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GENERATION - See Guidance Section
Type 3 Business Case Summary

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

Executive Summary and Recommendations

Project information

Project#: | Project # 82816 | Document# | D-BCS-73720-10001-R000

Project Title: | DN Vauit Cooling Coil Replacement

A [JoMsA [ Capital [J Capital Spara 5
Class: [OMFA  [JCMFA [] Provision j Investment Type: Reguilatory
iz [J Cthers: i
Phasa: Execution Releaso: Partial
: - Target In-Service or
Facility; Darlington c letion Date: Sept 2020

Project Overview
We recommend the release of $11,936 k, Including -of contingsncy,
The estimated totai project cost Is § 26,322 k, Includlng-of contingency,

The quality of the estimate for this release is Ciass 2, and for the total project is Class 3.
Speacific contingency Is applied to account for scope uncertainty,

The business objective of this project is to reduce the risk to Darlington operations from leaking or reduced flow
vault cooling coils. Selected coiis will be replaced to aliow the units to operate with low risk untii their respective

unit refurbishment outages.

This reiease will fund the following scope of work:
* Replace leaking and degraded vault cooling coils in outages D1512, D1511, D1521, D1531, D1541, D1641

= Prepare for contingent forced outage(s) for coii replacement
+ Complete the design for 2 pisce coils where required for targeted Instaliations

» Acquire specialized tooling for coil replacement
* Prepare a subsequent reiease BCS to address remalning repiacements raquire hefore the respective

refurbishment outages.
Tube plugging or repair of installed coils Is not part of this project scope.

Vauit coaling colis provide coaling to the reactor vauit under operating conditions. Under Loss of Coolant Accident
(LOCA) conditions they remove heat from the steam iadened atmosphere and maintain vauit negative pressures.

Many vauit cooling coils are ieaking which requires the colls to be vaived out. Six coils were replaced In D1512.
There are currently 5 Ieaking colls across the station; Unit 2 (3 coils), Unit 3 (1 coil) and Unit 4 {1 coll). Vauit
temperatures can approach shut down limits of 61°C associated with Negative Pressure Containment System
{NPCS) Level 2 impairment due to high summer lake water temperatures. Reduced coaling capacity from high
service water temperaturs, leaking coils isolated and degraded flow from coil fouling, have contributed to lowered
cooling margins. in addition, Environmental Qualification (EQ) margins are being reduced due to the elevated

temperatures experience by EQ equipment.

Coll repiacement was planned scope for refurbishment outages (DSR-TS0280-1), and is a [IP committment. A
portion of this regulatory work s being advanced to outages preceeding refurbishment as leaking coils and coils
with degraded flow need to be replaced now to increase margins to avoid impalrments due to vauit temperatures.
Replacement of coiis in D1512 was initiated to allow Unit 1 to opsrate through the summer of 2015.

“Associated 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 # Project # 828186 Document # D-BCS-73720-10001-R000
Project Title: DN Vault Cooling Coil Replacement, <Partlal> <Exacution> Release

Project Overview

Summary of Preferred Alternetive:
Replace only colls with leak(s} and coils with significant degradation in available planned ocutage(s) leading Into
each unit's refurbishment cutage. Remaining coils will be replaced during the refurblshment cutage under DSR-

TS028-1.

Valving in leaking colls to malntaln vault lermperatures may be used as temporary mitlgation provided leak rates
are manageable. Repairing of leaking colls can be attempted during outages, with the repair strategy dependent
on leak slze and locatlon. Repainng leaking coils increases coollng capacity after returning the coil to service but
may not provide adeguate temperature margin to avoid NPCS impairments. Tube plugging reduces coll cooling
capacity and leak repair does not reduce the probability of other tube leaks in the coil. Coollng coil replacement Is
preferred over plugging or repair. Costs assoclated with plugging or repalr are not included In this project.

Replacement coils have recently been procured for inventory and installed. Material and Installation costs are
known with high confidence.

Key Assumptlons and Risks:

Scope of work for each planned cutage will target leaking colls and coils with degraded flow. Initlatlon of leaks In
In-service coils in not predictable. Some coils due to known Interferences will require 2 plece replacement coils
increasing project costs. As such the project scaope for each outage up to 2020 may vary. Significant specific
contingency Is Included in the project estimate to address the uncertaln number of coll replacements. This project
is not currently in the Business Plan. Project approval is under element 1.2

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

Project #: Project # 82816 Document #; D-BCS-73720- 1000 t-RO00
Project Tille: DN Vault Cooling Coil Replacement, <Partiai> <Exacution> Release

Project Cash Flows, NPV, and OAR Approval Amount

K o out b am& | 2016 | 2017 | 2018 | 2018 | 2020 | Future. | Total
Currently Released o o -

Requested Now ey 3 7.000 4,935 t1,936
Future Required - 2,810 2,719 5573 3,284 t4,386
Total Project Cost roo0 (. 4935| 280] 2718] ss7a] 3284 S Zeam
Ongoing Costs b= -

Grand Tatal L2000 ) - ao3s| 2s10)  zzi9| ss;al  3z8a]| - | 28332
Estimate Class: Class 3 Estimate at Compietion;

NPV: OAR Approval Amount: | $26,322k

Additlonal Information on Project Cash Fiows (optional):

The Requested Now amount of $11,836k inciudes costs captured from the successful instaliation of § colls in D152
planned Installation of {2 additional coils in the inder of 2015 and 2016. It also Includes generai contingency of

for this work and specific scopa contingancy of for replacement of an additionai 2 colls In D64 1.

Signtficant specific contingency has been carried to account for uncertain scope (total number of cail requining replacement).
Conlingent scope includes an additional 2 coil replacements in each of, D1641, D1831 and D1941. Refer to table

in Part B of this BCS,

The total project cost of $26,322k includes -)f contingency. The future release BCS is planned for Q3 2018. At that
time additional coils will have been instailed, and higher confidence on the total forecastad total number of colis replaced Is

axpeacied.

Approvals

I Signature t Comments I Date
The recommended altemative, including the identified ongoing costs, if any, represents the best option to meet the validated
business nead,
Recommended by (Project . ]
Sponsor):
el hr L ZoNe B (S

President OPG Nudlear, and Chief
Nuciaar Officar

| concur with the business decision as documented in this BCS,
Finance Approval: . =
feth Sunmers.. . CRESRLL |~ () ,)/ bc 3 /S
SVP and Chial Financial Officar ] My ,{5.}/ « ‘>
per OPG-STD-0078
I confirm that this project. including the identified ongaing costs, if any, will address the business roed, Is of sufficient priority (o
procaad, and provides valua for money, Feigs
Approved by:
Jefl Lyash
President & CEOQ /
Ontario Power Ganeration Inc. | —y =
par OAR 1.2 L

& 3/

OPG-TMP-0004-R004 (Microsoft® 2007}
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GENERA‘”ON - See Guidance Section
Type 3 Business Case Summary
Project #: Froject # 82816 Document #: D-BCS-73720-10001-R000

Project Title: DN Vault Cooling Coil Repiacemant, <Partial> <Exacution> Reiease
Business Case Summary

Part A: Business Need

Vauit coeling coils provide coeling to the reactor vault under operating conditions. Under Loss of Coolant Accident
(LOCA) conditions they remove heat from the steam ladened atmosphere and maintain vauilt negative air
pressures. Vauit Evnrivenmentail Qualified (EQ) equipment In the vault Is aiso protected from elevated
temperature thermai degradation. They are Nuclear Ciass 3 Componeants.

There is a total of 84 colls across the station (4 units x 4 Air Cooling Units {AGU}unit x 4 coiis/ACU). The coil
materlal is 5/8°0D x 0.049 wall ASME SB-75 UNS C12200 tubes with 0.009" thick ASTM B-152 UNS C11000 fins.
The Design iife is 25 years. A component condition assessment at 15 yaars inservice (2006) indicated a
maximum wail loss of ~ 27% at the ceii u-bend due to flow erosion corrosion, An additional assessment performed
in 2013 recorded a measured wall loss of ~ 42% at the coil u-bend with a maximum of 52%. Coll repiacement was
planned in nuclear refurblshment (DSR-TS0280-1), and is an IliP committment. There are known interferences
such that selected coiis would need a split coll design for replacement if it occurred before refurbishment.

Darlingtan has experienced vauit cooling coii leaks. The faiiure mechanism are attributed to errosion corrosion

and pitting corrosion, Heat transfer capability has alse decreased due to coil fouling from zebra mussets, siit and
other debris . Early in 2015 there was 10 leaking ccils across the statien: Unit 1 (5 coils), Unit 2 (3 coils), Unit 3 (1
coil) and Unit 4 {1 coil). As coils are found to be leaking they are vailved out of service. As colis are vaived out of

service vault temperatures increase.

Vault cooling ceils form part of the Negative Prassure Containment System (NPCS). System normal operation
and impairments are:

+  Design Vauit temperature: 378°¢c

+ Level 3 impalrment: Afarm set-point 55.0°C

+ Level 2 iImpairment: Shut down limit 61.0°C

Placing leaking vauit cogiers back in service to control vault temperatures, introduces normal water into the vauit
atmosphere and downgrades heavy water vapour recovery. it was expected that Unit 1 operation would have
bean impacted by summer high cooling water temperatures. Vauit vapour recovery was expected to overwheim
the Tritium Removal Facility (TRF) Upgrader/ Heavy Water Management (HWM) capacity, Excess vapour
recovery would need to be drummed and wouid have put the fail 2015 HWM pian for the Darlington Vacuum
Building Qutage (VBO) in jepardy. Operating fong term with vauit ieaks increases upgrader operating costs. Six
colis were replaced in D1512 to address this risk, and increase margins on EQ equipment thermai degradation.

Delay in addressing vault cooling coil leaks is a significant risk to Darlington operations.

Part B: Preferred Aitematlve: Replace Selected Vauit Cooling Colis ahead of Refurbishment

Description of Preferred Alternative

Repiace only ceils with leak(s) and coils with significant degradation in available planned outage(s) ieading into
each unit's refurbishment outage. Remaining coiis wili be replaced diring the refurbishment outage under DSR-

T5028-1.

A two piece repiacement coll is required for selected installations as accessibiiity issues are known.

*Associated with OPG-STD-0076, Developing and Documenting Businass Cases
OPG-TMP-0004-R004 (Microsoft® 2007)
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Type 3 Business Case Summary
Project # Project # 82816 Documeant #: D-BCS-73720-10001-R000

Project Title: DN Vauit Cacling Coll Replacement, <Partial> <Execution> Release

Alternative 5:

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

i 214 LTD 2015 2016 2017 | 2018 |- 2019° | 2020 | ;@itym;[ Total
Currently Released - S o T
RequestedNow |~ . .| 7000 4,935 11,936
Future Required RRS 2,810 2,718 5,573 3,284 14,386
Total Project Cost 7,000 4,935 2810 2,719 5573 3284 26,322
Ongolng Cosls -

Grand Total 7000 4835| 2810 2719] ss73]| 3284 | | 28322
Estimate Ciass: Class 3 Estimate at Completion; ﬁ

NPV: OAR Approval Amount: | $26,322k

Additlonal information on Project Cash Flows (optional):

The Requested Now amount of $11,836k includes costs captured from the successful installation of 6 coits in D1512
planned Instailation of 12 additional coils in the or of 2015 and 2016. It also includes general contingency of

for this work and specific scope conlingency of| for replacement of an additional 2 coils in D1641.

Significant specific contingency has been camied to account for uncertain scope (total numbsr of coll requinng replacement).
Contingent scope includes an additional 2 coll replacements In each of: 01641, D1831 and D1941. Refsr to table

Iin Part B of this BCS.

The total project cost of $28,322k Includes of contingency. The future release BCS is planned for Q3 2016. At that
time additional colis will have been installed, an her canfldence on the total forecasted total number of colls replaced Is

oxpecied,

Part E: Financial Evaluation

k$ ;:m Base Case Do More Plug
Project Cost B NIA N/A N/A ]
NPV
| Other (e.g., IRR)

rgammary of Financlal Model Koy Assumptions or Key Findings:

Part F: Quaiitative Factors

As the rate of degradation is not fully understood advancing needed coil replacements would eliminate risk of:
» challenging TRF upgrader capacity which could impact VBO and Refurbishment strategies
» pushes to planned outages to complete all vault cooler work which is currently scoped in refurbishment

« uncertalnty assoclated with patching and/or piugging leaking coils as bridging only should coil faii in a
different location or the repair fail prior to refurbishment

OPG-TMP-0004-R004 (Microsoft® 2007)
Page 3 of 5
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Type 3 Business Case Summary
Projact #: Project # 82816 Document #: D-BCS-73720-10004-R000
Project Title: DN Vault Cooling Coil Replacement, <Partlal> <Execution> Release

Part B: Preferred Alternative: Replace Selected Vault Coollng Colls ahead of Refurblshment

Description of Preferred Alternative
This strategy will mitigate the risk of:
+ Unplanned outages assoclated with high vault temperatures (NPCS Impairment)
* Accelerated EQ equipment aging due to elevated vault temperatures
+ Challenging TRF Upgrader operations and costs
¢ Extensions to planned outages to complete all vault cooler work which Is currently planned in
refurbishment.

This profject is not in the current Operations Buslness Plan. Partial scope is being advanced from Refurblshment
scope to mitigate exlIsting operatlonal risks. Replacement coils have been procured for Inventory, and 6 coils have
been replaced in D1512. Matenal and Installation costs are well known.

Scope 2015 2018 2017 2018 2019 2020 Total
{Forecast D1512, D1511 D1641 D1711 D1831 .D1941 D2011
Coils D1521, D153
Replaced) D1541
Planned 12 6 4 2 6 4 34
Contingent' 2 2 2 6
Total 12 8 4 4 8 4 40

1} Specific contingency applied to account for the contingent scope. Contingent scope impact on critical path
would be assessed for D1641 and D1941.

Delivarables: Assoclated Mllestones (If any): Target Date:
Replace 6 colls In D1512 (complete}) o o L 30 June 2015
Roplace high risk coils In D1511,D1521, 0153181541~ [AFS  ~ """ 7 0Deo201s
Replacs high sk colls in D141~ AP | Msuuyaote
Refine future scops for 2017 to 2020 outages Fulure Ralease BCS 15 Sept 2018

Part C: Other Altematives

H

Alternative 2: Base Casa — No Project

Without action, vault temperatures may not be malntained within the operating margins for NPCS and degradation

of EQ equlpment will be accelerated due to elevated temperatures. An unplanned outage is likely. Placing leaking

colls back in service carmies signlficant risk of exceeding TRF Upgrader capability and potential impacting the VBO
HWM strategy, and future upgrader operating costs.

——————
Alternative 3: Do More — Replace All Colls In Unlts 1 & 4 and Half Collg In Unit 3

Given the long duration of operation of Unit 1 and Unit 4 to their respective refurbishment outages and the
uncertaln rate of coil degradation, plan to replace all the coils In these units. Half the coils in Unit 3 to ensure

‘ sufficlent oparating marglin remalns to refurblshment.

Alternative 4: Plug Leaking Colls

Plugging the tubes and then placing the coil back in increases cooler capacity but decreases cooler efficlency and
may not provide sufficlent margin on NPCS and EQ. Plugging does not reduce the probabliity of future leaks on
that coil and is therefore not an effective mitigation on Its own. Not all leak locations are repalrable due to
accessibility within the coil. This altemative Is not recommend, although may be used as a bridging strategy to

aventual reEIacement.
Alternative 5: I

OPG-TMP-0004-R004 {Microsoft® 2007)
Page 2 of &
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Type 3 Business Case Summary

Document #: D-BCS-73720-10001-R000

Project #: Project # 82816

Project Title:

DN Vauit Cooling Coil Replacement, <Partial> <Execution> Release

Part G: Risk Assessment

‘ Rlski: lass

‘Dasc ription n‘lkﬁlsu

 Risk Management Strategy

Cost

There is a risk that cost eould increase
dus to the need for emergent coil
replacement and/or physical accessibility
chalienge the replacement.

'Specfﬁc contingengy_;ﬁotted for

emergent coil replacement.

A two pleca coil is being pursued where
accessibility issues are known.

Scope

Thare Is a risk that scope could increase
due to the need for amergent coil
replacement.

Target leaking coils In upcoming
outages. Include contingency for
emergent replacemert. Remaining
scope to be completed under
Rafurbishment scope.

Schedule

Target coll replacements exceads
planned outage duration

Target leaking coils and at most risk
coils. Additional repiacements under
subsequent planned outages or during
refurbishment outage.

Resources

There Is a risk that resources may not be
availabie to execute the required scope
planned for a glven outage.

Work will ba contracted.

Quality/
Performance

2 pileca coll gasket life may lead to
periodic replacement

Selection of gaskel matenal to optimize
service life.

Technical

Risk of unknown interference or
accessibility issues arising durng coil
replacement,

Additional Risk Analysis:

A twe plece cail is being pursued where
accessibility issues are known.

Repalr and/or plugging couid be used if
the optlon permitted.

. Post-Mitigation

¥ K_ P abuilty &> impaed 3
Medium Low
Medium Low
Medlum Low
Low Low

Low Medium

Medium Low

Part H: Post imptementation Revlew (PiR)} Plan

Target In-Service or Completion Dats

Target PIR Completion Date

Type of PIR Report
Simplified PIR July 2020 Jec 2020
Measurabie How wili it be Who wilil measure it?
Parameler Current Baseline Target Resuit measured? (personfgroup)
Many coils have Replaced coils have Visual Inspection
Coil Leakage significant ieaks zero leaks and ara following replacemert Maintenance
requirng isolation valved in for service and flows established.
Leaking coils valved in rbgloul;::éu ?c?bc:;ﬁ- Visual inspection
Coil Isolation to control vault d following replacement Maintenance
temperatures S L CHN BT and flows established
temperature .
Vault temperature
approaching alarm set
point of 55°C (Level 3
ggﬁf‘at:vfngxsssuzzm impairment). Summer | Margin exists on Level Operations monitori 0
impal "em ¥s vault temperature is 3 impairment of NPCS P n nng ps
palm expected to reach
shut-down limit of 61°C
{level 2 Impelrment)
Challenging TRF u;geg?eﬂecﬂd‘g‘mh
Leakage to Upgrader capacity sufficient nﬁ’argln o Collection & input to TRF Technlcal
containment lncraascegstépgrader accommodate planned upgrader
outages

OPG-TMP-0004-R004 (Microsofi® 2007)
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Type 3 Business Case Summary
Project #: Project # 82816 Document #: D-BCS-73720-10001-R000
Project Title: DN Vault Cooling Coil Replacement, <Partial> <Executlon> Release

Part |; Deflnltions and Acronyms

NPCS — Negative Pressura Containment System
VBO - Vacuum Building Outage

TRF — Trtium Removal Facility

EQ — Environmental Qualification

HWMB — Heavy Water Management Building

OPG-TMP-0004-R004 (Microsoft® 2007}
Page Sof 5
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Type 3 Business Case Summary

Project #: Project # 82816 Document # D-BCS-73720-10001-R000
Project Title: DN Vault Cooling Coil Replacement, <Partial> <Exscution> Releass

This page is intentionally left blank
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Type 3 Business Case Summary

Project #: Profecl # 82816 Document #: D-BCS-73720-10001-R000
Project Tile: DN Vault Cocling Coll Replacement, <Partiai> <Exscution> Retease

For Internal Project Cost Control

DPG-TMP-G004-R004 (Microsofi@ 2007)
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Type 3 Business Case Summary
Profect #: Project # 82816 Document # D-BCS-73720-10G01-R000

Project Tifle: DN Vault Cooling Coil Replacement, <Partial> <Execution> Reiease

Appendlx A: Summary of Estimate

Project Number: | Project # 325816 82818
Project Title: DN Vault Cooling Coll Replacement
Choose anflam’ LTD  |. 2018 2016 2017 | 2018 | 2018 2020 Future | Total "%
OPG Project
Management 168 138 g5 49 151 104 805 4%
OPQ Engineering
{inciuding Dasign) 167 60 41 21 66 45 401 1%
OPG Procured
Matorals
OPG Other
Deslgn
Contract(a)
Construction
Contract(s)
EPC Conftract{s)
Consultants
Other
Contracts/Costs
interest
Subtotal . .} 6,087 | 3,476 | 2,443 | 1,346 | 3,798 | 2,856 20,006 | 100%
Conlingency 913 1,459 367 1,373 | 1,775 428 6316 | 32%
Total ;| 2,000 | 4935 | 2,810 | 2,719 | 5573 | 3,284 26322
i Not;Q
Total Definition cost
Project Start Date June 2015 ’ P - )
Targat In-Service (or AFS) Jul 2020 Contingency included in this BCS
Data (Nuclear only)
Total contingency reloased plus
Target Completon Cte -l 2020 contingency in this BCS (Muciear anly)
Total released plus this BCS without
Escalation Rate R % contingency (Nuciear aniy)
Total refeased plus this BCS with
Interest Rata 5% contingency (Nuciear only) $11,936k
£2,780Kk
p Estimate at Completion
Removal Cosls includad in (e.9., ] -
EPC Contracts) (ncludas onfy spant confingency for Nuclaar)
Preparedby: - . v 000 | Approved by
Bab Grandoni Date Dave Burger Date
Technical Adviser Programming 2015-11-20 Manager, Performance Englneering 2015-11-20

OPG-TMP-0004-R004 (Microsoft® 2007}
Page A-1of A-3
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Type 3 Business Case Summary
Document #: D-BCS-73720-10001-R00Q

Append!x B: Comparison of Total Project Estimates and Profect Vara

Camparison of Total Project Estimates

nce Analysis !

Phase

Release ‘

\
Date

+. 2015 |

Tolal Project Estimate in kS
_{by year including contingency)
[ 20185 [ 2017

Future

2018 .- 2018 | 2020

Total

Project
Estimate

Execulion

Partial | Nov 2015

7000

4935

2810

2719 | 5573 | 3284

26,322

Project Varfance Analysis

A

Last B8CS

L. ,"V-Tgl'.nl. Project

: *"';r:-ﬂ
ThiaBCs | e

Comments

OPG Project
Managemeant

OPG Englneering
{indluding Deslgn)

OPQA Procured
Materials

OPG Other

Deslgn Contract(s})

Construction
Contract(s)

EPC Contract(s}

Consultants

Other
Contracte/Costs

Intarest

Contingency

Total

L

g

Variance explanation not req

wrred - First BCS

OPG-TMP-0004-R004 (Microsoft® 2007)
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Type 3 Business Case Summary
Project #: Project # 82816 Document #: D-BCS-73720-10001-R000
Project Title: DN Vault Cooling Coil Replacement, <Partial> <Execution> Release

Appendix C: Financlal Evaluatlon Assumptlons

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

NIA

Appendix D: References

NK38-REP-73720-100005-R002
NK38-REP-73720-0473755
NK38-REP-73720-0485570

Appendix E; Photo - Leaking Coll at U-bend

g =t oy £y
e %

a3 5
e

OPG-TMP-0004-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-0076.

Executive Summatry and Recommendations

Project Information

Project #10-73566 :
" Project #16-80144

D-BCS-33130-00001 ROCO

i | DN PHT Pump Motor Replacement & Overhaul

| [ oM&A [X Capital [] Gapital Spare

OvFA  [JCMFA [ Provision Sustaining

[ Others: .

Execution | Partial

Darlington | JUN-2022
Project Overview

We recommend the release of $48.70, inciuding-of contingency.
The estimated total project cost is $129.5M, including-of contingency.

The estimated total cost of overall Primary Heat i ort (PHT) Pump Motor program;, including the four spare
maotors previously released, is $160.3M including of contingency,

TRIS partial release BUsSiness Case SUMmaTy bTng afes $538 ohtirgency.
Arelease of $ 5.1M ‘was obtained under approved Refurbishment Gate 3 release package in December 2014 for installation of
5 {five) motors starting in D1531 under project # 10-73568. As well, four new spare motors either received or are o be recelved
through Capital Portfolio project 16-36001 - DN Purchase of PHT Pump Motor Capital Spares.

2

The reptacament and overhaul of the PHT Pump Motors was previously included in the Darlington Refurbishment PHT and
Auxiliary- Scope Nuctear Sub-Bundle. A review of the scope of this project determined that it this not core scope and has been
reclassified as Operations support work. This BCS finalises the transfer of both the replacement and overhaul projects fo
Nuclear Operations Forifolio.

The deliverables of this BCS inciude the foliowing.

. Replacement/installation of six out of 16 (sixteen) PHT pump motors during Darlington outagss,
D1512/D1531/D1641/D1711 including transport and pre-festing, prior to-execution.

. Refurbishment of 7(seven) PHT pump motors. The refurbishment contractis currently being negotiated. 6 motors
are to be replaced with one spare motor fo be included in the release of molors to be refurbished.

. Purchase of a trailer for handling PHT pump mator transfers at site.

An Execution Full Release BCS to’support completion of the overall scope of work will be submitted for approval in November
2017,

Problem Statement/Business Need:

There are 16 operating PHT motors operating on site - 4 par unit.  Additionally, there Is one spare motor-that was removed
from service in-2010 and is not credited as a viable spare.  PHT pump motors are 100% duty with no installed redundancy.
Failure of-any one of the operating motors will resulf in a forced cutage and couid result in an extended outage depending on
availability of spare motors. :

The current condition assessments of PHT pump motors are ai medium, high or very high risk and have an increasing
probability of failure until replaced by new or refurbished motors, There are indications of winding deterioration in 15 of the 16
Primary Heat Transport (PHT) pump motors. The presence of ozone is a sign of partial discharge in the stator windings and/or
electrical connections. Partial discharge is the precursor of a short to ground for the stator windings. If the motor fails due to
shorl to.ground, the motor will more than iikely be unrecoverable. The extent of condition, i.e. the risk 1o the motors associated
with high ozone levels and the deterioration rate will not be fully understood until the first motor is refurbished.

Based on documented operational experience, the expected.-service life for a motor of this size is 25 to 30 years There is

*Associated with OPG-STD-0076, Developing And Documenting Business Cases
OPG-TMP-0004-R004 (Microsoft® 2007)
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Project Overview

operational experience shoewing motors manufactyred by the same Original Equipment Manufacturer (OEM) have similar
problems at other U.S. stations, The failure rate is one per 24 years.and deleriorating, based on a study for-the 1.8. Nuclear
Regulatory Commission “Aging Assessment of Large Electric Motors in Nudlear Power Plants (NUREG/CR -6336). With this
deteriorating failure rate, the exisfing motors cannot be expected to run refiably without bemg fully refurbished. Gurrently,
another Canadian CANDU operator is refurbishing their motors.

The business risk arising from the condition of the pump motors is documented in the Enterprise Risk Management sysiem as

“High". OPG's strategic decision to manage this risk is to purchase additional spare motors (previously released), replace and

refurbish existing operating motors and restore system capabliity as well as long term redundancy with the availability of spare-
motors.

Summary of Preferred Alternative:

Following final receipt/testing/installation/commissioning/turnover of the four new motors starting with in the D1512 outage, the
old motors removed from the units will be assessed and refurbished. Once complete, these refurbished motors will then be
installed at a rate of up to two motars per outage and each removed motor is to be refurbished until all are replaced. Note, the
scheduling on when each motor will be taken out will be assessed basaed on the potential for degraded components due to
partial discharge ‘generated.Qzone.

Replacement of existing PHT motors will be completed in all units by 2022. Risk is to be greatly reduced by completing the
replacement/refurbishment of the highest priority motors by 2018. This is dependent on vendor contract with schedule that will
support refurbishing two motors between planned outages.

This is the original BCS and the scope has not changed.

The Target In-Service dates are in accordance with our outage scheduls with one molor to be available for service at the end
of D1512 and two motors to be available for service at the end of D1531. One more motor is {6 be avaiiabls for service at the
end of D1641 outage. Replacemerit of existing PHT motors will be completed in all units by 2022,

Key Assumptions and Risks:

Current assumption is 1 (one) motor can beé overhauled/returnad within 8 months, based on vendor feedback. Our contract will
Include provisions for schedule and performance liquidated damages; but there Is a risk that the refurbishment work is not done
well and OPG might not get refurbished motors installed as per schedule. The first motor to be sent out for refurbishment is the
spare. This motor will be subject to no load test run at OPG on the test stand to confirm it is fit for field installation.

The overhaul vendor must have the shop fidor available for 2-3 DNGS motors at a time to support our current schedule. OPG.
should include a clause to hire more than one vendor for the.motor overhau, in case vendor capacity isn't sufficient.
Contingency plans shall be developed in'the event any motors do not meet their delivery milestone, and the effect on
downstream motor swaps.

Project Cash Flows, NPV, and OAR Approval Amount

S > | 2016 7| 2017 | 72018 |- 2019 | 52020
Curr_ently Released 18 2.2 1.1 - - - - -
Requested Now : . 6.2 11.5 . - _ 48.7
Future Requ red - 12.0 60.7
Total Project Cos 120 1295
Ongoing Cosis - - - - - - - -
Grand Total . . 84 ] i {00 1295
Estimate Class: | Class 3 Est«mate atCompletlon
NPV; QAR Approval Amount: | $128.5M

Additional Information on Project Cash Flows {optional):

NPV is not required for a cost benefit as this is a-sustaining project.

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

Part A: Business Need

There are 16 operating PHT motors operating on site — 4 per unit. Addifionally, there is one spare motor that was
removed from service in 2010 and is not credited as a viable spare.- PHT pump motors are 100% duty with no
installed redundancy. Failure of any one of the operating motors will result-in a forced outage and could result in
ah extended outage depending on availability of spare motors.

The current condition assessments of PHT pump motors.are at- medium, high of very high risk and have an
increasing probability. of failure until replaced by néw or refurbished mators.. There are indications of winding
deterioration in 15 of the 16 Primary Heat Transport (PHT) pump motors. The presence of ozone is a sign of
partial discharge in the stator windings and/or electrical connections. Partial discharge is the precursor of a short
to ground for the stator windings. if the motor fails due to short to ground, the motor will more than fikely be
unrecoverable. The extent of condition, i.e. the tisk to the motors associated with: high ozone leveis and the
deterioration rate will not be fully understoed untii the first motor is refurbished.

Based on documented operational experience, the expected service life for a- motor of this size is 25 1030 years
There is-operational expetience showing motors manufactured by the same Qriginal Equipment Manufacturer
(OEM) having similar problems at other U.S. stations. The failure rate:is one per 24 years and deteriorating,
based ona study for the U.8. Nuclear Regulatory Commission “Aging Assessment of Large Electric Motors in
Nuclear Power Plants (NUREG/CR-6336). With this deteriorating fatlure rate, the existing miotors cannet be
expected to run reliably without being fully refurbished. Currently, ancther Canadian CANDU operatoris

refurbishing their motors.

The business risk arising from the condition of the pump motors is documented in the Enterprise Rigk
Management system as "High". OPG’s strategic decision to manage this risk is to purchase additional spare
motors (previously released), replace and refurbish existing operating motors and restore systern capabiity as well
as long term reduhdancy with the availability of spare motors.

Part B: Preferred Alternative: Overhaul of PHT Pump Motors

Description of Preferred Alternative

« The preferred alternative is to overhaul 17 PHT pump maotors.
s  The preferred altetnative is selected against ather alternative of buying new motors due to cost and duration.

Pros:

«  The motors need fo be overhauled in order to extend thelr fife expectancy for another 30 years. Similar
motors were overhauted at power plants in Canada with good results.

Cons:

»  Overhaul cost is estimated based on a base scope of work as described in the technical specification.
Each motor situation is different and the overhaul cost for. each motor could increase based on the
results of each motor inspection at the overhaul company. Inspection report for each motor will be
reviewed and accepted by OPG and could result in increase of base scope of work as originally
estimated.

«  This could create issues with regards to operating and maintaining motors of a slightly different design,
The new and overhauled motors are from the same OEM and there are differences with regards to the
type of bearing and some other parts used.

« Staged release supports re-assessment/measure of costs associated with motor refurbishment,

Deliverables: Associated Milestones (if any): [ Target Date;

Issue PO to overhaul PHT pump motors N/A , Q2-2015

*Associated with OPG-STD-0076, Developing and Documenting Businass Cases
: OPG-TMP-0004-R004 (Microsoft® 2007)
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Deliverables: V Agsociated Milestones (if any): | Target Date:
Instaliation of 4 (four) new PHT pump motors during D1512, D1531 and D1641 D1512-15/7/2015
D1812, D1531 and D1641. milestones for field D1531°30/1/2016
instafiation D1641-30/8/2016
Ship 2 (two) used PHT pump motors for overhaul (batch | N/A Dec 2015
# 1) after being removed from units in D1512 and
D1531. J
Receive first 2 (two) overhaul motors (batch # 1) from N/A Apr and Aug 2016
vendor. v
Ship 2 (two) used PHT pump motors for overhaul (batch | N/A Juf 2016
#2).
Receive 2 (two) overhaul motors (batch # 2) from N/A Mar 2017
vendor. . ] |
Ship 4 (fou ryused PHT pump motors for overhaul (batch N/A Apr 2017
#3). ( B
Receive 4 (four) overhaul motors (batch # 3) from N/A Dec 2017
vendor. N . |
Ship 2 (two) used PHT pump motors for overhaul (batch | N/A Jun 2019
4 4
RL A
Receive 2 (two) overhaul motors (batch # 4) from NIA Feb 2020
vendor. ‘
Ship 1 (one) used PHT pump motors for averhaul (batch N/A Feb 2020
#5). .
Receive 1 (one) used PHT pump motors for overhaul N/A Oct 2020
(batch #5), L |
Ship 2 (two) used PHT pump motors for overhaul (batch | N/A Dec 2020
#6).
Receive 2 (two) used PHT pump motors for overhaul N/A Aug 2021
(batch # 6).
Ship 2 (two) used PHT pump motors for overhaul (batch N/A Sep 2021
#7). o ,
Receive 2 (two) used PHT pump motors for overhaul N/A May 2022 |
(batch #7). 7 1
Ship 2 (two) used PHT pump moators for overhaul (bafch N/A May 2022
#8). - 5
Recelve 2 (two) used PHT pump motors for overhau! N/A Dec 2022 f
(batch # 8). {

Part G: Other Alternatives

Summarize all viable alternatives considered, including pros and cons, and associated risks, Other alternatives ray incliide
different mearns to.meet the same business need, and a reduced or mcreased scope of work etc.

eSS —e——
Alternative 1: Base Case - Do Nothlng

This is not an option, Motor replacement has to be scheduled based on Partial dlscharge and ozone indications. The business
risk 1s documented under Enterprise Risk management (ERM) risk # ER18731 - DN - Darlington Prmary Heat Transport Pump
Motor Failures Impacting Station Operafions”

e r——
e==ar———

Alternative 3: Delay Work

This is.not recormmended. Delay of work will result in failure of PHT pump molors resulting in unit(s) being

OPG-TMP-0004-R004 (Microsoft® 2007)
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Alternative 3: Dalay Work '
shutdown.

Aiternafive 4: Buying new motors

This is not recommended due to higher cost and duration. The cut-off cost is $5M. We will re-evaluate this
alternative if the overhaul motor cost gets to $5M per motor.

vpm——

Alternative 5; N/A

Part D: Pro;ect Cash Flows, NPV and OAR Approval Amount

e __ | Lo | 2015 | 20f6" | 2017 | 2018 | 2019 | 2020 | Future | Total |
Currently Released 1.8 2.2 1.1 - - - - - 5.1
Requested Now - 8.2 11.5 31.0 - - - - 48.7
Future Required - - - 156.0 12:0° 14.0 347 60.7

Total Project Cost
Contingency

84] 126] 310|150 120|140 37| 1295

GrandTotal - | . . 84| ~126] 310]  150] - 347 12
Estimate Class: Class 3 Estimate at Completion
NPV: OAR Approval Amount: | $129,5M
Additional Information on Project Cash Flows (optional):
NPV calculations are not applicable.
Part £: Financial Evaluation
Ms [Freferred BasoCase | DelayWork = | Alterndtived | "Alistnatives
o Alterpative:-. | . T : BT N N

127.7
NA _

it re——et — e ————.

Summary of Financial Model Key Assumptions or Key Findings:
NPV is not required for a cost benefit as this is a sustaining project.

|
|

Part F: Qualitative Factors

Project is to address a station risk which will demonstrate to the public that OPG is-managing risk 10 support the long term
viability of DNGS.

Part G: Risk Assessment

scription of Management Strate
Thereis'a risk that the cost-of Mitigation: Review with overhaul vendor
refurbishment will increase based of results of the incoming inspection for
inspection of each motor and additional each motor-io determine required
Cost repairs not included in curtechnical repairs/design changes that are optional L
0s specification. Cost increase could vary work as per our technical specification. High Medium
between motors. QPG is to concur with the replacement
recommendations, if any,
Scope. Possibility of discovery issues, not Mitigation: Review with overhaul vendor High Medium

OPG-TMP-0004-R004 (Microsoft® 2007)
Page 3 of 5




Project #:
Project Title:

Project #16-80144
DN PHT Pump Motor Replacement & Overhaul, <Partial> <Execution> Release

Filed: 2016-05-27

EB-2016-0152

Exhibit D2-1-3

Attachment 1, Tab 33, 73566, 80144

Page 7 of 14 OPG Confidential
OPG-FORM-0076-R005

Type 3 Business Case Summary
Document #; D-BCS-33130-00001 R0O0O

Part G: Risk Assessment

. RiskClass - Desaription of Ris i 1
annc&paled during the assessments. to determme lf replacements are requured
for major motor parts/ optional work..
There is @ risk that.the overhauled Mitigate. Contingency money to be
motars will not be ready in time for the included. Contract includes financial
planned sequence of PHT motor swaps. | incentives for not.exceeding the 8
months overhaul window for each motor.
Schedule There is a risk with-the distance to Mitigate: Consider alternatives such as High Medium
transport motors of this size as the rules shipping these motors horizontally and
are different in the US and Canada. add contingency. for greater risk during
winter season when road closures and
maintenance can delay delivery between
vendor and OPG.
, Mitigate: Contihgency money to be
Thereﬂis a risk that Lhe ot:/‘erthaul suprpther included to support additional support for
shop oodr mTy no fe a X eto SutprE tan a second overhaul vendor to-enstire
increased volume of motor overnauis 1o yyeior gverhaul schiedules are met.
ensure motor availability for the scope.
. C . . Mitigate: Vendor selection to be
There is a risk that the supplier Design | ioniored to ensure selected vendor has
) i N . eetor
good capabllity to reverse engineering _ : L .
Resources v ; overhaul these:motors on time-and High Medium
capabilities 8{"1" S?‘ek third party | ‘provide required technical support during
expemse as they nhave no pI'EV(OUS mofors operation.
experiénce in‘overhaul of similar size
motors.
There Is a risk that vendor has no Mitigate: Vendor selection to be
capabilities in the decontamination of monitored fo ensure selected vendor has
thé)s e motors decontamination capabilities and
T experience.
There is arisk that the quality of the Mitigate: Review proposed overhatl
overhaul will result in reduced efficiency | process to ensure efficiency of the motor
of the rmolor as opposed to the OEM requirement is mel..OPG Is looking for
Quality/ efficiency of 96:90% and have a financial | Performance liquidated damages with i .
Performance | ipact, regards to efficiency. High | Medium
Note: Insulation selection (VIP vs
hard wire) may impact on mitigation
_ of this risk.
There is a rigk that some paris are Mitigate: Use like-for-like
obsolete and replacement may require | replacements to reduce design
- design modifications. This will increase modifications on each motor ; .
Technical the overhaul cost for each mator. ' ' ' ‘ High Medium
S = — e — —

Additional Risk Analysis:

OPG-TMP-0004-R004 (Microsoft® 2007)
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Part H: Post Implementation Review (PIR) Plan

Type of PIR Report

Target In-Service or- Complation Date

Target PIR Complstion Date

- Comprehensive PIR DEC - 2022 B DEC - 2023
Measurable , . " How will it be 1 Who will measure it?
Parameter Current Baseline Target Result measured? {person/group)
Of 16 motors; 2 have
" been identified as — .
%Z?;ni:%?néogsk to having a very high risk | All 16-motors have low gﬁi%?;géscgi&ggzon e Components
g erations 9 of failure, 7-at high risk of failure testin 9 Engineering
P : risk, and*6 motors at - g
medium risk.
The existing motor The existing motor Components
Motor efficiency design efficiency is design efficiency is Acceptance testing E P e.n
96.90% 96.90% ngineering

Partl: Definitions and Acronyms

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

?,Prolect Number" | Project #16-80144

Project Title DN PHT Pump Motor Replacement & Overhaul

M§ 2017 | 2018 | 2019 | 2020 | Future | Total

OPG Project

- 0.3 0.2 0.2 02 02 0.2 0.4 1.7 2
Management

OPG Engineering

(Includinig Design) - - 0.1 0.1 0.1 0.2 0.2 04 1.4 1

OPG Procured 0.1

‘Materials 0.1 0.1 0.2 0.2 0.4 1.1 1

OPG Other (Field ‘ ’
Engineering, - - 0.4 0.4 0.4 0.4 0.4 0.8 2.8 3
CMO, PCC)

Design
Contract(s}

Construction
Contract(s)

Traller Cost

Consultants

Overhaul

Contracts/Costs

Interest

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

10-73566

5‘.Project Number :

" .| DN PHT Pump M

2020 |

Futire .

OPG Project
Management

0.2 0.8

OPG Engineering
{including Design)

0.1 0.4

1.1 4

OPRG Procured
Materials

01

0.1

01

0.1

0.1

0.1 0.4

1.4 4

OPG Other (Field
Enginieering,
CMO, PCC)

Design
Contract(s)

Construction
-Contract(s)

Trailer Cost

Consultants

Overhaul

Contracts/Costs

Interest

04

0.3

0.4

0.4

0.2

0.2 0.8

2.3 9

JUN-2013

| JUN-2022

= DEC-2022

2.0%

5.0%

Removal Costs

f:;fi:hqiude‘s nly-spent.c

fingency.for Nuclear

?repé_rfé_d by '

Approvedby: .

Simion Deju
Project Manager

1

I

Projects and Modifications

Date
2015-05-28

|

John Melmer

Section Manager
Projects and Modifications

Date
2015-05-29

OPG-TMP-0004-R004 (Microsofi® 2007)
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i Appendix B: Companson of Total Project Estimates and d Project Variance Analysns

I

Comparison of Totaf Pro;ect Estimates

Execution Partial

MAY 2015

Project Variance. Analysus

OPG Project
Management

OPG Engineering
(including Design)

OPG Procured
Materials

OPG Other

Design Contract(s)

Ganstruction
Contract(s}

EPC Contraci(s)

Consultants

Other
Contracts/Costs

Interest

OPG-TMP-0004-R004 (Microsofi® 2007)
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Appendix’ C: Financial Evaluation Assumptions

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

Project Cost:

1. Replacement cost is the cost of replacing an existing PHT pump motor with 2 new one at an estimated cost of
$6.4M as provided by OEM,

2. Overhaul cost is estimated at as $3.5M per motor. This is the closest cost to the third party estimate of
$2,871,519 per motor. This is used to estimate funding required proceed with the first phase of the PHT motor
overhaul and award a purchase order to overhaul PHT motors.

3. Transportation cost is estimated from $160,000 (in 2015) to $195,000 (in 2022) per trip. Container cost is
estimated at $148,759.

Appendix D; References
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Type 3 Business Case Summary
To be used for investments/projects meeting Type 3 criteria in OPG-STD-0076.

Executive Summary and Recommendations

Project Information

Project #: 13-40876 ] Document #: | NK30-BCS-35300-00002

Project Title: | U58 Fuel Handling Reliability improvement Project

[] om&A Capital [] Capital Spare
Class: COMFA  [JCMFA [ Provision Investment Type: Sustaining
[] Others:
Phase: Execution Release: Partial
e ; ; Target In-Service or
Facility: Pickering Completion Date: 2017-07-30

Project Overview

We recommend the release of additional $6,243k, including [JJjj of contingency.
Total release to date is $30,861k including i of contingency.
The estimated total project cost is $37,256k including [t contingency.

The quality of the estimate for this release is Class 2, for the full project the quality of estimate is Class 2.

This release will fund the following scope of work:
e«  Completion of scope previously released:
o Y-drive Interference removalfrestoration

Y-drive train alignment to new design specification
Fuel Transfer Elevator system counterweight replacement
External design contract for Fuel Handling system modifications
Engineer-Procure-Construct contract for Fuel Transporter refurbishment — Engineering portion
= Start and complete the following new scope:

o Installation of C-ram controller madification package
e  Start the following new scope:

o Partial installation of 90 degree modification package

0 0 0 o0

Problem Statement/Business Need:

The ariginal design requirement for Pickering Unit 5 to 8 Fuel Handling (FH) system availability was 70%, which was consistent
with a design capacity factor of 80%. However due to changes in reaclivity management procedures, the FH system availability
target has been increased to 90%. Furthermore, the FH systems at Pickering station are approaching the end of their design lives,
leading to reliability issues arising from significant component obsolescence and end-of-life challenges. FH parts are, in many
instances, unique pieces of equipment from the Original Equipment Manufacturer (OEM) and there are no parts available for
replacement or technical specifications available to procure.

This project is part of an overall system life management plan detailed in NK30-REP-35300-0441486 PNGS U 5-8 Equipment
Reliability Recovery Plan — Fuel Handling that will ensure reliable operation of the FH systems to the end of their operational life.
This project addresses performance issues through upgrades to address single points of vulnerability, replacement of obsolete
components, and modifications to improve system reliability.

Summary of Preferred Alternative:

The preferred alternative is to replace and/or modify single point of vulnerability (SPV) and highly critical items (as identified by the
Equipment Reliability Analysis Program), and replace obsolete equipment and implement modifications to improve the reliability of
the FH systems.

*Associated with OPG-STD-0076, Developing and Documenting Business Cases
OPG-TMP-0004-R004 (Microsoft® 2007)
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Project Overview

History of BCS releases and project cost estimates:

Phase Release Date Total Project Cost(k$)
Definition & Execution Partial August 2012 29,000

Definition & Execution Partial August 2013 29,000

Execution Partial March 2015 37,256

The estimaled total cost (without contingency) has increased due lo the following:

Scope addition including FM 90 Degree Rotation upgrade, C-RAM Controller upgrade, and FT elevator counterweight
replacement. Incremental cost $1,055k

Additional project management cost for extended project life till 2017. Incremental cost $587k
Additional engineering and material cost to address legacy design issues. Incremental cost $300k

Additional OPG labour costs related to construction for multiple additional outages and design modification packages.
Incremental cost $3,000k

Additional construction contract costs for Y-drive interference removal, Y-drive alignment to design basis & multiple
planned outages. Incremental cost $950k

EPC contracts for modification work — Fuel transporter refurbishment modification. Incremental cost $1,500k
Additional Interest burden for extended project life till 2017. Incremental cost $590k

History of scope and schedule changes:
Scope Additions:

Installation of Fuelling Machine FM 90 Degree Rotation Upgrade. Incremental cost $300k
Replacement of Fuelling Machine Magazine & C-RAM Controllers. Incremental cost $75k
FT elevator counterweight replacement. Incremental cost $80k

Scope Removals:

Remote Irradiated Fuel Bay water level monitoring maodification. Asscciated reduction $400k
FM Drain Line modification. Associated reduction $11k

The Project scope was not executed as planned during 2013 and 2014 planned outages due to insufficient outage window
availability and material unavailability. The balance of the scope has been deferred for future planned unit outages and no-fuelling
windows. Based on current scheduling estimates, all project scope execution will be complete by May 2017. As a result the project
completion milestone is revised to November 2017 compared to December 2015 as per original BCS.

Key Assumptions and Risks:

Project execution schedule will be accommodated in planned outages and online no-fuelling windows through 2017.
Long lead materials will be available in time for planned execution.

Specialized OPG FH personnel and experienced execution resources are available.

Project Cash Flows, NPV, and OAR Approval Amount

k$ LTD 2015 2016 2017 2018 2019 2020 Future Total
Currently Released 17,663 6,955 0 24618
Requested Now - 3,388 2,815 240 0 6,243
Future Required - 3,842 2,453 0 6,395
Total Project Cost 17,663 10,343 6,557 2,693 0 37,256
Ongoing Costs - 0 0 0 0 0 0 0 0
Grand Total 17,663 10,343 6,557 2,693 0 37,256
Estimate Class: Class 2 Estimate at Completion: - L .
NPV: NA OAR Approval Amount: | $37 256k

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: ~ Ve k(lh(&k&\&
Glenn Jager 3 i ; h N ) Pl
Chief Nuclear Officer &A— W v 27:(57210

- PAAMTRER_

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

Finance Approval:
Beth Summers

Chief Financial Officer C/'//L [ 1/ Jf LM / ’ 6

| 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 M(/»-/ { ( 2250 Ay
Per OAR 1.1 P
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Project Title:  U58 Fuel Handling Reliability improvement Project, <Partial> <Execution> Release

Business Case Summary

Part A: Business Need

The original design requirement for Fuel Handling (FH) system availability at Pickering Units 5 through 8 was 70%. This is
consistent with a design capacity factor of 80%. However due to changes in reactivity management procedures the FH system
availability target has been increased to 90%. The FH systems at Pickering station are approaching the end of their design life,
leading to significant component obsolescence and reliability challenges. FH paris are, in many instances, unique pieces of
equipment from the Original Equipment Manufacturer (OEM) and there are no replacement parts available or technical
specifications available to procure.

These issues have the following impacts:

Forced Loss Rate (FLR): FH system failures can result in unit de-rating or shutdown, depending on the extent and time
required for failure resolution. While reactivity deficits due to a lack of fuelling can be accommodated temporarily by
withdrawing adjuster rods, Heat Transport System aging effects now mandate that Units 5 and 6 be de-rated when adjusters
are withdrawn. Units 7 and 8 will also be subject to this as they approach their end of operational service. Failures also impact
on the Reactivity Management Index targets.

Performance Improvement: An audit was performed and issues were identified by World Association of Nuclear Operators
(WANO), Nuclear Safety Review Board and Self Assessments. Areas For Improvement (AFls) pertaining to equipment
reliability are identified and summarized along with action plans in Pickering WANO AF| status updates.

Nuclear Safety: FH equipment failures can represent a nuclear safety concern due to irradiated fuel either in the Fuelling
Machine magazines with the Fuelling Machines locked on channel, or in inoperative fuel transfer system components. This
challenges the ability of the FH systems to cool the fuel and prevent releases of radio nuclides.

Outage Campaigns: Continued Operations activities rely strongly on fuel channel inspections. F/Ms are in constant use
during outages to support inspection campaigns which are usually critical path. Maintaining or bettering the critical path
schedule during outages is vital to returning the units to service and resuming power production. Any FH system unavailability
will have a direct and negative impact on critical path during these outages.

End of Commercial Operation: During the safe storage phase following the end of Pickering 5 to 8 commercial operation, the
FH systems will be required to defuel the units and subsequently move the fuel into dry storage.

Part B: Preferred Alternative: Replace/Overhaul FH SPV equipment

Description of Preferred Alternative

The preferred alternative is to replace and/or modify SPV / High Critical items (as identified by the Equipment Reliability Analysis
Program as per AP-913 guidelines) and replace obsolete equipment and implement modifications to improve the reliability of the FH
systems. This includes the development of Engineering Changes, procurement of long lead material, and field execution. Scope of
work includes units 5, 6, 7, 8, and 058:

Replacement of FM D20/0il Catenaries — all scope complete
Replacement of FM electrical cable hamesses — Unit 5 complete
Replacement of life expired FM bridge drive components
e Y-Drive speed reducer gear boxes — Units 6 and 8§ complete
» Clutch & Brake for Y-Drive — Units 6 and 8 complete
o Mitre Boxes for Y-Drive (excluding valve room) — Units 6 and 8 complete
Ball Nuts & Thrust Bearing replacement
Replacement of obsolete instrumentation and control components
Process indication meters for FM/FT systems
Replacement of TM U/L RAM Advance & Retract Valves
Replacement of TM Level Lowering Valves
Replacement of Fuel Transfer Mechanism valves and traps
Replacement of 6 pumps motors 35390-PM1/PM2 (Only 1 pump to be replaced on unit 5 and unit 8)
Replacement of transfer mechanism and conveyor components
Conveyor Cart Overhaul and Replacement of wire rope cables — Units 5, 7, and 8 complete
Conveyor Ram replacements (-056 and -078)
Replacement/Refurbishment of FT components
FT Qi/D20 catenary hoses
FT cable harnesses
FT clutch & brake for Magazine drive

*Associated with OPG-STD-0076, Developing and Documenting Business Cases
OPG-TMP-0004-R004 (Microsoft® 2007)
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Project Title:  U58 Fuel Handling Reliability improvement Project, <Partial> <Execution> Release

Part B: Preferred Alternative: Replace/Overhaul FH SPV equipment
Description of Preferred Alternative
Elevator Assembly overhaul (excluding lower sprocket replacement) — Units 6, 7, and 8 complete
Overhaul of Rolling Shield mechanism
Engineering, Material procurement, and Construction for FH Modifications including:
Irradiated Fuel Bay B sumps high level alarm switch modification (ECR 13155)
Irradiated Fuel Bays lighting modification (ECR 17821)
Fuel Transfer valve modification (ECR 16059)
Fuelling Machine Y-drive filter element modification (ECR 17855)
Fuelling Machine Bridge Trolley Platform Handrail modification (ECR 18550)
Guide sleeve latch ring modification (ECR 22019)

o D20 sub-micron supply filter to Fueling Machine modification (ECR 21986)
B-RAM Oil Motor modification (ECR 16061)
Fuel Transporter modification
FM 90 Degree Rotation modification
C-RAM Controller modification

Deliverables: Associated Milestones (if any): Target Date:
Unit 6 Replacement/Overhaul (balance) U8B Outage Installation complete P1561
Unit 6 Modification Installation SOI Unit 6 IOP No-Fuelling Window SOI 2016-06-30
Unit 7 Replacement/Overhaul (balance) U7 Cutage Installation complete P1671

Unit 7 Modification Installation SOI Unit 7 1OP No-Fuelling Window SQI 2016-06-30
Unit 8 Replacement/Overhaul (balance) U8 Qutage Installation complete P1681

Unit 8 Modifications Installation SOI Unit 8 IOP No-Fuelling Window SO 2016-06-30
Unit 5 Replacement/Modifications (balance) U5 Outage Installation complete P1551

Unit 5 Modifications Installation SOI Unit 5 IOP No-Fuelling Window SOI 2016-06-30
Detailed Engineering for FH Modifications Detail Design Completion 2016-03-30
Unit 058 Medifications Installation SOI Modifications Installation SOI 2016-06-30

Part C: Other Alternatives

Summarize all viable altemnalives considered, 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, etc.
Alternative 2: Base Case — No Project
Maintaining the status quo is not an acceptable option for the following reasons:
= FH Systems will continue to be a contributor to unit de-ratings and forced outages and result in large financial
losses
+« Considering component obsolescence and unavailability of spare parts, the probability of equipment failure will
continue to increase within the intended station life
s Failures will continue to disrupt Qutage critical path and IOP scheduled activities
With Fuel Handling equipment or system failures, there is an employee and public safety risk if irradiated fuel cannot be
transferred to the appropriate location where adequate cooling is available.

Alternative 3: Delay Work — Project execution delayed for 2 years

This alternative does not satisfy the objectives of this project. Delays have already occurred that draw out the project
timeline. Further delay is not recommended because:
» Delaying the project will impact key business production objectives with high probability of existing Fuel Handling
system equipment failure

OPG-TMP-0004-R004 (Microsoft® 2007)
Page 2 of 6
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Project #:
Project Title:

Alternative 3: Delay Work — Project execution delayed for 2 years

* Any cost savings would be offset by the increased risk and consequence of forced outages due to equipment
failure

The delay period has a negative impact on the probability of aging equipment failure.

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

kS LTD 2015 2016 2017 2018 2019 2020 Future Total
Currently Released 17,663 6,955 0 24618
Requested Now - 3,388 2,615 240 6,243
Future Required - 3,942 2,453 0 6,395
Total Project Cost 17,663 10,343 8,557 2,693 0 37,256
Ongoing Costs - 0 0 0 0 0 0 0 0
Grand Total 17,663 10,343 6,557 2,693 0 37,256
Estimate Class: Class 2 Estimate at Completion: | [
NPV: NA OAR Approval Amount: | $37 256k
Part E: Financial Evaluation

kS Alitr:: f);rt?\?e Base Case Delay Work Alternative 4 Alternative 5
Project Cost 37,256 NA 39,142 E .
NPV NA NA NA - E
Other (e.g., IRR)

Summary of Financial Model Key Assumptions or Key Findings:

Major scope execution to be complete by May 2017,
Design modification costs are estimated based on preliminary design details wherever design is not complete

Part F: Qualitative Factors

An audit was performed and issues were identified by World Association of Nuclear Operators (WANQ), Nuclear Safety Review
Board and Self Assessments. Areas For Improvement (AFls) (P-2011-16413, P-2011-07217) pertaining to equipment reliability
were identified and summarized along with an action plan in the Pickering 2012 WANO AFI status update. Reference NK30-
REP-35300-0441486 (PNGS U 5-8 Equipment Reliability Recovery Plan — Fuel Handling). Investment in this project scope will
address AFls identified through the peer review.

Part G: Risk Assessment

Risk Class Description of Risk Risk Management Strategy Post-Mitigation
Probability impact
There is a risk that cost may exceed Contingency is included to address
estimated values. overall costs of materials, engineering,
The cost estimate for FH system and Installation.
modification portion of this project is
Cost based on preliminary engineering To execute in IOP no-fuel windows, work | Medium Low
assumptions. Overall costs of will be scheduled to efficiently share
materials, engineering, and installation resources with other vendor work to
may vary based on detail design eliminate mobilizing/de-mobilizing costs.
results.
There Is a risk that discovery field Fuel Handling group have reviewead 1he :
Seope configuration issues may increase the scope. Pre-installation walkdowns will Medium i

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

Risk Class

Description of Risk

Risk Management Strategy

scope. The scope of this project is
bound by the approved project charter.

be completed to anticipate and address
configuration management or
maintenance related issues and address
outside project scope where practical.
General contingency is included to
address discovery issues that may arise
during assessing and installation.

OPEX and Lessons Leamed from project
scope completed to-date on other uniis
have been reviewed included in planning
documentation with sufficient time
allocated to address all OPEX through
the execution.

Schedule

There is a schedule risk due to:

a) The ability to complete the project
scope in planned outages due to
matenal unavailability.

b) The ability to complete the required
prerequisite work due to required no-
fuel windows and specialized resource
requirement.

c) The ability to execute scope within
the outage window is at risk due to
limited work space, interferences with
other work Vault and FM Service Room
work in progress.

a) Supply Chain engaged and majority of
material identified. Advanced funding
obtained to initiate orders of long lead
materials. Work that does not have
materials on site for the required outage
will have to be rescheduled to future
planned outages or |OP no-fuelling
windows where appropriate.

b) Recovery Plan integral with the station
FH Reliability plan and Reactivity
Management Plan to schedule
opportunity to complete project scope.

c) Work closely with the Outage group
and Fuel Handling to coordinate
activities. The work is reviewed for
assement duralions and coordination.
The Outage group to schedule the
required windows.

Resources

There is a risk that dedicated resources
not secured from OPG and external
resources. Project & Modifictaions
personnel are not experienced with
specialized Fuel Handling
equipment/components.

Use dedicated resources, augment staff
where required and use overtime if
necessary. Recovery Plan integral with
the station FH Reliability plan prepared
to ensure resources are balance and
assigned to complete project scope.

External engineering resources available
to support incremental if required.

Any resource issues will be escalated as
required. Fuel Handling Technical and
Assessing units will assist/consult the
projects group to help build expertise.
Contingency is included to address this
risk.

Quality/
Performance

There is a risk that quality and
performance of installed modifications

Use gualified and experienced vendors
(ASL list) with access to quality

Post-Mitigation
Medium High

Low Low
Medium Low

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

Risk Class

Description of Risk

Risk Management Strategy

Post-Mitigation

are not as expected. Issues may stem
from quality of design, manufacturing,
or installation.

manufacturing facilities.

OEM supplier for critical components that
may include failure mode and reliability
testing.

Quality oversight for installation phase by
system and component maintainers in
Fuel Handling and Engineering

Lessons learned to be implemented in
the planning phase preceding each
execution.

Technical

There is a risk that expected design
parameters may not be achievable or
system performance requirements
cannot be met.

Enterprise Risk

Station Engineering and FH department
available lo review and disposition or
provide direction to anomolies found
during commissioning and post
maintenance testing.

The rehabiliation scope is short-term
replacing components with like-for-like
replacemenis and improving efficiency
through component
upgrades/improvements without
changing the system design basis. This
is repeated from unit to unit. OPEX
gathered from previous installation to
improve efficiency of exectuion and
minimize errors in execution are
incorporated prior to subsequent
executions. As a result, there is low
impact on enterprise risk.

General contingency used to address

any technical support required above
project scope.above project scope.

Medium Low

Additional Risk Analysis:

ll

None

Part H: Post Implementation Review (PIR) Plan

Type of PIR Report

Target In-Service or Completion Date |

Target PIR Completion Date

2017-07-30 |

Simplified PIR Dec 2017
: - =
Measurable Ciitint Baseling Target Result How will it be Who will measure it?
Parameter measured? (person/group)
Feroed lossratedys o Ftﬁu?;!;izlsmttefiiltari;t-i Senior Manager Fuel
H o, g,
uﬁgﬁgggﬁy YTRFLRGS % FLR=1% related to project Handling
scope
2 Percent of time the ;
Frlsyomnt 885 % >0 % fuelling system s | Senior Manager Fuel
y ] available to fuel/de fuel l 9

OPG-TMP-0004-R004 (Microsoft® 2007)
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Project Title:  U58 Fuel Handling Reliability improvement Project, <Partial> <Execution> Release

Measurable
Parameter

Current Baseline

How will it be Who will measure it?

Target Result measured? (person/group)

due to equipment
failure related to
project scope

Part|: Definitions and Acronyms

AFI| — Area For Improvement

FH - Fuel Handling

FT- Fuel Transfer
IFB-Irradiated fuel bay
FM - Fuelling Machines

OEM - Criginal Equipment Manufacturer
SPV — Single Point of Vulnerability

NFW- No Fuelling Window
WANO — World Association of Nuclear Operators
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Appendix A: Summary of Estimate
Project Number: | 13-40976
Project Title: U58 Fuel Handling Reliability improvement Project
k$ LTD 2015 2016 2017 2018 2019 2020 Future Total Yo
o 880 | 400 350 200 0 0 0 0| 183%0| 49
Management )
OPG .
Engineering 605 150 190 50 0| 0 0 0 845 27
(inciuding Design) |
OPG Procured y |
Materials 3,356 4,200 1,250 350 0 i 0 0 0 9,156 24 6
OPG Other 5,566 250 200 150 0 I 0 0 0 6,166 | 16.5
Design
Contract(s)
Construction
Contract(s)
EPC Contract(s)
Consultants
Other
Contracts/Costs
Interest
Subtotal
Contingency
Total 17,663 | 10,343 6,557 2,693 0 0 I 0 0 37,256 100
Notes
Project Start Date 2012-08-15 FAR DRI
(excludes unspent contingency for Nuclear) =i
Target In-Service (or AFS) 2017-07-30 Contingency included in this BCS
Date s | (Nuclear only)
; Total contingency released plus
Farget Compiation Data DRI contingency in this BCS (Nuclear only)
: Total released plus this BCS without
o,
Escalation Rate 2.5% contingency (Nuclear only)
Total released plus this BCS with
0,
Interest Rate 5% contingency (Nuciear only) $37,256k
$0.0 Estimate at Completion
Removal Costs (includes only spent contingency for Nuclear) -
Prepared by: | Approved by:
Rathin Bagchi pate /1) “Nahil Rahman Date
Sr. Technical Officer, Pickering Projects 77 Director, Pickering Projects My Loig
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Appendix B: Comparison of Total Project Estimates and Project Variance Analysis

—

Comparison of Total Project Estimates
K : Total Project Estimate in k$ Total
Phase Release pg:ta:a (by year including contingency) Future Project
2012 | 2013 | 2014 | 2015 | 2016 | 2017 Estimate
Definition Partial 2012-08-15 9,000 9,650 | 8,050 2,300 0 0 0 29,000
Execution Partial 2013-07-30 1,970 7,935 | 8,630 | 10,108 357 0 29,000
Execution Partial 2015-02-27 1,970 9,392 | 6,301 10,343 | 6,557 | 2,693 0 37,256
i
|
Project Variance Analysis
Total Project
k$ LTD = Variance Comments
Last BCS This BCS 4 Ity
. Additional cost to manage the project for longer
3PG Prajest 880 1,243 1,830 587 | period than expected due to extension of project
anagement ; i
_—_—— — execution till 2017
OPG l.Engine_ering 605 905 995 gg | Additional engineering cost for legacy design
(including Design) R ISSUes, - : .
Present material cost estimate is higher than
OPG Procured previous BCS estimate due to additional material
Materials 3,356 8.987 8,168 - cost to mitigate field discovery issues and FH
) modification packages.
OPG labour costs related to construction for
OPG Other 5,566 2,895 6,166 3,271 | multiple additional outages and design modification
packages.
Design Contract(s)
Construction
Contract(s)
EPC Contract(s)
Consultants
Other
Contracts/Costs
Interest
Subtotal
Contingency
Total 17,663 29,000 ' 37,256 8,256
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Appendix C: Financial Evaluation Assumptions

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

Project Cost:

1 Future costs are estimated using the actual costs incurred for equivalent work in previous units.
2. Cost for the design modification scope is estimated from preliminary design details.

Financial:

1. Reduction in FLR contribution is assumed to be obtained in units 5-8 as a result of partial scope execution as of date.
2. ltis assumed that the equipment will be placed in service immediately after the project scope execution is complete

Project Life:
1. Based on current assumptions all project scope execution will be complete by May 2017.

Operating Cost:
1. There will be no incremental operating costs arising from this project.

Appendix D: References

NK30-REP-35300-0441486(PNGS U5-8 Equipment Reliability recovery Plan-Fuel Handling)
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Executive Summary and Recommendations

Project Information

13-41027 (Capital) 13-41028 (MFA)

D : . .
16.32202 (Capital) 16-32204 (MFA) ocument # N-BCS-09013-10008

Project #:

Project Title: | Fukushima Phase ll Beyond Design Basis Event Emergency Miligation Equipment

] oM&A Capital [] Capital Spare

Class: BIMFA [JCMFA [ Provision Investment Type: Regulatory
[] Others:
Phase; Execufion Release: Partial
ickeri ing Station (P
Facility: Pickering Nuclear Generating Station (PNGS) Target In-Service or 15DEC2017

Darfington Nuclear Generating Station (DNGS) | Completion Date:

Project Overview

We recommend the release of $40,585k, Includlng_of contingency to fund the capital part of this project. The
Fukushima response projects also require a additional $3,250k in Miner Fixed Asset (MFA) funding release. We also
recommend the approval of the write-down of $1,201k to OM&A resulting from the removal of the Darlington hydrogen
igniter repowering from the scope of the project.

This Execulion-Partial Release Business Case Summary (BCS) will bring the release-to-date 1o $58,208k mciudinm
contingency (Table 1). This is compared to the previous release of $17,623k, including|Jjfiflcontingency. The unding
for the Fukushima Phase 2 response is now $15,928k compared to $12,678k in the previous release {$3,250k increase).

Table 1. Project Release Summary

RELEASE-TO-DATE (k$)
k$ Pickerin Darlington Release Total

Capital

MFA

Subtotal

Capital Contingency
MFA Contingency
Contingency®
Total Capital ! 28,581 58,208
Total Release (including MFA) 45,450 28,686 74,136

Available for (AFS) for all modifications is planned by December 2017. The estimated total project budget is $74,325k
including contingency (Table 2) for the capital scope.

Table 2: Overall Project Summary

Project Cost (k$)

k$ Pickerin Darlingtory - FPro To

Capital

MFA

Subtotal

Capital Contingency
MFA Conlingency
Contingency*
Total Project Cost (Capital) z 28,023 74,325
Total Project Cost {incl. MFA) 60,125 30,128 890,253
{") Contingencies noled in Tables 1 and 2 above include both general and specific. See Appendix C for details.

“Associated with OPG-STD-0076, Developing and Documenting Business Cases
OPG-TMP-0004-R004 (Microsoft® 2007)
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OPG-FORM-0076-R005

Type 3 Business Case Summary
13-41027 (Capital)  13-41028 (MFA) .
16-32202 (Capital)  16-32204 (MFA) Hotumet #: NACSOH04 310008
Project Title:  Fukushima Phase || Beyond Design Basis Event Emergency Mitigation Equipment, <Partial>
<Execution> Release

Project #

Project Cash Flows

k$ : LTD 2015 2018 2017 2018 2019 Future | Total
Currently Released 7.015 9,018 1,592 - - 17,623
Requested Now e ¥ 8,561 29,301 2,713 10 40,585
Future Required | : 3,357 11,836 925 16,117
TotalProjectCost | 7015 | 17577 | 34260 | 14,548 935 74325
MFA . | 4919 9,228 1,781 R 15,928
Ongoing Costs : 80 60 160 194 194 3,447 4,135
Inventory - Spares | 20 40 40 6 g 153 265
Grand Total 7,015 22,598 43578 | 16529 1135 | 200 3,600 94,653
Estimate Class: Class 4 Estimate at Completion: -_
NPV: N/A OAR Approval Amount: 94 653

Additional information on Project Cash Flows {optional):

» Reguested Now includes $20,434k for PNGS (inckn&nchnn{ingemy} and $20,151k for DNGS (including
contingency). In Appendix A, a breakoul of PNGS and DNGS Project Cash Flows is shown.

Ongoing Costs are the incremental OM&A costs to support EME operation, testing and maintenance. Ongoing Costs
from 2015 to 2082 are included in this table.

= NPV is not applicable as this is a Regulatory Project,

Approvals

g Signature [ Comments [ Date

alternative, including the identified ongoing costs, if any, represents the best option to meet the validated

Recomﬁmdedbﬁ'{ww
Sponsor): .
Glenn Jager

President, OPG Nuclear

I concur with the business decision as doo:q(r;taﬂ in this BCS.
SVP & Chief Financial Officer .I

proceed, and provides _w:aiiue for money

Finance Approval; iy

0 W7
per OPG-STD-0076 /L/\ ’04,8"6 /
- Approved by:

Project Sponsor

Beth Summers

1 confinm that this project, including theidentified ongoing costs, if any, will address the business need, is of sufficient priarity to
Tom Mitchell :

President & CEQ W— ;F AL s
per OAR 1.1 ‘

OPG-TMP-0004-R004 (Microsofi® 2007)
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Type 3 Business Case Summary
) 13-41027 (Capital)  13-41028 (MFA) ,
Project #: 16-32202 (Capital)  16-32204 (MFA) Document #: N-BCS-08013-10008
Praject Title:  Fukushima Phase Il Beyond Design Basis Event Emergency Mitigation Equipment, <Partial>
<Execution> Release

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

k$ : LTD | 2015 2016 2017 2018 2019 Future Tatal
Currently Released | 7,015 9,016 1,502 % - 17,623
RequestedNow | | 8561 29,301 2.713 10 40,585
Future Required | _ 3,357 11,835 925 18,117
Total Project Cost | 7,015 17,577 34,250 14,548 935 74325 |
MFA . 4,919 9,228 1,781 £ 15,928
Ongoing Costs . 80 80 160 194 194 3,447 4,135
Inventory - Spares 20 40 40 6 6 153 265
Grand Total 7.015 22,596 43,578 16,529 1,135 200 3,600 94,653
Estimate Class: Class 4 Estimate at Completion: -_
NPV: N/A OAR Approval Amount: 94,653

Additional information on Project Cash Flows (optional):

»  Requested Now includes $20,434k for PNGS (including [ lllcontingency) and $20,151k for DNGS (including
ﬁmnﬁngenw}. in Appendix A, a breakout of PNGS and DNGS Project Cash Flows is shown.

»  Ongoing Costs are the incremental OM&A costs to support EME operation, testing and maintenance. Ongoing Costs
from 2015 to 2062 are included in this table.

e NPV is not applicable as this is a Regulatory Project.

Part E: Financial Evaluation

- : ;}m”fﬁm Base Case Delay Work |  Alternative 4 Alternative &
Project Cost 74,325 N/A NIA >$500,000
NPV N/A N/A N/A N/A
Other (e.g., IRR)

Summary of Financial Model Key Assumptions or Key Findings:

NPV is not applicable as this is a regulatory projecl.

Part F: Qualitative Factors

Regulatory: The initial qualitative factor will be to meet OPG aclions undertaken as part of the Fukushima Action ltems which
have been submitted to the regulator proactively in order fo circumvent a regulatory order.

Community Relations: Project demonsirales lo the public that OPG is applying lessons learned from the Fukushima event in
a timely manner.

OPG-TMP-0004-R004 (Microsoft® 2007)
Page3of 7
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OPG-FORM-0076-R005

Type 3 Business Case Summary
13-41027 (Capital)  13-41028 (MFA) :
16-32202 (Capital)  16-32204 (MFA) Doctment#: N-BC5-08013-10008
Fukushima Phase Il Beyond Design Basis Event Emergency Mitigation Equipment, <Partial>
<Execulion> Release

Part &; Risk Assessment

Risk Clasa Description of Risit Risk Management Post-Mitigation
Prabitiiity Impact
. Cost growth due to refinement of Accept — General Contingency
industry, regulatory and stalion included
approaches to BDBE response. Accept — General Contingency
. Incomplete design packages at time included
Coxt ;Le::gg:te sy PR By st Accept — Contingency included Medium Medium
. Exchange rate fluctuations impaciing
ES-MSA labour and major equipment
cost.
As a result of system functionality
gap assessment, additional sCape Accep! — process scope changﬁ as
nol covered in this BCS may result. required, Specific contingency
Assumpfions to employ Category 4 carried|
modification process (non-ECC) may Mitigate - Challenge engineering to
Scope become invalid as en;_;ineanng develop Cat. 4 solutions, and L High
progresses, resulting in scope coordinate with stakeholders to 9
growth o follow ECC process ensure acceplability,
inslead.
- Accept - General Conlingency
Scope for some modifications has included
limited definition, which may lead fo
significant EPC conlract changes.
The IOP and outage prerequisite Mitigate — Identify and co-ordinate
milestones for the implementation of with work management early,
the modifications may be difficult to agreeing on recovery pians where
meet. non-compliant with N-PROC-MA-
0013 and N-PROC-MA-0022,
Madifications may affect critical plant oy ’
systems and assumed installation Mitigate — develop designs that are
windows, including access to outage likely to be non-critical path outage
windows, are subject to change. work or 10P.
Darlington will have lo execute Mitigate — This work Is plannad,
isolations for EPS Bus tie ins as well assessed and accepted in the 2015
as ESW header modificalions during YBO, Scope performed in VBO has
VBO outage in 2015. been minimised.
Schedule Medium | Medium
All installation work planned for 2015 Mitigate — non-Vacuum Building
atl DNGS will compete for station Outage (VBO) installations have not
and vendor support with the 2015 been committed for 2015. Where
VBO. VBO has recently been feasible, initial unit installations will
rescheduled to late 2015. Ability to be initiated in late 2015.(DN Oniy)
schedule field work in this period is
at risk. (DN only)
Several designs require EPS power Mitigate — Close coordination with
supplies. Access for tie-ins fo these the stalion work management and/or
supplies may significantly impact work control to minimize risk,
installation schedules where
conflicts with ather station work or
conditions arise. This has already

OPG-TMP-0004-R004 (Microsoft® 2007)
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Internal Use Only
OPG-FORM-0076-R005

Type 3 Business Case Summary

13-41027 (Capital)  13-41028 (MFA) ,
16-32202 (Capital)  16-32204 (MFA) s bl E e

Project Title:  Fukushima Phase |l Beyond Design Basis Event Emergency Mitigation Equipment, <Partial>
<Execution> Release

Project #:

Appendix A: Pickering and Darlington Fukushima Phase |l Projects Summary (Capital)

Project Number: 13-41027 (PNGS) and 16-32202 (Capital) 16-32204 (MFA)

Project Title: Fukushima Phase || Beyond Design Basis Event Emergency Mitigation Equipment

k$ LID 2015 2016 2017 2018 2019 Future | Total %
OPG Project Management 656 708 900 455 361 3,078 4%
OPG Eng. & Support 1,837 698 1,109 450 240 4,434 6%
EPC Contract(s)

Materials (OPG)

Other Coniracts/Costs

interest

Subtotal

Contingency

Total 7,015 | 17,577 | 34,250 | 14,548 935 74,326 | 100%
inventory - Spares 20 40 40 6 6 153 265 -
Appendix A: Pickering and Darlington Fukushima Phase Il MFA Projects Summary

Project Number: 13-41028 (PNGS) and 18-32204 (DNGS) .

Project Title: Fukushima Phase |l Beyond Design Basis Event Emergency Mitigation Equipment

k$ LTD 2015 2016 2017 2018 2018 | Fuiure | Total %
MFA 4,819 9,228 1,781 15,528 100%
Subtotal 4,919 9,228 1,781 15,8928 | 100%
Contingency = - - - 0%
Total 4,919 9,228 1,781 15,828 100%
Removal Costs Included - - - - - -

Appendix A: Summary of Estimate — Pickering Capitai

Project Number: 13-41027

Project Title: Fukushima Phase |l Beyond Design Basis Event Emergency Mitigation Equipment

(5. LTD 2018 2016 2017 2018 2019 | Future | Total Y
OPG Project Management 320 333 599 451 361 2,064 4%
OPG Eng. & Support 948 441 896 450 240 2,975 6%
EPC Contract(s)

Materials {OPG)

Other Contracts/Casts

interest

Subtotal

Contingency

Total 3494 | 10,855 | 20,412 | 10,606 936 48,302 | 100%
Inventory - Spares - 10 20 20 3 3 24 80 -
Appendix A: Summary of Estimate — Pickering MFA

Project Number: 13-41028

Project Title: Fukushima Phase |t Beyond Design Basis Event Emergency Mitigation Equipment

k$ LTD 2015 2018 2017 2018 2019 Future Total Yo
MFA 4,919 7.123 1.781 13,823 100%
Subtotal 4,919 7,123 1,784 13,823 | 100%
Contingency - - - - 0%
Total 4919 | 7,123 1,781 13,823 | 100%
Removai Costs Included

OPG-TMP-0004-R004 (Microsoft® 2007)
Page A-6 of A-13
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Type 3 Business Case Summary

A { 13-41027 (Capital)  13-41028 (MFA) :
Project # 16-32202 (Capital)  16-32204 (MFA) Document #: N-BCS-09013-10008
Project Title:  Fukushima Phase Il Beyond Design Basis Event Emergency Mitigation Equipment, <Partial>

<Execution> Release

Appendix A; Summary of Estimate - Darlington Capital

Project Number: 16-32202 _
Project Title: Fukushima Phase [l Beyond Design Basis Event Emergency Mitigation Equipment

k$ LTD 2015 2016 2017 2018 2018 Future | Total %
OPG Project Management 336 373 301 4 1.014 4%
OPG Eng. & Support 989 257 213 - 1,459 5%
EPC Contract(s)

Materials (OPG)

Other Contracts/Costs

Inferest

Subtotal

Contingency

Total 3,521 6,722 | 13,838 | 3,942 28,023 100%
inventory - Spares ~ 10 20 20 3 3 129 185 -

Appendix A: Summary of Estimate — Darlington MFA

Project Number: 16-32204

Project Title: Fukushima Phase Il Beyond Design Basis Event Emergency Mitigation Equipment

k$ LTD 2015 2018 2017 2018 2018 Future Total %o
MFA 2,105 2,105 100%
Subtotal 2,108 2,105 | 100%
Contingency - -~ 0%
Total 2105 2,105 100%
Removal Costs included

# Deacription {5k}

1 34120?: F:ickeﬁnq
13-41208: Pickering MFA

“Note: 3,322k conténganc} was released for Fickering via 4?02?-PCRAF—002 {(March 2015)

OPG-TMP-D004-R004 (Microsofi® 2007)
Page A-7 of A-13




Filed: 2016-05-27, EB-2016-0152
Exhibit D2-1-3, Attachment 1
Tab 35, 41027, Page 19 of 24

Internal Use Only
OPG-FORM-0076-R005

Type 3 Business Case Summary
13-41027 (Capital)  13-41028 (MFA
Project#: 4 '3220; EC ag“ a,; o EMF A; Dacument #: N-BCS-08013-10008
Project Tille:  Fukushima Phase Il Bayond Design Basis Event Emergency Mitigation Equipment, <Partial>
<Exaculion> Releass

| 2012-11-15

| 2017-12-15

2018-12-16

3.00%

5.00%

e T

G}W_/ ww‘"‘";’g?v‘ ’1»@5/

Ahried Smaill !}“ Nahil Rahman

Section Manager, Projects | | Director, Pickering Projects

- ML Vel
Brian Graham ~'| Ray BalgChorek

Seclion Manager, Projecls Managér, Design Projecls

Appendix B: Comparlson of Total Projact Estimates and Project Varlance Analysis

Comparison of Tolal Project Estimates

L e dne  Total ProfectEstimateinks = T
Phase | Release | Sl (by ¥ ingcontingency) | Future | Projoot
ey  |201244| 2015 | 2016 | 2017 | 2018 | 201 | | Estimate
Definilion Full | 9A13/2011 | 31,338 | 8,116 | 504 : - 38,966
Definition/ 54,830
Execution Partlal 111472043 | 30,301 | 15,824 2,617 3,188 3,000 .
Execulion | Partlal | ThisBCS | 7,015 | 22,498 | 43,478 | 16,320 | 935 80,253

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

13-41027 (Capital)  13-41028 (MFA) o B ey

16-32202 (Capital)  16-32204 (MFA) Document # N-BCS-08013-10008

Project Tille:  Fukushima Phase Il Beyond Design Basis Event Emergency Mitigation Equipment, <Partial>
<Execulion> Release

Project #:

Project Variance Analysis (PNGS)
Total Project
k LTD Variance Comments
3 Last BCS | This BCS o
OPG Project Management 320 2,366 2,064 -302 F
DPG Eng. & Support 948 009 2875 2,066 Increased OPG Oversight due to added scope
EPC Contract(s)
Materials (OPG)
ther Contracts/Cosls
gnteml
Subiotal
Specific Contingency
General Contingency
fotal 34904 23484 45,302 22,818
Additional EME equipment required than originally planned
FA : 6,678 13,823 7,145 (generalors, vehicles, elc.) and reflective of increased
maodification scope.
Girand Total 3,494 30,162 48,074 17,012

OPG-TMP-0004-R004 (Microsofi® 2007)
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Type 3 Business Case Summary
13-41027 (Capital)  13-41028 (MFA) g
16-32202 (Capital)  16-32204 (MFA) Document ¥: N-BCS-06013-10008

Project Title:  Fukushima Phase |l Beyond Design Basis Event Emergency Mitigation Equipment, <Partial>
<Execution> Release

Project #:

Project Variance Analysis DNGS (16-32202, 16-32204)

kS LD’ Tatal Project Ved -
- % Last BCS | :rhis BCS ol _ omments
OPG Project Management | 336 743 1,014 265 Increased duration, scope definition issues.
Additional scope.
OPG Eng. & Support 989 1,081 1459 378 Incrgs_ased duration, scope definition issues.
Additional scope.
EPC Contraci(s)

Materials (OPG)

Other
Interest

Subfotal

Specific Contingency

General Contingency

Total 35 18,766 28,023 9,257

Cancellation of DNGS specific generators, cost,
MFA - 6,000 2,105 -3,895 addition of portable switchgear and provision for
additional fuelling equipment.

Grand Total 3,521 24,766 30,128 5,362
*Approximate to 2014 year end.

OPG-TMP-0004-R004 (Microsoft® 2007)
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Type 3 Business Case Summary
13-41027 (Capital)  13-41028 (MFA) :
16-32202 (Capital)  16-32204 (MFA) Document #: N-BCS-09013-10008

Project Title: ~ Fukushima Phase Il Beyond Design Basis Event Emergency Mitigation Equipment, <Partial>
<Execution> Release

Project #

Appendix C: Financial Evaluation Assumptions

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

Project Life:
1. PNGS: 6 years through 2021
2. DNGS: 45 years through 2055

Note: A reduced scope of this project will be required for approximately an additional 7 years until remaining fuel is removed
from each IFB

Energy Production:

1. Modifications are planned to be implemented within current autage windows, no outage extensions anticipated to Install
modification on outage units

Operating Cost:

1. Ongoing Incremental OM&A Costs: The real (2015%) estimate for future ongoing incremental OM&A costs is approximately
$4,400 k. The assumption for ongoing cost is based on DNGS project life above plus 7 years for fuel bay support to 2062.
The DNGS spare parls cost carries the same assumption. The assumption for spare parts is PNGS end of operations in
2021 plus 7 years for fuel bay suppori. Upon completion of all design packages, an improved quality estimate for spare
parts will be generated for subsequent business cases.

Other:
PNGS Contingency:
The following is a breakdown of the contingency included within this BCS:
1.) General contingency al-of forward cosfs
2)) Il for Functionality Gap resolution to address any issues found from the Functionality Gap assessment.
3) -for main volume vacuum pump change to permanent modification from Cat 4.
4.) [ o cover uncertainty on EPR cable routing on P1-4 CL3 BUS.
5) [ ] capture estimate uncertainty on EPR procurement and construction, given limited design information available.

DNGS Contingency:
1.) General contingency afjiijot forward costs
2) A special contingency of| capital has been added for the USD exchange risk on material and ES-MSA labour,
3.) A special contingency or for actions arising from the functionality review.
4.) A special conlingency in the event that the Phase |l fuelling review calls for permanent modifications

A Spedial contingency offllll was removed on the basis that additional PARS and Phase Il EME pump reconfiguration are no
longer required.

Appendix D: Key Conftributors to Scope Changes

PNGS:

Emergency Power Restoration

Airlock Seal Integrity (simplified concept to include Cat 4 elements)
Functionality/RLC/Gap Assessment

Hydrogen Igniters

PN

1. Phase || EPS Restoration. Design, material and installation.

2. Functionality/RLCIGap Assessments

3. Phase Il Fuelling Strategy

4. Removal of PARs and EME Pump reconfiguration contingencies from Phase Il scope
5. H2 Igniter Repowering - Cancelled

OPG-TMP-0004-R004 (Microsofi® 2007)
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