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GENERATION Page 1915 | Business Case Summary
Project # 16-84939 ‘ Controlled Doc # | NK38-BCS-65821-10001
Project Title DN Revenue Metering Transformer Replacement (Cap)
Facility Darlington NGS ‘ Investment Classification | Regulatory
Project Level o Financial L] OM&A Capital [ Capital Spare
(Scalability) Classification | (] MFA [0 CMFA [ Provision [ Others: [if applicable]
Release: Gate and | [] Choose an item. GO[ : Initiation [0 Choose an item. G2[ |: Definition
Project Phase Full G1[]: Development [J Choose an item. G3[ } Execution
Estimate Class Target Project
(overall project) Class' Completion Date Oi-2025

Recommendation

We recommend a release of $978K, includini of contingency. This will bring the total released-to-date to
$978K.

The estimated total project cost will be determined prior to the Execution Phase.

This project will bring the Revenue Metering System into compliance with the Independent Electricity System Operator
(IESO) Market Rules and Measurement Canada (MC) regulations as well as ensure continued reliable operation until
station end of life. The scope includes replacing the revenue metering Current Transformers (CTs) and Capacitor Voltage
Transformers (CVTs) at both the Main Output Transformer (MOT) and Station Service Transformer (SST).

This release is to complete:
e  Preliminary Engineering
Technical Specifications
Detailed Design Scope of Work
Contracting Strategy for Engineering, Procurement and Construction
Project Definition Phase Gate 2 Package

Investment Cash Flows

$K LTD 2020 2021 2022 2023 2024 2025 Future Total
Previous releases -
Current request - 542 436 978
Total released to date - 542 436 - - - - - 978
Future required - TBD TBD TBD TBD TBD TBD TBD
Total Project Cost
Ongoing Costs - |

Gate:] G1 OAR Approval: $978 K

Approvals [ Signatures [ Date

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

Recommended by: Project Sponsor ,
Zar Khansaheb //’/7 ///’//,MOALZ/ ApriI 9, 2020
/)

Director, Station Engineering

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

Brett Lemmon Bratt L aminen April 11, 2020

Finance Controller

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

Line Approval per OAR El: >
L0 A

Val Bevacqua // L/,,, : April 14, 2020

Director, Operations & Maintenance AL A -

*Associated with OPG-STD-0076, Developing And Documenting Business Cases OPG-TMP-0004-R006 (Microsoft® 2016)
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EXECUTIVE SUMMARY - Project Overview

This project is for the upgrade and replacement of the Darlington Nuclear Generating Station (DNGS) Revenue Metering
System. The project goal is to bring the Revenue Metering System into compliance with the Independent Electricity System
Operator (IESO) Market Rules and Measurement Canada (MC) regulations as well as to ensure continued reliable
operation until station end of life.

The project scope includes replacing the revenue metering Current Transformers (CTs) and Capacitor Voltage
Transformers (CVTs) at both the Main Output Transformer (MOT) and Station Service Transformer (SST).

The Project Implementation Strategy is as follows for Development Phase (Gate 1) Scope (this release):
e  Complete Preliminary Engineering
e Technical Specifications
e Detailed Design Scope of Work
e Develop Contracting Strategy for Detailed Engineering, Procurement and Construction
¢ Develop Definition Phase BCS Package for next gate

The project implementation plan for the remaining phases will be determined for the Gate 2 Definition Phase.

The project has completed the Conceptual Design and the Value Engineering.

Business Need For Project Level A or B

The Aging Management Program Component Condition Assessment of Darlington Switchyard Voltage Transformer
recommended that the revenue metering CTs and CVTs should be upgraded at the next available opportunity due to the
aging conditions of the components.

The Darlington Nuclear Generating Station (DNGS) Revenue Metering System is currently registered under significant
exemptions from the Independent Electricity System Operator (IESO) Market Rules and Measurement Canada (MC)
regulations since market opening in 2000. The SST CVTs and CTs are not to the correct accuracy and protection class and
have non-compliant neutral connections. The MOT CVTs and CTs are not MC approved, do not meet the required
accuracy and protection class and have a non-compliant electrical configuration. Recent revenue metering audits have
reinforced the need to address these non-compliances and aging aspects of the equipment. To meet IESO’s market rule
requirements, DNGS must upgrade its revenue metering system. This will ensure accurate, reliable performance of the
revenue metering system and prevent possible sanctions such as fines or loss of Market Participant status.

Preferred Alternative: | New Equip. — New Design (MOT/SST RM Inside SST Meter Shack) For Project Level A, B or C

Description of Preferred Alternative

To ensure overall reliability for life extension of the Revenue Metering System and to meet regulatory requirements the
preferred alternative is to replace the metering equipment with IESO compliant revenue meters at the Main Output
Transformers (MOT) and Station Service Transformers (SST). This includes the following activities:

e Remove and Install new free-standing CTs (x12) on the MOT line;

e Remove and Install new free-standing CVTs (x12) on the MOT line;

¢ Remove and Install new CTs (x12) on the SST line;

e Remove and Install new CVTs (x12) on the SST line;

e Procurement of CT (x2) and CVT (x2) project spares, with potential to use existing CTs/CVTs from Nanticoke GS

for cost savings to OPG.

This recommended alternative will meet the commitment of OPG to comply with the IESO and MC standards/regulations
and extend the life of the metering equipment to support the station to end of extended life.

The CTs and CVTs are identified long lead materials and have an estimated lead-time of about one year.

Deliverables: Associated Milestones (if any): I Target Date:

Current release:

Long Lead Material Identified Long Lead Time Materials Identified (LLT) 156SEP2020

Preliminary Design Complete Preliminary Design Completed (DES) 16DEC2020
*Associated with OPG-STD-0076, Developing And Documenting Business Cases OPG-TMP-0004-R006 (Microsoft® 2016)
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Deliverables: Associated Milestones (if any): Target Date:

Gate 2 OAR Approval Gate G2 Approval (GR2) 17MAY2021

Future release:

Final AFS Final Available for Service (AFS) 15JUN2025

Project Closeout Closeout Completed (PCO) 010CT2026

Alternative 1: Base Case — No Project For Project Level A, B or Value-Enhancing

If not replaced, there is an increased risk of sanctions and fines being imposed on OPG by the IESO and a potential for loss
of Market Participant status. Further, this option does not address the aging condition of the equipment and components
and does not support safe and reliable continued operation.

Alternative 2:

Like-for-Like Replacement

For Project Level A or B or Value-Enhancing

Like-for-Like Replacement is feasible for reliability extension, however does not address regulatory non-compliance
conditions. Like-for-Like Replacement is not considered to be a suitable solution.

Alternative 3:

I New Equip. — Substantially Same Design (HONI Cyber Secure)

For Project Level A or B

solution.

New equipment replacement is a feasible option, however maintaining device configuration and placement as per existing
design, while resolving identified regulatory non-compliances, does not address required separation of OPG and Hydro One
Networks Inc. (HONI) assets as per Transmission Connection Agreement (TCA). This is not considered to be a suitable

Key Risk Assessment

For Project Level A, B or C

Risk Class

Description of
Risk

Response Type/
Actions/Final TCD

For
Addition
al
Review

Residual
Ranking

Cost

Insufficient OPG/Vendor resources
to support multiple activities and/or
deliverables.

Mitigate:

¢ Engage station & work
management to ensure resource
availability.

¢ Vendor contractually required to
retain adequate skilled resources.

No

Medium

Cost

Change in outage schedule
following workforce mobilization.

Mitigate:

¢ Construction Scope of Work
highlighted this risk to avoid idle
charges from the vendor. During
periods of inactivity on this project,
the vendor will attempt to retain
key skilled resources by assigning
them to different projects that are
in execution.

o Project will attempt to scope into
refurbishment outages where
possible to minimize risk to the
execution window

No

Medium

Schedule

Future Risk: Work tasks are
currently unscheduled for selected
planned outages, potential for
project scope to be rejected for
future outage windows.

Mitigate:

¢ Front-load procurement & design
work packages in the project
schedule to facilitate earliest
available outage window.

o Early scope injection.

No

Medium

Schedule

Contract Issuance Delay which may

impact available execution windows.

Mitigate:

¢ Early engagement of Supply
Chain. Ensure awareness of OPG
project schedule/milestone
requirements through RFP
process.

No

Medium

*Associated with OPG-STD-0076, Developing And Documenting Business Cases

OPG-TMP-0004-R006 (Microsoft® 2016)

Page 3 of 4






16-84939

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

OPG Confidential

Project #: Exhibit D2-1-3
Project Title: DN Revenue Metering Transformer Replgeement (Caph 67, 84939 OPG-FORM-0076-R006
Document #:  NK38-BCS-65821-10001 Page4of> Blsiness Case Summary
Key Risk Assessment For Project Level A, B or C
For
: Description of Response Type/ Addition | Residual
PkCiass Risk Actions/Final TCD al Ranking
Review
Schedule Long Lead Material Delayed due to Mitigate: No Medium
manufacturer schedule push e Monthly meeting w Vendor and/or
resulting in delay or missed outage Supplier to track Purchase Order
windows. progress.
Schedule/Cost COVID-19 impacts to field work Mitigate: No Medium

management, skilled resource
availability, and vendor supply
chain.

e This document was prepared
based on assumptions from the
Business Plan, Generation Plan
and station work programs prior
to the commencement of the
COVID-19 pandemic. The
associated COVID-19 risk
mitigation activities may lead to
changes to the assumptions
which may impact the overall
cost and schedule of this
project.

Financial Evaluation

For Project Level A, B (with multiple feasible alternatives) or Value-Enhancing

Base Case
(No Project)

Preferred
Alternative

$K

Like-for-Like

New Equipment

Project Cost TBD N/A

N/A N/A

NPV

Other: (e.g., IRR)

Analysis of Financial Evaluation — Key Assumptions and Key Results:

A Financial Evaluation is not required for Regulatory Projects.

Post Implementation Review (PIR) Plan (refer to OPG-PROC-0056)

Type of PIR Report | Simplified/Standard PIR

| PIR Completion Date

OCT-2026

Detailed PIR KPIs will be provided in future BCS(s) when Execution Phase BCS release is requested.

PIR KPIs Current Baseline

Target Result

How to measure?

Who will measure?

*Associated with OPG-STD-0076, Developing And Documenting Business Cases
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APPENDICES

Appendix A1: Summary of Estimate - Released to date
Project Number: 84939
Project Title: DN Revenue Metering Transformer Replacement (Cap)
$K LTD| 2020 2021 2022 2023 2024| 2025| Future Totall %
Project Mgmt 127 76 203 21%
Inspection -| 0%
Engineering
Procurement
Construction

Commissioning

Closeout
Subtotal
Outside WBS
Contingency

Subtotal w/ Contingency

Interest
Other
Total - 542 436 - - - - - 978| 100%
Removal Costs (incl. 2 o%
abowve)
Appendix A2: Summary of Estimate — Notes
Escalation Rate | 2% Interest Rate (going-forward) | 4.25%
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 %
TBD 0%
0%
Total -| 0%
Prepared by: Reviewed and Endorsed by:
—_— . Wi
[echloe— fpr_. Z/? - U\
Jeffrey Denomme/Teodora Tasfc Venkat Parthasarathy
Projects & Modifications Project 01-APR-2020 Projects &Modifications 01-APR-2020
Manager Date Section Manager Date
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GENERATION Business Case Summary
Project # 13-83072 | Controlled Doc # WD-BCS-3611O-07091 09 Rev 001
Project Title Pickering Buried Boiler Blowdown Pipe Replacement
Facility Pickering ' Investment Classification | Sustaining
Project Level e Financial [0 omM&A [ Capital [] Capital Spare
(Scalability) Classification | [JmMFA [JCMFA [ Provision [ Others: [if applicable]
Release: Gateand | [J Choose 2nitem GDD: Initiation O Choose an item GZD:
Project Phase item. G1[ | Choose an itsm X Full G3B} Execution
Estimate Class Target Project 5
(overall project) Completion Date NOV-2020

Recommendation

We recommend a release of $7,728K, inoludingﬂf contingency. Specific contingency has been allocated to
address further discovery issues and repair strategies 101 e thrust block and existing piping condition.

The estimated fotal project cost is $20,948 K, including fotal project contingency of-. The overall estimate has not
increased since the previous release.

This project will replace Buried Boiler Blowdown piping in Units 1,4,5,6 (Engineer, Procure, and Construct (EPC)). The
project will also issue Temporary Modification (TMOD) Packages for Units 7, 8 (Engineering (E) Only).

Investment Cash Flows
K LTD 2019 2020 2021 2022 2023 2024 Future Total
Previous releases 4,941 8,279 13,220
Current request - 6,202 1,366 160 7,728
Total released to date 4,941 14,481 1,366 160 - - - - 20,948
Future required - - -
Total Project Cost 4,941 | 14,481 1,366 160 - - - - 20,948
Ongoing Costs e S

Gate: G3 OAR Approval:| $20,948 K|
Approvals Signatures | Date

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

Recommended by: Project Sponsor ,\\,/‘) | — - 5
Jey Alalasuntharam ;/; R ,)51/" N o Je }) 1 ) 2
Manager, Components & Equipment A /

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

Finance Approval:
Louisa Kwan —

= < /) N I
;’5" & JW("7 ‘}3/ Jb’?
Director, Controllership (actinjg_)

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

Line Approval per OAR Ij—j]' - - S, .
Randy Lockwood Q H, S ZQ( / cf
SVP, Pickering : '
[ ) 7
L

EXECUTIVE SUMMARY - Project Overview

The Buried Boiler Blowdown (BBD) carbon steel piping at Pickering Nuclear Generating Station (PNGS) will require
replacement due to known degradation detected during recent inspections. The desired outcome is to maintain unit
operation and address potential steam safety hazards. The benefit in replacing buried Boiler Blowdown piping is to reduce
the risk of blowdown failures that can take the Units out of service for approximately 40 days for repairs, resulting in a
generation loss of $20 M per system failure. If buried Boiler Blowdown piping line failure occurs in multiple units, this could
result in approximately >$50M loss of generation revenue.

.

*Associated with OPG-STD-0076, Developing And Documenting Business Cases OPG-TMP-0004-R006 (Microsoft® 2016)
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The preferred alternative is to replace one of the two, 6 inch carbon steel buried Boiler Blowdown pipes in U1, U4, U5 and

U between north and south pit along with concrete trangite pipe at excavation location. The tie-in to merge 2 pipes into one

will be completed up stream of north pit and splitting of pipe will be completed in south pit or down stream. Removal and

replacement of the § inch piping will be carried out by having two open pits at the 45 degree pipe anchor, near the middle o
p

i G
fhe 280 feet nina 1t
UIC 20v 100t C fun

f

vill be d
‘| H = £ 5 T HAN -
the two open manholes at the reacior buildings and the scresnhouses,

Q
bl

This release is to fund the following scope of work:

s Complete Construction of the final two units
e« Complete the tie ins and AFS for all units

The foliowing isks are currently krnown with an allocated cost fo address them (with technical assumptions) of $1,863K
which has been accounted in iofal release above.

1) Repairs to US/U6G damaged Thrust Block ($51,346K).
2) Installation of U1 vent fine to address possible water hammer issues post commissioring of newly installed pipe

($346K).
3) U4 has a sink hole downstream of the south pit and there is a potential that more sink holes can develop ($171K).

If the mitigation actions for these known issues are ouiside of the assumed technical boundaries further funding will be
required.

History of scope and schedule changes:

The scope of the project has not changed between this release and the partial execution release from P-BCS-36110-
0708109.

The current target in service date is NOV-2020 which has the final tie in must be performed during P2041. If there is
opportunity to advance this date, the project will look to perform tie ins during unplanned outages.

Project is on schedule and is on budget:
Unit 1 excavation and pit to pit piping is complete as per schedule.
Unit 5/6 excavation started as per schedule and pit to pit piping installation is on track to be completed in 2019.

Unit 4 excavation and piping installation is on plan to be completed in 2019

Push/Pull Pit-to-pit Pipe Replacement For Project Level A, Bor G

Deseription of Preferred Alternative

The preferred alternative is to replace one of the two, 6 inch carbon steel buried Boiler Blowdown pipes on units 1 and 4
and replace one of the two lines on units 5 and 6 reusing most of the existing transite pipe which is the outer concrete pipe.
Removal and replacement of the 6 inch piping will be carried out by having two open pits at the 45 degree pipe anchor, near
the middle of the 260 feet pipe run, between the two open manholes at the reactor buildings and the screenhouses.

The open pits will allow access to pull and cut out sections of the 6 inch pipe in 10-20 feet increments and install the new
pipe by pushing and welding the pipe back info the existing transite pipe, without the need to excavate the total pipe run. A
transite pipe repair contingency replacement plan may be required, in case of transite pipe damages found during
construction. This method is deemed the mosi cost effective way to meet the stations needs from a safety and reduction of
risk of lost revenue perspective.

For Units 7/8, the pipe is considered to be in better condition, it does not require replacement at this time. A TMOD will be
designed to tie the two unit 7 or unit 8 lines together info one active line upstream of a leak if there is a pipe burst.

Pros: This method requires minimal excavation efforts, reducing impact on other station services and interfacing System
Structure & Components. It is also the most cost effective manner to fix the degraded pipe condition.

Cons: Possibility of damage to existing transite pipe. The transite pipe, which contains asbestos in its existing configuration,
would need o be handled with care during installation,

*Associated with OPG-STD-0076, Developing And Documenting Business Cases OPG-TMP-0004-R006 (Microsoft® 20186)
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Document#: P-BCS-36110-0709109 Rev 001 BUSineSS Case Summary
Deliverables: Associated Milestones (if any): | Target Date:
Previous releases:
Completion of Preliminary Design Preliminary Design 2017-03-31
Completion of Detailed Engineering for all 6 units Detailed Engineering 2017-11-30
Preparation of Execution partial Business Case Summary Partial Execution Release Business 2017-086-30
(BCS) and supporting documents for units 6, 1 & 8 Case
Completion of Detailed Design for all units Detailed Design for all units April - 2019
Completion of Planning and Assessing on all units Planning and Assessing on all units April - 2019
Completion of Procurement of long lead materials on all units Procurement of long lead materials on June — 2019
all units
Completion of Construction for two units Construction for two units June — 2019
Current release:
Complete Construction of the final two units excluding tie ins | Complete Construction of the final two Dec —-2019
units excluding tie ins
Complete the tie ins and AFS of Pickering A units Complete the tie ins and AFS of P2011 & P2041
Pickering A units
Complete the tie ins and AFS of Pickering B units Complete the tie ins and AFS of Dec-2019
Pickering B units
Project Completion Close Out June — 2021
Key Risk Assessment For Project Level A, B or C
PR For .
. Description of Response Type/ 2 Residual
Risk Class : 3 % Additional .
Risk Actions/Final TCD Reviow Ranking
Cost Mitigate: No Medium
o Perform an inspection of the transite
pipe to ensure that it is in good
condition. Have contingency plan in
There is a risk that the existing transite place to replace transite pipe if
pipe and thrust block (TB) are required. Projects will provide
damaged and condition of insulation is oversight and work with the vendor
bad. This will add cost up and above to assess the condition of TB and
the initial estimate as the plan is to re- insulation material to determine the
use the existing transite pipe and thrust path forward. Contingency has been
block with insulation in good condition. allocated for this risk.
Risk for TB will be presented to
PMOC.
Final TCD: [OCT-2019]
Physcial/ Mitigate: No Low
Personnel ¢ The lines will be isolated when the
Security There is a risk that work is being workers are performing
carried out close to adjacent operating removal/installation of BBD piping.
systems. Worker safety is at risk if Contractor will do adequate planning
there is some sort of pipe rupture or to minimize worker exposure. Safe
movement of the pipe during work plan and permit will be in place,
blowdowns. work authorization will be obtained.
Final TCD: [DEC-2020]
Environment Mitigate No Medium
There is a risk that dewatering of the Evaluate risk during design phase.
pits could result in a spill to the Have safe work plans including adding
environment. There is also a risk of barriers for Worker Safety,
tritiated soil which may need to be Environmental Safety plans prepared
quarantined and removed from site. and spill kits to be available.
Contingency has been allocated for this

*Associated with OPG-STD-0076, Developing And Documenting Business Cases
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Business Case Summary

Key Risk Assessment For Project Level A, B or C
For £
- Description of Response Type/ iaf Residual
Risk Class Risk Actions/Final TCD Ag‘;‘:;gaa' Ranking
risk.
Final TCD: [SEP-2019]
Schedule There is a risk that the outcome of Go Mitigate: No Medium
or No Go assessment for the thermal Thermal Hydraulic (TH) analysis will be
hydraulic calculations resulis dictates performed to confirm single line post
that the current pipe supports cannot installation can withstand the forcas of
withstand the forces of blowing down blowdowns. TH analysis has been
both lines through a single line which completed for Unit 1 which supports the
requires reregistration with the TSSA single line configuration. This remains
adding additional project scope. relevant to Units 4, 5, 6, 7 and 8.
Additionally this would require Contingency has been allocated for this
modifications fo pipe supporis {o risk.
ensure they can handle blow down
siresses. Final TCD: [SEP-2019]
Schedule Mitigate No Medium
There is a risk that the heat tracing Test cables prior to removal to record
cables will get damaged while as found conditions. Exercise caution
performing the tie-in work for the BBD while coiling back the heat tracing
pipelines. As a result an engineering cables and reinstalling it. Test cables
modification would be required to again after reinstallation.
replace the heat tracing cables.
Final TCD: [CCT-2019]
Cost Mitigate No Medium
Thermal Hydraulic (TH) anzlysis is
There is a risk that a new vent line may comp[e iod o Ut With. no issues found
be required in U1 due to known OPEX fequimg a ncw vent Ilne.. .
of water hammer. This would result in P&MIOPS/ Desugp “"'" yahdate t!'us
addiional cost ; during U1 commissioning. Contingency
) has been allocated for this risk. Risk
will be presented to PMOC.
Final TCD: [JUL-2019]
Type of PIR Report Simplified/Standard PIR l PIR Completion Date May-2021
[ Detailed PIR KPIs will be provided in future BCS(s) when Chooss zn item. Phase BCS release is requested.
PIR KPIs Current Baseline Target Result How to measure? Who will measure?
Pipe failures in the Failure on U8 2013, Zero Pipe Failures in Through SCRs and Performance
newly installed Buried | and units 2 and 3 in the newly installed System Heaith Engineering/System
Boiler Blowdown the 1990s. Failure on pipe. Reporis Health Team
piping. unit 8 in 2017 resulting
in TMOD EC 132038.
Failure on Unit 4 in
2019.
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{Interest

{Other

i Total 4941| 14,481 1,366 160 - “ - -l  20,948)| 100%
Removal Costs (incl. 4 o%
above)

Appendix A2: Summary of Estimate — Notes

Escalation Rate

| /A

Appendix A3: Summary of Estimate }

PNGS Design Projecis
Project Engineer / Project Manager

$K Only applicable to capital projects. In-Senvice amount shall include interest but exclude removal costs.
Project# | Date (YYYY-MM-DD) Description Amount Y

33072 1/31/2020|First 2 units 50%

83072 12/31/2020|Last 2 units 49%

83072 6/30/2021 | Project close out 1%

Total 100%

Prepared by: Reviewed and Endorsed by:

Dany Awad / Kamran Malik Date Ahmed Smaili

Date
PNGS Design Project
Section Manager

Appendix B: Total Project Estimate Variance Analysis (Only required w hen more than one Execution Phase BCS; delete {zble if not applicable)

$K LTD 2019 2020 2021 2022 2023 2024 Future Total
G3A EXEP 7,713 | 11,001 2,074 160 20,948
G3B EXEF 4,941 14,481 1,366 160 20,948

Total Project Estimate Variance Explanation (delete if not required)

There is no change in the Total Project Cost.
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Type 2 Business Case Summary
To be used for investments/projects meeting Type 2 criteria in OPG-STD-0076.

Project Information

Project #: Project # 13-83088 L Document #: NA44-BCS-43120-00003

Project Title: | PA LP Feedwater Heat Exchangers Replacement

[J om&A Capital [] Capital Spare
Class: OMFA [ CMFA [ Provision Investment Type: Sustaining
[] others:
Phase: Execution Release: Full
e —— Target In-Service or
Facility: Pickering Completion Date: SEP-2018

Project Overview

We recommend Gate 3 approval and the release of $9,351 k, including $1,145 k of contingency.
The estimated total project cost is $23,529 k, including $1,145 k of contingency.

The quality of the estimate for this release is Class #2, and for the total project is Class #2.

This release will fund the following scope of work:

e Design documentation and package issued as required, for replacement of Heat Exchangers (HX), 4-43120-HX1A/B
and HX2A/B.

o Design close-out activities as required.

e Procurement of Unit 4 LP Feedwater HXs

e Unit 4 pre-requisite work including track installation and materials.

Unit 4 during P1841 outage:

e Replacement of asbestos insulation with non-asbestos insulation on 4-43120-HX2A/2B.

e Removal of old equipment and installation of new equipment during the unit scheduled outage.
e  Commissioning of 4 new LP Feedwater HXs.

History of BCS releases and project cost estimates:

The total project cost is now estimated at $23,529k, including $1,145k of contingency, compared to $19,389 k, including $4,389
k of contingency in the previous release. The change is mainly due to significant design change for track system.

Work completed thus far:
e  Technical Specifications (Rev #1) issued for the procurement of all Units (1 & 4) LP Feedwater HXs.

e Preliminary assessment and walk downs completed by Plant Design Engineering, to determine the level of design
effort required to support heat exchanger replacement, including piping configuration and floor loading.

e Purchase Order has been issued for the procurement of 4 HXs (for Unit 1) based on the revised technical
specification issued by Design.
e Commitment to vendor to update the purchase order for balance 4 HXs (for Unit 4) after approval of next BCS.

e Replacement of asbestos insulation with non-asbestos insulation for 4-41230-HX1A and 1B was completed during the
P1641outage.

e Design documentation and package issued, for replacement of 1-43120-HX1A/B and HX2A/B.

e Update of purchase order for procurement of balance of 4 HXs (for Unit 4).

e Design close-out activities as required.

Unit 1 duning P1711 Qutage:

e Replacement of asbestos insulation with non-asbestos insulation on 1-43120-HX1A/1B and HX2A/2B.
e Removal of old equipment and installation of new equipment during the unit scheduled outage.

e  Commissioning of 4 new LP Feedwater HXs.

*Associated with OPG-STD-0076, Developing and Documenting Business Cases
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Type 2 Business Case Summary

Project #: Project # 13-83088 Document #: NA44-BCS-43120-00003
Project Title:  PA LP Feedwater Heat Exchangers Replacement, Full Execution Release

Project Overview

» The purchase order has been released for the procurement of HXs, based on the revised technical specification
issued by Design. The replacement is with like for like equipment. The new equipment tube bundle material is
unchanged as admiralty brass.

History of scope and schedule changes:

The previous approved release of BCS funding wds $ 14,178 k, including $ 3,218 K of contingency. A PCRAF was submitted in
November 2017 AISC to release the contingency funding of $ 3,218 k to complete the Unit1 installation and advance the Unit 4
pre-requisite work.

The PCRAF addressed changes to the project budget and schedule due to a change in design for the installation of the track
system for Unit 1. The pre-requisite work on Unit 4 needed to commence earlier than the original schedule due to the change in
design.

The current target in-service date of SEP-2018 has not changed from the previous release.

Part A: Business Need

in December 2013 and January 2014, Pickering Units 1 and 4 Low Pressure Feedwater Heat Exchanger tube bundles were
100% inspected. The inspections confirmed previously suspected tube leaks and identified significant degradation of the tubes
in general. The degradation mechanism is suspected to be chemical attack from ammonia as a by-product of hydrazine
decomposition. It is recommended that new material is used to mitigate the decomposition mechanism.

As a result of the inspections, tubes were plugged based on allowable wall loss criteria. Additional tubes were plugged to
"cage” adjacent breached tubes. The number of tubes plugged for each HX is approaching, or at the plugging limit normally
identified for heat exchangers to maintain designed heat transfer capacity. Tube plugging, or isolation, of the affected HXs
affects the heat balance of the unit and degrades cycle thermal efficiency, resulting in a decreased Megawatt (MW) output.
Furthermore, increased plugging accelerates HX degradation and increases risk of HX unavailability which has the potential to
result in extended forced unit outage.

Replacement of LP Feedwater HXs will ensure that MW output is maintained from a LP Feedwater perspectfve. improve
equipment reliability and will minimize the on-going inspection program requirements.

The replacement of the heat exchangers must be weighed against potential Forced Unit Outage as a result of HX
unavailability, MW losses-incurred due to the plugged tubes, on-going inspection program requirements (inspections must
remain on all HXs with known degradation), and on-going degradation associated with the "No Project” option, as per station
management decision.

The following scenarios could be expected from the "No Project” option:

1. Based on the current degradation levels and rate of degradation, an on-going inspection program of all LP Feedwater
HXs would be required on a regular basis. Approximately 400 Hrs of station resources per unit are required for
inspection only.

2. Based on the results of the latest inspections, there is a significant risk that further leak will develop due to wall
thinning, resulting in further plugging to or beyond current limits. This would have a negative impact on thermal
efficiency and increase MW losses. .

3. Any additional plugging of tubes beyond the analyzed design limit may lead to increased vibration of the equipment
which has the potential to affect the structural integrity of the component. If this design limit is reached, the HX would
be declared unavailable and the bank would be isolated resulting in Unit de-rate. It is not recommended to operate the
unit on a single bank for an extended period of time due to significantly increased risk of damage to the available heat
exchangers. This would likely result in an extended forced outage for HX replacement.

The table below shows the current conditions of the LP Feedwater HXs for Unit 1 and Unit 4. Based on current design limits
(15% plugging allowed), only 128 tubes are allowed to be plugged per HX.

OPG-TMP-0004-R004 (Microsoft® 2007)
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Type 2 Business Case Summary
Project #: Project # 13-83088 Document #: NA44-BCS-43120-00003
Project Title:  PA LP Feedwater Heat Exchangers Replacement, Full Execution Release

Part A: Business Need

Equipment Tubes plugged
1-43120-HX1A 127
1-43120-HX1B 108
1-43120-HX2A 94
1-43120-HX2B 121
4-43120-HX1A 86
4-43120-HX1B 124
4-43120-HX2A 106
4-43120-HX2B 129

The rate of degradation has increased rapidly over the past inspections. In P1511 outage, HX1A and 1B were inspected and
due to the observed degradation, the plugging increased by 78% and 29% respectively from the previous P1311 outage,

Part B: Preferred Alternative: Replacement of all LP Feedwater Heat Exchangers

| Description of Preferred Alternative

The preferred alternative is to replace the entire heat exchangers with newly procured equipment. The new heat exchangers
will be installed on both units during the scheduled outages.

The proposals received from vendors (against RFQ) for the supply of LP Feedwater HX units with stainless steel tubes were
over dimensional in size. The over sized equipment could not be accommodated in to existing location. Kepner Tregoe (KT)
Decision Analysis was initiated to select the tube material, The analysis indicated that use of brass material for the tube bundle
is the optimum solution, The replacement is with like for like equipment. The new equipment tube bundle material is unchanged
as admiralty brass.

Replacing the complete LP Feedwater Heat Exchangers in Units 1 & 4 will remove the uncertainty of continued operation and
improve equipment reliability. Replacement will reduce the maintenance and inspection burden, with increased MW production

and reduced risk of forced unit outages.

Pros:
¢ Improved equipment reliability,
* No Generation loss.
¢ Plugging evaluation is not required.

»  Shorter vendor lead time compared to tube only replacement, which would require OPG to ship one old HX for
reverse engineering, resulting in increased timelines.

*  Vendor thermal guarantee is provided for complete heat exchanger replacement.

s  Expedited schedule for replacement.
»  Significant resources required during replacement

Deliverables: Associated Milestones (if any): Target Date:
Design Requirements Identified Issue Technical Specifications | Complete
\Ven@or,aés,eﬁsmen?fto.mawf??wre new exchangers | Issue Purchase Order for Unit1 _ | Complete
Asbestos in_sulatién removal on 2 LP Feedwater HXs in Unit 4 Complete asbestos insulation b‘removal v Coniblete
L ... .. ... . ... [during P1641 Outage _ N
Vendo_r_a§sessmgnt_ to manufacture new exchangers ) Issue Purchase Order for Unit 4 Complete
Delivery of 4 LP Feedwater HXs for Unit1 | Procurement of equipment - U1 Complete
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Type 2 Business Case Summary

Project #: Project # 13-83088 Document #: NA44-BCS-43120-00003
Project Title:  PA LP Feedwater Heat Exchangers Replacement, Full Execution Release

Deliverables: Associated Milestones (if any): Target Date:
Installation and commissioning of 4 LP Feedwater HXs in Unit1 | P1711 Outage Complete

Delivery of 4LP Feedwater HXs for Unit 4 Procurement of equipment — U4 09-Feb-2018
Installation and commissioning of 4 LP Feedwater HXs in Unit4 | P1841 Qutage 30-Sep -2018

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.

e e e e e e et ]
Alternative 2: Base Case ~ No Project — Do nothing

if the Project is not executed, complete Heat Exchanger inspections will be required every 30 month during planned unit
outages and tubes will be plugged as required. If design plugging limits are reached, the HXs will be declared unavailable,
which will impact unit operation and has the potential to result in extended unit outage.

Pros:
* None

Cons:

»  Continued accelerated degradation, of tube material showing high rate of chemical attack. Tube bundles likely will not
meet end of station life with increased plugging limit.
»  Generation loss from high tube plugging and/or HX unavailability.

e Increased burden for required inspections. Approximately 400 Hrs of station resources per unit are required for
inspection only.
Excess plugging may introduce system vibration, which would result in accelerated degradation and has the potential to
compromise component structural integrity, resulting in HX unavailability and potentially extended unit outage.

Alternative 3: Delay Work — Targeted replacement when required

If the project is Delayed, inspections would continue every planned outage and tubes will be plugged as required until the HXs
are replaced. Given the current number of tubes plugged and observed degradation rate over the past inspections, there is a
significant risk that the upcoming inspections would result in plugging requirements beyond allowable fimits, with the HX
deemed unavailable.

Pros:

* None

Cons:
¢  Continued accelerated degradation, and tube material showing high rate of chemical attack.
* Increased maintenance and inspection burden until replacement, approximately 400 Hrs per unit.
+  Generation loss from high tube plugging and/or HX unavailability.

Alternative 4: Replace Tube Bundles Only

The alternate option is for the replacement of tube bundles only (internal of heat exchanger) with like for like brass material.
Replacing all tube bundles in the U1 & 4 LP Heaters will remove the uncertainty of continued component operation and will
improve asset management of subsequent equipment.
Pros:

¢ Improved reliability.

¢ Complete replacement of tube bundles only will reduce overall project costs.

e There is no design documentation for existing HXs and reverse engineering would be required.

»  No confirmation that internal design of U2 HXs bundles is identical to U4 HXs.

*  Additional resources to remove two HXs from Unit 2 for shipment to vendor to conduct reverse engineering.
¢ Transportation of old bundles to vendor facility required.

e Vendor does not provide thermal guarantee on the new bundles.

OPG-TMP-0004-R004 (Microsoft® 2007)
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Type 2 Business Case Summary
Document #: NA44-BCS-43120-00003

Alternative 4. Replace Tube Bundles Only

This option is has uncertainties due to lack of design documentation, vendors not able to confirm / provide performance
guarantee and lastly no significant saving in field construction work.

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

k$ LTD 2017 2018 2019 2020 2021 2022 | Future Total
Currently Released 481 11,733 1,964 14,178
Requested Now - 9,351 9,351
Future Required -

Total Project Cost 481 11,733 11,315 23,529
Ongoing Costs -

Grand Total 481 11,733 11,315 23,529
Estimate Class: Class 2 Estimate at Completion: | $22,384 k

NPV: N/A OAR Approval Amount: | $23,529 k

Additional Information on Project Cash Flows (optional):
The contingency amount of $3,218k included in the previous release was withdrawn by the project in response to the design

scope change.

Part E: Financial Evaluation

k$ Aﬁ:::ﬁ;?fe Base Case Delay Work Alternative 4
Project Cost 23,529 NA NA NA
NPV NA NA . NA NA
Other (e.g., IRR) NA NA NA NA

Summary of Financial Model Key Assumptions or Key Findings:

Part F: Risk Assessment

Risk Class Description of Risk Risk Management Strategy Post-Mitigation
Probability Impact
U1 design OPEX had been
There is a risk for track system design ggggﬁz:;t?gemol#é;j(ehs;inb%?nn?ez|ize d
23r'i:C°iT;Z:g:;oi"d Fequits chamges in the pre-requisite work for Unit 4,
Cost .y g‘ isk th 't i tof | hence, the risk is reduced to minimum. Low Low
IS 2 [IS6 il allgnimens oringzzlg The laser measurement is performed on
between new equipment and existing the old equipment to mitigate the
rg:g'rr;gti‘:vr:g ke & challengs:and raquire misalignment of nozzle location. OPEX
) from Unit 1 installation will be
considered during installation.
Team consisting of all key stakeholders
reviewed the scope for replacement of
There is a risk that additional scope LP_Fegdwater.HXs. The OPEX ff°m
p : Unit 1 installation are incorporated into
Scope may be required due to potential Design package. Multiple walk downs Low Low
discovery issues during execution. have been performed by the team and
their inputs were incorporated into the
current project estimates.
The P014 Cranes may be unavailable to | Coordination meetings will be ; ;
Schsdule project team at critical execution conducted between all stakeholders Metiui Bedion
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Project #: Project # 13-83088 Document #: NA44-BCS-43120-00003
Project Title:  PA LP Feedwater Heat Exchangers Replacement, Full Execution Release

Part F: Risk Assessment

Risk Class Description of Risk Risk Management Strategy Post-Mitigation
g Probabllity Impact
milestones due to insufficient planning related to P014 Crane usage during
and coordination before and during P1841 Outage to identify interferences,
P1841 Outage, which may lead to schedule overlaps, and mitigation plans.
schedule delays and increased cost. Everyday coordination
meeting/discussion will be required
during the execution period to avoid any
delay to either Turbine crew or LP FW
crew.
There is a risk that insufficient Contract staff is budgeted and issuance
Rassiiress resources are available to complete of Purchase Order (PO) will be L ow Lavi
replacement of HXs in the outage expedited to secure qualified resources.
window.
Approved Supplier List (ASL) process is
being followed. Proposed vendor is in
Quality/ There is a risk that vendor quality is appro_ved AS.L list and has previously
Performance | poor for the equipment supplied supplied equipment to OPG. Low Loree
’ Components Engineering and Design
will identify required tests, inspections
and vendor oversight to mitigate risk.
Technical Specification and
; ; i performance data were provided to the
Technical Igte rr:;:ta 2?f';:ga:nleea:eexuﬁ?:;gﬁzsw'" vendor. Components Engineering and Low Low
P a ’ Design will identify required tests to
ensure critical attributes are met.

Part G: Post Implementation Review (PIR) Plan

[ 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 SEP-2018 MAR-2019
NN EEBBR=BSBvE=SSSSSSEEEIIESS——————————ESSSSSSSSSLEE—|
Measurable How will it be Who will measure it?
Parmoter Current Baseline Target Result measured? (person/group)
0.85 MWhr Generation | No MWhr Generation Performance
Thermal Performance loss as a result of HX loss as a result of HX Health Report Engineerin
performance performance gineering
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Type 2 Business Case Summary
Project #: Project # 13-83088 Document #: NA44-BCS-43120-00003
Project Title:  PA LP Feedwater Heat Exchangers Replacement, Full Execution Release

Approvals

I Signature l Comments | Date

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

Randy Lockwood
SVP Pickering

g;g:z;:;;nded by (Project é: i /'(é 2/0/8

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

Finance Approval:

John Blazanin / K¢ "'“'e ¢/ ?cté

VP Nuclear Finance
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:
Glenn Jager

President OPG Nuclear & CNO 7/7147@07 8

per OAR 1.1
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Type 2 Business Case Summary
Document #: NA44-BCS-43120-00003

Appendix A: Summary of Estimate

Project Number:

Project # 13-83088

Project Title: PA LP Feedwater Heat Exchangers Replacement
k$ LTD 2017 2018 2019 2020 2021 2022 Future | Total %
OPG Project
Management 32 58 100 190 1
OPG
Engineering 20 37 50 107 0
(including Design)
OPG Procured
Materials 3,065 3,050 6,115 26
OPG Other 18 954 840 1,812 8
Design
Contract(s)
Construction
Contract(s) 403 7,186 5,730 13,319 57
EPC Contract(s)
Consultants
Other
Contracts/Costs
Interest 8 433 400 841 4
Subtotal 481 | 11,733 | 10,170 22,384 95
Contingency 1,145 1,145 5
Total 481 | 11,733 | 11,315 23,529 100
Notes
Project Start Date AUG-2015 TotliDefultion.coat $1,400 k
(excludes unspent contingency for Nuclear)
Earget In-Service (or AFS) SEP-2018 Contingency included in this BCS $1.145 k
ate (Nuclear only)
Target Completion Date DEC-2018 TataliSontingenoy; relensed plus $4,363 k
contingency in this BCS (Nuclear only) ’
Total released plus this BCS without
Escalation Rate n/a contingency (Nuclear only) $22,384 k
Total released plus this BCS with
Interest Rate 4.9% contingency (Nuclear only) $23,529 k
Removal Costs $1,000 k Saibmate sl Sommplaton $22,384 k
(includes only spent contingency for Nuclear)
Prepared hy: Approved by:
\\n ‘%\t,\‘/ /4 -~
\ N ,'/ Fe8 00,0018 )7 O 6 rEFuE
Rahul Arora  * Date Bruce Ottenbrite Date
MTL - MMOD Senior Technical Advisor - MMOD

Madification Team Leader

Project Manager
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Project #: Project # 13-83088 Document #: NA44-BCS-43120-00003
Project Title:  PA LP Feedwater Heat Exchangers Replacement, Full Execution Release

| Appendix B: Comparison of Total Project Estimates and Project Variance Analysis |
Eaamee=

Comparison of Total Project Estimates

Total Project Estimate in k$ Total

Phase Release Approvsl (by year including contingency) Future Project

Date Eatl
2015 | 2016 | 2017 | 2018 | 2019 | 2020 stimate
o Superseding
2322&'%?\& (from OM&A May 2016 1,580 | 9,717 | 8,002 19,389
Project # 82939)

Execution Partial Sept 2016 688 | 10,200 8,601 19,389
Execution | Full Jan 2018 481 | 11,733 | 11,315 23,529

Project Variance Analysis

Total Project ) :
k$ LTD = Variance Comments
Last BCS | This BCS

OPG Project Reflects current requirements

Management 248 1490 -B9

OPG Engineering 587 107 -480 Reflects current requirements

(including Design)

OPG Procured Additional material was required by the design

Materials 5,800 6,115 18 change
Increased oversight by Field Engineering (FE) &
Contract Management Office(CMO) required for the

QPG Other 960 1812 1;452 inspection of New HX equipment at vendor site and
during field installation of new HX equipment

Design

Contract(s)
After Unit 1 installation OPEX, which reflects
change in design for installation of the track

Construction system, the discovery issues and schedule delay

Contract(s) 6,754 15313 6,565 due to field and unit conditions (such as human
performance error, unit hydrazine leak and other
station safety concerns)

EPC Contract(s) -

Consultants -

Other Included in the construction contract.

Contracts/Costs 400 0 e

Interest 850 841 -9

Subtotal 15,000 22,384 7,384

. Total contingency included in the Partial Execution
Contingency 4,389 1,145 -3244 release BCS of $3,218k was drawn down in 2017.
Total 19,389 23,529 4,140
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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 #: Project # 13-83668 ‘ Document #: [ P-BCS-41110-00001

Project Title: | Pickering High Pressure Turbine Spares

[J om&A [ Capital [X] Capital Spare

Class: OMFA [JCMFA [ Provision Investment Type: Sustaining
[] Others:
Phase: Execution Release: Full

Target In-Service or

Completion Date: 2020-06-30

Facility: Pickering

Project Overview

We recommend Gate 3 approval and the release of $23,375 k, including $2,125k of contingency.
The estimated total project cost is $23,375k, including $2,125k of contingency.

The quality of the estimate for this release is Class 3. 10% contingency is applied to purchase of components This release will
fund the following scope of work:

e Detailed Engineering for two new OEM supplied high pressure turbines

e  Supply and delivery of two high pressure turbines with 8MW improvement per turbine for contingency for P1971 and
P1951 outages. :

Gate Strategy:

This is a capital spare purchase directly from the OEM. The OEM will be performing the detailed design with some minor
interface modifications, and design documentation acceptance will be performed by Pickering base plant design. Project
Management Centre of Excellence has concurred to proceed directly to Gate 3.

Problem Statement/Business Need:

On November 10th, 2016 during P1671, routine 8-year High Pressure Turbine inspections, the OEM discovered stress
corrosion cracks in the Unit 7 high pressure spindle body (P-2016-27993). The cracks were not repairable and it was advised to
no longer operate the spindle. Of the six units in operation, two have confirmed cracks and will likely need to be replaced. It is
expected that at least four units will eventually require replacement out of six units. Currently, the station has only two viable
spares. Therefore, the station requires two additional spares.

The lead time on new turbines is 12-16 months. Therefore, initiating a purchase now will minimize future operating risk to the
station. The intention of this project is to initiate purchase of two spares with target delivery in time for installation into Unit 7
during the P1971 outage and Unit 5 during the P1851 outage, if required. The station needs to manage production risks while
allowing flexibility depending on the findings of upcoming high pressure turbine inspections.

*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 # 13-83668 Document #: P-BCS-41110-00001
Project Title:  Pickering High Pressure Turbine Spares, Full Execution Release

Project Overview

Summary of Preferred Alternative:

The preferred option is to purchase two spare upgraded high pressure turbine modules. The upgrade would result in MW per
unit of additional production.

The alternatives reviewed are as follows:
1. Purchase two Upgraded High Pressure Turbine Module that offer 8 MW per unit improvement (Preferred Alternative)
2. Base Case — Status Quo
3. Purchase two Identical Spindles (Like for Like) with improved blade design which offer 2 MW per unit improvement
4. Purchase only single Upgraded High Pressure Turbine Module '

The primary driver for this project is to sustain the plant operation until 2024. As described above, this capital expenditure is
required based on the technical condition of the existing equipment. However, based on the difference in upfront cost and
remaining life of operation, the purchase of two upgraded High Pressure turbines is more economic than purchasing two like for
like spares. Upgraded turbines will provide potential additional power output and revenue. Purchasing two spares addresses the
risk of having cracked turbine spindles resulting in major forced outages on an in-service unit and the associated production
losses.

The downside of the upgraded High Pressure Turbine is the potential for incurring cancellation costs if some assumptions prove
incorrect (i.e. all remaining spindles are clear of cracks). The cancellation cost is dependent on what stage in the design-
manufacturing process the project sits at time of cancellation. Based on the inspection schedule of the units: the assumptions
made should be proven prior to incurring any major cancellation fees.

This project is emergent and therefore is not included in the capital project portfolio.

Key background Information/assumptions used to support BCS:

e The OM&A costs for the refurbishing of the current spares (3911A/3885A) are required to mitigate the possibility of an
immediate plant shutdown. These costs are not included in this BCS.

e Unit 1.and Unit 4 are currently clear of any indication of cracks and therefore should not require replacement.
However, if future inspections indicate that Unit 1 and Unit 4 turbines require replacement, then additional spares may
need to be purchased.

s The MW increase for an upgraded module is assumed to be 8MW.

e The financial evaluation assumes System Economic Values provided by Corporate Finance and the projected capacity
factors of Unit 7 and Unit 5.

Conclusions:

Based on the inspections to date, it is highly probable that Pickering will have four out of six HP turbines in operation with
cracks. The initial inspections are scheduled to be completed by March 2018. The station currently has two spares. Therefore, it
is prudent that the station purchase two additional spares to sustain future operation.

This release will be used to secure OPG a place in the OEM supply chain in order to ensure delivery within the timeframe for
installation into Unit 7 during the P1971 outage and Unit 5 during the P1951 outage, if required.
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Project #: Project # 13-83668 Document #: P-BCS-41110-00001
Project Title:  Pickering High Pressure Turbine Spares, Full Execution Release

Project Cash Flows, NPV, and OAR Approval Amount

k$ LTD 2017 2018 2019 2020 Total
Currently 0

Released

Requested Now 1,650 3,300 8,250 10,175 23,375

Future Required

Total Project

Cost 0 1,650 3,300 8,250 10,175 23375
Ongoing Costs

Grand Total 0 1,650 3,300 8,250 10,175 28,575
Estimate Class: Class 3 Estimate at Completion: | 23,375

NPV: -2,284 OAR Approval Amount: | 23,375

Additional Information on Project Cash Flows (optional):

The project cash flows are based on budget quality estimates and project milestones provided by the OEM.

The negative NPV is the outcome a least cost analysis and includes the cost of the spare turbines and benefits of additional
production if they are installed. The preferred alternative has an NPV that is 7,778 k$ higher than a like for like replacement.

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):

Glenn Jager

Nuclear President and CNO

2 Amfzarz

| concur with the business decision as documef‘ﬂedﬁigjbi?BCS.
Finance Approval: I

Ken Hartwick / - /_
CFO and SVP Finance L~ \
v S

per OPG-STD-0076

AT,
'f//,--;}

| 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 mon

Approved by:
Jeffrey Lyash
President and CEO
per OAR 1.2
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Project Title:  Pickering High Pressure Turbine Spares, Full Execution Release

Business Case Summary

Part A: Business Need

On November 10th, 2016 during P1671, routine 8-year High Pressure Turbine inspections, the OEM discovered stress corrosion

cracks in the Unit 7 High Pressure spindle body (P-2016-27993). The cracks were not repairable, and OEM recommended that it was
no longer advisable to operate the spindle. '

Of the six units in operation, two have confirmed cracks and will likely need to be replaced. It is expected that at least four units will
eventaully require replacement out of six units. Currently, the station has only two viable spares. Therefore, the station requires two
additional spares.

The intention of this project is to initiate purchase of two spares with delivery that will allow installation into Unit 7 in 2019 (P1871) and
Unit 5in 2019 (P1951) if required. The lead time on new turbines is 12-16 months. Therefore, initiating a purchase now will mitigate
the operating risk to the station.

Part B: Preferred Alternative: Two Upgraded Modules with 8MW gain delivered by 2019
Description of Preferred Alternative

The preferred alternative is to purchase of two spare upgraded high pressure turbine modules that will generate 8MW of additional
production per unit. The lead time for new turbines is approximately 14 months. Therefore, initiating a purchase now will minimize
future operating risk to the station. The intention of this project is to initiate purchase of two spares with target delivery in time for
installation into Unit 7 and Unit 5 during the P1971 and P1951 outages, if required. This alternative allows OPG to minimize station
risk while also providing the station with the potential for increased revenue for operations from 2019 to 2024.

This release will fund the following scope of work:
o Detailed Engineering for two new OEM supplied high pressure turbines

o Supply and delivery of two high pressure turbines with 8MW improvement per turbine for contingency for P1971 and P1951
outages.

The purchase contract with the OEM will include options to cancel based on the percentage of work completed to date. These
options will allow OPG to stop work on the spares in the case future turbine inspections show favourable results. The cancellation
terms will be developed as the formal quotation and terms are developed.

Pros:
e  Allows OPG to effectively manage risk to station by 2019.
e  Provides OPG with a potential upgrade opportunity potential of the 8MW per unit and additional revenue during
2019-2024 time period.
Cons:

e Exposes OPG to cancellation costs if future Pickering HP turbine inspections are all favourable requiring no
additional spares.

e  Some design work will be required to accommodate the new upgraded design. It is anticipated that only minor
modifications to the existing equipment will be required.

e ]

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

OEM Design Complete | October 20, 2017
Begin Ordering Material | October 23, 2017
Delivery of 1! HP Spindle | December 20, 2018

*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:
Delivery of 2" HP Spindle August, 15, 2019
Project Close Out June 30, 2020

Part C: Other Alternatives

Alternative 2: Base Case - Status Quo

Spares 3911A/3885A enter service into Unit 7 and Unit 6. Unit 5 and Unit 8 require 2.5-year inspections @$132k
per inspection to cover additional required resources for disassembly. Unit 1 and Unit 4 are assumed clear of
cracking.

The status quo will require OPG to manage the cracks through inspections every 2.5 years. A major turbine disassembly normally
occurs every 8-10 years on high pressure turbines. The resource requirement to undertake additional inspections will displace from
other major turbine work that will be necessary on those units (e.g. generator rotor swap, and low pressure turbine inspections).
Mechanical Maintenance turbine resources will be impacted.

This alternative is not recommended because it does not address the risk of operating with cracked spindles. The base case
includes two critical assumptions: (1) that Units 1 and 4 are clear of any cracking, and (2) the growth rate of the cracks on the
Pickering B units can be managed within the 2.5 years without exceeding critical thresholds. These are two assumptions cannot be
validated until Units 1 and 4 are inspected during P1711 and P1841 outages, and multiple inspections are done on affected units to
understand the cracking growth rates. If either of these two assumptions are wrong, then new spares will certainly be required to
manage the risk.

Pros:
e No capital expenditures
e No additional engineering modifications

s  Does not fully address risks of operating turbines with known cracks. The risks are currently unquantified. The units have
not been fully inspected and the crack growth rate is undetermined.

e Resource intensive during outages for Mechanical Maintenance and IMS resources

s Waiting for inspection results to determine growth rates, based on the long lead time of materials, may result in the worst
case scenario of having no viable spares for units that require replacement.

Alternative 3: Purchase two identical spindles with 2MW efficiency gain

This alternative includes the purchase two identical spindles (like for like) as those currently in use, except with an improved blade
design which may offer a 2 MW per unit capacity improvement. This alternative offers an existing and proven design, reduced lead
time, and somewhat lower costs relative to the preferred alternative. However, this spindle design has not been produced since the
1980s, and therefore also includes some manufacturing risks, which would result in schedule delays.

This alternative is not recommended since the purchase of two upgraded turbines is more economic than purchasing two like for
like spares. The financial evaluation shows that, over the remaining life of the station, the value of potential additional production of
an upgrade is significantly more than the difference in upfront costs.

Pros
e Offers a proven like for like replacement.
e  Marginal MW gain
e Shorter lead time than other upgrade alternatives
¢ No additional engineering modifications

Cons

OPG-TMP-0004-R004 (Microsoft® 2007)
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Alternative 3: Purchase two identical spindles with 2MW efficiency gain

e  Up front capital cost and marginal MW increase does not provide as significant a financial benefit

e Has not been constructed since the 1980s. Knowledgeable people in the design and assembly process are no longer
available. There is OPEX from original assembly documents that describe assembly failures requiring re-work, scrap and
schedule delays.

—_—m —m—m
Alternative 4: Purchase only one upgraded spare

This alternative includes purchasing only a single upgraded High Pressure Turbine Module as compared to two spares in the
preferred alternative. This alternative was considered for primarily for financial reasons, for example, where two spares could not
be funded due to budget constraints. However, this is not recommended since it will not fully address the risks of operating with
cracked spindles.

Pros:
e Reduces the capital expenditure when compared to the preferred alternative

Cons:
e |f all assumptions (cracks exist in uninspected units) are valid will not eliminate risk to station

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

k$ LTD 2017 2018 2019 2020 Total
Currently Released 0 0
Requested Now 1,650 3,300 8,250 10,175 23,375
Future Required 0
Total Project Cost 0 1,650 3,300 8,250 10,175 23,375
Ongoing Costs

Grand Total 23.37h
Estimate Class: Class 3 Estimate at Completion: 23,375

NPV: -2,284 OAR Approval Amount: 23,375

Additional Information on Project Cash Flows (optional):

The project cash flows are based on budget quality estimates and project milestones provided by the OEM.

Part E: Financial Evaluation
Preferred
KS Alternative — 2 Base Case — 2 Like For Like Single
Upgraded Status Quo Spares Upgraded Spare
Spares
Project Cost 23,375 0 17,973 12,650
NPV -2,284 N/A -10, 072 N/A B
Other (e.g. IRR)

OPG-TMP-0004-R004 (Microsoft® 2007)
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Summary of Financial Model Key Assumptions or Key Findings:

The negative NPV is the outcome a least cost analysis and includes the cost of the spare turbines and benefits of additional
production if they are installed. The preferred alternative has an NPV that is 7,778 k$ higher than a like for like replacement.

The key assumptions for the financial analysis are as follows:

The assumed MW gain for upgraded HP Module is 8 MW (Preferred Alternative). Currently, Preliminary Engineering is
taking place under Pickering base OM&A. When the formal proposal is issued it is expected that 8MW or greater will be
guaranteed as the OEM has full control over spindle and cylinder design and manufacture.

The cost per upgraded HP module is based on pricing provided by OEM on August 10, 2017. The financial evaluation
assumes price $11,500k per HP module or $10,625k if two are purchased. A 10% contingency has been applied to the
purchase price.

The Base Case (Status Quo) assumes Unit 5 and Unit 8 require re-inspection every 2.5 years until end of life with an
incremental OM&A cost of $132k per inspection. However, it does not consider the possibility of forced outages due to
failure of the turbine.

The assumed MW gain for an identical spindle is 2MW (Alternative 3). This will be validated by the OEM if the alternative
is considered further. This optimistic estimate is expected to be lower as the OEM cannot control the clearances of the
equipment currently in operation. A lower MW gain would reduce the NPV for this alternative.

The costs to refurbish the existing spares (3911A/3885A) apply equally to all alternatives. Therefore, they have not been

included in the financial evaluation.

Part F: Qualitative Factors

Purchasing two upgraded High Pressure Turbine Modules addresses the risk of having turbine spindles fail on an in-service unit
resulting in a lengthy unit outage, associated production losses, and potential reputational damage to OPG.

Itis prudent for OPG to establish a position in the OEM supply chain and cancel the order if necessary if the future inspections do
not validate the expected condition of the turbines.

Part G: Risk Assessment

Risk Class Description of Risk Risk Management Strategy Post-Mitigation
Probability Impact
There is a risk that that project costs Thel,‘tg""timatt: is basgcll S :?Ep‘f buctiget
P could be higher than assumed for the qh’a i QI.:O SSE}nz‘ : ?,55 :ig;;a s L o
ost preferred alternative allow up to o deviation. (3 ow edium
contingency was applied to purchase
price.
There is a risk that inspections are The purchase agreement will include
Scope favourable on all units and no additional | cancellation penalties that will minimize Low Medium
spares are required OPG's financial risk
The purchase agreement will include
There is a risk that delivery does not milestone dates that must met by :
Soheduls meet 2019 outage schedule vendor. Penalty and exit terms will be Lo Medium
included in the agreement.
There is currently no team in place to Engaging base resources (Minor
Resources manage such a large complex purchase | Modifications) to support project Medium Medium
The terms and conditions have not been
Quality/ There is a risk that the upgraded finalized at this time. However, it is
P rforsrjnance turbines do not deliver the expected expected that these deliverables will be Low Low
= performance. included in the purchase contract.
Warranty clauses will also be included.
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Pickering High Pressure Turbine Spares, Full Execution Release

Part G: Risk Assessment

Post-Mitigation

interface changes to accommodate new
design

Additional Risk Analysis:

a BCS re-submitted. However, based
on the OPEX from Point Lepreau, itis
not expected any changes will be
required.

Risk Class Description of Risk Risk Management Strategy
Probability Impact
This will be determined prior to issuing a
PO to the OEM for purchase through
There i a isk that the prelimnary | EREW TSRO SR
Technical ongineering requires substantial plant then the costs will be re-evaluated and Low High

N/A

Part H: Post Implementation Review (PIR) Plan

Type of PIR Report

Target In-Service or Completion Date

Target PIR Completion Date

Simplified PIR

2020-02-25

2020-06-30

increase

monitored over time to
assess bulk MW

output meters

Measurable i How will it be Who will measure it?
Paramatar Current Baseline Target Result meastited? (person/group)
Gross Megawatt (MW)
Output as measured
by station gross MW .
output meter will be 540MW 548MW Based bn Stallon Performance Engineering

Part I: Definitions and Acronyms

PO — Purchase Order

OEM - Original Equipment Manufacturer
HP — High Pressure

MW — Mega Watts

IMS — Inspection Maintenance Services

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

Project Number:

Project # 13-83668

Project Title:

Pickering High Pressure Turbine Spares

k$ 2017 2018 2019 2020 Total %
OPG Project
Management
OPG
Engineering
(including Design)
OPG Procured o
Materials 1,500 3,000 7,500 9,250 21,250 90%
OPG Other
Design
Contract(s)
Construction
Contract(s)
EPC Contract(s)
Consultants
Other
Contracts/Costs
Interest
Subtotal 1,500 3,000 7,500 9,250 21,250 90%
Contingency 150 300 750 925 2,125 10%
Total 1,650 3,300 8,250 10175 23,375 100%
Notes
Project Start Date August2a, 2017 || Ot HESSEON Coot $OK
(excludes unspent contingency for Nuclear)
June 2019 (1%t
Target In-Service (or AFS) | Unit) Contingency included in this BCS $2 125K
Date Feb. 2020 (2 (Nuclear only) ’
Unit)
= Total contingency released plus
Target Completion Date June 2020 contingency in this BCS (Nuclear only) $2,125K
" Total released plus this BCS without
o,
Escalation Rate 2.9% contingency (Nuclear only) $21,250K
Total released plus this BCS with
Interest Rate N/A contingency (Nuciear only) $23,375K
Removal Costs N/A SEie . Sy~ $21,250K
(includes only spent contingency for Nuclear)
Prepared by: Approved by: 27
(-\ /‘r r_/
g -7
| , 0 G (L /
W-—S /) % ckr /17
n Fag Date Greg Bugden / Date
tation Engineering, Pickering 2017-10-10 Manager, Performance Engineering 2017-10-10
Project Sponsor/Manager
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Page A-1 of A-4






Filed: 2020-12-31
EB-2020-0290
Exhibit D2-1-3

Attachment 1, Tab 70, 83668 OPG Confidential
Page 12 of 14 OPG-FORM-0076-R005

Type 3 Business Case Summary
Project #: Project # 13-83668 Document #; P-BCS-41110-00001
Project Title:  Pickering High Pressure Turbine Spares, Full Execution Release

Appendix B: Comparison of Total Project Estimates and Project Variance Analysis I

Comparison of Total Project Estimates
Total Project Estimate in Choose an item. Total
Approval : : . !
Phase Release Date (by year including contingency) Future Project
2017 | 2018 | 2019 | 2020 | 2021 | 2022 Estimate
Execution Full Sept. 2017 1,650 | 3,300 8,250 | 10,175 23,375
Project Variance Analysis
k$ LTD i b . Variance Cc ents
ommen

Last BCS | This BCS
OPG Project
Management
OPG Engineering
(including Design)
OPG Procured 21250 This BCS represents the first funding request.
Materials ?
OPG Other
Design
Contract(s)
Construction
Contract(s)
EPC Contract(s)
Consultants
Other
Contracts/Costs
Interest
Subtotal 21,250
Contingency 2,125
Total 23,375
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Appendix C: Financial Evaluation Assumptions

Key assumptions used in the financial model of the Project are:

The key assumptions for the financial analysis are as follows:
e The project cash flows are based on budget quality estimates and project milestones provided by the OEM.

e The costs to refurbish the existing spares (3911A/3885A) apply equally to every alternative. Therefore, they have not
been included in the financial evaluation.

e |t has been assumed that Unit 1 and Unit 4 are currently clear of any indication of cracks and therefore should not
require replacement. However, if future inspections indicate that Unit 1 and Unit 4 turbines require replacement, then
additional spares may need to be purchased.

e The assumed MW gain for an upgraded high pressure Module is assumed to be 8 MW (Preferred Alternative).
Preliminary Engineering is currently taking place. When the formal proposal is issued it is expected that 8MVV or
greater will be guaranteed as the OEM has full control over spindle and cylinder design and manufacture.

e  The cost per upgraded high pressure module is based on pricing provided by OEM on August 10, 2017. The financial
evaluation assumes price $11,500k per HP module or $10,625k if two are purchased. A 10% contingency has been
applied to the purchase price.

e The Base Case (Status Quo) alternative assumes Unit 5 and Unit 8 require re-inspection every 2.5 years until end of
life with an incremental OM&A cost of $132k per inspection. However, the alternative does not consider the possibility
of forced outages due to failure of the turbine.

e The assumed MW gain for an identical spindle is 2MW (Alternative 3). This will be validated by the OEM if the
alternative is considered further. This optimistic estimate is expected to be lower as the OEM cannot control the
clearances of the equipment currently in operation. A lower MW gain would reduce the NPV for this alternative.

e The financial evaluation assumes System Economic Values provided by Corporate Finance and the projected capacity
factors of Unit 7 and Unit 5.

Appendix D: References

SF171127497 “PNGS HP Modernization Proposal” rev 1
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Business Case Summary

Records File Information:
Retention Permanent

ONTARI

Project # 83039 | Controlled Doc # | N-BCS-30540-0764598
Project Title Rapid Delivery Machine (RDM)

Facility Darlington | Investment Classification | Sustaining

Project Level A Financial L) oM&A X Capital [ Capital Spare

(Scalability) Classification | ] MFA [JCMFA [J Provision [ Others: [if applicable]

O Choose an item. GO[ ]. Initiation
(] Choose an item. G1[: Choose an item

Superseding G2[ | Definition
[ Choose an itam G3[} Execution

Release: Gate and
Project Phase

Estimate Class
(overall project)

Target Project

Completion Date DEC-2025

Class 4

Recommendation

We recommend an additional release of $15.7 M. This will bring the total released-to-date to $108.0 M including
of contingency.

The estimated total project cost is $160.4 M, including-f contingency.

The purpose of this Superseding Business Case is to document the removal of the Pickering RDM scope from the project,
and to establish a new cost and schedule baseline for the Rapid Delivery Machine project at Darlington only. The removal
of the Pickering RDM scope was approved by the Board of Directors on November 13, 2019, along with the delegation of
subsequent approvals within the Board approved envelop of $162.2M. The Pickering RDM was eliminated due to an
unachievable development schedule.

The Pickering RDM scope was classified as a value enhancing investment. With its removal, the Darlington scope is
classified as sustaining, and is targeted to be available for the first required inspections post refurbishment in 2025. This
release will continue detailed engineering for the Darlington RDM.

The project is continuing within the Board approved envelope of $162.2M, with subsequent approvals delegated to the
President, Nuclear as per the Organizational Authority Register, Element 1.1.

Investment Cash Flows
$K LTD | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | Future Total
[Previous + Current release 33,895 | 12,659 | 30,603 | 19,327 | 9,206 | 1,658 293 360 708,001
Total released to date 33,895 | 12,659 | 30,603 | 19,327 | 9,206 | 1,658 293 360 108,001
IFuture required - - 1,522 | 24,092 | 13,605 4,630 2,435 6,122 52,407
Total Project Cost 33,805 | 12,659 | 32,124 | 43,420 | 22,811 | 6,288 2,728| 6,483 160,408
Ongoing Costs =

~ Gate:] G3 OAR Approval: $162,200 K
Approvals | Signatures | Date

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

Recommended by: Project Sponsor

Subo Sinnathamby
VP, Inspection & Reactor Innovation

S

Dec 10, 2019

| concur with the business decision as doc!

umented in this BCS.

Finance Approval:

Vice President Controllership

Barbara Ken

10 December 2019

sufficient priority to proceed, and provides

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

value for money.

Line Approval per OAR [1.1]:
Dominique Miniere
President Nuclear

—

7

S . —

M¥ e 2eld

*Associated with OPG-STD-0076, Developing A

nd Documenting Business Cases
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EXECUTIVE SUMMARY - Project Overview

The Rapid Delivery Machine project is a required to maintain the capability to perform the required fuel channel inspections
for the years of operation at Darlington post-refurbishment.

At Darlington, Fuel Channel (FC) inspections are currently performed using aging Channel Inspection and Gauging
Apparatus (CIGAR). CIGAR use requires a Fuel Handling (F/H) Trolley for the duration of the inspection. Scrape samples
collected from pressure tubes require the use of manual tool sets and installation of ice plugs. The RDM will provide a
delivery platform designed with the latest available industry standard automated tooling to allow for safe and reliable fuel
channel inspections to meet code and licensing requirements for the next 30 years. Additionally, the delivery machine
technology will accommodate new tooling technology for performing machined delivered scrape to yield enhanced
radiological protection by removing requirements for ice plugging used in manual scrape campaigns, reducing personnel
radiation exposure, and addressing equipment obsolescence.

This project is required to meet DNGS post refurbishments targets for outage durations of >92% Unit Capacity Factor
(UCF), which is required in order to achieve top quartile generation cost per MWh.

The preferred alternative is the development of a Rapid Delivery Machine (RDM) for DNGS. The project will deliver a
remotely operated fuel channel inspection tool delivery machine that installs on reactor during a planned outage. The
project also includes the RDM delivered tooling for fuel channel inspection and scrape to the latest industry standard.

This release will continue detailed engineering for the Darlington RDM and include long lead procurement, including:
e Design of the Darlington Cable Penetration Module.

Release the funding for the prototype/non-production RDM.

Design of Darlington RDM Design

Design of the Darlington Fuel Channel Tooling

Design of the Site Modifications to interface with Darlington RDM.

Procurement of long lead manufactured components and tooling.

A future release will include:
e Execution (Fabrication/Testing) of the Darlington RDM
e Execution of MDS and ANDE tool mods for Darlington
e Execution of the Darlington Site Mods
e  Commissioning of the Darlington RDM
The primary risks to the project are cost and schedule. Rigorous upfront planning with the prime vendor through a 6 month

plan development period sets out the basis for the cost and schedule of the RDM. Comprehensive project controls,
oversight, and enhanced contractual liquidated damages are planned to address these risks.

Business Need For Project Level A or B

The RDM Business Need is based on:

¢ Inspection Machine Availability and Reliability — Inspections of the Fuel channels are regulated by the codes and
standards per CSA N285.4. They are required by OPG'’s operating license and will continue to be needed during the
next 30 years of Darlington operations post refurbishment. CIGAR is currently used for volumetric and dimensional
inspections. CIGAR was commissioned in the 1970s and is considered dated and has challenging obsolescence issues
and is not expected to be able to meet the station’s needs post refurbishment due to increasing obsolescence and
maintenance demands.

The RDM will be able to deliver current established technology for volumetric and dimensional inspections using the
Advanced Non-Destructive Examination (ANDE) tooling to collect pressure tube samples to measure the deuterium
content uptake over time using the latest in machine delivered scrape (MDS) technology. Machine Delivered Scrape
technology has now been proven at other CANDU facilities. This tooling technology needs to be deployed on reactor
under automatic control of a delivery machine, such as RDM, to avoid the use of workers on the reactor face using
manual tooling. At Darlington, the RDM will provide a means of delivering this tooling technology for the collection of
scrape samples throughout the life post refurbishment.

o  Worker Dose Uptake —The current manual scrapes performed at DNGS are considered high-hazard work and result in
high-dose exposure to nuclear energy workers. With the successful development of Machine Delivered Scrape (MDS)
tools at other CANDU sites, it is no longer acceptable to expose workers to dose using the manual tools. The Rapid
Delivery Machine will enable the capability of delivering the MDS tool at Darlington and significantly reduce the required
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Business Need For Project Level A or B

open face work and dose received by workers. During the first deployment of MDS at Pickering in 2018, cumulative
worker dose was reduced from 11 to 2 REM. Comparable reductions can be expected at Darlington as well. There are
additional dose savings associated with operations and the feeder ice plugging by moving to MDS technology.

e Nuclear Safety — By bringing MDS capability to Darlington, the need for feeder ice plugging and the associated risks to
nuclear safety and work protection are eliminated. With the availability of proven MDS technology, maintaining the
Nuclear safety risk associated with the use of ice plugging is no longer acceptable. In addition to nuclear safety
concerns, ice plugging can also result in economic losses related to critical path delays when the forming of ice plugs is
not successful.

¢ Reduced Outage critical path — In-vault inspections have traditionally defined the outage durations at Darlington.
OPG’s post refurbishment business objective is to lower generating cost per MWh to be top quartile. In order to
achieve this planned outage durations need to be reduced such that a >92% UCF is achieved. The RDM enables the
required critical path reductions in the following areas:

a. Fuel Channel Scrape: DNGS currently performs its regulatory fuel channel scrape inspections using manual
scrape tools. This requires extensive pre-requisite activities that are time consuming and dose intensive.
The deployment of the MDS tool using the RDM will result in critical path savings.

b. Fuel Channel Volumetric Inspection: DNGS Fuel Channel Inspections cannot be performed using OPG’s
most advanced tooling due to the absence of a suitable delivery machine for DNGS. Introducing the RDM wiill
allow inspections to be performed using the Advanced Non-Destructive Examination (ANDE) Mk2 tool. For
comparison, the average critical path time for volumetric inspection of fuel channels using ANDE Mk2 is 9
hours per channel, while CIGAR (current DNGS inspection tool) requires an average of 19 hours per channel.

¢ Fuel Machine Availability and Reliability - Currently at DNGS, OPG relies on Fuel Handling (F/H) equipment for the
execution of fuel channel inspections and scrape campaigns. During CIGAR outages one FM (Fuelling Machine) and
trolley is fully dedicated for the duration of the CIGAR campaign. For scrape campaigns, a FM and trolley is also
required for the significant pre-requisite and post-requisite work.
Overall, Fuel Channel Inspection Campaign reliance on F/H reduces the number of hours available for F/H
maintenance. Introducing the RDM at DNGS would significantly reduce reliance on the fuel handling equipment during
outages. This would increase F/H system reliability by reducing Fuelling Machine (F/M) wear and tear as well as allow
more time for planned maintenance of the F/H systems.

Preferred Alternative: | Development of a Rapid Delivery Machine (RDM) for DNGS For Project Level A, Bor C

Description of Preferred Alternative

The preferred alternative is to design a new Rapid Delivery Machine (RDM) system to perform Fuel Channel inspections at
DNGS. Pursuing this alternative supports the objectives of replacing ageing equipment with the latest in the industry
standard in order to maintain OPG'’s licence to operate for 30 years post refurbishment. In addition to maintaining the
capability to perform the required fuel channel inspections, this technology reduces worker dose by removing workers from
performing manual tasks on the reactor face and improves nuclear safety by removing the reliance on feeder freezing
during scrape campaigns. The technology chosen also results in significant critical path reductions due to increased
automation and the use of modernized tooling. The benefits are summarized in the table further below.

The RDM machine would be capable of deploying the following Fuel Channel Inspection and Maintenance (FCIM) services:
e Fuel Channel NDE Inspections using ANDE Mk2 & ANDE Replica
e  Machine Delivered Scrape (MDS) (Axial and Rolled Joint (RJ) Scrape)

RDM will also possess the ability to:

e Remotely access target fuel channel(s) and deploy FCIM tooling independently of a fuel handling machine and
trolley.

Machine Concept

Modification Design Requirements have been prepared and approved for a machine that provides rapid deployment, similar
to the current CIGAR system, and with the capability of the Pickering Universal Delivery Machine (PUDM). The RDM would
be capable of locking onto fuel channels and removing closure and shield plugs as well as delivering the entire suite of
available inspection tools.

The concept for the RDM features a machine Head that includes a Snout and Magazine Assembly mounted on a
Suspension system. The Snout provides the ability to sense the position of the end-fitting of the target fuel channel which
drives the suspension in X, Y, Z, Pitch and Yaw to facilitate homing and locking onto the target channel. The two-stage
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Preferred Alternative: | Development of a Rapid Delivery Machine (RDM) for DNGS For Project Level A, Bor C

Description of Preferred Alternative

horizontal magazine supports and aligns (2) Tool Mechanisms, (1) Closure Plug Mechanism and (1) Shield Plug
Mechanism to the Snout within a compact footprint.

The Tool Mechanisms are based on UDM designs and provide the capability for delivering ANDE, Replica, and MDS FCIM
tools.

As a part of the In-Vault Support Equipment, there are various components which facilitate FCIM tool change, function
checks and calibration activities. These are generically referred to as the RDM Calibration Facility and Tooling Stations
(CFTS). Machine transporters are to be integrated into the design to transport and position the RDM components in the
vault and around the station. The ANDE/MDS CFTS will not need to be re-positioned each time the RDM interfaces with it.
This is expected to provide significant time savings and allow the RDM system to yaw and engage with the CFTS remotely.

Vault floor based cable handling equipment is to be used in place of the UDM WINSKY design to improve system
installation and removal performance. These units are responsible for management of the FCIM tool umbilical cables and
also provide support for the RDM D20 lines and control cables. The in-vault control equipment includes Power Distribution
Cart, and D20 pump cart.

The strategy for this alternative is to commission the RDM during the first post-refurb Fuel Channel Inspection outages
(D2521). This on channel commissioning at Darlington is targeted during the turbine outage of D2521 when the
commissioning activities are expected to be completed off critical path.






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

Exhibit D2-1-3

Attachment 1, Tab 71, 83039
Page 5 of 10

Preferred Alternative:

Development of a Rapid Delivery Machine (RDM) for DNGS For Project Level A, Bor C

Description of Preferred Alternative

Benefits of RDM

Benefits: Details

With the refurbishment of Darlington, asset management of the new fuel channels requires a
Inspection periodic inspection program for the life of the units.
Machine e Eliminate reliance on CIGAR technology that was first commissioned in the 1970s and the
Availability associated ageing obsolescence.
and Reliability e Replace manual Scrape tools with more reliable and efficient Machine Delivered Scrape

technology.

Dose Savings

Dose uptake during Scrape campaigns at DNGS can be reduced from 20 Rem to <6 Rem for
standard 6 rolled joint and 10 body of tube scope by replacing current manual Scrape tooling with
the automated Machine Delivered Scrape.

Decreased
Nuclear Safety
Risks

By providing the capability to deploy Machine Delivered Scrape we eliminate the requirement for
feeder ice-plugging associated with manual Scrape work.

Reduce
Critical Path
Duration

Enabler for achieving critical path fuel channel inspection duration required to support a 38 day
outage critical path leading to a >92% UCF.

e Streamlined mobilization and demobilization

e Improved equipment reliability during the critical path activities.

e Replacement of Manual Scrape with Machine Delivered Scrape

o Replacement of CIGAR volumetric inspections with ANDE MK2

Fuel Machine
Availability
and Reliability

The RDM System acts completely independently of the FM (Fuelling Machine) and trolley. This

provides the following benefits:

e Eliminates inspection induced wear and tear during outages

e Allows more time for scheduled FM Maintenance which is expected to improve performance

e Allows the FM to service other units during the outage

e Eliminate need for reconfiguring the F/M Trolley to receive the Trolley Mounted Magazine
(TMM) required for supporting multiple channel isolation.

To elaborate on the potential fuel handling benefits, the RDM would create fuel handling maintenance hours by not
requiring a dedicated Fuel Handling (F/H) Trolley during fuel channel inspection campaigns. Specifically the RDM would
eliminate the following uses:

e  Currently during CIGAR campaigns at DNGS, one F/H Trolley is required to move the CIGAR package from
channel to channel. The RDM will be able to deliver FCIM tooling to channels independently from F/H equipment
similar to PUDM which will free up the Trolley during the outage. The only requirement on the F/H Trolley will be to
assist with de-fueling the target channels. This is consistent with current operation.

e  Currently during CIGAR campaigns, one F/H Trolley is dedicated for the duration of CIGAR campaign due to the
required recall time to remove the CIGAR package in the event of an emergency. As stated above, the RDM would
be capable of independently removing FCIM tooling, thus freeing the F/H Trolley up for maintenance during fuel
channel inspections.

e  Currently during scrape campaigns, F/H equipment is utilized to install vented closure plugs (VCP) and channel
isolation plugs (CIP). The Machine Delivered Scrape (MDS) tooling operates in a flooded channel thereby
eliminating the need for channel isolation and draining.
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Deliverables: ‘ Associated Milestones (if any): ‘ Target Date:
Current release:
SBCS Gate 2 Approval January 2020
OPG DA WARR1 Authorization (Head & Suspension) July 2020
RDM Fabrication Start (Head & Suspension) Sept 2020
ANDE Design Work Complete April 2021
MDS Design Work Complete March 2021
Plant Modification Design Complete July 2021
Future release:
RDM Fabrication Complete March 2021
RDM Assembly Complete November 2021
RDM Power On December 2021
RDM Delivered to OPG October 2022
RDM Site Acceptance Testing Complete December 2022
RDM In-vault commissioning complete June 2025
Alternative 2: Base Case — No Project For Project Level A, B or Value-Enhancing

The “No Project” alternative is not selected as new fuel channel inspection tooling is required to support the continued
operation at Darlington going forward post refurbishment. Current tooling is ageing and the technology currently used is no
longer industry standard.

Additionally, selecting this alternative forgoes the ability to reduce the outage critical path times in the fuel channel
inspection activities to meet the required >92% UCF, impacting OPGs generation targets post refurbishment. Additionally,
this alternative does not reduce IRI's’ reliance on Fuel Handling (F/H) trolleys nor does it provide additional (F/H)
maintenance hours. Obsolescence of existing tooling would drive an immediate need to implement alternative projects in
order to maintain the capability to perform fuel channel inspections in order to meet code and licensing requirements.

Consequently, this alternative is not recommended.

Delay/Pause project expenditures using up schedule float ahead of commissioning to

AT & 2025 For Project Level A or B or Value-Enhancing

The alternative to delay/pause work and commissioning until 2025 is not recommended. The current baseline project
schedule shows a float from when the Site Acceptance Testing (SAT) is complete and the start of on-channel
commissioning.

Pros and Cons:

The Pros for pausing progress of the RDM project (due to change in commissioning outage schedule) are limited to capital
cost flow deferral only. This would make more near term capital available.

The Cons for pausing progress of the RDM project (due to change in commissioning outage schedule) are:

e Costs would increase for the project due to additional demobilization and re-mobilization costs for OPG and for at
least three (3) vendors (RDM vendor, DNGS Site Mods vendor, and MDS Vendor). Based on the contractual terms
and conditions, this would be substantial;

e The project would be exposed to additional schedule risk as the current plan to be ready for commissioning the
RDM in 2023 provides float in case of schedule delays. Also, the new equipment and the associated benefits
would not be available to support any emergent or planned demands that may come up during the course of this
project.

e There would be additional costs and strains on resources as the CIGAR machine, and Manual Scrape equipment
would need to be poised and available;
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Key Risk Assessment For Project Level A, B or C
o For .
. Description of Response Type/ oy Residual
Risk Class Risk Actions/Finai TCD Additional [ Ranking
eview
Schedule There is a risk that modifications for Mitigate through aggressive No Medium
tooling (MDS, and ANDE) may be monitoring of the schedule, regular
delayed thereby impacting the dates | project and technical meetings, and
of the RDM Delivery Machine FAT, weekly progress and performance
and SAT. reporting, including earned value
management from vendors
Quality There is a risk that there are Mitigate. No Medium
interface issues between the existing | ¢  OPEX reviews will take place
station equipment and the new RDM along with the development of
and tooling resulting in installation or detailed SAT and commissioning
performance issues. This includes plans. Space frame walk downs
adequate space to fit the RDM inside will be completed in all units.
and through the equipment airlocks.
Cost & There is a risk of discoveries during Mitigate: Yes Medium
Schedule the detailed design that may have an | ¢  Schedule and cost contingency
impact of cost and schedule. have been accounted for to
mitigate moderate discovery
during the design phase. Risk
reduction prototype testing is
planned as input to the final
design.
e Representative Factory
Acceptance Testing has been
planned as part of the scope to
identify and resolve any issues
at the prime vendor.
e A detailed scope alignment at
the preliminary design stage has
occurred through a plan
development period with the
prime RDM vendor.
Cost There is a risk that the RDM on- Mitigate: No Medium
channel commissioning may not be e |dentify windows during
completed within the prime vendors refurbishment for early in-vault
warranty period. Latest OPG commissioning.
Generation Plan identifies no e Negotiate an extended warranty
planned outages before 2025 after period with the prime vendor if
the RDM is on-site. required.
Cost & There is a risk that OPG Design Mitigate: No Medium
Schedule deliverable acceptance is delayed or | ¢ The prime vendor has the

prolonged, impacting cost and
schedule with the vendor.

accountability to maintain a
detailed level 3 schedule with all
deliverable submissions updated
weekly.

e OPG Project has implemented an
engineering work management
process to plan and monitor
progress with internal escalation
protocols.
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Financial Evaluation For Project Level A, B (with multiple feasible alternatives) or Value-Enhancing

Base Case
M Z{g:s;:ﬂe\?e (No Project) Delay work
Project Cost 160.4 N/A N/A
NPV N/A N/A N/A
Other: (e.g., IRR)

Analysis of Financial Evaluation — Key Assumptions and Key Results:

A financial evaluation is not required for sustaining projects as per section 3.2 of the BCS Standard.

Qualitative Factors For Project Level A or B

As described above, the benefits of the RDM include:
e Dose Reduction
e CIGAR Reliability and Obsolescence
e Fuel Machine Availability and Reliability
e Nuclear Safety

Post Implementation Review (PIR) Plan (refer to OPG-PROC-0056)

Type of PIR Report ‘ Comprehensive PIR ‘ PIR Completion Date Dec-2026

[] Detailed PIR KPIs will be provided in future BCS(s) when Execution Phase BCS release is requested.

PIR KPIs Current Baseline Target Result How to measure? Who will measure?

FH Trolley availability Campaign Actuals

during outage 0 hours/outage 200 hours/outage i DAMS, SME
campaign post first deployment
Dose Reduction 20 REM/outage <6 REM/outage Campaign Dosimetry | 1, o svE

(Scrape Campaign)

At first deployment

Average Volumetric
Inspection Time per

19 hours/channel

9 hours/channel

Inspection logs from
ANDE deployment at

Fuel Channels,

Channel DNGS SME
Feeder Ice-Plugging . :
for Fuel Channel Feeder Ice Plugging No Feeder Ice Campaign Report DAMS, SME

Inspections

Occurs

Plugging

At first deployment

Definitions and Acronyms

AFS - Available for Service

ANDE - Advanced Non Destructive Examination

BCS - Business Case Summary

BOT — Body of Tube

CIP - Channel Isolation Plug
DAMS - Delivery and Reactor Maintenance Systems

DNGS - Darlington Nuclear Generation Station

FCIM — Fuel Channel Inspection and Maintenance

F/H - Fuel Handling

F/M - Fuelling Machine

IRI - Inspection and Reactor Innovation
MDS - Machine Delivered Scrape

MWh - Mega Watt-hour
NPV - Net Present Value

OPEX - Operating Experience

OPG - Ontario Power Generation

PIR - Project Implementation Report

PNGS - Pickering Nuclear Generation Station
PUDM - Pickering Universal Delivery Machine
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Definitions and Acronyms

RJ — Rolled Joint

SME — Subject Matter Expert

UCF — Unit Capacity Factor

UDM - Universal Delivery Machine
VCP - Vented Closure Plug
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APPENDICES

I Appendix A1: Summary of Estimate

- Total Project Cost

[Project Number:  [83039

|Project Title: Rapid Delivery Machine

$K LTD 2019

2020 2021

2022 2023 2024

Future Total %

Project Mgmt 1,678 2,023
Inspection

Engineering

Procurement

Construction

Commissioning

Closeout
Subtotal
Outside WBS
Contingency
Subtotal w/
Contingency
Interest

928 693

723 327 172

110 6,652 4%

Other
Total 33,358 12,659 32,124 43,420 22,811 6,288 2,728 6,483 159,871 100%
OM&A
(Project# 80077) 537 i i ) i i i ) 37 0%
Appendix A2: Summary of Estimate — Notes
Escalation Rate ‘ 2.90% Interest Rate (going-forward) ‘ 4.41%
Appendix A3: Summary of Estimate — In-Service Estimates
$M Only applicable to capital projects. In-Service amount shall include interest but exclude removal costs.
Project# | Date (YYYY-DD-MM) Description Amount %
83039 2020-30-08|Non-Production RDM
83039 2022-15-12|Partial AFS - Out of vault commissioning
83039 2025-30-06|Final AFS - In-vault commissioning
83039 2025-15-12|Close out
Total

Prepared by:

Reviewed and Endorsed by:

M ol A

Brent Achtymichuk

IRI Fuel Channel Innovation

Project Leader November 29, 2019

Date

e

Bradley Greenland
Manager Projects
IRI Fuel Channel Innovation

November 29, 2019
Date
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s Case Summary

Project # 10-83828 ‘ Controlled Doc # ‘ N-BCS-09701-0671681
Project Title Fleet Monitoring Initiative (Monitoring and Diagnostic Centre)

Facility PNGS, DNGS ’ Investment Classification ‘ Sustaining

Project Level 5 Financial [J OM&A [X Capital [ Capital Spare

(Scalability) Classification | ] MFA [0 CMFA [ Provision [ Others: [if applicable]
Release: Gate and ] Choose an item. GOD: Initiation Partial GZ@: Definition

Project Phase [] Choose an item. G1[ }: Choose an item. [ G3: Execution

e hees) | Clss T

Recommendation

We recommend a release of $3,740 K, including il of contingency. This will bring the total released-to-date to
$9,146 K including | of contingency. The previously approved contingency was released to the project.

The estimated total project cost is within the range of $25 M to $40 M.

This release is requesting a partial definition of Phase 11l scope for the Monitoring and Diagnostic Centre including design
engineering and procurement. The project will implement a pilot to install and commission 50 sensors (of 3800 sensors) at
PNGS and DNGS to establish a Class 3 estimate for future installations. Future releases will request completion of Phase
Il design engineering, procurement and installations, and the development of an advanced data analysis application.

Investment Cash Flows
$K LTD 2020 2021 2022 2023 2024 2025 Future Total
Previous releases 4,656 750 5,406
Current request - 3,740 3,740
Total released to date 4,656 4,490 - - - - - - 9,146
Future required - TBD TBD TBD TBD TBD
Total Project Cost

Ongoing Costs -
Gate: G2 OAR Approval:| $9,146 K

Approvals Signatures ‘ Date

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

Recommended by: Project Sponsor

Jenny Leung é ,
Manager, Equipment Reliability 7%47 March 6, 2020

Nuclear Engineering

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

Finance Approval:

Brett Lemmon Bradlt L aminen Mar 19, 2020

Finance Controller — Darlington

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

Line Approval per OAR @:

Dean Townsend me March 25, 2020
VP, Engineering Strategy

Nuclear Engineering

*Associated with OPG-STD-0076, Developing And Documenting Business Cases OPG-TMP-0004-R006 (Microsoft® 2016)
Guidance -- Page 1 of 7




215313

Rectangle





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

Project #: 10-83828 Exhibit D2-1-3 OPG Confidential
Project Title:  Fleet Monitoring Initiative (Monitoring and DiagnosticAG@ahirent 1, Tab 72, 83828 OPG-FORM-0076-R006
Document #:  N-BCS-09701-0671681 BiféiReéss Case Summary

EXECUTIVE SUMMARY - Project Overview

Business Need

This project is to implement the use of low-cost online equipment condition monitoring sensors (wired & wireless) at both
Darlington and Pickering nuclear generating stations to allow more important work to be performed. Upon completion of this
project, OPG will provide significant improvement to the existing sensors, communications, analytics, interconnectivity, and
data visualization.

Currently, equipment condition assessment in the power generation industry is primarily relying on inspection campaigns
during scheduled outages and online maintenance schedules. Inspection scope is currently primarily developed based on
pre-determined time intervals, past events, and probabilistic models. Real-time monitoring of predictive indicators has been
identified as an area of improvement in the stations.

OPG established a Monitoring & Diagnostic Centre (M&DC) within the Nuclear and Renewable Generation organizations to
leverage new equipment condition monitoring technologies to develop a strategic approach for implementing advanced
monitoring and diagnostic capabilities. These new technologies will be fundamental in ensuring equipment reliability and
transitioning to CBM the nuclear stations.

Preferred Alternative

The M&D Center predictive analytics tools allow analysts to visualize actual and expected performance of an asset
including detailed information on ambient conditions, unit loading, and operating modes. Using the Advanced Pattern
Recognition (APR) software, the M&D Centre is able to improve equipment reliability and performance while avoiding
potential failures. Implementing this project is estimated to improve thermal performance efficiencies and transition time
based maintenance to condition based maintenance.

In order to ensure that all of the Nuclear fleet's critical equipment’s failure modes are captured, the M&D Centre project is
requesting a partial release for the design engineering, procurement, installation and commissioning of new sensors at both
PNGS and DNGS between 2020-2023.

The project has been divided into the following four (4) phases:
Phase I: Establishing a Monitoring & Diagnostic (M&D) Centre.
Phase II: Initial Planning and Pilot Installs.

Phase llI: Design Engineering, Procurement and Installations.
Phase IV: Advanced Data Analytic Application.

This release is requesting a partial release (Gate 2A) of Phase lIl to execute the design engineering and procurement
activities, as well as to complete Phase Il pilot installations and commissionning of 50 sensors at PNGS and DNGS to
establish a Class 3 estimate for future installations. OPEX within the organization has proven the benefits of implementing
pilot projects to obtain lessons learned as well as more accurate cost and schedule estimates.
The scope for this release includes:
PNGS:

- Transformer Dissolved Gas Analyzers (DGA) U1-8.

- SRV Room Temperature Monitoring U5-8

- Class IV switchgear ESA U1, 4, 5-8 (PNGS A and B)

- Class lll switchgear ESA U1, 4, 5-8 (PNGS A and B)

- Transformer Mixed Gas Analyzers (MGA) U0, 1-4.
- EQ Rooms Temperature Monitoring U0, U1-4.

- Class IV switchgear U1-4

- Class lll switchgear U1-4

Business Need For Project Level A or B

This project is to implement the use of online equipment condition monitoring sensors (wired & wireless) at both Darlington,
Pickering nuclear generating stations to transition time based maintenance to condition based maintenance and improve
plant performance. Upon completion of this project, OPG will provide significant improvement to the communications,
analytics, interconnectivity, and data visualization through existing and new sensors.

*Associated with OPG-STD-0076, Developing And Documenting Business Cases OPG-TMP-0004-R006 (Microsoft® 2016)
Page A-2 of A-7
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Business Need For Project Level A or B

The Nuclear and RG organizations are leveraging new equipment condition monitoring technologies to develop a strategic
approach for implementing advanced monitoring and diagnostic capabilities. Through Continous On-line Monitoring (COLM)
guides, sensor technologies across OPG will cover failure mode analysis of components to monitor equipment health and
allow early detection of equipment degradation/anomalies. By detecting degradations early, catastrophic or consequential
failures will be avoided, and work will be planned in advance to reduce costly time-based Preventive Maintenance (PM) with
condition-based maintenance tasks to perform the right work at the right time.

The M&D Center predictive analytics tools allow analysts to visualize actual and expected performance of an asset
including detailed information on ambient conditions, unit loading, and operating modes. Using the APR software, the M&D
Centre is able to provide an opportunity for improving equipment reliability and performance while avoiding potential
failures.

Preferred Alternative: | Advanced Continuous Online Monitoring (COLM) Program

Description of Preferred Alternative

In the development phase of the Monitoring & Diagnostic Centre project, an evaluation on both nuclear and RG business
units was conducted to define the scope of the project. In this process, critical and non-critical station assets were identified
requiring additional failure mode coverage such as temperature, vibration, electrical signature analysis to provide full failure
mode coverage. The benefit of this coverage is for the M&D Centre analysts to monitor the assets, and in the case of
performance deviations, the M&D Centre team will work with various parts of the organization to mitigate the risk of
catastrophic failures and accidents and plan and extend outage work.

The project is requesting a partial release of Phases Il and Ill to execute the design engineering, procurement, installation
and comissioning activities for sensors at PNGS and DNGS. The installation and comissioning activities of 50 sensors will
fall under a pilot to obtain lessons learned and better estimates for future installs. Station staff, including maintenance,
operations, system and component engineers, and other subject matter experts will be heavily involved in the planning and
execution of the project. The project will also work together with various other stakeholders within OPG’s organization, such
as CIO, RG, Nuclear Waste, Supply Chain, Finance, Design Engineering, Performance Engineering, Operations, Work
Control and Maintenance, to plan and execute the project successfully.

The project has been divided into the following four phases:

(COMPLETED) Phase I: Establish the M&D Centre (2017-2018):
e Perform M&D Centre evaluation (OPG Nuclear & RGPM Business units)
e Procure and utilize an Advanced Pattern Recognition (APR) software
e  Hiring of staff

(IN PROGRESS) Phase II: Initial Planning & Pilot Installs (2018-2019):
e Identify fleet monitoring priority equipment scope
e Design OPG OLM information architecture
o Develop the preliminary design engineering scope
e Sensor installations pilot

(PARTIAL RELEASE) Phase llI: Design Engineering & Installations (2020-2022):
e Develop detailed design engineering packages for selected scope
e  Procurement of required hardware and software equipment
e Installation of required hardware and software equipment
e Implement Start-up, commissioning and site turn over of selected scope
e Plan outage installations
* Route new data into the plant historian

(FUTURE) Phase IV: Advanced Data Analytic Application (2021-2023):
e Develop advanced diagnostics and prognostics
o Design fleet data integration/visualization for decision optimization analytics

M&D Centre Functional Model

Existing and future plant data that are received from equipment sensors are stored in the Plant Information (PI) data
historian. The data will then be used by the Advanced Pattern Recognition (APR) software (e.g. PRISM), and thermal
performance software (PEPSE/PMAX).

*Associated with OPG-STD-0076, Developing And Documenting Business Cases OPG-TMP-0004-R006 (Microsoft® 2016)
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Preferred Alternative:

Advanced Continuous Online Monitoring (COLM) Program

Description of Preferred Alternative

Existing data stored in Pl has been integrated into models developed by the M&D Centre staff. These models will detect
early warnings of equipment failures and abnormal operating conditions at both PNGS and DNGS. The M&D Centre project
has also been working with various initiatives such as the Right Work, Right Time, Right Value (RWRTRYV) and Value
Based Maintenance (VBM) initiatives to execute work in alignment with on-going OPG maintenance activities.

Associated Milestones (if

Deliverables: ) Target Date:
any):
Previous releases:
1. Perform M&D Centre evaluation (OPG Nuclear & 2018
RGPM Business units)
2. Hiring of staff 2018-2019
3. Identify fleet monitoring priority equipment scope March 2019
4. Develop the preliminary design engineering scope November 2019

Current release:

5.  100% Detail Design Complete for:
e EQ/ SRV Room Temperature Monitoring
e Mixed / Dissolved Gas Analyzers (M/DGAs)

e Class lll Motor Current Signature Analysis
(MCSA)

e Class IV Motor Current Signature Analysis
(MCSA)

100% Detail Design Complete
(OPG Acceptance) - G2A -
Class IV Switchgear for
Darlington: 30 Jun 2020

June 30, 2020

6. Procurement (PO issued):
e EQ/ SRV Room Temperature Monitoring
e Mixed / Dissolved Gas Analyzers (M/DGAs)

e Class lll Motor Current Signature Analysis
(MCSA)

e Class IV Motor Current Signature Analysis
(MCSA)

Procurement - ESA - Class IV
Switchgear Materials — PO
Issued - Darlington: 20 Jul 2020

July 20, 2020

7. Finish of Installation:
¢ EQ/ SRV Room Temperature Monitoring
e Dissolved Gas Analyzers (DGASs)

FOI - Finish of Installation - G2A
- DNGS - EQ Rooms
Temperature Monitoring -
DNGS - U0, U1-4: 29 Jun 2020

June 29, 2020

8. Available For Service (AFS):
¢ EQ/ SRV Room Temperature Monitoring
e Mixed / Dissolved Gas Analyzers (M/DGASs)

AFS - Available for Service -
G2A - DNGS - EQ Rooms
Temperature Monitoring -
DNGS - U0, U1-4: 27 Jul 2020

July 27, 2020

Future release (Future phases):

9. Develop detailed design engineering packages

10. Procurement of required hardware and software
equipment

11. Installation of required hardware and software
equipment

12. Implement Start-up, commissioning and site turn
over of selected scope

13. Plan outage installations

14. Close out activities

Phased approach
2020-2022

*Associated with OPG-STD-0076, Developing And Documenting Business Cases

OPG-TMP-0004-R006 (Microsoft® 2016)
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Alternative 2: | Base Case — No Project

The benefits described in the Nuclear Fleet Scope Summary (N-REP-01500-00003) would not be realized if this project
does not proceed.

Alternative 3: | Delay Work

Delays on executing this project will result in missing critical timelines required to meet benefits expected from installing
more coverage at PNGS. This will also reduce equipment reliability benefits and maintain the current risks of FLRs.

Key Risk Assessment

For Project Level A, Bor C

Risk Class

Description of
Risk

Response Type/
Actions

For
Additional
Review

Residual
Ranking

Cost

Cost estimate exceeded.

Mitigate:

Continuous monitoring of cost by the
Cost and Schedule Analyst (CSA) and
Project Leader.

Pilot installs will be executed to provide
better estimates for future installs to
control costs.

No

Low

Schedule

Delays establishing procurement
contracts

Delays in installations

Mitigate:

Work closely with Supply Chain SPOC
to evaluate the proposals received for
the Data Acquisition and Analysis
System (DAAS). Currently working with
Supply Chain, Law, and Renewable
Generation to ensure meeting the
target completion deadlines.

No

Medium

Quality

Lack of expertise to execute work

Mitigate:

Use of third party experts with previous
experience at Duke Energy and
successful implementation of M&D
Centres and working closely with
station SMEs to ensure alignment on
scope and expectations.

No

Low

Financial Evaluation

$M g{::ﬁ;ﬁ?e (ilislirgjaesc?) Delay work Alternative 4 Alternative 5
Project Cost $25-40 N/A N/A

NPV N/A N/A N/A

Other: (e.g., IRR)

Analysis of Financial Evaluation — Key Assumptions and Key Results:

A financial evaluation is not required for sustaining projects.

Qualitative Factors For Project Level A or B

Some of the qualitative factors provided by the Preferred Alternative are as following:
e Contribute to reducing Forced Loss Rate (FLR)

e Contribute to the nuclear fleet reduction target for preventive maintenance on selected critical & non-critical
maintenance-hours. This includes reduction of electrical and mechanical maintenance work dedicated to major
equipment PM tasks, optimizing instrument calibrations and eliminating a significant amount of manual condition
monitoring data collection (vibration, electrical testing, oil analysis, non-destructive testing, etc.)

e Improve unit heat rates through on-line thermal performance monitoring

*Associated with OPG-STD-0076, Developing And Documenting Business Cases

OPG-TMP-0004-R006 (Microsoft® 2016)
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Post Implementation Review (PIR) Plan (refer to OPG-PROC-0056)

Type of PIRReport |  Simplified/Standard PIR |  PIR Completion Date | 12-2023
Detailed PIR KPIs will be provided in future BCS(s) when Execution Phase BCS release is requested.
PIR KPIs Curre_nt Target Result How to measure? soli el
Baseline measure?

*Associated with OPG-STD-0076, Developing And Documenting Business Cases

OPG-TMP-0004-R006 (Microsoft® 2016)
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APPENDICES

Appendix A1: Summary of Estimate

- Released to date

Commissioning

Closeout

Subtotal

Contingency

Subtotal w/
Contingency

Interest

Total 4,656

4,490

Project Number: 10-83828

Project Title: Monitoring and Diagnostic Centre

$K LTD 2020 2021 2022 2023| Future Total| %
Project Mgmt 230 110 3401 4%
Engineering

Procurement

Construction

9,146| 100%

Removal Costs (incl.
above)

-l 0%

Appendix A2: Summary of Estimate — Notes

Escalation Rate 2.5%

Interest Rate (going-forward) ‘ 4.33%

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 %

10-83828 3/15/2020|Advanced Pattern Recognition Model Building Equipment Analytics

51%

10-83828 6/30/2020|Engineering, Procurement and Installation of Pilot

Total

100%

[ |
-
|

Prepared by:

Reviewed and Endorsed by:

Hassan Jaber
Monitoring and Diagnostic Centre
Project Leader

3/6/2020
Date

77

Manager, Equipment Reliability

Project Sponsor

3/6/2020
Date

*Associated with OPG-STD-0076, Developing And Documenting Business Cases

OPG-TMP-0004-R006 (Microsoft® 2016)
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MEMORANDUM

OPG Confidential

November 27, 2020

File No.: NK38-CORR-74000-0871076 LOF

Ken Hartwick
Chief Executive Officer

Business Case Justification to Proceed with a Design Build Finance Operate

and Maintain Contracting Model for the Darlington Water Treatment Plant

Recommendation

1.

Proceed with a design, build, finance, operate and maintain (DBFOM)
contracting model for the Darlington Water Treatment Plant (WTP), subject
to #2 below.

Continue to pursue and finalize a commercial arrangement with consortium
* that addresses the operations and
maintenance of the consistent with collective agreements and the

arbitration decision in favour of the Power Workers’ Union (PWU); with intent
to bring forward a contract requisition memorandum for approval in Q2 2021
to execute the demineralized water supply agreement.

Background

The existing WTP is approaching its end of service life. Despite reliable operation to
date, the WTP will be challenged to maintain satisfactory system health status and
reliability going forward. A strategy needs to be in place to ensure a reliable supply
of ultra-pure demineralized water is available for Darlington’s ongoing operations.

Three options were considered:

1.

2.

Upgrade the existing WTP with new technology and equipment, with OPG
operating and maintaining.

Build a new WTP using an engineer, procure, construct, (EPC) contracting
strategy, with OPG operating and maintaining (“Make Water” option).

Build a new WTP using a DBFOM contracting model, which outsources the
construction, operations and maintenance of the plant to a third party
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specializing in ultra-pure demineralized water management (“Buy Water”
option).

Option 1 for upgrading the existing WTP with new equipment and technology would
increase overall risk to the project and water supply, as the existing WTP is within
the security fence thus requiring integration with plant operations. Maintaining the
facility in this location would result in increased regulatory obligations relative to other
options. Further; upgrading would require a phased approach, including a period of
deconstruction and installation with a potential for interruption of water supply. To
minimize the risks, the upgrading option is not recommended and was not evaluated
further.

Based on the existing configuration of structures and support buildings at the
Darlington site, the optimal location for the new WTP is north of the sally port on the
east side of the station. A separate WTP Interconnect Project will construct and
commission station tie-ins designed to segregate the WTP, enabling it to be built to
commercial standards outside the fence.'

In 2017, OPG conducted a preliminary analysis, based on several indicative pricing
submissions, which identified the Buy Water option (Option 3) as having an
economic advantage over the Make Water option (Option 2). Further to this, in order
to more fully assess the risks and benefits between the Make Water and Buy Water
options, OPG initiated an open procurement to validate if the market would respond
to a DBFOM and to identify potential vendors. This was followed by an invitational
Request for Proposal (RFP) in 2018 to four selected proponents for the Buy Water
option. Market response was consistent with OPG’s expectations, and the technical,
commercial and financial evaluations confirmed that the Buy Water option is
preferable to the Make Water option. The process also resulted in the selection of a
preferred vendor,

Benefits of the Buy Water Option

In addition to the lifecycle cost advantage set out in the financial analysis below, the
key strategic and operational considerations (not quantified in the financial analysis)
for proceeding with the Buy Water option over the Make Water option include:

1. Transfer of Risks — DBFOM delivery model assigns known project risk (except
for, e.g., deviation of geological conditions, OPG change orders, and force
majeure), future capital financing risk, and operational risks to the DBFOM
vendor to manage. The DBFOM vendor will also be responsible for training the
operators and maintenance workers.

2. Security of Supply — The terms of the agreement will provide for guaranteed ultra-
pure demineralized water supply with no changes in quality specifications within
48 hours of a water supply disruption from the WTP, minimizing the impact on
the station’s reliability.

3. Operational Expertise — The DBFOM model will leverage ultra-pure
demineralized water and operational efficiencies due to technological innovation

' The WTP Interconnect Project is common to both the Make Water and Buy Water options, and is therefore excluded from the
financial analysis presented.
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and economies of scale enjoyed by the vendor as an industry leader in water
treatment in North America. OPG does not currently have expertise in the new
technologies that will be in use for the new WTP.

4. Industry Best Practice — The DBFOM delivery model is consistent with Public-
Private Partnerships (P3) delivery model, which leverages industry expertise to
enterprise organizations where expertise is not ordinarily developed or
maintained within the enterprise. For water management applications, the
DBFOM delivery model is utilized for municipal applications.

The DBFOM agreement assigns risk and risk management activities through various
phases of the project. OPG will maintain appropriate oversight over the DBFOM
delivery to ensure that the WTP meets Darlington’s water quality, reliability and
operational requirements. The water supply agreement will stipulate a number of
safeguards against non-performance, including financial disincentives and an “off
ramp” option for OPG to take over the asset.

Financial Comparison: Buy Water vs. Make Water

Financial analysis has concluded that, based on current estimates, the Buy Water
option through the DBFOM contract model yields a lower lifecycle cost (in present
value terms) at ap roximately- as compared to that of the Make Water option
at approximately resulting in a net benefit of The Buy Water
economics calculation is based on the present value of the contract payments under

proposal. The Make Water economics calculation is based on the present
value of a technically-qualified proposal with the lowest cost from an earlier EPC
RFP (Class 4 estimate) scaled up to meet the latest capacity and technical criteria,
as well as historical operations and maintenance requirements for the existing WTP.

Appendix A provides a breakdown of the financial analysis.

While some of the details of the DBFOM financial analysis are subject to the
completion of negotiations with the vendor and the PWU related to the operations
and maintenance of the WTP, and final target in-service date resulting from such,
this is not expected to have a material impact on the financial comparison.

Under the DBFOM contracting model will legally own the new WTP. For
financial reporting purposes and proposed regulatory recovery treatment, OPG will
record the new WTP as an asset in accordance with accounting standards (both US
GAAP and OEB Accounting Procedures Handbook) because the underlying water
supply agreement is deemed to be a finance lease arrangement, which requires a
recognition of a financial liability and an off-setting capital asset. Based on business
planning assumptions, the WTP asset cost has been estimated at approximately
$139 M, being the sum of the present value of the applicable payments over the
proposed contract life.2

2 As noted above, the outcome of negotiations with the PWU an related to the operations and maintenance (O&M) of the
WTP is not expected to have a material impact on the economic comparison between the two options. However, due to
accounting requirements for ongoing O&M costs in a finance lease, the final operations and maintenance arrangements may
result in changes to the estimated asset cost.
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Current Status

Following the 2018 RFP, OPG selected [Jfjas the successful proponent for the
Buy Water option to negotiate an agreement for the supply of ultra-pure
demineralized water for the next 30 years. The proposed agreement consists of
three streams of fixed monthly payments for capital, fixed operations, and scheduled
rehabilitation, plus a monthly variable payment for consumables driven by water
usage.

Consistent with OPG standard procurement and labour relations practices, OPG
pursued a Purchase Services Agreement (PSA) with the PWU for the outsourcing of
the operations and maintenance responsibility of the WTP under the DBFOM
contracting strategy.

The negotiation with the PWU led to an arbitration and in Q4 2019, the arbitrator
issued an award to disallow a PSA. As a result, OPG intends to negotiate with the
PWU and with the goal of revising the proposed DBFOM contract to address
the operations and maintenance of the WTP.

The target completion date for a demineralized water supply agreement to be ready
for approval is Q2 2021. At that time, a contract requisition memorandum will be
prepared and routed for approval to execute the DBFOM agreement wit

Next Steps

1. Complete negotiations with union partners to address the operations and
maintenance of the WTP.

2. Work with [Jjfjon modifying and finalizing the proposed demineralized water
supply agreement to reflect the outcome of union negotiations in #1 above.

(258

ean Granville John Mauti
Chief Operating Officer Chief Financial Officer
cc:

Steve Gregoris, SVP Darlington

Mike Martelli, Chief Project Officer

Karen Fritz, Chief Supply Officer

Chris Cunningham, VP Nuclear Projects

Barb Kerr, VP Operations Controllership

Val Bevacqua, Director Operations & Maintenance Darlington
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Appendix A - Financial Analysis

The financial analysis shows that the DBFOM (Buy Water) option is economically
preferred over the EPC and OPG operations and maintenance option (Make Water)

by based on current assumptions. The discount rate used is an after-tax
long-term cost of debt of 2.62% (3.50% pre-tax).

Alternatives “Make Water” “Buy Water”

EPC/OPG-O&M DBFOM

PV Cost 3

20208 I I

After-tax PV Cash Flows

Capital Cost PV PV

(before tax . project cost based on . before tax, with no

shield) owest cost technically-qualified escalation as the vendor assumes

proposal from an earlier EPC

RFP* scaled up to meet the
latest capacity and technical
criteria

Tax Shield for

future capital financing risk

PV

(after-tax)

PV

before tax,F
after tax, escalated at 2%/yr
e Based on historical operational
experience with existing WTP

Scheduled
Rehabilitation
(after-tax)

Capital Cost e CCA Class 17 (declining 8%/yr) e Payment stream to be treated as
100% tax deductible as incurred

Operating PV PV

Costs . e Fixed before tax,

after tax, escalated at
o/yr

e Variable before tax,

after tax, escalated at

. o/yr

e Based on proposed water supply
agreement, subject to completion
of negotiations with union partners

Total before tax,
after tax, over 30 years
Assumed to be same as
DBFOM, as both options would

use the same technology

e Total
after tax, over 30 years

PV
before tax, -

Inventory No incremental impact, as the DBFOM
Working Initial estimated net working vendor has priced this cost into the
Capital operating and scheduled rehabilitation

capital ofm required to
maintain the faclility (e.g.,

consumables, spare parts);
escalated at 2%/yr

(after-tax) payments

3 The main differences between the— Buy Water lifecycle cost value and the approximately $138.6 M business planning
in-service cost relate to: exclusion of income tax shield benefit and variable operating payments from the in-service cost
calculation in accordance with US GAAP, and use of a pre-tax discount rate, rather than an after-tax rate, to determine the in-
service cost. In addition, the present value calculation for the in-service cost is as of the in-service year, versus the year of
financial analysis for the Buy Water lifecycle cost.

4 Class 4 estimate
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Total Total
Final | Project Project | 1st Execution | povexecution | Total | in-Service | In-Service [ | In-Service | In-Service | In-Service | In-Service | In-Service | In-Service | In-Service
Line Project Start | In-Service | Cost? ‘z:::;-os:z Business Case™| g 2016.0152° | In-Service | LTD* | IRTerm 2020 2021 2022 2023 2024 2025 2026
No. | Facility Project Name Number | Category | Date Date™ ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M)
(a) (b) (c) (d) (e) (®) () (h) (0] (0] (k) (U] (m) (n) () (P) (@) () (s) ®
ONGOING PROJECTS FROM EB-2016-0152
1 DN |DN Class Il Uninterruptible Power Supply R 31412 | Sustaining | Jan-11 Mar-25 63.6 55.1 384 38.4 62.0 29.2 25.2 0.0 7.5 13.9 5.9 0.0 54 0.1
2 DN |DN Fuel Handlina Inverter 31426 Sustainina | Nov-11 Apr-21 26.2 14.4 13.9 n/a 26.1 23.7 0.0 1.0 25 0.0 0.0 0.0 0.0 0.0
3 DN  |DN Station Fluorescent Lighting Fixtures Retrofit 31516 | Sustaining | Dec-12 Jan-23 20.7 11.4° 16.9 n/a 19.8 9.6 3.9 3.1 3.2 1.4 25 0.0 0.0 0.0
4 DN |DN Restore Emeraency Service Water and Firewater Marains 31518 | Requlatory | Dec-12 Aua-19 28.5 47.1 28.5 n/a 10.5 9.7 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0
5 DN |DN Station Roofs Replacement 31524 | Sustaining | Nov-12 Nov-27 116.9 36.37 n/a n/a 116.8 215 66.2 11.9 127 12.8 12.0 14.2 15.2 12.0
6 DN  |DN Powerhouse Water Air Condition Units Replacement 31532 Sustaining Oct-12 Jan-23 38.2 26.6° 26.6 26.6 30.7 13.9 3.1 37 10.2 29 0.2 0.0 0.0 0.0
7 DN |DN Water Treatment Plant Interconnections 31535 | Sustaining | Sep-11 Sep-24 53.2 57.8 n/a n/a 53.2 0.0 53.2 0.0 0.0 0.0 0.0 53.2 0.0 0.0
8 DN |DN Transformer Multi-Gas Analvzer Installation 31542 Sustaining | Oct-12 Dec-20 23.8 22.7 15.2 15.2 225 223 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 DN |DN Radiation Detection Equipment O 31544 | Sustaining | Jan-14 Sep-23 45.0 46.9 nla n/a 413 0.0 223 0.0 19.0 15.0 7.0 0.3 0.0 0.0
10 DN  |DN Shutdown Cooling Heat Exchanger Replacement 31710 Sustaining | Nov-12 Dec-21 111.4 112.8° 56.1 56.1 741 721 0.0 0.0 1.8 0.0 0.0 0.0 0.0 0.0
DN Neutron Over-Power lon Chamber & In-Core Flux Detector Amplifier
1 DN  |Replacement (Reactor Regulating System, Shutdown System 1 & 31716 | Sustaining | Jul-13 Apr-27 238 17.7 238 n/a 17.9 1.2 9.6 16 25 16 14 20 22 24
Shutdown System 2)
12| DN gl'j‘oiﬁp'aceme”' of Emergency Power Supply Uninterruptible Power | 35558 | giqtaining | Feb-10 | Feb-22 246 16.6 15.2 15.2 248 13.9 2.1 17 7.1 2.1 0.0 0.0 0.0 0.0
13 DN |DN Air Conditionina Unit Replacement for Secondary Control Area 33621 Sustaining | Feb-09 Aug-25 36.0 28.3 12.3 12.3 34.1 244 9.6 0.0 0.0 5.1 2.2 0.0 2.2 0.2
14 DN |DN Chiller to Reduce Chloroflurocarbon Emissit 33631 Reaulatorv | Jan-04 Dec-17 30.0 30.0 14.9 14.9 216 21.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15 DN |DN Maior Pump-sets Vibration Monitoring System Uparades 33819 | Sustaining | Mar-06 Nov-26 55.4 23.8 12.8 n/a 48.2 10.4 18.0 11.2 9.0 5.0 5.0 4.0 20 2.0
16 DN |DN Standby Controls Ret it 33973 | Sustainina | Dec-06 Mar-21 46.3 39.6 21.8 21.8 46.1 44.1 0.4 0.0 16 0.4 0.0 0.0 0.0 0.0
17 DN |DN Digital Control Computer Replacement / Refurbishment / Upgrades 33977 Sustaining | Sep-03 Dec-21 26.5 249 221 221 26.5 23.1 0.3 1.1 21 0.3 0.0 0.0 0.0 0.0
18 DN  |DN Auxiliary Heating System - Phases 1 & 2 Alternative Heating 34000 | Regulatory | Mar-06 Jun-18 107.1 107.2" 45.6 45.6 102.1 102.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19 DN  |DN Zebra Mussel Mitigation Improvements 38948 Sustaining | Nov-12 Dec-21 36.6 293" 215 215 36.5 34.8 0.0 14 0.4 0.0 0.0 0.0 0.0 0.0
20 DN |DN RS Primary Heat Transport Pump Motor Replacement* 73566 | Sustaining | Jul-15 May-21 84.0 129.5 26.7 26.7 714 68.0 0.2 0.0 3.1 0.2 0.0 0.0 0.0 0.0
21 DN  |DN OH180 Aging Mar Hardware Installation 80022 Sustaining | Dec-14 Jun-28 60.9 90" 60.9 n/a 38.0 11.6 16.0 3.1 59 4.1 3.9 29 21 29
22 DN __|DN Steam Generator Level Control Valve Replacement 80023 Sustaining | Jan-15 Jun-26 38.6 16.3 n/a n/a 38.5 0.0 38.5 0.0 0.0 0.0 9.6 9.6 9.6 9.6
23 DN |DN R22 Refrigerant Air Conditioning Unit R 80036 | Requlatory | Dec-15 Jan-26 36.1 14.9 n/a n/a 37.8 2.0 27.1 2.9 5.9 23 6.7 71 6.5 4.5
24 DN __|DN Standby Generators Protective Relay Replacement 80063 | Sustaining | Dec-15 Feb-23 20.0 9.9 n/a n/a 15.8 0.0 15.8 0.0 0.0 1.7 3.0 07 0.3 0.0
25 | pn |DNDigital Control, Common Process and Sequence of Events 80078 | Regulatory | Nov-15 | Feb-28 775 473 n/a nia 56.5 0.9 422 0.0 00 20 47 7.4 185 99
Monitorina Computer Agina Mar
Notes:
1 Projects with expenditures during IR term OR In-Service Amounts in Bridge or IR term, AND Completed/Deferred Projects at the time of preparing the Amended 2020-2026 Business Plan (from EB-2016-0152 or subsequent).
2 Total Project Cost reflects BCS amounts at the time of preparing the Amended 2020-2026 Business Plan, with the exception of Completed/Deferred/Cancelled Projects (for which actual costs are shown). BCS amounts reflect
point estimates or, if range estimate or no estimate is provided in lieu of a point estimate, the current estimate of total project cost
3 Projects 31508, 49158 and 49299 are combined in a single Business Case Summary.
4 Projects 73566 ($84.0M), 36001 ($27.6M) and 80144 ($53.3M) are combined in a single Business Case Summary ($164.9M). In EB-2016-0152
project 73566 and project 80144 were included in Ex D2-1-3 Table 1 with a combined project cost of $129.5M, while #36001 project cost was
$30.8M. First execution BCS amounts are derived from the combined amount
5 The designation of "n/a" means the project has not advanced to a First Execution BCS
6 EB-2016-0152 L-04.4-15 SEC 048
7  Total project cost set out in EB-2016-0152, Ex. D2-1-3, Table 1 incorrectly identified total project cost for Project #31524 as $38.3M.
8 EB-2016-0152 L 04.2-2 Staff 028
9 EB-2016-0152 J15.5 Attachment 1
10 EB-2016-0152 L-04.4-15 SEC 046
11 EB-2016-0152 J15.5 Attachment 3
12 EB-2016-0152 J15.5 Attachment 2
13  Final In-Service Date means either the current forecast of the final date for in-service and close out of project, or the historical final project in-service date (but not the final project close out date which may not have yet occurred).
14  Life Time to Date (LTD) means in service amounts as of Dec 31, 2019
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Projects with expenditures during IR term OR In-Service Amounts in Bridge or IR term, AND Completed/Deferred Projects at the time of preparing the Amended 2020-2026 Business Plan (from EB-2016-0152 or subsequent).
Total Project Cost reflects BCS amounts at the time of preparing the Amended 2020-2026 Business Plan, with the exception of Completed/Deferred/Cancelled Projects (for which actual costs are shown). BCS amounts reflect
point estimates or, if range estimate or no estimate is provided in lieu of a point estimate, the current estimate of total project cost

Projects 31508, 49158 and 49299 are combined in a single Business Case Summary of $70M. First execution BCS amounts are derived from the combined amount.

Projects 41023 and 49247 are combined in a single Business Case Summary. Project 49247 is from Ex. D2-1-3 Table 2 in EB-2013-0321
First execution BCS amounts are derived from the combined amount
The designation of "n/a" means the project has not advanced to a First Execution BCS
Project 49158 was combined with Project 49299 and Project 31508. Total project cost for project 49158 was $44.0M
Projects 73566 ($84.0M), 36001 ($27.6M) and 80144 ($53.3M) are combined in a single Business Case Summary ($164.9M). In EB-2016-0152
project 73566 and project 80144 were included in Ex D2-1-3 Table 1 with a combined project cost of $129.5M, while #36001 project cost was $30.8M. First execution BCS amounts are derived from the combined amount
EB-2016-0152 L-04.2-1 Staff 043
Projects 41027 and 32202 were combined into a single BCS. First execution BCS amounts are derived from the combined amount
Final In-Service Date means either the current forecast of the final date for in-service and close out of project, or the historical final project in-service date (but not the final project close out date which may not have yet occurred).
Life Time to Date (LTD) means in service amounts as of Dec 31, 2019

Exhibit D2
Tab 1
Schedule 3
Table 1b
Table 1b
Capital Project Listing - Nuclear Operations Facility Projects
Projects > $20M Total Project Cost’
Total Total 1st Execution 1st Execution
Final Project Project Business Business Total In-Service In-Service In-Service | In-Service | In-Service | In-Service | In-Service | In-Service | In-Service
-EB- Case EB-2016.
Line Project Start | In-Service | Cost* 2:1’;_;?2 Case® 0152° In-Service LTo" IR Term 2020 2021 2022 2023 2024 2025 2026
No. | Facility Project Name Number | Category Date Date'’ (M$) (M$) ($M) ($M) ($M) ($M) E1) ($M) ($M) ($M) ($M) ($M) ($M) ($M)
(a) (b) (c) (d) (e) (f) @) (h) (0] [1)] (k) (0] (m) (n) (0) (2] (@ () (s) ®
ONGOING PROJECTS FROM EB-2016-0152
26 DN |DN Primarv Heat Transport Pump Motor Overhaul ” 80144 Jul-15 Oct-21 53.3 129.5 102.8 102.8 438 34.1 0.0 35 6.2 0.0 0.0 0.0 0.0 0.0
27| PN :Z:J“;’Qency Power Generator and Main Output Power Protective 40691 | Sustaining | Feb-12 | Oct-19 29.7 1.0 75 75 252 252 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28 Subtotal 1314.0 353.3 46.9 100.8 80.8 64.0 101.1 63.9 436
COMPLETED/DEFERRED/CANCELLED FROM EB-2016-0152
29 | DN |DN Operations Suport Buildina Refurbishment 25619 Mar-09 | Nov-15 613 627 4738 4738 59.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
30 | DN m Fut'.(usr"ma Phase 1 Beyond Design Basis Event Emergency 31508 | Regulatory | Sep-11 | Apr-18 555 529 201 273 555 0.0 04 0.0 0.0 0.0 0.0 0.0 0.0
itigation
31| DN ?rNa‘,ce‘l’li“nd:gsc‘r’;ecr:f”'a"”g Water and Low Pressure Service Water 31552 | Sustaining | May-13 | Nov-18 33.0 376 244 244 33.0 0.0 00 0.0 00 00 00 0.0 00
it
32 DN DN Improve Mai Facilities at Darlinaton (Capital) 31717 ini Aua-07 Nov-13 35.6 43.2 49.8 49.8 33.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
33| DN 3’: F”t'.‘“Sh'ma Phase 2 Beyond Design Basis Event Emergency 32202 | Regulatory | Oct-12 | May-18 231 280 28.0 28.0 219 0.0 08 0.0 0.0 0.0 0.0 0.0 0.0
itigation
34 | DN |Shutdown Svstem Computer Adina 33955 Nov-06 | Dec-15 203 203 17.2 17.2 20.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
35 DN |DN Purchase of Primary Heat Transport Pump Motor Capital Spares 36001 Sustaining Apr-10 Oct-15 276 30.8 12.0 12.0 276 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
36 DN |DN Holt Road Interchange Upgrade 73706 En::l:ceina Nov-13 Aug-16 26.7 286 31.0 31.0 26.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
37 | DN |DN Generator Stator Core Soare 80111 ini Sen-15 Jul-19 308 35.0 35.0 35.0 30.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
38 | PN |PB Fuel Handlina Reliability Modifications 40976 Aua-12 | Dec-18 40.4 373 29.0 29.0 39.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
39 | PN |Unit 1 &4 Fuel Channel East Pressure Tube Shift Tooling * 41023 Oct-12 Dec-16 277 38.6 22,0 22,0 27.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
40 | PN mF“t'.‘“Sh'ma Phase 2 Beyond Design Basis Event Emergency 41027 | Regulatory | Oct-12 | Nov-17 49.7 46.3 463 463 497 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
itigation
41| pn |PAFuel Handling Single Point of Vulnerabilty Equipment Reliability 46634 | Sustaining | Feb-11 | Dec-18 212 273 27.0 27.0 209 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Improvement Proiect - Canital
2| eN ;‘i,F”:f”s"'ma Phase 1Beyond Design Basis Event Emergency 49158 | Regulatory | Sep-11 | Oct-17 a7 s8¢ 203 203 a7 0.0 06 0.0 0.0 0.0 0.0 0.0 0.0
itigation
43 SEC _|Phvsical Barrier System 25609 Reaqulatorv | Nov-05 Dec-13 67.2 67.2 37.0 37.0 67.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44 IRl |PN Machine Delivered Scrape 66600 En::l:ceinq Feb-14 Oct-18 27.0 2618 24.9 24.9 27.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
45 Subtotal 588.9 0.0 18 0.0 0.0 0.0 0.0 0.0 0.0
Notes:





Numbers may not add due to rounding.
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Table 1c
Table 1c
Capital Project Listing - Nuclear Operations Facility Projects
Projects > $20M Total Project Cost'
Total 1st Execution
Final Project Business Total In-Service In-Service In-Service | In-Service | In-Service | In-Service | In-Service | In-Service | In-Service
Line Project Start In-Service Cost? Case® In-Service LTD® IR Term 2020 2021 2022 2023 2024 2025 2026
No. | Facility Project Name Number | Category Date Date* (M$) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M)
(a) (b) (c) (d) (e) () () (h) (i) @) (k) (0] (m) (n) (0) () (@) (r)
PROJECTS NOT IN EB-2016-0152
46 DN |DN Main Power Output Protection System Replacement 80122 Sustaining | Sep-16 Aug-27 65.0 n/a 88.4 0.0 75.0 0.0 0.0 0.0 15.0 20.0 20.0 20.0
47 DN |DN Group Il Pressure Transmitter Replacement 80123 Sustaining | Jan-16 Jan-28 47.7 n/a 375 0.0 29.0 0.0 2.0 5.8 5.8 5.8 5.8 5.8
48 DN |DN Obsolete Controller Replacement 80124 Sustaining Jun-17 Dec-26 38.0 38.0 28.5 5.4 13.1 4.9 4.8 3.9 3.0 3.7 2.0 0.5
49 DN |DN Emeraency Power Generator 1 and 2 Replacement 80126 | Requlatory | Feb-17 May-22 176.2 176.2 180.8 194 89.4 72.0 0.0 89.4 0.0 0.0 0.0 0.0
50 | DN |DN Fuel Handing Computer Inpu/Output Subsystem and Interprocessor | gg145 | gugtaining | Dec-15 | Apr-27 234 nia 221 00 210 0.0 0.0 16 04 20 14.0 30
Communication Replacement
51 DN DN Fire Resistant Fluid Pump Improvement 80150 Sustaining Jan-16 Nov-25 30.0 n/a 25.0 0.0 25.0 0.0 0.0 8.5 6.5 5.0 5.0 0.0
52 DN |DN Class 1 Rectifier Replacement 82883 Sustaining | May-18 Dec-32 42.3 n/a 36.3 0.0 17.0 0.0 0.0 3.0 35 3.5 3.5 35
53 | DN gz‘nmig‘mz‘;"tve' Output and Class IV Transformer Control Cabinet Wiring | g556 | gtaining | Jan-19 | Deferred 26.8 nia 245 00 0.0 0.0 0.0 0.0 0.0 00 0.0 00
54 DN |DN Fuel Handling Head Major Component Replacement 82947 Sustaining Oct-18 May-27 98.0 n/a 60.9 0.0 59.0 0.0 0.0 0.0 20.0 13.0 13.0 13.0
55 DN |DN Copper Piping Replacement 83049 Sustainina | Aug-16 Dec-22 45.1 29.3 437 28.7 6.0 27 6.3 6.0 0.0 0.0 0.0 0.0
56 DN |DN Fuel Handling Power and Sianal Cable Catenary Replacement 83052 Sustaining Apr-19 Jan-27 24.6 n/a 11.9 0.00 8.7 0.0 25 8.5 0.2 0.0 0.0 0.0
57 DN |DN Powerhouse Upper Level Service Water Piping Replacement 83053 Sustaining | Oct-16 Jan-25 75.2 55.7 66.7 16.2 50.5 1.9 0.0 13.0 16.5 25 16.0 25
58 DN DN Phase 2 Station Battery Replacement 83076 Sustaining | Aug-16 Dec-28 34.5 18.9 26.2 0.3 18.6 13 27 4.9 3.9 35 3.2 3.0
59 DN |DN Main Output Transformer & Unit Service Transformer Replacement 83296 Sustaining Jul-18 Jun-24 1701 1701 131.2 0.0 98.4 0.0 32.8 65.6 28.7 4.0 0.1 0.0
60 DN DN Large Moderator Temperature Control Valve Replacement 83297 Sustaining | Nov-18 Jun-26 36.9 n/a 31.2 0.0 26.2 0.0 5.0 5.0 9.0 5.0 7.2 0.0
61 DN |DN Secondary System High Prioritv Control Valve Replacement 83298 Sustaining | Mar-18 Dec-27 354 n/a 29.6 0.0 26.5 0.0 3.2 3.2 9.5 8.5 5.3 0.0
62 DN DN Condenser Steam Discharge Valve Control System Replacement 83299 Sustaining Jan-19 Dec-27 29.7 n/a 22.8 0.0 18.5 0.0 0.0 53 26 79 26 0.0
63 DN |DN 4kV Motor Refurbishment and Replacement 83480 Sustaining Oct-18 Jun-28 278.8 n/a 1721 0.0 89.8 0.0 0.0 11.8 19.0 15.0 17.0 27.0
64 DN DN Isolated Phase Bus Refurbishment 83484 Sustainina Jul-20 Jun-28 62.4 n/a 36.5 0.0 229 0.0 0.0 0.0 0.0 8.8 0.0 14.2
65 DN |DN Turbine Hall Crane Controls Upgrade 83556 Sustaining Dec-17 Dec-20 23.6 19.7 23.1 0.0 0.0 222 0.0 0.0 0.0 0.0 0.0 0.0
66 | DN g:;:cee'r:'::td“”g Service Area Bridge F5 Ball Screw Assembly 83558 | Sustaining | Mar-18 | Jun-25 282 nla 12,5 0.0 11.8 0.0 0.0 0.0 46 5.4 18 0.0
67 DN |DN East Irradiated Fuel Bay Permanent Fuel Inspection Equipment 83559 | Requlatory | Mar-18 May-22 25.0 25.0 17.9 0.0 8.9 0.0 9.0 8.9 0.0 0.0 0.0 0.0
68 DN [DN Unit 2 Turbine Control & Aux Systems Uparade 83664 Sustaining Dec-19 Jul-25 112.7 n/a 102.2 0.0 102.1 0.0 0.0 0.0 0.0 0.0 102.1 0.0
69 DN |DN Fuel Handling Replacement of Fuelling Machine Calibration Facility 83916 Sustaining Feb-19 Jul-25 224 224 0.0 224 0.0 0.0 0.0 25 9.9 9.9 0.0
70 DN DN Air Operated Valve Replacement 84009 Sustainina | Mar-20 Dec-28 85.7 n/a 829 0.0 39.5 0.0 0.0 125 0.0 8.0 13.5 55
71 | DN |PN Primary Heat Transport Liquid Relief Valve Modifications 84235 | Regulatory | Jan-19 Jul-26 86.8 85.9 705 24.422 435 26 0.0 1.5 137 2.9 122 33
(Waterhammer)
Notes:

osw

Projects with expenditures during IR term OR In-Service Amounts in Bridge or IR term, AND Completed/Deferred Projects at the time of preparing the Amended 2020-2026 Business Plan (from EB-2016-0152 or subsequent).

Total Project Cost reflects BCS amounts at the time of preparing the Amended 2020-2026 Business Plan, with the exception of Completed/Deferred/Cancelled Projects (for which actual costs are shown). BCS amounts include minor removal costs and reflect
point estimates or, if range estimate or no estimate is provided in lieu of a point estimate, the current estimate of total project cost

The designation of "n/a" means the project has not advanced to a First Execution BCS
Final In-Service Date means either the current forecast of the final date for in-service and close out of project, or the historical final project in-service date (but not the final project close out date which may not have yet occurred).
Life Time to Date (LTD) means in service amounts as of Dec 31, 2019






Numbers may not add due to rounding.
Privileged and confidential. Prepared in contemplation of litigation.
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Table 1d
Capital Project Listing - Nuclear Operations Facility Projects
Projects > $20M Total Project Cost'
Total 1st Execution

Final Project Business Total In-Service In-Service In-Service | In-Service | In-Service | In-Service | In-Service | In-Service | In-Service

Line Project Start In-Service Cost? Case® In-Service LTD® IR Term 2020 2021 2022 2023 2024 2025 2026

No. | Facility Project Name Number | Category Date Date* (M$) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M)

(a) (b) (c) (d) (e) (f) () (h) @) @) (k) (0] (m) (n) (0) () (@) ()
PROJECTS NOT IN EB-2016-0152
72 DN |DN Motor Operated Valve Replacement 84551 Sustaining Mar-20 Dec-28 44.5 n/a 37.5 0.0 29.3 0.0 0.0 7.0 7.0 5.3 7.0 3.2
73 DN [DN Primary Heat Transport Pump Rotor Inspection and Replacement 84799 Sustainina | May-20 Oct-26 89.2 89.2 46.4 0.0 46.4 0.0 0.0 0.0 15.3 125 18.4 0.2
74 DN  |DN Revenue Metering Transformer Replacement 84939 Regulatory | Apr-20 Oct-26 35.9 n/a 25.5 0.0 25.5 0.0 0.0 0.0 0.0 3.4 6.9 15.2
75 PN |PN P58 Buried Blowdown Piping Replacement 83072 Sustaining | Nov-16 Dec-20 20.9 20.9 16.6 0.0 0.0 16.6 0.0 0.0 0.0 0.0 0.0 0.0
76 PN |PA Low Pressure Feedwater Heat Exchanger Replacement 83088 Sustaining | May-16 May-18 22.0 19.4 20.0 20.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
77 PN [PN Hiah Pressure Turbine Spindle Capital Spares 83668 Sustaining | Nov-17 Aug-19 21.3 234 21.3 21.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
78 SEC [Security Project B 82929 Sustaining Jun-16 Sep-21 327 32.7 28.8 0.8 0.1 3.1 248 0.1 0.0 0.0 0.0 0.0
79 SEC |Security Project C 82930 Sustaining | Jun-16 Mar-21 22.9 229 18.9 0.0 0.0 3.1 15.8 0.0 0.0 0.0 0.0 0.0
80 IRl [DN Rapid Delivery Machine 83039 Sustaining Nov-14 May-25 162.2 n/a 118.4 0.0 113.2 5.2 0.0 0.0 83.6 0.0 29.5 0.0
81 ENG |Fleet Monitoring Initiative (Monitoring & Diagnostic Centre) 83828 Sustaining | Mar-18 Jul-23 29.3 n/a 237 0.0 16.0 2.7 5.0 6.0 10.0 0.0 0.0 0.0
82 2,205.8 1,153.2 138.2 114.0 281.4 280.4 155.6 316.0 119.8
83 Total 4,108.7 1,506.6 187.0 214.8 362.2 344.4 256.7 379.9 163.4
DIVISION TOTALS:
84 Darlington 1,377.4 155.6 169.2 356.2 250.7 256.7 350.4 163.4
85 Pickering 0.0 17.3 0.0 0.0 0.0 0.0 0.0 0.0
86 Operations and Project Support 129.2 14.2 45.6 6.0 93.6 0.0 29.5 0.0
87 Total 1,506.6 187.0 214.8 362.2 344.4 256.7 379.9 163.4
Notes:

Projects with expenditures during IR term OR In-Service Amounts in Bridge or IR term, AND Completed/Deferred Projects at the time of preparing the Amended 2020-2026 Business Plan (from EB-2016-0152 or subsequent).

Total Project Cost reflects BCS amounts at the time of preparing the Amended 2020-2026 Business Plan, with the exception of Completed/Deferred/Cancelled Projects (for which actual costs are shown). BCS amounts include minor removal costs and reflect

point estimates or, if range estimate or no estimate is provided in lieu of a point estimate, the current estimate of total project cost
The designation of "n/a" means the project has not advanced to a First Execution BCS
Final In-Service Date means either the current forecast of the final date for in-service and close out of project, or the historical final project in-service date (but not the final project close out date which may not have yet occurred).
Life Time to Date (LTD) means in service amounts as of Dec 31, 2019






Numbers may not add due to rounding.
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Table 2a
Capital Project Listing - Nuclear Operations Facility Projects
Projects $5M - $20M Total Project Cost'
Total
Final Project |In-Service In-Service | In-Service | In-Service | In-Service | In-Service | In-Service | In-Service
Line Project Project Start In-Service Cost? IR Term 2020 2021 2022 2023 2024 2025 2026
No. | Facility Project Name Number | Category Description Date Date® ($M) ($M) ($M) ($M) ($M) ($M) (™) (M) (™)
(a) (b) (©) (d) (e) (®) ()} (h) (i) (1) (k) [0] (m) (n) (0) (®)
ONGOING PROJECTS FROM EB-2016-0152
Add aeration and chemical addition to the
1 DN DN Active Liquid Waste System Upgrade 31403 Regulatory |active liquid waste management system to Nov-09 Dec-22 121 6.9 0.0 0.0 6.6 0.4 0.0 0.0 0.0
ensure compliance with discharge criteria.
2 DN  |DN Dryer Programmable Logic Controller Replacement 31420 | Sustaining CR:rﬁ';fl‘Z;b”'e‘e programmable logic Feb-14 Aug-24 122 42 33 14 0.7 16 14 05 0.0
3 DN  |DN Pressurizer Heaters & Controllers Replacement Project 31422 | Sustaining aRrZ"'a":ctﬁ:f:;"gf{hh;ff;;‘e'ztzge;;””Zers that| - Aor1q Dec-21 13.9 0.1 0.0 1.0 0.1 0.0 0.0 0.0 0.0
Replace aging and obsolete radioactivity
4 | DN |DN Containment Button-up Activity Monitors Replacement 31432 | Sustaining |Monitors used o bution up the Negative Nov-13 |  Mar21 9.9 0.0 19 2.0 0.0 0.0 0.0 0.0 0.0
Pressure Containment System on high
activity.
Upgrade obsolete Heavy Water Management
DN Computer Upgrade for Heavy Water Management System - System computers that control Tritium . ~
5 PN | Tritium Removal Faclity / Site Upgrader) 31436 | Sustaining |0 val Facility and Station Upgrader Oct-12 Nov-21 82 0.0 00 24 00 0.0 00 0.0 00
operations.
6 DN DN Replacement of Obsolete Online Chemistry Analysers 31520 Sustaining |Replace obsolete online chemistry analysers Oct-12 Jan-21 16.7 0.0 3.9 1.9 0.0 0.0 0.0 0.0 0.0
" " . . Replace aged and obsolete TRF DMS
7 pn [N Tritum Removal Facility Deuterium Make-up System 31522 | Sustaining |Electrolyzer, to ensure reliability to the end of | Nov-12 Oct-19 145 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Electrolyzer Replacement L N
facility operation.
Replace the equipment that scans the
8 DN  |DN Feeder Scanner Replacement 31526 Sustaining |feeders to locate channels containing failed Dec-12 Aug-22 18.9 23 0.0 3.0 23 0.0 0.0 0.0 0.0
fuel bundles.
Redesign the Regulator Regulating System
9 DN  |DN Reactor Regulating System Logic Module Redesign 31534 | Sustaining 'rig"fe’;‘;:‘t‘s'e:&zI‘:‘::ZZ;:’E”S’;?:: rod Dec-13 Apr-23 9.9 12 0.0 2.9 0.0 12 0.0 0.0 0.0
obsolescence of current modules.
Replace obsolete turbine lubricating oil
10 DN DN Turbine-Generator Lube Oil Purifier Replacement 31536 Sustaining |purifier used to remove contaminants and Nov-12 Apr-18 7.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
metal from lubricatina oil durina operation.
Install improved feedwater chemistry
1" DN DN Feedwater Chemistry Control Improvements 31548 Sustaining |monitoring and connections for portable Nov-13 Feb-20 14.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0
filtration.
Replace the Tritium Removal Facility
. - . N N Cryogenic Refrigeration System turbine oil
12 | N |PNTritlum Removal Facilty Cryogenic Refrigeration System 31701 | Sustaining |supply system and hydrogen expander Jan-14 | Jun-25 12.9 3.1 0.0 0.0 0.0 0.0 0.0 3.1 0.0
Turbine Oil Supply System / Turbine Replacement ! N d y i’
turbine with a dynamic gas bearing (oilfree)
turbine
Table continues on Ex. D2-1-3 Table 2b

Notes:
1
2

3

Projects with expenditures during IR term OR In-Service Amounts in Bridge or IR term, AND Completed/Deferred Projects at the time of preparing the Amended 2020-2026 Business Plan (from EB-2016-0152 or subsequent).
Total Project Cost reflects BCS amounts at the time of preparing the Amended 2020-2026 Business Plan, with the exception of Completed/Deferred/Cancelled Projects (for which actual costs are shown). BCS amounts reflect

point

or, if range

or no estimate is provided in lieu of a point estimate, the current estimate of total project cost

Final In-Service Date means either the current forecast of the final date for in-service and close out of project, or the historical final project in-service date (but not the final project close out date which may not have yet occurred).






Numbers may not add due to rounding.
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Line
No.

Facility

Project Name

Project
Number

Category

Project
Description

Start
Date

Final
In-Service
Date’

Total
Project
Cost?
($M)

In-Service|
IR Term
($M)

In-Service
2020

In-Service
2021
($M)

In-Service
2022
(M)

In-Service | In-Service
2023 2024 2025 2026

(™M) (£10) (1) (M)

In-Service | In-Service

(@)

(b)

(©

(d)

(e)

®

((¢)]

(h)

(i)

(M)
0

(k)

[0]

(m) (n) (0) (p)

ONGOING PROJECTS FROM EB-2016-0152 (Continued from Ex. D2-1-3 T

able 2a)

DN

DN Fuel Handling Power Track Platform & Maintenance Cut Out

31702

Sustaining

Construct a working platform and modify the
power track structure to allow the power track
equipment to be maintained during Unit 1 or
Unit 4 outages as well as Unit 2 and Unit 3
outages.

Dec-13

Nov-19

6.3

0.0

0.0

0.0

0.0

0.0 0.0 0.0 0.0

DN

DN Fuel Handling Obsolete Control Relay Re-
Engineer/Replacement

31704

Sustaining

Replace the obsolete Fuel Handling control
relays with relays of equal quality and near
identical installation to mitigate challenges to
FH Svystem reliability.

Oct-13

Jul-24

58

54

1.5

0.0

3.1 23 0.0 0.0

DN

DN Vapour Recovery Button-Up Valve Replacements

31706

Sustaining

Replace aging vapour recovery containment
buttonup valves with new design less prone
to passina.

Dec-13

Feb-24

16.2

16.2

0.0

0.0

0.0

15.2 0.9 0.1 0.0

DN

DN Auxiliary Boiler Feed Pump Seal Cooling

33224

Sustaining

Install Gland Injection Cooling flush at both
pump mechanical seals, for all eight ABFPs,
as well as two new mechanical seals and two
heat exchanger skids at each pump.

Mar-14

Dec-21

9.7

0.9

1.0

0.0 0.0 0.0 0.0

DN

DN Hydrogen Cooling Temperature Control Valve TCV20
Redesign

33228

Sustaining

Replace Hydrogen Cooling temperature
control system butterfly valve with a new type
of control valve and controller, to address the
reliability of the system during seasonal lake
water temperature fluctuations.

Nov-12

Jun-21

16.2

0.3

0.0

1.0

0.3

0.0 0.0 0.0 0.0

DN

Fuel Handling Computer Replacement

33815

Sustaining

Replace obsolete components of the fuel
handling system control computers.

Aug-05

Nov-21

15.6

0.4

0.0

0.7

04

0.0 0.0 0.0 0.0

DN

DN Central Services Area Sewage Line and Sump Emergency
Connections

38466

Sustaining

Replace corroded and degraded sewage
piping from Central Services Area and add
emergency connections to allow sewage
truck to empty sump in emergencies.

Jul-13

Dec-28

7.9

0.0

0.0

0.0

0.0 0.0 0.3

20

DN

DN Feeder Scanner Replacement

80070

Sustaining

Replace permanent feeder scanner
equipment with portable system that can be
setup outside of containment prior to use.

May-14

Aug-22

18.9

21

0.0

5.5

21

0.0 0.0 0.0 0.0

21

DN

DN Fire Hazard Assessment and Fire Safe Shutdown Analysis
Modifications

80151

Regulatory

Implement modifications required for
compliance to Canadian Standards
Association N29307 Fire Protection for
Nuclear Power Plants identified during the
Integrated Safety Review and committed in
the Intearated Implementation Plan.

Nov-15

Sep-21

20.0

0.5

0.0

1".7

0.5

0.0 0.0 0.0 0.0

22

DN

DN Vault Cooling Coil Replacement

82816

Regulatory

Replace leaking and degraded cooling coils
in the containment vault, which impairs the
functions of maintaining vault temperatures
during normal operation and removing heat
from the steam-laden atmosphere in Loss of
Coolant Accident conditions.

Dec-15

Jul-19

17.8

0.0

0.0

0.0

0.0

0.0 0.0 0.0 0.0

23

DN

DN Irradiated Fuel Discharge Mechanism Major Component
Replacement

82841

Sustaining

Replace the shuttle cylinders and other major
components of the Irradiated Fuel Discharge
system which are approaching end of design
life.

Nov-15

Feb-24

59

23

0.0

1.7

0.0

0.0 23 0.0 0.0

Table continues on Ex. D2-1-3 Table 2¢

Notes:

Projects with expenditures during IR term OR In-Service Amounts in Bridge or IR term, AND Completed/Deferred Projects at the time of preparing the Amended 2020-2026 Business Plan (from EB-2016-0152 or subsequent).
Total Project Cost reflects BCS amounts at the time of preparing the Amended 2020-2026 Business Plan, with the exception of Completed/Deferred/Cancelled Projects (for which actual costs are shown). BCS amounts reflect
point estimates or, if range estimate or no estimate is provided in lieu of a point estimate, the current estimate of total project cost

Final In-Service Date means either the current forecast of the final date for in-service and close out of proiect, or the historical final proiect in-service date (but not the final project close out date which may not have vet occurred).






Numbers may not add due to rounding.
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Table 2¢
Capital Project Listing - Nuclear Operations Facility Projects
Projects $5M - $20M Total Project Cost'
Total
Final Project [In-Service| | In-Service | In-Service | In-Service | In-Service | In-Service | In-Service | In-Service
Line Project Project Start In-Service | Cost® IR Term 2020 2021 2022 2023 2024 2025 2026
No. | Facility Project Name Number Category Description Date Date’ ($M) ($M) ($M) ($M) ($M) ($M) (™) (M) (™)
(a) (b) () (d) (e) (f) ((¢)] (h) [0) [0) (k) [0) (m) () (0) ()
ONGOING PROJECTS FROM EB-2016-0152 (Continued from Ex. D2-1-3 Table 2a)
Improve reliability and availability of the unit
24 PN |PA Standby Generator Reliability Upgrades 40972 | Sustaining |012/034 Standby Generators (SG) by Apr-12 | Dec-21 19.0 0.0 47 6.7 0.0 0.0 0.0 0.0 0.0
addressing obsolescence, lack of spare
parts, maintenance and performance issues.
Replace unreliable, inaccurate and obsolete
Airborne Tritium Samplers with improved
25 PN PNGS Daily Tritium Sampler Replacement 40977 Regulatory |models having silica gel column, to ensure Apr-12 Aug-18 6.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
reliable airborne tritium monitoring to the end
of facility operation.
26 PN PN Replacement of Obsolete Online Chemistry Analysers 40985 Sustaining |Replace obsolete online chemistry analyzers. | Mar-13 Aug-19 18.5 0.0 1.2 0.0 0.0 0.0 0.0 0.0 0.0
Replace the Auxiliary Irradiated Fuel Bay
(AIFB) Supertool, which is a telescopic lifting
tool used to irradiated fuel baskets and
27 PN PA Replacement of Auxiliary Irradiated Fuel Bay Supertool 40987 Sustaining |storage modules within the AIFB. May-12 Dec-20 5.2 0.0 1.2 0.0 0.0 0.0 0.0 0.0 0.0
Unavailability impacts fuelling activities and
the movement of fuel into Dry Storage
Modules.
28 PN |PA Standby Generator Protective Relay Upgrade 41044 | Sustaining |RePlace obsolete electromechanical Jan-14 | Oct-19 14 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0
protective relays with digital units.
29 PN PB Replacement of Obsolete Instrumentation and Control 49154 Sustaining Replace cn_tlcal obsolete instrumentation and Aug-11 Mar-21 6.8 0.0 19 0.9 0.0 0.0 0.0 0.0 0.0
Eauipment control equioment.
Install a new telecommunications system that
is portable and rapidly deployable at all onsite
30 PN PB Fukushima Emergency Telecommunications Enhancement 49161 Regulatory |and offsite locations required for emergency Jun-12 Dec-17 57 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
response during a beyond design basis
event.
31 Subtotal 363.2 47.7 215 454 14.0 21.5 7.0 3.9 1.3
Table continues on Ex. D2-1-3 Table 2d

Notes:
1
2

Projects with expenditures during IR term OR In-Service Amounts in Bridge or IR term, AND Completed/Deferred Projects at the time of preparing the Amended 2020-2026 Business Plan (from EB-2016-0152 or subsequent).
Total Project Cost reflects BCS amounts at the time of preparing the Amended 2020-2026 Business Plan, with the exception of Completed/Deferred/Cancelled Projects (for which actual costs are shown). BCS amounts reflect

point estimates or, if range estimate or no estimate is provided in lieu of a point estimate, the current estimate of total project cost

Final In-Service Date means either the current forecast of the final date for in-service and close out of proiect, or the historical final proiect in-service date (but not the final proiect close out date which may not have vet occurred).






Numbers may not add due to rounding.
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Schedule 3
Table 2d

Line
No.

Facility

Project Name

Project
Number

Category

Project
Description

Start
Date

Final
In-Service
Date”

Total
Project
Cost’
($M)

In-Service
IR Term
($M)

In-Service
2020
($M)

In-Service

In-Service
2022
($M)

In-Service
2023
($M)

In-Service
2024
($M)

In-Service
2025
($M)

In-Service
2026
($M)

(a)

(b)

(c)

(d)

(e)

(f)

()]

(h)

(0]

@)

(0]

(m)

(n)

(0)

(p)

COMPLETED/CANCELLED PROJECTS FROM EB-2016-0152

32

DN

DN Passive Auto-Catalytic Recombiners

31306

Regulatory

Install passive autocatalytic recombiners for
longterm postaccident hydrogen mitigation.

Dec-09

Nov-18

5.8

0.0

(0.1)

0.0

0.0

0.0

0.0

0.0

0.0

33

DN

DN Tritium Removal Facility Cryogenic Refrigeration System
Hydrogen Compressors Condition Monitoring System

31410

Value
Enhancing

Install a realtime condition monitoring system
on the Cryogenic Refrigeration System (CRS)
Hydrogen Compressors for predictive
maintenance, to allow proactive intervention
and thereby extend the operation time
between planned TRF outages potentially
from every 1.5 years to a target of every 2
vears

Oct-12

Oct-17

6.9

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

34

DN

DN Fukushima Emergency Telecommunications Enhancement

31512

Regulatory

Install a new telecommunications system that
is portable and rapidly deployable at all onsite
and offsite locations required for emergency

response during a beyond design basis event.

Jun-12

Dec-17

7.4

0.0

(0.1)

0.0

0.0

0.0

0.0

0.0

0.0

35

DN

DN Permanent Detectors for Startup Instrumentation

31528

Value
Enhancing

Install permanent startup instrumentation
detectors, thereby eliminating outage time
and worker dose to install and remove
temporarv

Oct-13

Cancelled

0.2

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

36

DN

DN Main Output Transformer / Unit Service Transformer /
System Service Transformer /10MVA Spare Transformer
Storage Facility

31530

Sustaining

Construct a transformer storage facility within
the unzoned area of the protected area, to
ensure transportation to an affected unit
within 5 days and minimize the impact of
surveillance routines as well as periodic

i on spare

Dec-12

May-17

6.8

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

37

DN

Replacement of Obsolete Computer Components

33509

Sustaining

Replace obsolete components of the digital
control

Jun-00

Jun-19

9.6

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

38

DN

DN Installation of partial discharge monitors

33623

Sustaining

Provide a means of assessing stator winding
conditions in the Main Generator and Primary
Heat Transport Pump Motors.

May-07

Feb-14

5.6

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

39

DN

DN Main Outpur Transforment Capital Spares

36002

Sustaining

Mitigate the risk of a forced outage due to
Main Output Transformer failure by acquiring
two spare transformer phases to facilitate a
planned refurbishment programme.

Aug-11

Mar-17

8.6

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

40

DN

DN Emergency Power Generator Power Turbine Capital Spare

36004

Regulatory

Purchase a spare Emergency Power
Generator power turbine to mitigate risk of
enaine failure.

May-13

Cancelled

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

M

DN

Tritium Removal Facility Tritium Emissions Reduction Project

38942

Sustaining

Install an adsorbent dryer system and
improved stack monitoring to reduce tritium

Oct-12

Apr-16

0.8

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

42

DN

DN Emergency Service Water Pipe and Component
Replacement

73397

Sustaining

of Service
Water piping, valves and tanks during the
2015 Vacuum Buildina Outaae.

Feb-14

Jan-16

6.4

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

43

DN

DN BU55/56 Maintenance

73399

Sustaining

Perform refurbishment of 0-553150-BU55 and
-BU56, whose condition assessment
identified the risk of failure due to

ion/joint and i ion age-related

Jun-13

Cancelled

4.5

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

44

DN

DN DX-750 Spacer Retrieval CFFA

82949

Regulatory

Develop tooling for the retrieval of fuel
channel spacer durina unit refurbishment

Sep-20

Nov-20

6.4

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

45

PN

PB Main Generator Automatic Voltage Regulator and Protective
Relay Upgrade

40680

Sustaining

Replace analog automatic voltage regulator
and electromechanical protective relays with
new diaital devices.

Feb-10

Jul-15

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

46

PN

PB Machine Guarding Improvement on Low Risk Equipment

40983

Regulatory

Install machine guarding on equipment to
comply with Ministry of Labour requirements.

Nov-12

Apr-18

57

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

47

PN

PA Emergency Core Injection Strainer Capacity Margin

40984

Regulatory

Improve capacity of the emergency coolant
injection system strainers to improve design
marains.

May-12

May-13

5.3

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

48

PN

PN Emergency Power Generator Engine Replacement

41043

Sustaining

Replace the Emergency Power Generator gas
turbine enaines.

Dec-14

Dec-16

6.6

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Table continues on Ex. D2-1-3 Table 2e

Notes:

Projects with expenditures during IR term OR In-Service Amounts in Bridge or IR term, AND Completed/Deferred Projects at the time of preparing the Amended 2020-2026 Business Plan (from EB-2016-0152 or subsequent).

Total Project Cost reflects BCS amounts at the time of preparing the Amended 2020-2026 Business Plan, with the exception of Completed/Deferred/Cancelled Projects (for which actual costs are shown). BCS amounts reflect
point estimates or, if range estimate or no estimate is provided in lieu of a point estimate, the current estimate of total project cost
Final In-Service Date means either the current forecast of the final date for in-service and close out of project, or the historical final project in-service date (but not the final project close out date which may not have yet occurred).
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Table 2e
Capital Project Listing - Nuclear Operations Facility Projects
Projects $5M - $20M Total Project Cost'
Total
Final Project | In-Service In-Service | In-Service | In-Service | In-Service | In-Service | In-Service | In-Service
Line Project Project Start In-Service Cost? IR Term 2020 2021 2022 2023 2024 2025 2026
No. | Facility Project Name Number Category Description Date Date® ($M) ($M) ($M) ($M) ($M) ($M) ($™M) ($M) ($™M)
(a) (b) (c) (d) (e) (f) (9) (h) (i) @) (k) (0} (m) (n) (0) (2]
COMPLETED/CANCELLED PROJECTS FROM EB-2016-0152
49 | PN |PAPassive Auto-Catalytic Recombiners 46605 | Regulatory |IStall passive autocatalytic recombiners for | -y 1| pay 14 1241 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
longterm postaccident hydrogen mitigation.
Ensure fire compliance for the Standby
. . . Generator, Standby Generator Oil Pump and
50 | PN |PBSG/EPG Fire Detection Upgrade and CO2 Suppression 49116 | Sustaining |Emergency Water & Power System buildings | Feb-10 | Apr-16 8.2 00 0.0 00 0.0 00 0.0 00 0.0
Removal . . - e N
including a reliiable and maintainable fire
detection svstem.
Replace temporary dechlorination system for
51 | PN |PBRBSW Dechlorination & MISA Cleanup 49132 | Regulatory |Ihe Reactor Buiding Service Water discharge | cop 4 | Noy-16 15.1 00 ©.1) 00 0.0 00 0.0 00 0.0
with a permanent system with improved
sampling points.
52 | PN |PB Replacement of Containment Box-up Monitors 49134 | Sustaining |RePlace obsolete ventiation exhaust Dec-10 | May-15 7.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
radioactivity monitors
Upgrade trash bar screens to handle the
53 PN PB Screenhouse Trash Bar Screen Replacement 49140 Sustaining |debris currently experienced from Lake Mar-11 Jul-15 72 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ontario.
Ensure compliance with Canadian Standards
PN Fire Code Compliance for Relocatable Structures in Un- Association N29307 Fire Protection for
54 PN Zoned Area for Pickering Station 49146 Regulatory CANDU Nuclear Plants for relocatable Dec-11 Dec-18 198 00 0.0 00 0.0 00 00 00 0.0
structures in the unzoned area.
Develop and implement tooling for the
55 PN |Unit 1 & 4 Fuel Channel East Pressure Tube Shift Tooling 49247 Sustaining  |repositioning and reconfiguration of the Unit 1 | Nov-09 Sep-17 8.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
& 4 pressure tubes.
56 PN |PN Standby Boiler Capacity Improvement 49267 Requlatory |Provide reliable backup heating steam. Dec-08 Nov-15 6.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Complete rehabilitation of the Administration
57 PN PN Administration Building Rehab 49284 Sustaining |Building to support operations and Nov-09 Dec-14 18.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
postoperations activities.
Upgrade emergency lighting to meet electrical
58 PN PA Class Il Emergency Lighting 49296 Regulatory |codes and address employee safety Aug-11 Aug-15 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
concerns.
59 PN PA Replac_ement of Unit 1, Unit 4 and Irradiated Fuel Bay-A 49298 Sustaining Repl_ace obsolgsce_nt st_ack monitors with Nov-12 May-18 124 0.0 02 0.0 0.0 0.0 0.0 0.0 0.0
Stack Monitors monitors used in Pickerina B.
. . . Provide capability to respond to Beyond
60 | PN |PAFukushima Phase 1 Beyond Design Basis Event Emergency | 49599 | Regulatory |Design Basis Events following the events at | Sep-11 | Dec-17 16.9 00 0.0 00 0.0 00 0.0 00 0.0
Mitigation Equipment n -
Fukushima Daiichi Nuclear Power Plant
Proactively replace buried sections of the
61 | PN |PAFirewater Buried Ring Header Replacement (North Loop) 80069 | Sustaining |T/ckering Units 110 4 fire water header Nov-14 | Jul-19 93 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
subject to frequent failures due to poor
material selection.
62 SEC _|Security Project A 25918 Regulatory |Security Protected Jun-12 Dec-17 10.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Improve the reliabiity, operability and
IMS CIGAR (Channel Inspection and Gauging Apparatus for . functionality of CIGAR (Channel Inspection ~ ~
63 IRI Reactors) Gap System and Drive Reliability 66594 Sustaining and Gauging Apparatus for Reactors) Jun-12 Sep-18 n7 00 02 00 0.0 00 0.0 00 0.0
system..
64 2727 0.0 (0.2) 0.0 0.0 0.0 0.0 0.0 0.0
Table continues on Ex. D2-1-3 Table 2f

Notes:
1
2

Projects with expenditures during IR term OR In-Service Amounts in Bridge or IR term, AND Completed/Deferred Projects at the time of preparing the Amended 2020-2026 Business Plan (from EB-2016-0152 or subsequent).

Total Project Cost reflects BCS amounts at the time of preparing the Amended 2020-2026 Business Plan, with the exception of Completed/Deferred/Cancelled Projects (for which actual costs are shown). BCS amounts reflect
point estimates or, if range estimate or no estimate is provided in lieu of a point estimate, the current estimate of total project cost
Final In-Service Date means either the current forecast of the final date for in-service and close out of project, or the historical final project in-service date (but not the final project close out date which may not have yet occurred).
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Table 2f
Capital Project Listing - Nuclear Operations Facility Projects
Projects $5M - $20M Total Project Cost'
Total
Final Project | In-Service In-Service | In-Service | In-Service | In-Service | In-Service | In-Service | In-Service
Line Project Project Start In-Service Cost? IR Term 2020 2021 2022 2023 2024 2025 2026
No. | Facility Project Name Number | Category Description Date Date’ ($M) ($mM) ($M) ($M) (™M) ($M) ($M) ($M) ($M)
(a) (b) (c) (d) (e) (U] ((¢)] (h) (i) @) (k) (0] (m) (n) (0) (p)
PROJECTS NOT IN EB-2016-0152
L - Replace the positioners and current-to-pressure
65 | DN DN biquid Zone Control Valve Positioner 80113 | Sustaining |transducers on the Liquid Zone Control System Dec-15 | Apr-23 17.0 43 0.0 55 20 20 03 00 0.0
Replacement N ™
control valves with diaital positioners.
Replace various major auxiliary components on the
66 DN DN Fuel Handling Trolley Major Auxiliary Component 82842 Sustaining Fugl Han_dlln‘g trolleys that are approac_hlng the end of JanA7 Feb-24 183 156 0.0 20 34 4.0 8.3 0.0 0.0
Replacement their design lives. Component failures impact on
fuellina_availability and nuclear safetv.
Replace depleted cathodic protection anodes on
67 DN  |DN Buried Piping Sacrificial Anode Replacement 82881 Sustaining  |buried piping systems, which could result in pipe Jun-18 Nov-25 122 0.0 0.0 06 0.0 0.0 0.0 0.0 0.0
dearadation and failures if not addressed.
Replace fuel handing system motors critical for the
68 DN  |DN Fuel Handling Motor Replacement 82886 Sustaining |operation of various fuel handling systems that are Jan-17 Apr-23 16.9 16.5 0.0 0.3 0.3 20 7.0 72 0.0
nearina the end of their desian lives.
Replace obsolescent components of the Liquid
Lo " Injection Safety System tank ball position detection
69 DN DN L|q_u|d Injection Safey System Ball Position 82887 Regulatory |system, which provides the main control room Dec-17 Mar-21 5.0 14 0.0 04 0.6 0.6 0.1 0.0 0.0
Detection System Replacement P "
indication of the operational state of Shutdown System
2.
Replace the heat exchangers which are degraded,
70 DN DN Post-Accident Water Cooling System Heat 82891 Sustaining with Ieak§ and reduced ‘thermal _efflt?l_ency. Further Nov-18 Mar-23 6.3 0.0 24 0.1 0.0 0.0 0.0 0.0 0.0
Exchanger Replacement degradation may result in unavailability of the heat
exchanaers. which could force a 4 unit shutdown.
Replace the oxygen analyzer and cryogenic
71 DN DN Tritium Remcv\_/al Facility Analyzer and Cryogenic 82893 Sustaining temperature e_qulp_menl, which are obs_olescent, have Jul-18 Jan-25 5.1 35 0.0 0.0 0.0 35 0.0 0.0 0.0
Temperature Equipment Replacement legacy operational issues and are required for
compliance with hydrogen codes and standards.
Upgrade and/or replace the Distributed Control Units
DN Heavy Water Management System Computer - required for the monitoring and control of TRF, ~ ~
2 DN Distributed Control Units Replacement 83288 Sustaining Upgrader and Heavy Water Management Building Jan-18 Sep-24 8.8 84 0.0 24 0.0 45 0.0 39 00
svstems.
Replace the pumps used to circulate Irradiated Fuel
73 DN DN Irradiated Fuel Bay Cooling and Purification 83483 Sustaining Bay water through the cooling circuits and_ thel_'eby Dec-17 Sep-21 6.9 6.1 0.0 07 0.0 35 26 0.0 0.0
Pump Replacement remove the decay heat generated by the irradiated
fuel.
- - . I Replace the air conditioning units used to provide
74 | DN |PNTritum Removal Facility Water Air Conditioning | g3560 | Sustaining | cooling for the environment in the control room and | May-18 | Dec-19 10.0 34 0.0 00 33 0.1 0.0 00 0.0
Units Replacement .
equipment rooms.
75 | DN |DN Tritum Removal Facility Training Simulator 83650 | Sustaining |Developmentand installation of a Tritum Removal | o\ 47 | Aug.25 63 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Facility trainina simulator.
DN Radiation Detection Equipment Obsolescence - EREEIa;Z::) :nscy:t;rgz)\:igt;nne: Lalim:nz:tdizm
76 | DN  [Moderator Cover Gas Monitors & Fixed Area 84399 | Sustaining |CduPMent dsting equipment | Nov-19 | Dec-23 18.0 1.3 0.0 0.0 0.0 1.3 0.0 0.0 0.0
. " obsolete and approaching the end of their useful
Alarming Gamma Monitors P
desian life.
DN Radiation Detection Equipment Obsolescence - Replace the three systems with new and modern
77 DN [Active Liquid Waste Liquid Effluent Monitor, D,O in 84400 Sustaining  [equipment, since the existing equipment is obsolete Nov-19 Sep-23 15.0 14.1 0.0 0.0 13.0 1.1 0.0 0.0 0.0
H,0 & Online Gas Chromatograph and approaching the end of their useful design life.
Replace the aging Shutdown System 1 and Reactor
78 DN DN Shutdown System 1 and Reactor Regulating 83937 Sustaining Regulating S_ystem ion chambe_rs that measure Dec-18 Dec-28 13 23 0.0 0.4 0.4 0.4 05 06 0.4
System lon Chamber Replacements neutron flux in the reactor for trip parameter and
reactor regulation purposes.
Table on Ex. D2-1-3 Table 2g
Notes:

Projects with expenditures during IR term OR In-Service Amounts in Bridge or IR term, AND Completed/Deferred Projects at the time of preparing the Amended 2020-2026 Business Plan (from EB-2016-0152 or subsequent).

Total Project Cost reflects BCS amounts at the time of preparing the Amended 2020-2026 Business Plan, with the exception of Completed/Deferred/Cancelled Projects (for which actual costs are shown). BCS amounts reflect
point estimates or, if range estimate or no estimate is provided in lieu of a point estimate, the current estimate of total project cost
Final In-Service Date means either the current forecast of the final date for in-service and close out of project, or the historical final project in-service date (but not the final project close out date which may not have yet occurred).






Numbers may not add due to rounding.

Updated: 2021-07-09
EB-2020-0290

Exhibit D2
Tab 1
Schedule 3
Table 2g
Table 2g
Capital Project Listing - Nuclear Operations Facility Projects
Projects $5M - $20M Total Project Cost'
Total
Final Project | In-Service| | In-Service | In-Service | In-Service | In-Service | In-Service | In-Service | In-Servi
Line Project Project Start In-Service Cost’ IR Term 2020 2021 2022 2023 2024 2025 2026
No. | Facility Project Name Number Category Description Date Date’ ($M) Gm [ | (M | (sw [ (M) | (SM) | (M) | (Sm) | (sm) |
(a) (b) (c) (d) (e) ® (C)] (h) (i) G) (k) (0] (m) () (0) (2]
PROJECTS NOT IN EB-2016-0152
Replace aging and degraded fan motors and
DN Fuelling Maching Duct & Central Service Area Air cooling coils for the Fuelling Machine Duct and . »
I DN Conditioning Unit Replacement 84006 Sustaining Central Service Area Air Conditioning Units Aug-19 Aug-21 183 00 04 00 00 00 00 00 00
(ACUs) nto ensure reliable operation.
Install improvements to Darlington Emergency
Power Generator EPG3, to enhance operation
80 DN DN Emergency Power System Enhancements 84378 Sustaining and ensure long term reliability of the EPG3 Apr-19 Apr-24 10.2 0.1 0.0 5.8 0.1 0.0 0.0 0.0 0.0
machine for a safe station operation.
Install new containment penetrations, with fibre
81 DN DN Containment Penetrations and Fiber Optics 84586 Sustaining optics and 120V power, to improve bandwidth Sep-19 Oct-26 9.0 49 0.0 25 14 11 25 0.0 0.0
Installation and expand coverage of the existing
communications network.
Install upgraded Darlington Main Power Output
82 DN DN Main Power Output Transformer Fire C 86055 Sustaining Transformers Fire antamment System m_ Jul-20 Aug-21 20.0 20.0 0.0 0.0 0.0 3.9 3.9 8.4 3.9
System Upgrade improve deluge functionality and comply with
Fire Codes.
Replace the obsolescent Emergency and
83 PN PN Emergency and Mobile Satellite Communication 80130 Sustaining Mobl_\e Satellite Communication syslgms Feb-16 Mar-21 9.1 0.0 0.0 38 0.0 0.0 0.0 0.0 0.0
Systems Replacement required for on- and off-site communications in
the event of emergencies.
Install Alkalization and Makeup Water
84 PN PN Stator C_oohng Water Alkalization and Make-up 83061 Sustaining Deoxygenation for the Stamr_()oohng Water Dec-16 Feb-24 126 0.0 27 13 0.0 0.0 0.0 0.0 0.0
Deoxygenation system, to reduce copper oxide fouling of
copper conductors.
Upgrade obsolete components of the Spacer
Location and Reposition system, by procuring
85 | IRl |PN SLAR (Spacer Location And Reposiion) System | g356, | gustaining |a new control centre and transformer cartwith | Jan-19 |  Apr-22 6.1 0.0 05 0.0 0.0 0.0 0.0 0.0 0.0
Sustainability
cables, upgrading the existing control centre,
and replacing associated computers.
Improve the reliability of the Advanced Non-
86 RI PN ANDE (Advanced Non-Destructive Examination) 83565 Sustaining Destructive Examination system used to Dec-17 Jan22 6.7 14 0.0 52 14 0.0 0.0 0.0 0.0
Reliability Improvements inspect fuel channels in Pickering Units 5 - 8 to
minimize outaqe delays.
Implement Circumferential Wet Scrape Tool
87 RI PN Circumferential Wet Scrape Tool (CWEST) 84140 Sustaining (CW_EST) enhan(_:emenls. to address high Nov-19 Dec-22 186 24 42 101 24 0.0 0.0 0.0 0.0
Enhancements priority areas for improvement and address
CWEST Project #66600 open issues.
Procure manipulators and automated tube
. plugging equipment, to address all
8 | R g‘;L Steam Generator Manipulator & Automated Tube | g4gg88 | gustaining |obsolescence issues, reduce outage delays, | Mar-20 | May-20 8.2 36 16 12 35 0.1 0.0 0.0 0.0
9 improve productivity and allow for future
i t
Address poor reliability and obsolescence of
the TRF Cold Box Vacuum System that
DN Tritium Removal Facility Cold Box Vacuum . maintains high vacuum conditions for insulation . .
89 DN System Obsolescence 80020 Sustaining and leak detection around the Low and High Jan-16 Dec-22 9.6 9.1 0.0 0.0 8.7 0.4 0.0 0.0 0.0
Tritium Distillation and Cryogenic Refrigeration
tem
90 | DN |DN Condensate Extraction Pump Pump Motor Spare | 80117 | Sustaining |Ac9uire a capital spare motor for the Jan15 | Dec-18 50 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
Condensate Pumps.
Develop inspection capability, via procurement
and assembly of inspection tooling and
91 IRl |DN Feeder and Fuel Channel Baseline Inspections 83051 | Sustaining |Taterial handing equipment, to perform Aug-16 | Oct-18 6.7 0.0 02 0.0 0.0 0.0 0.0 0.0 0.0
baseline inspections of feeders and fuel
channels prior to the restart of refurbished
Darlinaton units.
92 Subtotal 307.3 128.5 12.0 42.4 40.6 38.5 25.0 20.0 4.3
93 Tohﬂ 943.2 176.2 333 87.8 54.6 60.0 32.0 23.9 55
DIVISION TOTALS:
94 Darlington 168.7 14.7 58.6 47.3 59.9 32.0 23.9 55
95 Pickering 0.0 11.8 12.6 0.0 0.0 0.0 0.0 0.0
96 0 { and Project Support 7.5 6.8 16.5 7.4 0.1 0.0 0.0 0.0
97 Total 176.2 333 87.8 54.6 60.0 32.0 23.9 55
Notes:

Projects with expenditures during IR term OR In-Service Amounts in Bridge or IR term, AND Completed/Deferred Projects at the time of preparing the Amended 2020-2026 Business Plan (from EB-2016-0152 or subsequent).
Total Project Cost reflects BCS amounts at the time of preparing the Amended 2020-2026 Business Plan, with the exception of Completed/Deferred/Cancelled Projects (for which actual costs are shown). BCS amounts reflect

point estimates or, if range estimate or no estimate is provided in lieu of a point estimate, the current estimate of total project cost
Final In-Service Date means either the current forecast of the final date for in-service and close out of project, or the historical final project in-service date (but not the final project close out date which may not have yet occurred).
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Capital Project Listing - Nuclear Operations Facility Projects
Projects < $5M Total Project Cost'
Total Average In-Service In-Service | In-Service | In-Service | In-Service | In-Service | In-Service | In-Service
Line Number of Project Cost of All IR Term 2020 2021 2022 2023 2024 2025 2026
No. Sponsoring Division Projects Cost ($M) | Projects ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M)
(a) (b) (c) (d) (e) () ()] (h) U] () (k)
1 |Darlington 45 92.4 2.1 16.1 5.9 11.7 6.3 6.9 2.9 0.0 0.0
2 |Pickering 64 128.3 2.0 0.0 5.9 8.2 0.0 0 0.0 0.0 0.0
3 |Operations and Project Support 8 25.0 3.1 0.0 0.1 3.3 0.0 0 0.0 0.0 0.0
5 Total 117 245.6 2.1 16.1 11.9 23.2 6.3 6.9 2.9 0.0 0.0
Notes:

1

Projects with expenditures during IR term OR In-Service Amounts in Bridge or IR term, AND Completed/Deferred Projects at the time of preparing the Amended 2020-2026 Business Plan (from

EB-2016-0152 or subsequent).

2 Operations and Project Support with capital projects includes Engineering, Inspection and Maintenance Services, and Security & Emergency Services.
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Table 4a
Comparison of In-Service Capital Additions - Nuclear Operations (M
Line 2016 (c)-(a) 2016 (9)-(c) 2017 (9)-(e) 2017 (k)-(9) 2018 (k)-(i) 2018
No. Business Unit Budget Change Actual Change | OEB AEEroved‘ Change Actual Change | OEB AEEroved‘ Change Actual
(a) (b) (c) (d) (e) ) (9) (h) (@i) (1) (k)
1 |Darlington NGS 325.9 (105.6) 220.3 (16.3) 226.1 (22.1) 204.1 81.8 216.4 69.5 285.8
2 |Pickering NGS 146.0 (98.0) 47.9 132.4 172.8 7.5 180.3 (113.9) 47.5 18.9 66.4
3 |Operations and Project Support’ 36.0 (34.2) 1.8 40.8 49.2 (6.6) 42.6 (26.2) 45.9 (29.5) 16.4
4 |Subtotal 507.9 (237.8) 2701 156.9 448.2 (21.2) 427.0 (58.4) 309.8 58.8 368.6
5 |s I tal In-Service Forecast® (41.8) 41.8 0.0 0.0 (1.6) 1.6 0.0 0.0 24.9 (24.9) 0.0
6 |Total Portfolio In-Service Forecast 466.0 (195.9) 270.1 156.9 446.6 (19.6) 427.0 (58.4) 334.7 33.9 368.6
7 |Darlington New Fuel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 |Darlington Water Treatment Plant Lease 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 |Darlinaton Spacer Retrieval * 0.0 0.0 0.0 5.8 6.4 (0.6) 5.8 (5.8) 0.0 0.0 0.0
10 [Pickering Extended Operations 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 |Minor Fixed Assets 31.0 (14.7) 16.3 15.4 26.0 5.6 31.6 (9.9) 20.0 1.7 21.7
12 |In-Service Capital Additions before Disallowance 497.0 (210.7) 286.4 178.0 479.0 (14.6) 464.4 (74.1) 354.7 35.6 390.3
13 |OEB Disallowance (47.9) (35.5)
14 |Total In-Service Capital Additions 497.0 (210.7) 286.4 178.0 431.1 33.3 464.4 (74.1) 319.2 71.1 390.3
Line 2018 (e)-(a) 2019 (e)-(c) 2019 (i)-(e) 2020 (i)-(9) 2020 (k)-(9) 2021
No. Business Unit Actual Change | OEB Approved'| Change Actual Change | OEB Approved'| Change g Change g
(a) (b) (c) (d) (e) ) (9) (h) (@i) (1) (k)
15 [Darlington NGS 285.8 (25.3) 295.7 (35.2) 260.5 (84.4) 101.3 74.9 176.1 63.4 239.5
16 |Pickering NGS 66.4 (29.6) 9.7 27.0 36.8 (1.8) 29.7 5.2 34.9 (14.1) 20.9
17 |Operations and Project Support? 16.4 (11.9) 443 (39.8) 4.5 16.6 0.0 21.1 21.1 44.3 65.4
18 [Subtotal 368.6 (66.8) 349.8 (48.0) 301.8 (69.6) 131.0 101.1 232.1 93.6 325.8
19 I | In-Service Forecast® 0.0 0.0 16.6 (16.6) 0.0 (20.4) 78.8 (99.2) (20.4) 2.7) (23.1)
20 |Total Portfolio In-Service Forecast 368.6 (66.8) 366.3 (64.5) 301.8 (90.0) 209.8 1.9 211.7 90.9 302.7
21 |Darlington New Fuel 0.0 0.0 0.0 0.0 0.0 171 15.3 1.7 171 (17.1) 0.0
22 |Darlington Water Tr Plant Lease 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
23 |Darlington Spacer Retrieval* 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 |Pickering Extended Operations 0.0 0.8 0.0 0.8 0.8 30.7 0.0 315 315 (26.4) 5.1
25 [Minor Fixed Assets 21.7 1.8 19.1 4.5 23.5 (1.7) 19.5 24 21.9 2.2 241
26 |Total In-Service Capital Additions 390.3 (64.2) 385.4 (59.3) 326.1 (43.9) 2447 37.6 282.2 49.6 331.8
27 |OEB Disallowance (38.5) (24.5)
28 |Total In-Service Capital Additions 390.3 (64.2) 346.9 (20.8) 326.107 (43.9) 220.2 62.0 282.2 49.6 331.8

Notes:

1 In-service additions per EB-2016-0152, Ex. J21.1, Attachment 2, Table 2. Amounts in this schedule do not reflect OEB-ordered reductions for: Auxiliary Heating System in-service amount (EB-2016-0152 Decision and Order,
p. 21); Operations Support Building in-service amount (EB-2016-0152 Decision and Order, p. 22). These reductions are reflected in total nuclear rate base amounts in Ex. B3-2-1, Table 1. The 2017-2020 sub-components
within the total portfolio in service forecast has also been adjusted for reclassification of projects from Darlington to Operations and Projects Support with no change to total amount.

2 Includes Engineering, Inspection and Reactor Innovation, and Security & Emergency Services.

3 Supplemental forecast to reconcile BCS in-service estimates to final business plan (see Ex. D2-1-3, Section 4.0).

4 Project #82949 DN X-750 Spacer Retrieval CMFA. OEB Approved amounts for Darlington Spacer Retreival per EB-2016-0152, Schedule 1, Staff-024, which were reflected in EB-2016-0152 Ex. J21.1, Attachment 2, Table 1.
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Table 4b
Comparison of In-Service Capital Additions - Nuclear Operations ($M)
Line 2021 (c)-(a) 2021 (e)-(c) 2022 (e)-(c) 2023 (9)-(e) 2024 (i)-(9) 2025
No. Business Unit OEB AEEroved‘ Change Budget Change Plan Change Plan Change Plan Change Plan
(a) (b) (c) (d) (e) ®) ()] (h) (0] (1) (k)
1 |Darlington NGS 62.1 177.5 239.5 170.2 409.7 (92.2) 317.6 (26.0) 291.6 82.7 374.3
2 |Pickering NGS 0.0 20.9 20.9 (20.9) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 |Operations and Project Support? 0.0 65.4 65.4 (52.0) 13.4 80.4 93.8 (93.8) 0.0 29.5 29.5
4 |Subtotal 62.1 263.7 325.8 97.4 423.1 (11.8) 411.3 | (119.7) 291.6 112.3 403.9
5 |Supplemental In-Service Forecast® 100.2 (123.4) (23.1) 14.6 (8.5) 37.7 29.2 (16.1) 13.1 24.8 37.9
6 |Total Portfolio In-Service Forecast 162.3 140.4 302.7 112.0 414.7 25.9 4405 | (135.8) 304.7 137.1 441.8
7 |Darlington New Fuel 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.5 16.5 0.4 16.9
8 |Darlington Water Treatment Plant Lease 0.0 0.0 0.0 0.0 0.0 0.0 0.0 138.6 138.6 (138.6) 0.0
9 |Darlington Spacer Retrieval* 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10 |Pickering Extended Operations 0.0 5.1 5.1 (5.1) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 [Minor Fixed Assets 19.3 47 241 (4.4) 19.6 1.4 21.0 8.2 29.2 (10.6) 18.7
12 |Total In-Service Capital Additions 181.6 150.2 331.8 102.5 434.3 27.3 461.6 27.4 489.0 (11.7) 477.3
13 |OEB Disallowance (18.2)
14 |Total In-Service Capital Additions 163.5 168.3 331.8 102.5 434.3 27.3 461.6 27.4 489.0 (11.7) 477.3
Line 2025 (c)-(a) 2026
No. Business Unit Plan Change Plan
(a) (b) (c)
15 |Darlington NGS 3743 | (205.4) 168.9
16 |Pickering NGS 0.0 0.0 0.0
17 |Operations and Proiect Support? 29.5 (29.5) 0.0
18 [Subtotal 403.9 [ (234.9) 168.9
19 |Supplemental In-Service Forecast® 37.9 112.0 149.9
20 |Total Portfolio In-Service Forecast 441.8 (123.0) 318.8
21 |Darlington New Fuel 16.9 1.2 18.1
22 |Darlington Water Treatment Plant Lease 0.0 0.0 0.0
23 |Darlington Spacer Retrieval® 0.0 0.0 0.0
24 |Pickering Extended Operations 0.0 0.0 0.0
25 [Minor Fixed Assets 18.7 (7.3) 11.4
26 _|Total In-Service Capital Additions 477.3 (129.0) 348.3

Notes:

1 In-service additions per EB-2016-0152, Ex. J21.1, Attachment 2, Table 2. Amounts in this schedule do not reflect OEB-ordered reductions for: Auxiliary Heating System in-service amount (EB-2016-0152 Decision and Order,
p. 21); Operations Support Building in-service amount (EB-2016-0152 Decision and Order, p. 22). These reductions are reflected in total nuclear rate base amounts in Ex. B3-2-1, Table 1. The 2017-2020 sub-components

within the total portfolio in service forecast has also been adjusted for reclassification of projects from Darlington to Operations and Projects Support with no change to total amount.

2 Includes Engineering, Inspection and Reactor Innovation, and Security & Emergency Services.

w

Supplemental forecast to reconcile BCS in-service estimates to final business plan (see Ex. D2-1-3, Section 4.0).

4 Project #82949 DN X-750 Spacer Retrieval CMFA. OEB Approved amounts for Darlington Spacer Retreival per EB-2016-0152, Schedule 1, Staff-024, which were reflected in EB-2016-0152 Ex. J21.1, Attachment 2, Table 1.
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Table 5a
Capital Project Listing - Nuclear Operations
Portfolio Projects (Unallocated )'
Potential
Line Start
No. Project Name Category Date
(a) (b) (c)
Darlington NGS - Projects With Potential Cost < $20M
1 | Tritium Removal Facility / Heavy Water Management Interim Lfie Cycle Plan Implementation Sustaining 2021
2 |Main Control Room HVAC Backup Instrument Air Compressor/Dryer Replacement Sustaining 2021
3 |Low Pressure Service Water Pump Capital Spares Sustaining 2021
4 |Room S-412 Heating / Ventilation / Air Conditioning Overhaul / Replacement Sustaining 2021
5 |Tritium Removal Facility Cryogenic Refrigeration System Hydrogen Compressor Capital Spare Sustaining 2021
6 |Emergency Service Water Pump Capital Spare Sustaining 2021
7 |Steam Generators Waterlancing Optimization Sustaining 2021
8 |Glycol Chiller Temperature Control Valve Replacement Sustaining 2022
9 |Powerhouse Elevator Replacement (Passenger and Freight) Sustaining 2022
10 |D20 Weigh Tank Instrumentation Replacement Sustaining 2022
11 |Low Pressure Service Water Cooling Coil Replacement (Miscellaneous Air Conditioning) Sustaining 2022
12 |Emergency Service Water Strainer Replacement Sustaining 2022
13 |Water Based Air Conditioning Cooling Coils Replacement Sustaining 2022
14 |Condenser Circulating Water Pump Capital Spare Sustaining 2022
15 |Main Condensate Extraction Pump Capital Spares Sustaining 2022
16 |Environmentally Qualified Cables Replacement Sustaining 2022
17 |Fuel Handling Reactor Area Bridge and Carriage Mobile Platform Installation Sustaining 2022
18 |Frazil Ice Gate Replacement Sustaining 2023
19 |Lake Current Monitoring System Replacement Sustaining 2023
20 [End Shield Cooling Expansion Tank Replacement Sustaining 2023
21 |[Active Liquid Waste Tank Liner Replacement Sustaining 2023
22 [Fire Detection Panel Upgrade Sustaining 2023
23 [Inactive Drainage Sump Pump Replacement Sustaining 2023
24 [Emergency Service Water Travelling Screen, Motor and Bubbler Replacement Sustaining 2023
25 [Switchyard Coupling Capacitor and Surge Arrestor Replacement Sustaining 2023
26 [Post-Accident Water Cooling System Heat Exchanger Plate Pack Capital Spare Sustaining 2024
27 [Negative Pressure Containment Upper Vacuum Chamber Pump Replacement Sustaining 2024
28 [Unit 0 Class Il 120/208VAC Motor Control Centre Replacement Sustaining 2024
29 [Shutdown System 2 lon Chamber Detector Replacement Sustaining 2024
30 [Moisture Separator Reheater Tube Bundle Capital Spares Sustaining 2024
31 [Dousing Water Heater Replacement (VBO) Sustaining 2024
32 |[Irradiated Fuel Bay Heat Exchanger Plate Pack Capital Spares Sustaining 2025
33 [End Shield Cooling Heat Exchanger Plate Packs Replacement Sustaining 2025
34 |Condenser Hotwell Sampling Pumps and Analyzer Replacement Sustaining 2025
Darlington NGS - Projects With Potential Cost > $20M
35 andenser Circulating Water, Emergency Service Water & Low Pressure Service Water Expansion Sustaining 2021
Joints Replacement
36 [Vault and Containment Vapour Recovery Systems Component Replacement Sustaining 2021
37 [Tritium Removal Facility Life Extension Sustaining 2021
38 [Tritium Removal Facility Cryogenic Refrirgeration System Hydrogen Compressor Upgrade Sustaining 2021
39 [Public Address System Upgrade Sustaining 2022
40 |Breathing, Instrument and Service Air Compressor Replacement Sustaining 2022
41 |Shutdown System 1 Rod Drive Capital Spares Sustaining 2023
42 |Standby Generator (SG) Fuel Oil Storage Tank Bottom Replacement Sustaining 2024
43 |Turbine Lubricating Oil Cooler Replacement Sustaining 2024
44 |Powerhouse Cranes Refurbishment Sustaining 2025
45 |Ventilation & Air Conditioning Fans Replacement Sustaining 2025
Table continues on Ex. D2-1-3 Table 5b
Notes:

1

Projects with potential expenditures during IR term.
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Capital Project Listing - Nuclear Operations
Portfolio Projects (Unallocated)’
Potential
Line Start
No. Project Name Category Date
(a) (b) (c)
Inspection & Maintenance Services - Projects With Potential Cost < $20M
46 |Steam Generator Eddy Current Testing Auto-Analysis Software Sustaining 2021
47 | Advanced Non-Destructive Examination MK1 Replication Tool Sustaining 2021
48 | Fuel Channel Auto-Analysis Software Sustaining 2021
49 | Feeder Cabinet Visual Inspect Tool Sustaining 2022
50 | Steam Generator and Heat Exchanger Ultrasonic Tube Inspection System Upgrade Sustaining 2022
51 |Laser-Induced Breakdown Spectroscopy for Hydrogen Characterization Sustaining 2022
52 |Advanced Non-Destructive Examination MK3 Inspection Tool Sustaining 2023
Inspection & Maintenance Services - Projects With Potential Cost = $20M
53 | PRECISE-WET (PREcise Clrcumferential Sampling_ Equipment - WET) Machine Delivered Scrape Sustaining 2023
Notes:

1

Projects with potential expenditures during IR term
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Capital Projects - Nuclear Operations
Listing of Business Case Summaries Filed
BCS BCS
Line Project Approval BCS Status in
No. | Facility Business Case Summary (BCS) Title Number Date Project Stage Status EB-2016-0152
(a) (b) (c) (d) (e) (f) (9
ONGOING PROJECTS FROM EB-2016-0152
1 DN Darlington Class Il Uninterruptlble Power Supply Replacement 31412 Nov-17 Execution Partial Execution Partial
2 DN Fuel Handling Inverter Replacement 31426 Aug-18 Execution Full
3 DN Darlington Station Lighting Retrofit 31516 Mar-19 Execution Full
4 DN Restore ESW Margins 31518 Sep-18 Execution Full Definition Full
5 DN DN Roof Replacement Project 31524 Mar-19 Definition Superseding Deferred Partial
6 DN Powerhouse Water ACU Replacements 31532 May-19 Execution Full Definition Partial
7 DN Darlington Water Treatment Plant Interconnections 31535 Jun-19 Definition Superseding Definition Full
8 DN DN Install Multi-Gas Analyzers on Transformers MOT/SST/UST 31542 Jun-18 Close-out Over-Variance Execution Full
9 DN EX‘RR;;(SjI)atlon Detection Equipment Obsolescence (Stack Monitoring & 31544 Nov-19 Definition Superseding Definition Partial
10 DN Darlington Shutdown Cooling Heat Exchanger Replacement 31710 Feb-18 Close-out Full Execution Partial
11 DN DN NOP & IC Amplifier Replacement (RRS, SDS1 & SDS2) 31716 May-18 Execution Partial Definition Partial
12 DN Replacement of EPS Uninterruptible Power Suppliers 33258 May-17 Execution Full
13 DN DN Secondary Control Area Air Conditioning Unit Replacement 33621 Oct-18 Execution Superseding Execution Partial
14 DN DNGD: Chiller Replacement to Reduce CFC Emissions 33631 Sep-10 Execution Full Execution Full
15 DN DN Vibration Monitoring System Replacement for Major Pump-sets 33819 Jul-20 Execution Superseding Execution Partial
16 DN DN SG Controls Replacement 33973 Oct-17 Execution Over-Variance Execution Partial
17 DN Darlington DCC Replacerrent 33977 Oct-17 Execution Over-Variance Executhn
Superceding
18 DN DN Auxiliary Heating System Facility 34000 May-16 Close-out Over-Variance Execution Partial
19 DN Zebra Mussel Mitigation Improvements 38948 Mar-18 Close-out Superseding Execution Partial
73566
20 DN (DN PHT Pump Motor Replacement, Overhaul and Capital Spares 80144 Jul-17 Execution Full Execution Partial
36001
21 DN OH180 Aging Management Hardware Installation 80022 Sep-19 Execution Partial Definition Full
22 DN DN Steam Generator Level Control Valves Replacement 80023 Nov-19 Definition Superseding
23 DN DN R-22 Refrigerant ACU Replacement 80036 Jul-19 Definition Superseding
24 DN DN Standby Generators Protective Relay Replacement 80063 Jun-20 Definition Full
o5 DN Darlllngt.on Digital Contro!, Common Process and Sequence of Events 80078 Nov-19 Definition Partial Definition Partial
Monitoring Computer Aging Management
26 PN PB-EPG and MOP relay replacement. 40691 Dec-17 Close-out Full

Projects 73566, 36001 and 80144 are combined in a single Business Case Summary






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

Exhibit D2
Tab 1
Schedule 3
Table 6b
Table 6b
Capital Projects - Nuclear Operations
Listing of Business Case Summaries Filed
BCS BCS
Line Project Approval BCS Status in
No. | Facility Business Case Summary (BCS) Title Number Date Project Stage Status EB-2016-0152
(a) (b) (c) (d) (e) () (9)
COMPLETED/DEFERRED/CANCELLED FROM EB-2016-0152
27 DN Operations Support Building Refurbishment 25619 Aug-15 Complete Over-Variance Execution Full
. ) . 31508
BDBE) E
28 | pn |Fukushima Phase 1 Beyond Design Basis Event (BDBE) Emergency 49158 Aug-16 Complete Full Execution Partial
Mitigation Equipment (EME) 49299
29 DN DN - CCW and LPSW Travelling Screen Replacement 31552 Dec-16 Complete Full Execution Partial
30 DN Darlington Maintenance and Computer Development Facility 31717 Mar-12 Complete Full Execution Full
31 DN Fuk%lshlmazPhase I Beyond Design, Basis Event Emergency Mitigation 32202 Aug-16 Complete Eull Execution Partial
Equipment 41027
. . Execution
32 DN DN SDS Computers Aging Management 33955 Jul-16 Complete Over-Variance ;
Superceding
33 DN [DN Purchase of Primary Heat Transport Pump Motor Capital Spares > 36001 Jul-17 Execution Full Execution Partial
34 DN Holt Road Interchange Upgrade 73706 Nov-13 Complete Full Execution Full
35 DN DN Generator Stator Core Capital Spare 80111 Sep-15 Complete Full Execution Full
36 PN U58 Fuel Handling Reliability Improvement Project 40976 May-16 Close-out Full Execution Partial
37 PN PA Fuel Channel Reconfiguration & East & West Shift Tooling 41023 Sep-14 Complete Superseding SEﬁnggg:q
38 PN Pickering A Fuel Handling SPV Reliability Improvement 46634 May-12 Complete Full Execution Full
39 IRI Machine Delivered Scrape Project 66600 Oct-17 Complete Over-Variance Execution Partial
PROJECTS NOT IN EB-2016-0152
40 DN DN/ DNR1 / DNR4 Main Power Output Protection System Replacement 80122 Nov-19 Definition Superseding N/A
41 DN DN Group |l Pressure Transmitter Replacement 80123 May-20 Definition Full N/A
42 DN DN Obsolete Controller Replacement 80124 Oct-18 Execution Partial N/A
43 DN DN Emergency Power Generator 1 and 2 Replacement 80126 May-18 Execution Partial N/A
44 DN Darlir)gton Nuclear Fuel Handling Contro_l Cc_)mputer Input/Output Subsystem 80148 Nov-19 Definition Partial N/A
(Multiplexer) & Inter-Processor Communication Replacement
45 DN DN FRF Pump Improvement 80150 May-18 Definition Full N/A
46 DN Class 1 Rectifier Replacement 82883 May-18 Development Full N/A
47 DN Transformer Control Cabinet Wiring System Replacement 82890 Jan-19 Deferred Full N/A
48 DN DN FM Head Major Component Replacement 82947 Mar-20 Definition Partial N/A
49 DN DN Copper Piping Replacement 83049 Aug-19 Execution Superseding N/A
1 Projects 31508, 49158 and 49299 are combined in a single Business Case
2 Projects 41027 and 32202 are combined in a single Business Case Summary.
3 Projects 73566, 36001 and 80144 are combined in a single Business Case Summary
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Capital Projects - Nuclear Operations
Listing of Business Case Summaries Filed
BCS BCS
Line Project Approval BCS Status in
No. | Facility Business Case Summary (BCS) Title Number Date Project Stage Status EB-2016-0152
(a) (b) (c) (d) (e) (f) (9)
PROJECTS NOT IN EB-2016-0152 (continued)
50 DN FH Power & Signal Cable Replacement 83052 Apr-19 Definition Full N/A
51 DN  |DN Shutdown Cooling Heat Exchanger PULSW Piping Replacement ' 83053 Jul-18 Execution Partial N/A
52 DN Darlington Phase 2 Station Battery Replacement 83076 Jul-19 Execution Partial N/A
53 DN Darlington Main Output Transformer and Unit Service Transformer 83296 Apr-19 Execution Partial N/A
Replacement
54 DN DN Large Moderator Temperature Control Valve Replacement 83297 Nov-19 Definition Full N/A
55 DN DN Secondary Systems High Priority Control Valve Replacements 83298 Oct-19 Definition Full N/A
56 DN DN- Condenser Steam Discharge Valves Control System Upgrade 83299 Feb-20 Definition Full N/A
57 DN 4kV Motors Refurbishment and Replacement 83480 Dec-19 Definition Full N/A
58 DN DN lIsolated Phase Bus Refurbishment 83484 Jul-20 Development Full N/A
59 DN DN Turbine Hall Crane Controls Upgrade 83556 Jul-20 Execution Over-Variance N/A
FH Service Area Bridge F5 Ball Screw Assembly Replacement, and DN Fuel -
60 DN Handling SAB Ball Sc%ew And Jack Assembly CyapitaFI) Spares 83558 Dec-19 Definition Ful N/A
61 DN IFB Permanent Fuel Inspection Equipment in East & West FFAA 83559 Apr-20 Execution Partial N/A
62 DN U2 Turbine/Generator Electronic Controls and Generator Auxiliaries Upgrade| 83664 Dec-19 Definition Full N/A
63 DN DN Fuel Handling Replacement of Fuelling Machine Calibration Facility 83916 Feb-20 Development Full N/A
64 DN DN Air Operated Valve (AOV) Replacements 84009 Mar-20 Development Full N/A
65 DN Darlington Primary Heat Transport Liquid Relief Valves Modification 84235 Jun-19 Execution Partial N/A
66 DN DN Motor Operated Valve (MOV) Replacements 84551 Mar-20 Development Full N/A
67 DN DN PHT Pump Rotor Inspect / Replace (RECL) 84799 May-20 Execution Partial N/A
68 DN DN Revenue Metering Transformer Replacement (Cap) 84939 Apr-20 Development Full N/A
69 PN Pickering Buried Boiler Blowdown Pipe Replacement 83072 Jul-19 Execution Full N/A
70 PN PA LP Feedwater Heat Exchangers Replacement 83088 Mar-18 Close-out Full N/A
71 PN Pickering High Pressure Turbine Spares 83668 Nov-17 Close-out Full N/A
72 IRI Rapid Delivery Machine (RDM) 83039 Dec-19 Definition Superseding N/A
73 ENG |Fleet Monitoring Initiative (Monitoring & Diagnostic Centre) 83828 Mar-20 Definition Partial N/A
Notes
1 Filed BCS is the initial approved #83053 - DN Powerhouse Upper Level Service Water Piping Replacement
2 Filed BCS is the initial approved #38933, #83136, #83137, #83138, #83139,#83232, Darlington Primary Heat Transport Liquid Relief Valves Modifications
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In-Service Date Project Stage
at Time of at Time of Current Project Status
Line | Project EB-2016-0152 EB-2016-0152 Project Projected/Actual
No. | Number Project Name Application Application Status In-Service Date
(a) (b) () (d) (e) ()
1 31403 |DN Active Liquid Waste System Upgrade Dec-17 Execution Execution Dec-22
2 31412 |DN Class Il Uninterruptible Power Supply Replacement Jun-25 Execution Execution Mar-25
3 31420 |DN Dryer PLC Replacement Mar-22 Definition Execution Aug-24
4 31422 Egiigttessurlzer Heaters & Controllers Replacement Dec-19 Execution Execution Dec-21
5 31426 |DN Fuel Handling Inverter Replacement Dec-18 Execution Execution Apr-21
6 31432 |DN Containment Button-up Activity Monitors Replacement Oct-19 Execution Execution Mar-21
7 31508 DN FUKUShIm?.Ph?SG ! Bgyond Design Basis Event Sep-17 Execution Complete Apr-18
Emergency Mitigation Equipment
8 31518 DN Restore Emergency Service Water and Firewater Sep-16 Definition Close-out Aug-19
Margins
9 31520 |DN Replacement of Obsolete Online Chemistry Analysers Nov-17 Execution Execution Jan-21
10 31524 |DN Station Roofs Replacement Deferred Deferred Definition Nov-27
11 31532 |DN Powerhouse Water ACUs Replacement Dec-19 Execution Execution Jan-23
12 31535 |DN Water Treatment Plant Replacement Deferred Definition Definition Sep-24
13 31536 |DN Turbine-Generator Lube Oil Purifier Replacement Apr-17 Execution Close-out Apr-18
14 31542 |DN Transformer Multi-Gas Analyzer Installation Mar-18 Execution Close-out Dec-20
15 31544 |DN Radiation Detection Equipment Obsolescence Dec-21 Definition Definition Sep-23
16 31548 |DN Feedwater Chemistry Control Improvements Nov-22 Execution Complete Feb-20
17 31552 DN (?ondenser Clrculgtlng Water and Low Pressure Jun-18 Execution Complete Nov-18
Service Water Travelling Screens Replacement
18 31701 |DN TRF CRS TOSS/Turbine Replacement Deferred Execution Execution Jun-25
19 31706 |DN Vapour Recovery Button-Up Valve Replacements Jun-18 Execution Definition Feb-24
20 31710 |DN Shutdown Cooling Heat Exchanger Replacement May-19 Execution Execution Dec-21
DN Neutron Over-Power & lon Chamber Amplifier
21 31716 |Replacement (Reactor Regulating System, Shutdown Jul-22 Definition Execution Oct-26
System 1 & Shutdown System 2)
22 32202 DN Fukushlmfa'thase 2 Bgyond Design Basis Event Deferred Execution Complete May-18
Emergency Mitigation Equipment
23 33258 |DN Replacement of EPS Uninterruptible Power Supply Nov-17 Execution Execution Feb-22
24 33509 |DN Replacement of Obsolete Computer Components Jul-16 Execution Complete Jun-19
25 80022 |DN OH180 Aging Management Hardware Installation Dec-22 Definition Execution Jun-28
26 33621 |DN ACU Replacement for Secondary Control Area (SCA) Apr-17 Execution Execution Aug-25
27 33631 |DN Chiller Replacement to Reduce CFC Emissions Jan-13 Execution Execution Dec-17
28 33815 |FH Computer Replacement Deferred Execution Execution Nov-21
29 | 33819 Bg‘q'm‘g; Pump-sets Vibration Monitoring System Jul-21 Execution Execution Nov-26
30 33973 DN SG Controls Replacement May-17 Execution Execution Mar-21
31 34000 |DN Auxiliary Heating System Apr-16 Execution Close-out Jun-18
32 33977 |DN DCC Replacement / Refurbishment / Upgrades Dec-18 Execution Execution Dec-21
33 36004 |DN EPG Power Turbine Capital Spare Mar-17 Execution Cancelled Jan-00
34 38466 DN CSA'Sewage Line and Sump Emergency Dec-17 Execution Execution Dec-28
Connections
35 38942 |TRF Tritium Emissions Reduction Project Jun-17 Execution Cancelled Apr-16
36 38948 |DN Zebra Mussel Mitigation Improvements Jul-16 Execution Close-out Dec-21
37 40691 |PB EPG and MOP Protective Relay Replacement May-19 Execution Close-out Oct-19
38 40972 |PA SG Reliability Upgrades Nov-17 Execution Execution Dec-21
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In-Service Date Project Stage
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Line | Project EB-2016-0152 EB-2016-0152 Project Projected/Actual
No. | Number Project Name Application Application Status In-Service Date
(a) (b) (c) (d) (e) ()
39 40976 |PB Fuel Handling Reliability Modifications Jul-17 Execution Close-out Dec-18
40 40985 |PN Replacement of Obsolete Online Chemistry Analysers Jun-17 Execution Execution Aug-19
41 41027 PN Fukushlmg'Phgse 2 Bgyond Design Basis Event Jun-17 Execution Complete Nov-17
Emergency Mitigation Equipment
42 41030 |Pickering PDM Program Review Project (Capital) Dec-18 Execution Cancelled Jan-00
43 41043 [PN Emergency Power Generator Engine Replacement Jun-17 Execution Complete Dec-16
44 41044 |PA SG Protective Relay Upgrade May-17 Execution Execution Oct-19
45 46634 P|ck'er|ng A Fugl Hfandllng Single Point of Vulnerability Mar-16 Execution Complete Dec-18
Equipment Reliability Improvement
46 | 49116 |PN PBSG/EPG Fire Detection Upgrade and CO2 Jul-16 Execution Complete Apr-16
Suppression Removal
47 49132 P|ck'er|ng A Fugl Hfandllng Single Point of Vulnerability Oct-16 Execution Complete Nov-16
Equipment Reliability Improvement
PN Fire Code Compliance for Relocatable Structures in .
48 49146 Un-Zoned Area for Pickering Station Jul-16 Execution Complete Dec-18
49 49154 Esulﬁ)i;ﬂ');aniement of Obsolete Instrumentation and Control Jun-18 Execution Execution Mar-21
49158 [PN Fukushima Phase 1 Beyond Design Basis Event .
50 49299 |Emergency Mitigation Equipment4,5 Aug-16 Execution Complete Apr-18
51 49298 |PA Replacement of U1, U4 and IFB-A Stack Monitors Dec-17 Execution Complete May-18
52 66594 |IMS CIGAR Gap System and Drive Reliability Jun-17 Execution Complete Sep-18
53 66600 |PN Machine Delivered Scrape May-17 Execution Complete May-21
73566 |DN Primary Heat Transport Pump Motor . .
54 80144 |Replacement/Overhaul Dec-22 Execution Execution May-21
55 80022 |DN OH180 Aging Management Hardware Installation Dec-22 Definition Execution Jun-28
56 80023 |DN Large Steam Generator LCV Replacement Oct-22 Execution Definition Jun-26
57 80036 |DN R22 Refrigerant ACU Replacement Oct-21 Execution Definition Jan-26
58 80069 Egolgl)rewater Buried Ring Header Replacement (North Dec-17 Execution Complete Jul-19
59 80070 |DN Feeder Scanner Replacement (CMFA) Mar-19 Execution Execution Aug-22
60 | soo7g [N Digital Control, Common Process and Sequence of Jun-25 Definition Definition Feb-28
Events Monitoring Computer Aging Management
61 80111 |DN Generator Stator Core Spare Jul-19 Execution Complete Jul-19
62 80151 |DN FHA and FSSA Modifications Jan-19 Execution Execution Sep-21
63 82816 |DN Vault Cooling Coil Replacement Sep-20 Execution Close-out Jul-19
64 82949 |DN X-750 Spacer Retrieval CMFA Nov-18 Execution Complete Nov-18
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