing Costs -
Grand Total 750 10,829 25,730 791 38,100
Estimate Class: Class 3 Estimate at Completion: | 38,100
NPV: 168,659 OAR Approval Amount: 38,100
Additional Information on Project Cash Flows (optional):

(k$) — 2015 2016 2017 2018 Total

BP 2016-18 250 11,740 25,625 0 37,615

Summary of Estimate 222 11,357 25,730 791 38,100

Variance (SoE - BP) (28) (383) 105 791 485

The current Summary of Estimate is slightly higher than BP 2016-18; changes will be managed within the revised budget
envelope.

Part E: Financial Evaluation

k$ Preferred Alternative Alternative 2 Status Quo Alternative 4 Alternative 5
: Alternative Alternative Alternative
Peigjgst Cost 46.1h0 41,850 Rejected Rejected Rejected
NPV 294 077 291,191
Incremental NPV 2,886

Summary of Financial Model Key Assumptions or Key Findings:

Alternative 1 (Replace the Generator &Turbine Shaft, Overhaul the Turbine and Runner)

e Replace the generator with one that is appropriately sized for a future runner replacement and associated draft tube re-
profiling.

o 30 year life, 72 MW Capacity restored from 63 MW de-rating, 80% Capacity Factor.

Alternative 2 (Replace the Generator & Associated Power Equipment, Turbine Shaft & Turbine Runner, Overhaul the
Turbine)

e Assumes an increase in efficiency resulting in an additional 1 MW of capacity (MCR 73MW with available water).

e Assumes the Generator Fails before the runner can be delivered (24 month lead time).

e 30 year life, 73MW Capacity, 80% Capacity Factor.

Alternative 3 Status Quo (Overhaul the Generator, Turbine & Turbine Runner, Replace the Turbine Shaft
e Incremental OM&A is higher only for this option only.

e Minor Overhaul's assumed to gain approximately 10 years.

o  Operating De-rate of 9 MWV.
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Part F: Qualitative Factors

e The station is in the ‘work horse’ asset category and as such, the operating and maintenance strategy for the station

follows a basic preventive maintenance program and sustaining investments receive medium to high priority.

s Alternative 1 is recommended as it has an expedited schedule with fewer component interdependencies (coordinating
generator design with runner design).

s A conservative approach is preferred given the current state of the unit and potential for generator failure.

Part G: Risk Assessment

Risk Class Description of Risk Risk Management Strategy Post-Mitigation
Probability I t
A well-defined scope has been prepared, actual
Cost Costs higher than expected. contractor pricing included and appropriate Medium Low
contingency carried.
Project is carrying a contingency of ~15%;
Additional scope discovered discovery work will be addressed as it comes , )
during execution up; strategy will be to accept necessary Miedium MeaniH
discovery work to ensure a quality product
Movement of the NF23 powerhouse is an
ongoing concern and has the potential to impact
Scope the new unit's alignment in the future. An
adjustable generator sole plate will provide
Powerhouse movement some mitigation for this risk but more Medium Low
significantly, a project (DQ282672) is in
development that will further define and
implement powerhouse movement mitigation
measures, as necessary.
Glaes Ebnotrecelved betore Accgpt !’ISk. Upfront plannl_ng and con'tlnual ‘
< monitoring of status by designated action Low Medium
project start date. i, A
owners to mitigate risk.
Accept risk. Upfront planning and continual
Schedule Crl::f eacr:der? (ﬁg?{; complated biefore monitoring of status by designated action Low Medium
prel ' owners to mitigate risk.
The contract award is delayed, A 15 month outage has been programmed to
which leaves insufficient time for provide adequate float. The turbine overhaul Kiiitres iz
contractor to do adequate has been overflowed to BTU to alleviate strain
engineering, material purchases. on internal resources.
Other outages/overhauls may ; . ;
Resources EUEIN resauIcEs; NOt. e‘nougbh stalf E?c:gui:ggﬁ"g g:i;::::gg :23 E}%T;n :;?:S:czgn;n Low Low
to commission the unit in a timely G2
manner. g
Unit reliability issues or does not - .
Quality/ feieiet paiforaica EXpoeialions Qéq;?rg\'rilg\ar:esa i:FePciSﬂL::l;T;gr:asl tgzqsléldrecr)?ﬁr:csént Low Medium
Performance | due to poor quality of pm‘ects " OPpG ctardzris
workmanship. Rro) :
Some embedded parts may not be e
able to be repaired in place and Evaluatg: CRIHI e unitis-dismantiey.. Cafy Medium Low
: appropriate contingency.
) may require replacement.
Technical - - -
Thorough inspection early, carry estimated
Cast iron head covers have had contingency for possible repairs if doable. If o e
problems in other plants. new head cover required, then accommodate
with CCA.
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Part G: Risk Assessment

Risk Class

Description of Risk

Risk Management Strategy

Post-Mitigation

External Stakeholder (Hydro One

Accept risk. Upfront planning and continual
monitoring and communication with external

Integration

G2 Penstock

group (West Approach Bridge &

Project)

stakeholders.

& Shickluna) may require outages 475 : ; Medium Medium
. d b stakeholders to ensure minimal disruptions to
during the duration of the project the project.
Interference or delays from i . .
: it Mitigate through early planning, execution and
parallel project within the plant continual communication with internal Medium Low

Additional Risk Analysis:

There is a risk that the unit could prematurely fail prior to the scheduled overhaul. Should this happen the project schedule will
be impacted as an accelerated execution will be highly desirable.

Part H: Post Implementation Review (PIR) Plan

Type of PIR Report

Target In-Service or Completion Date

Target PIR Completion Date

Simplified PIR

Measurable

FEB-14-2018

FEB-28-2019

How will it be

Who will measure it?

Parameter

Current Baseline

Target Result

measured? (personigroup)

Assess at Project

Unit In-Service February 2018 February 2018 Slossoiit Project Sponsor
Project Cost $38.1M $38.1M S Project Sponsor
Power Output 72 MW 72 MW Revenue meter ASSEL;;Z’;TC&"
Project Environmental 100% 100% Assess at Project Project Sponsor

Performance Index

Closeout
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Part I: Definitions and Acronyms

AACE - Association for the Advancement of Cost Engineering

BP - Business Plan
BTU — Building Trades Union
CAP — Capital

Cavitation — The formation of bubbles in a liquid due to pressure fluctuations which when collapsed can cause damage to

surfaces due to cyclic stress.

CIA - Customer Impact Assessment

EA — Environmental Assessment

IESO - Independent Electricity System Operator

LTD - Life to Date

MCR — Maximum Continuous Rating

MOT — Main Output Transformer

MVA — Mega Volt Amp

MW — Mega Watt

MWe — Mega Watt (electrical)

MWm — Mega Watt (mechanical)

NPV — Net Present Value

OPG - Ontario Power Generation

OM&A — Operations, Maintenance and Administration
PES - Plant Engineering Services (OPG Engineering)
PF — Power Factor

PIR — Post Implementation Review

SIA — System Impact Assessment
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Appendix A: Summary of Estimate

Project Number: | NIAG-REP-08707.021-0183 R00
Project Title: G2 Overhaul & Upgrade
k$ LTD 2016 2017 2018 2019 2020 Future Total %
OPG Project 4
Management 47 152 120 87 356 0.9%
External Project o
Management 99 273 50 423 1.1%
OPG Engineering o
(includifig Design) 99 475 441 38 1,053 2.8%
OPG Procured 4
Materials 1 10 0.0%
OPG Other (PWU) 139 379 518 1.4%
Design i
Contract(s) 71 71 0.2%
Construction o
Contract(s) 0.0%
EPC Contract(s) 7400 18,810 525 26,735 70.2%
Consultants 501 50 551 1.4%
Other Contracts / "
Costs 111 395 32 538 1.4%
Interest 5 443 1100 37 1,685 4.2%
Removal 400 300 700 1.8%
Subtotal 222 | 9,730 21,868 719 32,540 85.4%
Contingency 1,627 3,862 72 5,560 14.6%
Total 222 | 11,357 | 25,730 791 38,100 100%
Notes
: Total Definition cost
Peajeot Olad Rate g (excludes unspent contingency for Nuclear) ez
Target In-Service (or AFS) 2018-02-14 Contingency included in this BCS N/A
Date (Nuclear only)
_ ; Total contingency released plus
Target Completion Date 2018-12-31 contingency in this BCS (Nucear only) N/A
Line specific Total released plus this BCS without
Escalation Rate escalation % contingency (Nuclear only) N/A
Total released plus this BCS with
- 0,
Interest Rate 5.26% contingency (Nuclear only) N/A
$700k Estimate at Completion
Removal Gosta (includes only spent contingency for Nuclear) #3800k

Prepared by: Approved by:
/ 7
¢ =
— M
Richard éé:. Date Ken Prince Date 2ole"©3 ~ 3
Project Leader YYYY-MM-DD Section Manager - Projects YYYY-MM-DD
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I Appendix B: Comparison of Total Project Estimates and Project Variance Analysis I

Comparison of Total Project Estimates

Total Project Estimate in M$ o
. : : o
Phase Release Apg ;?:al (bY yeaz Insloding contngancy) Future Project
2005 | 2015 | 2016 | 2017 | 2018 | 2019 Estimate
Definition Full 02-05-2015 0.8 11.2 256 37.6
Execution Full 04-29-2016 0.2 11.4 25.7 0.8 38.1
Project Variance Analysis
k$ LTD Lo fe s Variance Comments
| LastBCS | ThisBCS | -
; Project Variance Analysis Not Applicable; This
OPG Project
Management release represents the first full release for the

project execution phase.

OPG Engineering
(including Design)

OPG Procured
Materials

OPG Other
Design Contract(s)

Construction
Contract(s)

EPC Contract(s)
Consultants

Other Contracts /
Costs

Interest
Subtotal
Contingency
Total
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Appendix C: Financial Evaluation Assumptions

Key assumptions used in the financial model of the Project are (complete relevant assumptions only):

Alternative 1 (Replace the Generator &Turbine Shaft, Overhaul the Turbine and Runner)

e Replace the generator with one that is appropriately sized for a future runner replacement and associated draft tube re-
profiling.

e 30 year life, 72 MW Capacity restored from 63 MW de-rating, 80% Capacity Factor

Alternative 2 (Replace the Generator & Associated Power Equipment, Turbine Shaft & Turbine Runner, Overhaul the
Turbine)

e Assumes an increase in efficiency resulting in an additional 1 MW of capacity (MCR 73MW with available water).
e  Assumes the Generator Fails before the runner can be delivered (24 month lead time)
e 30 year life, 73MW Capacity, 80% Capacity Factor

Alternative 3 Status Quo (Overhaul the Generator, Turbine & Turbine Runner, Replace the Turbine Shaft
e Incremental OM&A is higher only for this option only

e  Minor Overhaul's assumed to gain approximately 10 years.

s De-rate of 9 MW.

Project Cost:
Alt, 1. $38,100
Alt. 2. $41,950
Alt. 3. $60,000 over 3 minor overhauls

Financial (NPV):
Alt 1. $294,077k
Alt2. $291,191k
Alt 3. $251,851k

Project Life:
Alt1. 30 years
Alt 2. 30 years
Alt 3. Minor Overhauls every 10 years (compared over 30 year span)

Financial Evaluation As Reported above using SEVs

NF23 G2 BCS with
Hydro FE Models-Aug

Appendix D: References

R-NF23-42120--0003 Root Cause Technical Investigation
NPG-00121.2-0061 Terms of Reference
NIAG-CHAR-00121.2-0079 Project Charter
NIAG-REP-08707.021-0158 Definition Business Case Summary
NIAG-REP-00121.2-0002 Scope of Work
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Project Information

Project #: MAN82940/MANF0065 Document #: FP2-BCS-08707-0011 RO
Project Title: | Manitou Auto Sluice System Replacement
: [1OM&A [X Capital [] Capital Spare
Class: OMFA [ cCMFA []Provision Investment Type: Sustaining
: (1 others:
Phase: Execution Release: Full
Facility: Manitou GS ig‘(‘)ﬁ:} HReEBRNI oct 2020

Project Overview

To date, 216k has heen released for definition phase activities.
This is requesting the additional release of $23,784k to fund the execution phase.

The estimated total project cost Is $24,000k with $2,376k In contingency
Total business plan estimate is $24,684k
The quality of the estimate for this release is Class #3, and for the total project is Class #3.

This release will fund the following scope of work:

Engineering, Procurement, and Construction of two replacement, and one new auto-sluicing systems for Manitou GS,
including replacement of embedded parts.

Problem Statement/Business Need:

Typically auto sluice gates have a life expectancy of 40 to 50 years. Auto sluice gates #A and #B are 60 years old, are at end
of life and do not meet operational and design requirements. The existing gates Increase the risk of dam safety Issues due to
inadequate auto sluicing capacity and poor reliability. In order to safely pass station flows, the adjacent log sluice will be
converted to an auto sluice gate. This will provide OPG with the ability to respond reliably to market conditions, minimize dam
safety risks, optimizing water use, minimize financial losses and address end of life infrastructure.

Summary of Preferred Alternative:

Replacement of the existing auto sluice gates and associated equipment with an upgraded design will maximize operational
efficiencies, decrease incremental maintenance requirements, and optimize site conditions to provide for improved reliability
and increased frequency of operation. The addition of a 3/ auto sluice gate will relieve dam safety concerns which are present
due to the limited forebay storage capacity, which causes water levels to rise rapidly.

Part A: Business Need

The project is intended to provide OPG with reliable sluicing capability, minimize dam safety risks, optimize water use, address
end of life infrastructure and reduce OM&A costs associated with operating log sluices.

Manitou GS dam is located on the English river system. It is necessary to be able to respond dynamically to Ontario electricity
market conditions, which request the station output to be capable to both generate electricity and spill water. In order to
optimize our water usage and comply with water flows required by the Lake of the Woods Control Board, both spill fiexibility
and reliability are critical.

Due to present market conditions, the auto-sluice system at Manitou GS is frequently called upon to operate, often multiple
times throughout a given day. The operational pattern of stopping and starting has caused the existing gates and screw hoists
to experience_significant wear resuiting in varying failures of equipment (cracked bell housings, failing torque limiters, failed

*Associated with OPG-STD-0076, Developing and. Documenting Business Cases
OPG-TMP-0004-R004 (Microsoft® 2007)
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Part A: Business Need

heating, leaking gear boxes). These equipment failures have reduced OPG's ability to reliably operate and maintain availability.
Ideally, the existing gates would be suitable for up to 10 operations per day; however, they are currently limited to only 3
operations per day to provide a balance between failure rate and operational requirements. Furthermore, the current system is
not designed for such frequent usage/maintenance, and thus there is a limited amount of maintenance that can be done on the
gates, further limiting its operational capabilities.

In addition to the operational limitations of the auto-sluice system, there are also significant health and safety problems that
restrict access and manual operation of the system. During winter months, maintenance personal are often dispatched to site
to manually operate gates or to troubleshoot the system. This typically results in hazards associated with ice falling from the
structure. Furthermore, access to the top of the hoaist is a significant health and safety risk due to the possibility of falling from
the ladder or hoist bridge. The current open style bridge also requires employees to work in difficult elements such as wind,
extreme cold and icy conditions. Personnel rescue is difficult due to poor access to the bridge. In addition, the equipment was
not designed for current legislative safety requirements (guardrails, tie off points). Access inside the gate to maintain and/or
repair the gate heaters is significantly restricted and cumbersome.

The existing auto-sluice system at Manitou GS is approximately 60 years old, and even with minor rehabilitative upgrades
completed over the past 25 years, the equipment has reached end-of-life. Both the screw hoists and the gates were evaluated
to determine if rehabilitation or replacement were viable, and it has been shown that complete replacement of the system
would provide OPG the best value and performance to meet the operational requirements. In addition, the auto sluices have
been assessed as a high risk under the Engineering Risk Assessment Program

A dam safety risk is currently present due to the fact that full station flow cannot be quickly transferred to the auto sluice system
when needed. This could and has happened when the generating units trip off and they cannot be brought back online
remotely or quickly. In addition, the forebay at this station is small which compounds this issue. Converting the adjacent log
sluice to an automated gate will minimize these risks as well as reduce OM&A costs by $9k per year.

Part B: Preferred Alternative: Complete replacement of existing auto-sluicing system

Description of Preferred Alternative

The Preferred alternative consists of the design, manufacture, and installation of a complete new auto-sluicing system. This
includes the demolition and removal of the existing gates, superstructure, screw hoists, electrical components, sluiceway gains
and embedded parts. Under this alternative, the existing sluiceway gains will be completely replaced which includes new
secondary concrete, embedded anchors, roller path and seal path. The adjacent log sluice will also be converted to an
automatic sluice gate to minimize dam safety risks, improve reliability and allow OPG to better respond to market conditions.
The embedded parts in the 3 sluices will be aligned as well as the sectional gate gains will be replaced and aligned. This is
included due to the unknown amount of concrete creep that has occurred within the dam which would ultimately inhibit the use
of the sectional gates in the future if left untouched. i

In 2015, Plant Engineering Services (PES) completed a project study (File: PES-MECH-2015-015; Report: NWO-REP-29423-
0001) providing recommendations as to how North West Operations should approach the Sluicegate Rehabilitation program.
The report states that the existing gates and embedded parts are at end of life and should be replaced. The recommendation
to replace the auto-sluicing system was chosen after evaluating other options such as refurbishing the gate and existing screw
hoists, replacing only the gate, and/or retrofitting the gate and hoist with features to extend the usable life of the system as well
as improve operational performance. The preferred alternative offers a longer life expectancy, greater reliability and operability,
as well as the best value for money. Budgetary pricing from Andritz Hydro has confirmed that OPG’s best solution is to replace
the auto sluice gates due to the high costs and limited performance of a gate refurbishment.

The new systems will address the noted health and safety issues by including the following:
e Hoists will be enclosed which will limit exposure to ice build up
e  Electrical control panels will have ice shelters constructed to reduce the risk of falling ice
e Enclosed stair access will be installed
e Equipment inside the gate will be much more accessible
e Gates will be equipped with emergency rescue capabilities as well as equipment hoists to aid in work in the gate.

The primary driver to convert the adjacent log sluice to an automatic sluice gate is Dam Safety. This conversion will address
the following dam safety concerns at Manitou Falls.

1) In the event the units are tripped or forced offline and cannot be brought back online quickly via the NWCC or with
local maintenance staff, the forebay will rise rapidly until water can be released. Auto sluice gates are important in
this aspect in the event personnel cannot reach the plant to operate log sluices due to weather, road washouts or
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Part B: Preferred Alternative: Complete replacement of existing auto-slulcing system

Description of Preferred Aiternative

2)

3)

4)

forest fires. During higher river flows, the added 3™ auto sluice gate would allow the automated gates at the station to
pass station unit flow until staff were able to get to site to address any issues.

Added auto sluicing capacity is aiso required to maintain river flows as directed by the Lake of the Woods Control
board and to ensure compliance with other key stakeholders. This station was originally staffed 24/7 when first built
which allowed station staff to make changes to station discharge as required. The station in now managed under the
Kénora/Ear Falls Work center, and staff are not always available to operate the manually operated log machine. In
some instances such as extreme cold and snow, it is not feasible to operate the log machine at all. Regulatory
conditions have also become much more stringent since the station was first built in the 1950's, placing tighter
controls on river flows and thus requiring more auto sluicing capacity to support market conditions.

Adding a 3@ gate will allow for more flexibility to conduct maintenance on auto sluice gates as well as less impact to
dam safety when an auto sluice gate breaks down,

In the past, NWCC would force on generating units through the IESO during periods of high flow to pass more water
as required. With current market conditions, this is becoming much more difficult, resulting in the need for additional

Page 3 of 9

auto sluicing capability.

Deliverables:

—_— ]

Associated Milestones (If any): Target Date:

Project Conceptual Design Review

De3|gn Englneerlng of Galns/Embedded Parts B
Design Engineering of Gate Hoists and Hoist House
Design Engineering of new Gates

Design Engineering of Superstructure

Manufacturing, Fabrication, and Dellvery of
Equipment

leelation of SpillWay by cohtractor

DemolltionofE sting Sluuceway Systems B

!nstallatlon and Constructlon of Galns/Embedded
Parts

Installation of new Gates

_jlnstallatlon of Superstructure Honst—House. and Hmsts

Dry Commissioning, Wet Testing, and Final
Acceptance

| All permits obtained
| One gate to remain fully operational

OPG to Review/Approve Jan 2019
_Obtain NPA | Permlts |
|Aproved  |Feb2ots
| Approved __feb 2019 i
_| Approved ____| March 2019
Approved April2019

OPG Witness Inspections
Delivery to Site

i _Ip_s_pections at Site

Turn-over to Contractor

Gain Alignment checked and verified

D;y Test Pe_sses- OPG -Req.uirements 4
Wet Test Passes OPG Requirements
OPG Acceptance

| 2019

July 2019 to Aug 2020

April 2019
Commence June 5619—
Commence August 2019

Corﬁmenee September

Commence Sepf 2‘-019

Gate A, October 2020
Gate B August 2020,
Gate C October 2019

Part C: Other Alternatives

Alternative 2: Base Case - Do Nothing

Summarize all viable alternatives considered, including pros and cons, and associated risks. Other alternatives may include
different means to meet the same business need, and a reduced or increased scope of work, etc.

demands.
This is not the recommended alternative.

This is not the recommended alternative, as it will continue to limit our ability to meet the current operational requirements and
to adequately maintain the sluice gates given the current access issues. Dam safety risks are not mitigated with this option.
With the do nothing option the gate performance will continue to degrade and limit our ability to respond to the changing

OPG-TMP-0004-R004 (Microsoft® 2007)
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Alternative 3: Complete refurblshment of existing gate

This is not the recommended alternative.

Previous project budget estimates for refurbishment of Pine Portage GS sluice gates (similar to Manitou) show that it is actually
more expensive than a gate replacement and would not operate at the same performance as a new gate. Failures of screw
type actuators after refurbishment at other OPG locations in less severe climates have shown that this is not a good long-term
solution nor would it meet the operational requirements. Furthermore, it is reiterated that refurbishment would not provide the
performance that is required of this equipment in this climate under expected operating conditions. PES project study (File:
PES-MECH-2015-015; Report: NWO-REP-29423-0001) outlined the risks associated with completing a refurbishment and how
it will likely impact operations. . Refurbishment of the gates themselves was actually more expensive than replacement, while
refurbishing the existing hoists would not provide the performance required to meet current operational requirements

Part D: Project Cash Flows, NPV, and OAR Approval Amount
k$ LTD 2016 2017 2018 2019 2020 2021 Future Total
Currently

Released 216 216
Requested Now - 154 16,524 7,106 23,784
Future Required -
Total Project
Cost 370 16,524 7,106 24,000
Ongoing Costs -
Grand Total 370 16,524 7,106 24,000

i . Estimate at
Estimate Class: Class 3 Completion: $24,000k
] OAR Approval
NPV: NA Amount: $24,000k
Additional Information on Project Cash Flows (optional):
Part E: Financial Evaluation
k$

Project Cost
NPV
Other (e.g., IRR)
Summary of Financial Model Key Assumptions or Key Findings:
Part F: Risk Assessment

Risk Class Description of Risk Risk Management Strategy Post-Mitigatlon

Probability Impact
2 : . : Mitigate - Execution costs are based on
There is a risk that execution costs will . »
Cost be higher that currently estimated. Con.tractor bids. Contlpgency has been Low Low
carried to cover potential additional

OPG-TMP-0004-R004 (Microsoft® 2007)
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PartF: Risk Assessment

Risk Class

Description of Risk

Risk Management Strategy

Post-Mitigation

Probabllity::

Impact

scope items that have not been
identified. The project includes
replacement of the gains, which is a
higher cost option, however, it reduces
the potential for significant cost over-
runs and delays associated with a base
refurbishment of the gains.

Scope

There is a risk that site conditions, fixed
components and associated equipment
could require addition to scope in order
to achieve required results.

Mitigate - The project scope has been
well defined via project specifications
and is well understood with the
Contractor. The Contractor has
identified in full their plan and
methodology to complete the project
scope. The Contractor has a full
understanding of the operational needs
of OPG which has helped define their
project scope. Scope will be managed
by ensuring the major scope items are
accounted for and anything that could
be considered as ‘nice-to-haves’ have
been discussed up front. Project scope
included for replacement of sectional
gate gains, thus reducing risk.

Medium

Medium

Schedule

There Is a risk that manufacturing
delays could impact the execution
schedule. The construction window is
based on a specific execution plan as
proposed by the Contractor. Changes
or delays in the Construction (weather
related or Contractor related) could
result in the need to extend the
completion schedule.

Mitigate - The Contractor has built in
time in the manufacturing cycle to allow
for the ability to add additional
resources (if necessary) to ensure the
manufacturing schedule is met. The
Contractor is also allowing for a 14/7
on-site shift schedule.

Liquidated damages ($5,000/day/sluice)
have been included in the contract to
incenttimely completion.

One gate to remain in service at all
times to suit operational requirements of
the NWCC.

Schedule risk is present with the

timelines to install and seal cofferdams.
Advanced underwater inspections to be
carried out in 2018 ahead of execution.

Medium

Medium

Resources

There is a risk that a lack of resources
could impact the schedule. There is
also a risk that the current resourcing
plan may not be sufficient for the
Contractor to complete the construction.

Transfer/Mitigate - The Contractor has
‘in-house’ engineering and can
therefore add additional man-power
during engineering and manufacturing
to ensure there are no delays getting
the material to site. The Contractor has
identified sub-contractors to complete
specific construction tasks. The
selected Contractor is familiar with
EPSCA resourcing and labour
requirements. 14/7 schedule at site will
attract talented trades forces.

Low

Low

Quality/
Performance

There is arisk that the performance and
operational requirements will not be
met.

Accept - The design of the gate that is
being proposed to OPG is based on the
extreme environment in which it must

Low

Medium

OPG-TMP-0004-R004 (Microsoft® 2007)
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Part F: Risk Assessment

Post-Mitigation

Risk Class Description of Risk Risk Management Strategy T s

operate. Further, the existing gains and
embedded parts are to be replaced
which provides the most certainty in
ensuring the system meets the
operational performance by removing a
high risk. The Contractor that has been
selected has significant experience in
the design, manufacture, and
installation of sluice gate systems,
which helps to ensure the quality of the
system being provided.

Mitigate — The specifications and
technical design are based on proven
industry exampies in simifar conditions.
The Contractor selected has significant
experience with the design of sluice
gate systems. The technical design of
the gains/embedded parts is based on a
replacement of the gains which reduces
the technical risk associated with
assumed existing gain conditions, which
could lead to cost and schedule delays
as well as poor technical performance
of the system (i.e. Premature failure,
jamming, leakage, etc.)

There is a risk that the system design
Technical does not meet OPG performance and
technical requirements.

Low Medium

Part G: Post Implementation Review (PIR) Plan

[J Itis determined appropriate that only a Project Closure Report (PCR) is needed as the PIR for this project, due to its
straightforward deliverables, which do not require any measures other than confirmation of completion or delivery.

Type of PIR Report Target In-Service or Completion Date Target PIR Completion Date
Simplified PIR Oct 2020 Oct 2021
Measurable How will it be Who will measure it?
Parameter Current Baseline Target Resuit measured? (person/group)

Postinstallation testing

Operations per Day at least 10 operation 25 Operations Per day of Gate operations Project Department
per day during winter
Adequate gate seal Minimal leakage and Check for leaks and : . : :
and de-icing free from ice build up icing Post installation testing Project Department
Gate open close as Gate open close as

Reliable Operation Post installation testing Project Department

and when required and when required

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

l Signature

Comments

Date

The recommended alternative, including the identified ongoing costs if any, represents the best optlon to meet the validated

business need.

Recommended by (Project
Sponsor):

‘Brian Dietrich

NWO Production Support Manager

o

Nov. 25, 2018

| concur with the business decision

as documented | p.lhjs\BCS

Finance Approval:
roa
Norma Siroski ?) ¥ oc\e

Director, RG Fmance =)
per OPG-STD-0076 (.,,\'1',‘-4&(-

Fai=

DJA 'crr Nolmne
\osk ¢

Voo |1&

| confirm that this project, including the identified ongoing costs, if any, will address the business need

to proceed, and provides value for money.

, is of sufficient priority

Approved by:
Mike Martelli
President - RG
per OAR 1.1

L) vpvlyY

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

Project Number: MAN82840/MANF0065
Project Title: Manitou GS Auto-Sluice System Replacement
k$ LTD 2016 | 2016 | 2017 2018 2019 2020 Future Total - %
OPG Project
Management 20 74 60 154 0.64
OPG Engineering
{including Design) 30 73 45 148 0.62
OPG Procured
Materials 0 0 0 0 0
OPG Other 0 141 120 261 1.09
Design
Contract(s) 0 0 0 0 0
Construction
Contract(s) 0 0 0 0
EPC Contract(s) 303 13805 5400 19508 81.28
Consultants 0 325 200 525 2.19
Other
Contracts/Costs 0 20 0 20 0.08
Interest 2 305 701 1008 4.2
Subtotal 355 14743 6526 21624 0
Contingency 15 1781 580 2376 9.9
Total 370 16524 7106 24000 100
Notes
N i 2018 Total Definition cost $216K

relect Skt Dats e (excludes unspent contingency for Nuclear)
Target In-Service (or AFS) | 1 5990 Contingency Included In this BCS
Date (Nuclear only)

Total contingency released plus
Target Completion Date December 2020 contingency In this BCS (Nuclear only)

Total released plus this BCS without
Escalation Rate NA contingency (Nuclear only)

Total released plus this BCS with
Interest Rate 4% contingency (Nuclear only)

TBD - Inctuded Estimate at Completion 24 000k
nomovaNLests in contract (includes only spent contingency for Nuclear) el
Prepared by: Approved by:
g -

Luciano Da Silva Date: Dartyl Flank Date:
Project Leader November 23, 2018 Section Manager - Projects Nov 23, 2018

OPG-TMP-0004-R004 (Microsoft® 2007)
Page A-1 of A-3




Project #:
Project Title:

Filed: 2024-03-22

Internal Use Only
OPG-FORM-0075-R004
Type 2 Business Case Summary

MAN82940/MANF 0065 Document #: FP2-BCS-08707-0011 RO
Manitou Auto Sluice System Replacement, Full Execution Release

EB-2023-0336
Exhibit L
H-SEC-01
Attachment 5
Page 9 of 9

D g -

TN

l : I ‘
I! II 228

OPG-TMP-0004-R004 (Microsoft® 2007)
Page A-2 of A-3




Filed: 2024-03-22, EB-2023-0336
Exhibit L-H-SEC-01, Attachment 6, Page. 1 of 3

UNTARIU-‘“."R Records File Information: SPG-Confidenttat
r““t Retention Permanent OPG-FORM-0077-R002*

GENERATION Project Over-Variance
Approval

Project # MAN82940 | Controlled Doc # |
Project Title Sluicegate Replacement
Facility Manitou Falls GS ‘ Investment Classification ‘ Sustaining
Project Level c Financial [J om&A [X Capital [ Capital Spare
(Scalability) Classification | [ MrA [0 cMFA [ Provision [ Others: [if applicable]
Release: Gate and | [ Over-variance GO| | Initiation [0 over-variance G2[ |: Definition
Project Phase [ oOver-variance G1[ |: Choose an item. Over-variance G3X| Execution
e | o2 e

Recommendation
We recommend a release of $2,498 K.

This will bring the total released-to-date to $26,498 K.

The estimated total project cost is $26,498 K.

The total project cost is now estimated at $26,498 K, compared to $24,000 K in the previous release, including contingency.
This release is for additional funding for discovery work not anticipated, contract change orders to address additional scope
items not included in the base contract, schedule delays due to COVID-19 and contractor schedule performance. OPG

expects to recoup a portion of the contract costs through liquidated damages due to poor contractor schedule performance.

Please see below for project variances.

Investment Cash Flows

$K LTD 2021 2022 2023 2024 2025 2026 Future Total
Previous releases 24,000 24,000
Current request - 2,398 100 2,498
Total released to date 24,000 2,398 100 - - - - - 26,498
Future required - -
Total Project Cost 24,000 2,398 100 - - - - - 26,498
Ongoing Costs - H
Gate: G3 OAR Approval:| $26,498 K

Project Overview

Auto sluice gates typically have a life expectancy of 40 to 50 years. Auto sluice gates A & B are 60 years old, are at the end
of life and do not meet operational and design requirements. The existing gates increase the risk of dam safety issues due
to inadequate auto sluicing capacity and poor reliability. In order to safely pass station flows, the adjacent log sluice will be
converted to an auto sluice gate. This will provide OPG with the ability to respond reliably to market conditions, minimize
dam safety risks, optimizing water use, minimize financial losses and address end of life infrastructure.

Replacement of the existing auto sluice gates and associated equipment with an upgraded design will maximize operational
efficiencies, decrease incremental maintenance requirements, and optimize site conditions to provide for improved reliability
and increased frequency of operation. The addition of a 3™ auto sluice gate will relieve dam safety concerns which are
present due to the limited forebay storage capacity, which causes water levels to rise rapidly.

Additional funding is requested due to project schedule impacts from COVID-19 along with additional out of scope work
required to be completed which was not included in the base contract. Another contributor to the project schedule
extension was contractor performance resulting in higher project costs. The project is estimated to be approximately 10%
higher than the original approved execution release budget. Please see below for variances.

*Associated with OPG-STD-0076, Developing And Documenting Business Cases OPG-TMP-0004-R006 (Microsoft® 2016)
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Project #: MAN82940 OPG Confidential
Project Title:  Sluicegate Replacement OPG-FORM-0077-R002
Document #: Project Over-Variance

Approval

Total Project Estimate Variance Explanation

Project Management / Consultants:

Original BCS: $679 K

Revised Estimate Including Closeout: $1,427 K
Variance: $748 K

Extended construction schedule due to COVID-19 delays and construction impacts resulting in increased costs for site
monitor and external inspection consultant.

Engineering:

Original BCS: $148 K

Revised Estimate including closeout: $834 K
Variance: $686 K

Extended construction schedule due to COVID-19 delays and construction impacts resulting in additional resources for
engineering.

Procurement:

Original BCS: $0 K
Revised Estimate: $125 K
Variance: $125 K

Insurance purchased by OPG for project along with materials purchased from work centre for commissioning of gates.

Interest:

Original BCS: $1,008 K
Revised Estimate: $656 K
Variance: -$352 K

Interest lower than estimated due to lower interest rates and timing of vendor invoicing.

Other:

Original BCS: $281 K
Revised Estimate: $0 K
Variance: -$281 K

Not required during project.

Construction:

Original BCS Including Contingency: $21,884 K
Revised Estimate: $23,456 K

Variance: $1,572 K

Contract change orders to address additional scope items not included in the base contract:
Repairs to underwater upstream concrete on pier A.

Relocation of the load cells from the original design

Installation of additional cable tray due to electrical load distribution changes

Installation of an electronic transfer switch and changes to 600V distribution

COVID-19 Impacts, suspension of work and associated costs with managing COVID-19
Crack repairs to address existing concrete condition.

Reconstruction of primary concrete columns between the sectional gate and sluice gate gains.

*Associated with OPG-STD-0076, Developing And Documenting Business Cases OPG-TMP-0004-R006 (Microsoft® 2016)
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Appendix Al: Summary of Estimate - Total Project Cost
Project Number: MAN82940
Project Title: Sluicegate Replacment
$K LTD| 2021 2022 2023 2024 2025 2026| Future Total| %
Project Mgmt 836 541 1,377 5%
Inspection -| 0%
Engineering 579 205 784 3%
Procurement 84 41 125 0%
Construction 17,184 6,272 23,456| 89%
Commissioning -| 0%
Closeout 100 100 0%
Subtotal 18,683 7,059 100 - - - - -| 25,842 98%
Outside WBS -| 0%
Contingency -| 0%
Subtotal w/ Contingency 18,683| 7,059 100 - - - - - 25,842 98%
Interest 511 145 656| 2%
Other -| 0%
Total 19,194 7,204 100 - - - - -| 26,498| 100%
Sscr:\w/g)val Costs (incl. 1,148 1148| 4%
Appendix A3: Summary of Estimate — In-Service Estimates
$K Only applicable to capital projects. In-Service amount shall include interest but exclude removal costs.
Project # | Date (YYYY-MM-DD) Description Amount %
MAN82940 6/16/2020|Gate C 8,380| 33%
MAN82940 11/27/2020(Gate B 6,450 25%
MAN82940 9/15/2021|Gate A 8,770| 35%
MAN82940 8/10/2022|PCR 1,750 7%
Total 25,350( 100%

Prepared by:

Reviewed and Endorsed by:

Luciano Da Silva o

o

Project Leader R

NWO Production Support

Date

Nov 17, 2021 NWO Production Support Date

Darryl Flank
Section Manager

Approvals

Signatures Date

Recommended by: Project Sponsor
Brian Dietrich

Director Asset Management &
Production, Western Region

Finance Approval:
Bryan Shaddock
Director Controllership, RG

Line Approval per OAR :
Nicole Butcher
SVP, RG & Power Marketing

*Associated with OPG-STD-0076, Developing And Documenting Business Cases OPG-TMP-0004-R006 (Microsoft® 2016)
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Project #: BK182777 Cap, BK182199 Non-Std Document #: NF20-PLAN-08707.021-0006
Project Title: G5 Overhaul — Capital Scope, G5 Overhaul, Partial Execution Release

To be used for investments/projects meeting Type 2 criteria in OPG-STD-0076.

Project Information

Project #: BK182777 Cap, BK182199 Non-Std Document #: NF20-PLAN-08707.021-0006

Project Title: | G5 Overhaul — Capital Scope, G5 Overhaul

B OM&A [X] Capital [] Capital Spare
Class: COMFA  [JCMFA [ Provision Investment Type: Sustaining
(] others:
Phase: Execution Release: Partial
e Target In-Service or
Facility: SAB1 (NF20) Completion Date: | 2020-07-29

Project Overview

We recommend the release of $4,818 k, including $ 480 k of contingency on the Capital (BK182777) portion of the
project. The estimated total project is $ 24,276 k, including $ 3,528 k of contingency for both projects. The quality of
estimate for this release is Class 3, and for the total project is Class 4.

This release will fund the purchase of long lead materials from American Hydro, OPG Project Management, OPG
Engineering, Quality Assurance costs, oversight and tooling costs for the generator rim shrink (Andritz) and the fabrication of
P&C panels. Appendix C shows list of items to be purchased.

This project is included in the approved 2019-23 Business Plan and will be managed within the Niagara Operations Capital
Budget Envelope.

Part A: Business Need

Business Needs
The business needs of this project are:

1. Ensure availability, reliability, and continued operation of SAB1 G5 for the next 25-30 years.

2. Enhance the capacity of the generating asset. An opportunity exists to cost effectively increase production of G5
and maximize utilization of available water resources by replacing and upgrading the runner. The recommended
altemative upgrades the current rating of the unit to the following capabilities:

Turbine Rating Generator Mechanical Limit
Pre-Overhaul Ratings 53.1 MW 73 MW
Post-Overhaul Ratings 55.1 MW 73 MW
Improvement +2.0 MW -

Background

Sir Adam Beck 1 (SAB1) G5 was placed into service in 1923 as a 25 Hz unit rated for 45 MVA. It underwent frequency
conversion to 60 Hz in 1985 as part of the runner upgrade program. SAB1 G5 has not had a major overhaul since 1985.
Hydroelectric units of this type normally require overhauls on a 25-30 year cycle to maintain reliable operation. As a unit
approaches end of life, it faces higher potential for production losses due to degraded reliability.

G5 has now passed the 25-30 year window (2010-2015) and since 2012 has had a restricted operating window in order to
mitigate the effects of high generator rotor vibration. This approach has been used to manage the deterioration of the unit
beyond its 30 year major overhaul schedule, due to a heavy overhaul period which began in 2007. For the period from 2007-
2018, a primary focus for Niagara Operations has been to overhaul and upgrade SAB1 units as they reached or exceeded the
25-30 year mark in their overhaul cycle. Over this period, G7 was converted to 60 Hz and upgraded (2009), while G9 (201 0),
G3 (2013) and G10 (2017) underwent major overhauls and runner replacements.

There is a risk of failure on the generator due to high mechanical vibration and on the rotor assembly including the generator
and turbine shafts. The OEM (Andritz) has asserted that a loose rim would contribute to vibration on the rotor. Their report
recommends shrinking the rim to eliminate the vibration caused by a loose rim to minimize eccentricity. This project will
implement the proposed remedy to move towards restoration of the unit's full, unrestricted operating window.

Replacement of the MOT is recommended as part of all alternatives due to off-gassing.

OPG-TMP-0004-R004 (Microsoft® 2007)
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Project #: BK182777 Cap, BK182199 Non-Std Document #: NF20-PLAN-08707.021-0006
Project Title: G5 Overhaul — Capital Scope, G5 Overhaul, Partial Execution Release

Part A: Business Need

The total required funding for this project is broken down in the following table. (A BP19-23 comparison is shown in Part D.)

k$ LTD 2018 2019 2020 2021 Future Total

BK182199 Non-Std 0 0 3,091 1,214 0 0 4,305
BK182777 Cap 0 791 13,546 5,634 0 0 19,971
Total Project Cost 0 79N 16,637 6,848 0 0 24,276

The recommended alternative proposed in the Definition Phase Charter (DPC NF20-PLAN-00121.2-0003) was Alternative 4,
to perform a Minor Overhaul during the outage for 2019 and then perform the remainder of the overhaul scope during a
planned outage after the BK182198 G1/G2 Frequency Conversion Project. At the time the recommendation was endorsed,
there was uncertainty regarding whether the G5 Major Overhaul could be completed without affecting the BK182198 Project.
Thus, a decision was made to proceed with the conservative schedule alternative which would only execute the Minor
Overhaul scope as the leading alternative. Subsequently, the schedule details for BK182198 have been confirmed and further
input from Production has concluded that proceeding with the Major Overhaul and upgrade in advance of BK182198 is the
preferred, supported alternative.

Part B: Preferred Alternative: Major Overhaul and Upgrade to a Higher Capacity (25-30 year reliable operation)

Description of Preferred Alternative

The project would execute a complete refurbishment of the unit. High level scope as follows:
e New upgraded turbine runner, wicket gates, scrolicase, draft tube and turbo-venting on draft tube, surface air coolers
¢  Refurbish servomotors, turbine guide bearing
¢ Clean/re-wedge generator stator, refurbish generator windings, clean/shrink generator rotor, refurbish field poles
o New MOT, static exciter, bus work, and switches
e Perform further investigation and possible repair on the penstock and scrolicase, including completion of a load carrying
capacity analysis

The current strategy is to procure long lead components and provide as owner-supplied materials to the successful
Proponent. This strategy will help meet the scheduled execution phase planned for Q2 2019.

Alternative 2 from the DPC is the preferred alternative as it more completely addresses the business needs for sustaining
long-term reliable operation and enhance the capacity of the generating asset.

Advantages:
e  Addresses generator vibration issues.
¢  Capacity is enhanced ~2 MW with positive Net Present Value associated with upgrading the runner.
¢ Reliable operation restored for the next 25 to 30 years.

Disadvantages:
e Higher investment, however has the best NPV

For the detailed scope and further information see Appendix A in the DPC. The outage is planned for May 6, 2019 to Jul 29,
2020. If a Moody Cone is required, it may become the critical path. The project has challenged its engineering resources to
find inspection methods to mitigate this risk. An alternative outage plan is also being considered to determine if a second shift
can be accommodated.

Contracting Strateqy for this Partial Execution Phase Release:

An equipment supply agreement between OPG and American Hydro was signed Feb 2007 for the supply of runners for
GB3-G10. The runner for G5 will be procured under the terms of this agreement. Runner pricing has been refreshed by the
vendor and addressed by Supply Chain based on the 2009 agreement. Other long lead items will be purchased by the OEM
from approved vendors.

Protections & Controls (P&C) panels are being designed by Plant Engineering Services (PES) and will be fabricated at the
Gravenhurst Work Centre.
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Part B: Preferred Alternative: Major Overhaul and Upgrade to a Higher Capacity (25-30 year reliable operation)
Description of Preferred Alternative
Contracting/Execution Strateqy for the Entire Project:

A Functional Specification for an EPC contract to an OEM to engineer, procure components and provide Owner’s
Representative Services has been developed. The labour determination has been dispositioned with approximately 50% of
the work packages going to each of the PWU/BTU trade unions. Both unions’ work crews will need to work together on work
packages from a work coordination perspective. . As such, OPG acting as Owner-Constructor, will have both unions report to
OPG's Union Trades Supervisor up to a Site Project Manager. Delivery of long lead material is scheduled to arrive after
disassembly has begun but before the material is required for install in order to advance the outage start.

Environmental Strategy

A Class EA was performed for the BK182198 G1/G2 Frequency Conversion (G1/G2). The Class EA Amendment for G5 will
be minor relative to BK182198 as the upgraded capacity of G5 is 2 MW, as compared to 109.6 MW of upgraded capacity for
G1/G2. The Site Environmental Advisor is addressing this requirement in alignment with Project timelines.

In summary, Alternative 2 from the DPC is recommended with the above Contracting/Execution strategy which diverges from
the strategy proposed at the time that the DPC was written. Engaging the OEM to engineer, procure components and
provide Owner’'s Representation is recommended in light of the condition of the unit, the labour determination, and the
schedule constraints/opportunities imposed by the G1/G2 Project.

Deliverables (for the Partial Release): Associated Milestones (if any): Target Date:
Prepare a detailed Scope of Work (SoW) form SoW form Approved Aug 18, 2018
Partial Release of Funds for procurement of long lead PBCS Approved Aug 30, 2018
components and remaining definition phase deliverables.

Supply refreshes American Hydro contract and award Issue PO to American Hydro Sep 7, 2018
Proposals back from Proponents Sep 21, 2018
Conduct PDRI and COMES review Sep 30, 2018
Finalize the L2 schedule, RQE and PEP Oct 16, 2018
Gate 3 Review for EBCS Nov 12, 2018
Execution funds released EBCS Approved Nov 23, 2018
Select an OEM to Engineer, Procure and be Owner’s Rep. Issue PO Nov 30, 2018

Part C: Other Alternatives
For the detailed Scope and further information see Appendix A in the DPC (NF20-PLAN-00121.2-0003)

Alternative 1: Base Case - Status Quo (No Project)

G5 would run in the short term without significant rehabilitation or overhaul work but would eventually run to fail. This
alternative does not address the potential failure of the generator due to rotor vibration and turbine runner due to vibration-
induced cavitation.

This alternative is not recommended because failure of the unit would result in an unplanned outage and reduce OPG's ability
to reliably supply power to the grid.

[ —
Alternative 3: Major Overhaul (25-30 yr reliable operation)

This alternative has the same scope of work as the preferred alternative except that the runner would be refurbished rather
than replaced. Reliability is restored for 25-30 years but there is no increase in capacity.

This alternative has a lower project cost than the preferred alternative but is not recommended because the runner upgrade
alternative has the highest NPV.
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Alternative 4: Minor Overhaul (5-10 yr reliable operation)

This alternative we perform the following scope only:
¢ The generator rotor floating rim is changed to shrunk design removing the vibration issue
e MOT and exciter are replaced.

This alternative is not recommended because the unit would required a subsequent outage within 5 to 10 years.

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

k$ LTD 2018 2019 2020 2021 2022 2023 Future Total
Currently Released 300 0 0 0 0 0 0 0 300
Requested Now: - 491 4,327 0 0 0 0 0 4,818
Future Required - 0 12,310 6,848 0 0 0 0 19,158
Total Project Cost 300 491 16,637 6,848 24,276
Ongoing Costs - 0 0 0 0 0 0 0 0
Grand Total 300 491 16,637 6,848 0 0 0 0 24,276
Estimate Class: Class 4 Estimate at Completion: 24276
NPV: $149 M OAR Approval Amount: 5,118

Additional Information on Project Cash Flows (optional):

 The SoE has increased from the DBCS estimate due to estimates being refined using bid pricing from American Hydro
and Andritz

* Based on the labour determination, there is an increase in Project Management, Production, and Engineering resource
requirements.

Part E: Financial Evaluation

PR R =¥ _.__.Altz._.Major_oH & i i N e A R e g R 'A|t3 ﬁ'Major'OH e R g i i
M$ Upgrade Alt1 - Status Quo Only Alt4 - Minor OH
Project Cost 23.3 1.2 16.0 7.5
NPV 149 136 144 137

Summary of Financial Model Key Assumptions or Key Findings:

Assumptions
e  Evaluated over a 25 year span
e All ongoing OM&A costs (i.e. standard operating expenses) are equivalent for each alternative
e  Utilization of Base SEV values and Capacity Credit not used
e Major Overhaul will be taken for each alternative in 25 years (2043)

e Alt 1 Status Quo: Vibration issue requires an outage for Major OH in 2023 (5 years). Operating restrictions are
maintained. An unplanned outage would be required circa Oct2023 to Oct 2024 which coincides with PNGS shutdown.,

e Preferred Alternative — Alt 2 Major OH & Upgrade: 2 MW increase in capacity achieved with the runner upgrade.
Planned outage May 2019 to Jul 2020

e Alt 3 Major OH only: Planned outage May 2019 to Jul 2020
e Alt 4 Minor OH: Planned outage May 2019 to Oct 2019 with another outage within 5 years
e The project will be completed in time to minimize the schedule impacts on BK182198 (G1/G2)

OPG-TMP-0004-R004 (Microsoft® 2007)
Page 4 of 5




Filed: 2024-03-22
EB-2023-0336, Exhibit L-H-SEC-01, Attachment 7, Page 5 of 10
Internal Use Only

OPG-FORM-0075-R004

Type 2 Business Case Summary
Project #: BK182777 Cap, BK182199 Non-Std Document #: NF20-PLAN-08707.021-0006
Project Title: G5 Overhaul — Capital Scope, G5 Overhaul, Partial Execution Release

Part F: Risk Assessment (for Partial Release)
Risk Class Description of Risk Risk Management Strategy Post-Mitigation
Probability Impact
There is risk of incurring The partial BCS has contingency to address
carying cost and ne cost of | [eTseen addonl cote, Tre contact vl
Cost extending warranty period on An all f RISSY ‘a-and A t' Low Low
the Am. Hydro items if only the ag"owancs gr oarvigd| s9sls ape warkanty
Minor OH scope is performed. extension has been incorporated into the
release request.
The runner modeling performed | Technical review prior to award. Runner design
Technical (circa 2007) does not meet based on uprate study and modeling has been Low Low
performance requirements. completed and accepted by Engineering.
Historically, 12 months is required for the
longest lead component (runner). This time has
L ] — been allotted.
ong lead components no o~ 2 . .
Schedule delivered in time, extending the Liquidated Qamage_s will be included in the' Low Medium
; contract to incentivize the contractor to deliver
outage period. :
on time.
Order the long lead components as soon as
possible. Monitor progress of supplier.

Note that these risks are for the PBCS only. The complete list of risks for execution will be included in the Risk Register of the
PEP and in the EBCS.

Part G: Post Implementation Review (PIR) 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 deliverables, which do not require any measures other than confirmation of completion or delivery.

Type of PIR Report Target In-Service or Completion Date Target PIR Completion Date
Simplified PIR
Measurable . How will it be Who will measure
Parameter uvient: Bashling largelRasule measured? it? (person/group)

Will be determined as part of the EBCS.

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
Sponsor):

Jessica Polak

VP Operations, Niagara Ops

Electronically Approved by
POLAK Jessica - 8/29/2018 8:16 AM
OPERATIONS

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

Finance Controller, RG CTRL AM
per OPG-STD-0076

| 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: / i

Mike Martelli H : <
President, RG W«I& 30 q—\,{ /X
per OAR 1.1 ﬁ
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Appendix A: Summary of Estimate (PBCS)

Project Number: BK182777
Project Title: G5 Overhaul — Capital Scope
% of
k$ LTD 2017 2018 2019 2020 | Future | Total Project
Total
OPG Project Management 78 78 1.5
OPG Engineering (including Design) 12 12 24
Procured Materials 111 3,773 3,884 73.6
OPG Other 235 235 46
Design Contract(s) 190 190 3.8
Construction Contract(s)
EPC Contract(s)
Consultants
Other Contracts/Costs 65 90 155 3.0
Interest 21 14 35 0.7
Removal Costs
Subtotal 712 3,877 4,589 89.7
Contingency 79 450 529 10.3
Total Capital 791 4,327 5,118 100.0
Notes
5 Total Definition cost

frojoc SlatDet SHpAR DD (excludes unspent contingency for Nuclear) 400
.Ezrget_ I!‘l-S_eivEe E‘ _A_FS}__ | Jul-29-2020 Contingency included in this BCS . EN

(Nuclear only)
Target Completion Date | Jul-29-2021 Total contingency released phis N/A

contingency in this BCS (Nuclear only)

< Total released plus this BCS without

Escalation Rate NA contingency (Nuclear only) N/A

Total released plus this BCS with
latoret bt i contingency (Nuclear only) RSh
Retacval Costs NA Egtnmate at Completl.on 24276

(includes only spent contingency for Nuclear)
Prepared by: Approved by:
A e gzgiz:..ﬁ;na er - Projects e
Project Leader 9 }
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Appendix A: Summary of Estimate (EBCS — Full Project Capital)

Project Number: BK182777
Project Title: G5 Overhaul — Capital Scope
. % of
k$ LTD 2017 2018 2019 2020 | Future | Total Project
Total
OPG Project Management 78 151 54 283 1.4
OPG Engineering (including Design) 12 158 32 202 1.0
Procured Materials 111 3,773 3,884 19.4
OPG Other 235 1,888 240 2,363 11.8
Design Contract(s) 190 190 1.0
Construction Contract(s) 4,569 4,159 8,728 43.7
EPC Contract(s)
Consultants 537 146 748 34
Other Contracts/Costs 65
Interest 21 184 103 308 1.5
Removal Costs 436 436 2.2
Subtotal 712 11,696 | 4,734 0 17,142 85.8
Contingency 79 1,850 900 2,829 14.2
Total Capital 791 13,546 | 5,634 0 19,971 100.0
Notes
i : Total Definition cost
~Projeok st Ra ~Sep-16-2018 (excludes unspent contingency for Nuclear) 0
Target In-Service (or AFS) Jul-29-2020 Contingency included in this BCS N/A
Date (Nuclear only)
: Total contingency released plus
Target Completion Date Jul-29-2021 contingency in this BCS (Nuclear only) N/A
: Total released plus this BCS without
Escakation Rate NA contingency (Nuclear only) e
Total released plus this BCS with
intacsst Rato 4.41% contingency (Nuclear only) N/A
Removal Costs 436 Ealimata at Cosyition 24,276
(includes only spent contingency for Nuclear)
Prepared by: Approved by:
Rl ikl e ggnct:)::ni\?l{:na er - Projects e
Project Leader g )
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Appendix A: Summary of Estimate (EBCS - Full Project Non-Std)

Project Number: BK182199
Project Title: G5 Overhaul
% of
k$ LTD 2017 2018 2019 2020 | Future | Total Project
Total
OPG Project Management 36 51 87 2.0
OPG Engineering (including Design) 39 34 73 1.7
Procured Materials
OPG Other 946 256 1,202 279
Design Contract(s)
Construction Contract(s) 1,570 673 2,243 521
EPC Contract(s)
Consultants
Other Contracts/Costs
Interest
Removal Costs
Subtotal 2,591 1,014 3,605 83.7
Contingency 500 200 700 16.3
Total Non-Std 3,091 1,214 4,305 100.0
Notes
. Total Definition cost
Feoject Slart Date BeptBnta (excludes unspent contingency for Nuclear) 40
Target In-Service (or AFS) Jul-29-2020 Contingency included in this BCS N/A
Date {Nuclear only)
;i Total contingency released plus
Target Completion Date Jul-29-2021 contingency in this BCS (Nuclear only) N/A
2 Total released plus this BCS without
Escalation Rate NA contingency (Nuclear only) N/A
Total released plus this BCS with
o,
SRSEC 441% contingency (Nuclear only) N
Removal Costs NA 4 thol ot Conpliation 24,276
(includes only spent contingency for Nuclear)
Prepared by: Approved by:
Michalg:akol e g:ziz:nh?‘;na er - Projects e
Project Leader 9 )
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| Appendix B: Comparison of Total Project Estimates and Project Variance Analysis |
—— ———  — ————————  —— ——— — —— — ——  — ————————

Comparison of Total Project Estimates

; | Total Project Estimate in k$ Sl PI:J_‘:": J
Phase Release pgartt::a (by year including contingency) Estimate
2018 2019 2020 2021 2022 2023
DBCS 300 05-03-2018 510 | 4,755 125 | 10,945 3,160 21,550
PBCS 4,818 TBD 791 | 16,637 | 6,848 24,276

Note that the DBCS cashflows were based on performing a mini rehab in 2019 and completing the remainder of the work for a
major overhaul in 2023/24.

Project Variance Analysis

; A variance analysis cannot be done since the
OPG Project DBCS did not have a breakdown for the entire
project.

Management

OPG Engineering
(including Design)

OPG Procured
Materials

OPG Other

Design
Contract(s)

Construction
Contract(s)

EPC Contract(s)
Consultants

Other
Contracts/Costs

Interest
Subtotal
Contingency
Total
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Appendix C: Project Materials to be purchased with lead times
Component Delivery (mths)
New Francis Runner w cowl/skirt 11-12

New Nose Cone 2-3
Turbo-Vent Assembly 3-4

Turbine Shaft Refurb, Runner Shaft Assembly 2

Draft Tube Cone ; 8-10

P&C Panels TBD

OPG-TMP-0004-R004 (Microsoft® 2007)
Page A-5 of A-5



	L-H-SEC-01
	L-H-SEC-01_Attachment 01_REDACTED
	L-H-SEC-01_Attachment 02_REDACTED
	L-H-SEC-01_Attachment 03_REDACTED
	L-H-SEC-01_Attachment 04
	L-H-SEC-01_Attachment 05
	L-H-SEC-01_Attachment 06
	L-H-SEC-01_Attachment 07



