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DETAILS OF OM&A PROJECTS – NUCLEAR 1 

 2 

1.0 PURPOSE 3 

This evidence provides project listings and supporting information, including business case 4 

summaries, for planned project OM&A expenditures for Nuclear Operations. 5 

 6 

2.0 OVERVIEW 7 

A tiered reporting structure consistent with the OEB filing guidelines has been used to 8 

present the evidence for all OM&A projects which have budgeted expenses during the test 9 

period. 10 

 Tier 1 - Projects with a total cost of $20M or more. Summary level information is 11 

provided (see Ex. F2-3-3, Table 1) as well as business case summaries (Attachment 1 12 

to this exhibit). 13 

 Tier 2 - Projects with a total cost of $5M to $20M, for which summary level information 14 

is provided (see Ex. F2-3-3, Tables 2a and 2b). 15 

 Tier 3 - Projects with a total cost of less than $5M, for which aggregated information is 16 

provided (see Ex. F2-3-3, Table 3). 17 

 18 

For Tier 1 projects, Ex. F2-3-3 Table 1 provides information on eight released projects with a 19 

total project cost of $20M or more. These include four ongoing projects from EB-2013-0321, 20 

three completed projects, and one new project. Further details on these projects are provided 21 

in section 3.0.   22 

 23 
For Tier 2 projects, Ex. F2-3-3 Tables 2a and 2b provide information on the 33 released 24 

projects with total project costs between $5M and $20M. These include nine ongoing projects 25 

from EB-2013-0321, seven completed projects from EB-2013-0321 and seventeen new 26 

projects. Total cost of these projects is $346.3M. 27 

 28 

For Tier 3 projects, Ex. F2-3-3 Table 3 provides summary level information on the two 29 

projects with total project costs less than $5M. The average cost of these projects is $1.5M. 30 

 31 
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As per Ex. F2-3-3 Table 4, there are a total of 19 projects categorized as Project Portfolio 1 

(Unallocated). These projects are currently in the project identification or project definition 2 

phases, and detailed expenditure information by project is not available. OPG expects that 3 

by the test period, some of these listed projects (or other projects yet to be identified) would 4 

move from the project identification and initiation phases into project definition or execution 5 

phase as part of the ongoing portfolio management process. None of these projects are 6 

currently forecast to cost more than $20M.   7 

 8 

3.0 PROJECT-SPECIFIC INFORMATION - TIER 1 PROJECTS  9 

The following information relates to projects identified in Ex. F2-3-3 Table 1.   10 

 11 

3.1 New Projects 12 

One new Tier 1 project (#80067 Darlington Irradiated Fuel Bay Stacking Frame 13 

Replacement) has been undertaken since EB-2013-0321. The purpose of this project is to 14 

provide additional irradiated fuel storage space through the purchase of Long Stacking 15 

Frames. Long Stacking Frames are required to accommodate a new type of fuel bundle 16 

(Long Fuel Bundles) at Darlington which can not be stored in standard stacking frames. 17 

Darlington moved to a new fuel bundle to improve safety margins. 18 

 19 

3.2 Completed Projects (from EB-2013-0321) 20 

Three Tier 1 projects have been completed since EB-2013-0321.  21 

 22 

Project #38457 Darlington EQ Components Replacement was completed under budget 23 

($59.9M versus $63.1M). Project #62440 Probabilistic Risk Assessment Upgrade was also 24 

completed under budget ($50.1M versus $51.1M).  25 

 26 

The total project cost for Project #40641 Pickering B Steam Generator Locking Tab 27 

Replacements A was $35.2M, an additional $14.7M over the full release issued in 2007 of  28 

$20.5M. The 2007 full release projected installation of divider plate locking tab devices on 29 

Units 7 and 8 by 2010. A supplementary release for $18.9M (including contingency) was 30 

approved in 2010 to complete the installation of the devices. The project was completed in 31 
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September 2012 at an additional cost of $14.7M. The primary reasons for the delay in 1 

installation and the subsequent cost variance are: 2 

 Underestimation of the project execution costs ($4.8M) 3 

 Remobilization costs to complete the project per the revised schedule ($4.0M) 4 

 Radiological discovery issues ($2.8M) 5 

 Costs to develop contingency tooling and installation ($2.7M) 6 

Further detail on the project variances is provided in the  #40641 Supplemental BCS 7 

included in Attachment 1 to this exhibit. 8 

 9 

3.4 Project Cost Variances 10 

There are no ongoing Tier 1 projects for which total forecast project cost variances currently 11 

exceed 10 per cent.   12 
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 1 

ATTACHMENTS 2 
 3 

Attachment 1: Business Case Summaries for OM&A Projects of $20M or more 4 

 5 

 6 

 7 

Note: Business Case Summaries included in Attachment 1 are marked “Confidential” or 8 

“Internal Use Only”, however, OPG has determined them to be non-confidential either in their 9 

entirety or with redactions as indicated. 10 
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Table 1 is a listing of Tier 1 OM&A projects with expenditures during the test period or Tier 1 1 

projects completed/deferred from EB-2013-0321. The business case summaries for these 2 

projects are attached1.  3 

Table 1 4 

Business Case Summaries 5 
 6 

   BCS 
Tab Project  Approval 
No. Number Business Case Summary (BCS) Title Date 

    

  ONGOING PROJECTS FROM EB-2013-0321  

1 38933 Darlington Primary Heat Transport Liquid Relief Valve Modifications Feb-14 

2 62444 Fuel Channel Life Management Oct-12 

3 49248 
Pickering A Locking Tabs - Boiler Divider Plate (Pickering 1 & 
Pickering 4) 

Dec-11 

4 80014 Fuel Channel Life Extension  Nov-13 

  COMPLETED PROJECTS FROM EB-2013-0321  

5 38457 Darlington EQ Component Replacements Jan-08 

6 62440 Probabilistic Risk Assessment Upgrade Apr-12 

7 40641 Pickering B Steam Generator Locking Tab Replacement Dec-10 

    

  
PROJECTS NOT IN EB-2013-0321 

 
8 80067 Irradiated Fuel Bay Stacking Frame Replacement Dec-14 

     

 7 

                                                 
1
 OPG has requested confidential treatment of certain business case summaries under the OEB’s Practice 

Direction for Confidential Information. 



 

Records File Information:  

See Guidance Section OPG-FORM-0076-R003* 

Type 3 Business Case 
Summary 

  

 

*Associated with OPG-STD-0076, Developing and Documenting Business Cases 
 OPG-TMP-0004-R003 (Microsoft® 2007) 

Page 1 of 10 

Final Security Classification of the BCS:  OPG Confidential 

To be used for investments/projects meeting Type 3 criteria in OPG-STD-0076. 

Executive Summary and Recommendations 

Project #: 16-38933 Title: DN PHT LRV Modifications (Waterhammer) 

Phase: Execution Release: Partial 

Facility: Darlington Records File: D-BCS-63310-10004 

Class: OMA Investment Type: Regulatory 

Project Overview 

We recommend the release of $2,297 k  base costs plus contingency). 

 
This additional release will allow the completion of Detailed Engineering. Approval of this request will bring the total 
to date funding to $13,173 k including a contingency of  The total project is estimated to cost $25,758 k 
(including  contingency) with an estimated completion date of 12/23/2025. 
 
The reason for this additional Partial Execution BCS is due to the added project scope that is required as a result of 
the re-design of the Liquid Relief Valve (LRV) from a bellows-sealed valve to a double-packed valve. The re-design 
was required in order to meet seismic qualification requirements and shorten the height of the valve for maintenance 
purposes. This change in valve design requires a drain line to be added for each installed valve. In addition, this 
change resulted in added scope to the Valve Vendor and Design Agency contracts.  
 
The Business Objective of this Regulatory project is to address long term valve and piping degradation due to valve 
induced waterhammer, and ensure valve, piping and pipe support stresses are within allowable limits for design 
basis transients in which the Liquid Relief Valves (LRVs) operate.  Replacement of the LRVs will mitigate rapid 
opening and closing times and eliminate waterhammer effects, while maintaining overpressure protection 
requirements.  Continued operation has been justified via the Discovery Issue Resolution Process (DIRP) and 
subsequent Discovery Issue Assessment NK38-DIA-00531-10002 issued in 2006, which defined the nuclear safety 
risk associated with pipe failure as a result of LRV induced waterhammer.  Routine LRV piping and support 
inspections during planned outages (supporting the DIRP) have been implemented to confirm structural integrity 
remains intact for continued operation of the Heat Transport System (HTS) until the replacement valves are installed.   
 
Additionally the Engineering Decision Making (EDM) process was invoked in 2010 to reconfirm the conclusions of the 
DIRP for continued safe operation to further quantify the Darlington Nuclear Generating Station (DNGS) Site 
Management Board (SMB) decision to defer the installation of the LRVs concurrent with refurbishment due to 
economic, nuclear safety, and personnel dose concerns. The EDM Committee concluded it is technically acceptable 
to defer LRV replacement until the Darlington refurbishment outages with the issuance of a decision memorandum, 
NK38-CORR-33100-0362965 and technical memorandum, NK38-CORR-33100-0363511. The OPG decision to defer 
the installation phase concurrent with refurbishment has been accepted by the Canadian Nuclear Safety Commision 
(CNSC). As per memorandum, NK38-CORR-00531-15651, “CNSC’s staff concurrence is tied to the actual dates and 
therefore LRV replacement shall begin for the first unit during the first unit refurbishment outage or in 2016, 
whichever comes first.  LRV replacement for the last unit shall begin during the last unit refurbishment outage or 
2021, whichever comes first.” 

 
The following deliverables will be completed during this release: 
1. Continuation of design, test, and procure the new LRVs, 
2. Completion of the Detailed Design by October 15, 2015, and 
3. Preparation of the next Partial Execution Business Case Summary (BCS) for first unit installation in U2 

Refurbishment. 
 

The first unit Refurbishment outage will begin in Q4 2016, and the last unit Refurbishment outage is currently 
scheduled to finish by Q4 2025, with each Refurbishment outage spanning 3 years.  Installation of the new LRVs will 
begin in the first unit Refurbishment outage (approximately starting April 2018) with project completion concurrent 
with completion of last unit Refurbishment outage (~2025).  
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Business Case Summary 

Part A:  Business Need 

Business Need: 

 
To ensure overpressure protection of the Heat Transport System (HTS) Darlington Nuclear Generating Station 
(DNGS) contains four 100% power actuated Liquid Relief Valves (LRVs) in each unit, two per loop sharing 
common piping.  Each loop has been designed and instrumented for both valves to open simultaneously on high 
loop pressure. 
 
During commissioning of Darlington, performance of the LRVs was identified as less than adequate. It was 
discovered that the opening force of the valve was only designed for zero power hot conditions, which was not 
adequate to overcome the operating conditions of the Primary Heat Transport (PHT) system at full power nor was 
the high flow rates due to the large differential pressure across the valve accounted for. Modifications were 
completed in two stages.  This first stage involved installing larger tubing to allow more rapid depressurization of 
the air operated actuator to increase the valve opening speed. The second stage involved modification to the pilot 
plug and the pilot holes to provide larger flow capability and faster depressurization of the top of the main plug 
under hot conditions. The LRVs were also instrumented with displacement and force transducers to measure the 
valve stem movement and the actuator force.  Following the changes, LRV performance was monitored to 
demonstrate availability and acceptable operation.  Based on data recorded, Darlington LRVs are opening and 
closing faster than that assumed in the original design basis.  This condition of fast opening/closing of the LRVs 
has the potential for higher than designed waterhammer load on the HTS piping.  
 
In the event of an extremely rare set of circumstances occurring (i.e. design basis transients in which LRVs operate 
simultaneously), OPG is unable to definitively demonstrate that pipe and support stresses are within American 
Society of Mechanical Engineers (ASME) code allowable limits, as is required by the Operating License, and is 
therefore unable to prepare and certify an Analysis of Record.  However, on-going inspection of the HTS piping 
system has found no sign of pipe or support degradation.  Additionally, as required by N-PROC-RA-0094, a DIRP 
was used to define the nuclear safety risk associated with pipe failure as the result of LRV induced waterhammer.  
The DIRP assessment (NK38-DIA-00531-10002) concludes that continued operation of the units until the 
modifications are installed is acceptable because the risk of pipe failure remains very low and the consequences 
are bounded by the existing safety report. 
 
In addition, the Engineering Decision Making (EDM) process was invoked in 2010 to reconfirm the conclusions of 
the DIRP for continued safe operation to further quantify the DNGS Site Management Board (SMB) decision to 
defer the installation of the LRVs concurrent with refurbishment due to economic, nuclear safety, and personnel 
dose concerns.  The EDM Committee concluded it is technically acceptable to defer LRV replacement until the 
Darlington refurbishment outages with the issuance of a decision memorandum, NK38-CORR-33100-0362965 and 
technical memorandum, NK38-CORR-33100-0363511. The economic, nuclear safety, and personnel dose 
concerns are reduced significantly by completing installation and commissioning during refurbishment since the 
HTS will be drained. Specifically, the economic impact is in the range of $64M - $93M if this project was installed 
and commissioned during regular unit outages due to the estimated critical path extension impact, which is 46 (up 
to 66) days total. Furthermore, the SMB and EDM Committee agreed that design and procurement of the LRVs 
must be completed now (and not delayed any further) to mitigate the risk of potentially needing to advance the 
installation schedule if signs of pipe or support degradation is found during regularly scheduled inspections.  
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Part B:  Preferred Alternative 

Description of Preferred Alternative:  LRV Replacement 

 
The adopted solution is to replace the existing LRVs with new LRVs which will address the valve opening and 
closing times to mitigate undesirable waterhammer effects while maintaining overpressure protection requirements.  
Based on operating experience (OPEX), demonstrated through modifications at Cernavoda B, Wolsung, and 
Quinshan, this will resolve the existing potential waterhammer problem associated with LRV operation. Additionally, 
the LRV warming line will be relocated.  The present location of the warming line for the current LRV is too far away 
to maintain the fluid temperature upstream of the valve.  Field measurement has indicated the fluid temperature at 
the inlet to the LRV is substantially lower than the design basis and as such the stainless steel to carbon steel weld 
upstream of the valve will be subjected to a much higher thermal transient when the LRV is lifted.  This could lead 
to premature fatigue failure at the transition weld.  The purpose of the relocation of the warming line is to reduce 
(as far as practicable) the local thermal fatiguing that is occurring near the LRV inlet due to geometry of the current 
warming line connection point, and the presence of the resulting cooler water dead leg.  Qualification/performance 
testing of the new valve by an external vendor will be performed to confirm elimination of waterhammer due to 
valve operation. 
 
In February 2009, OPG submitted the proposed two-part strategy to resolve the LRV waterhammer issue (NK38-
CORR-0053-14465) to the CNSC, thus closing out REGM AR 28082043.   Part 1 includes removal of the existing 
LRVs and local piping to the LRVs and replacement with new “flow to open” LRVs.  Part 2 involves implementing 
an inspection process appropriately suited for on-going validation of the pressure boundary integrity of the existing 
HTS piping and supports. (Reference: NK38-CORR-00531-15055).  After two rounds of correspondence 
requesting additional information and clarifications the CNSC responded in June 2010 that the CNSC agrees, in 
principle, to the proposed strategy. As per NK38-CORR-00531-15146, an Action Item 28116373 was opened to 
track the completion of OPG undertakings.   
 
A Value Engineering session was conducted during the Conceptual Phase to identify a short list of key project 
strategies and associated risks.  These strategies were later explored in greater detail to define the Preferred 
Alternative. 
 
A total of sixteen (16) Nuclear Class 1 valve / actuator sets and commissioning spares will be purchased, and two 
(2) additional Non-Nuclear Class valves will be purchased and subjected to full qualification and performance 
testing.  Since the removed valves will be highly contaminated and their remaining life difficult to quantify, the 
valves have no salvage value.   
 
Major activities completed under the previous Developmental BCS and Partial BCS 1 Releases included the 
following:  
1) Valve tendering specification was submitted and a budgetary estimate for valve procurement was received,  
2) Preliminary design was completed and preliminary LRV opening/closing limits were established,  
3) Valve design technical specification was issued, 
4) Modeling, hydraulic/stress analysis Scope of Work was issued, 
5) Two (2) Request For Proposals (RFPs) were issued and successful proponents selected for: 

a. Valve procurement, and  
b. Modeling, hydraulic and stress analysis. 

6) 3
rd

 Party Independent Technical Review of “Darlington Technical Position on Primary Heat Transport Liquid 
Relief Valve Piping was completed and report NK38-REP-33100-10028 issued, and 

7) Measurements of the HTS piping associated with the waterhammer issues were collected from each unit during 
the DNGS Vacuum Building Outage (VBO). 

 

Major activities completed thus far under the previous Partial BCS 2 Release for detailed design include the 

following: 

 1)   Issued Major Contracts to successful proponents for: 
a.   Valve Design and Procurement (Valve Vendor), 
b.   Modeling, Hydraulic and Stress Analysis (Design Agency), 

 2)   Phase I of Hydraulic and Stress Analysis by Design Agency, 
 3)   Design and Manufacturing of two (2) non-nuclear class valves by Valve Vendor, and 
 4)   Revised Overpressure Protection Report by Design Agency. 

 

 

Filed: 2016-05-27 

EB-2016-0152 

Exhibit F2-3-3 

Attachment 1, Tab 1, 38933 

Page 4 of 15



 

Records File Information:  

See Guidance Section OPG-FORM-0076-R003* 

Type 3 Business Case 
Summary 

  

 

OPG-TMP-0004-R003 (Microsoft® 2007) 
Page 5 of 10 

Major activities still remaining under the previous Partial BCS 2 Release for detailed design include the following: 

1) OPG Projects Design Activities: 
a. Continuation of Design Agency deliverables review and acceptance, 
b. Continuation of Valve Vendor deliverables review and acceptance, 
c. Preparation of Design ECs (Mechanical, Civil, I&C), 
d. ASME Section XI Fatigue Analysis, 
e. Independent 3

rd
 Party Design Review, 

f. CNSC Acceptance, and 
g. Technical Standards and Safety Authority (TSSA) Registration/Reconciliation. 

2) Design Agency Contract Activities – Phase II Hydraulic & Stress Analysis and associated certified reports. 
3) Valve Vendor Contract Activities: 

a. Qualification/seismic/performance testing of two (2) non-nuclear class valves,  
b. Completion of Final Thrust Calculations and all Nuclear Class 1 production valve documents, and 
c. Delivery of five (5) Nuclear Class 1 Valves and two (2) Commercial Test Valves for OPG Training 

Department. 
4) Continuation of Project Management (Design Agency & Valve Vendor Contract Management, CNSC Updates). 
5) Issuance of Work Request/RFP (including Scope of Work) and bid evaluations/negotiations for Procurement 

and Construction (PC) Contract for all four unit installations in Refurbishment outages. 
6) Front End Planning, preparation of next Partial Execution BCS and Project Management Plan (PMP) for first 

unit installation. 
 

Funding released by this Partial Execution BCS will allow the completion of the additional scope required in order to 
complete detailed design.  The additional scope of work required and included under this BCS is summarized below: 

  1)  Design Agency Contract Added Scope: 
         a.  Third Level Floor Response Spectrum to support Valve Seismic Testing, 
         b.  Supplementary Steel Qualification – Civil Structure, 
         c.  NF-3200 analysis on three (3) Post-type anchors using finite element analysis, 
         d.  NF-3000 analysis of sixteen (16) non-standard supports, 
         e.  Four (4) failing NB-3600 points that required NB-3200 analysis using finite element analysis, 
         f.   Analysis for one (1) extra non-standard support (base plate), 
         g.  Analysis for waterhammer generated by the Pressurizer, 
         h.  Stress analysis for four (4) new drain lines due to change in valve design, 
         i.   Material Reconciliation to support the use of ASME 2010 Code Effective Date (CED), 
         j.   Additional Scope due to "Parallel Approach" strategy to reduce impact on project schedule: 
                i)  Hydraulic Analysis based on the tested Coefficient of Flow (Cv) curve, and 
                ii)  Certified Letter for Stress Analysis Reconciliation after submission of validated and tested Cv curve.  
  2)  Valve Vendor Contract Added Scope: 
         a.  Kalsi Valve & Actuator Program (KVAP) Calculations, and Side Load Analysis based on Test Data to   
              support KVAP Calculations, 
         b.  Additional Valve Test at Wyle Facility requested by National Board, 
         c.  Additional Seismic Testing, 
         d.  Test Valve manufacturing re-work due to change in valve design (double-packed instead of bellows-sealed), 
         e.  Hydrotesting and Nameplating at Farris Facility, if requested by TSSA. 
  3)  Hot Waterhammer Assessment by external contractor. 
 
Future Execution BCS Releases will facilitate installation activities in four (4) Darlington units concurrent with 
refurbishment outages. 
 
Based on operating experience (OPEX), valve replacement (with flow to open design) will reduce the waterhammer 
problem associated with the LRV operation to an acceptable level.  This has been demonstrated through 
modification at Cernavoda B and installation of new valves at Wolsung and Quinshan.  In addition to the OPEX on 
flow to open design, replacing the valve will also allow relocation of the warming line to keep the valve warm as 
postulated in the original design basis.  The new valves/actuators will be ordered with reducers and piping spools 
attached to minimize installation time. 
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Deliverables: Associated Milestones (if any): Target Date: 

This Release: 

Detailed Design Complete  

Future Releases: 

Installation Labour Contracts Awarded  

U2 Work Planning Complete 

U2 Installation and Commissioning Complete 

U1 Work Planning Complete 

U1 Installation and Commissioning Complete 

U3 Work Planning Complete 

U3 Installation and Commissioning Complete 

U4 Work Planning Complete 

U4 Installation and Commissioning Complete 

Project Closure Report Complete 

This Release: 

Detailed Design Complete  

Future Releases: 

PC Contract Awarded  

U2 Start of Installation  

U2 Available for Service  

U1 Start of Installation  

U1 Available for Service  

U3 Start of Installation  

U3 Available for Service  

U4 Start of Installation  

U4 Available for Service  

Project Plan Complete  

This Release: 

15-Oct-2015  

Future Releases: 

30-Mar-2016 

29-Mar-2018 

03-Jul-2018 

02-Mar-2021 

02-Jul-2021 

05-Oct-2022 

06-Feb-2023 

06-Mar-2024 

08-Jul-2024 

23-Dec-2025 

 
 

Part C:  Other Alternatives 

Base Case: Status Quo – No Project 

This alternative is not recommended as OPG is unable to definitively demonstrate that pipe and support stresses are 
within ASME code allowable limits, as is required by the Operating License, and is therefore unable to prepare and 
certify an Analysis of Record.  This does not satisfy the requirement for a long term solution to address operating 
outside of ASME code, as required by Discovery Issue Resolution Process (DIRP) N-PROC-RA-0094 Table 3, per 
the assessed conclusions of DIRP, NK38-DIA-00531-10002.  Thus this option has not been financially evaluated. 

Alternative 2: Delay Work – LRV Replacement 

Installation is presently scheduled to start in Refurbishment (~Apr 2018).  Delaying any further is not recommended 
since the possibility of a Heat Transport System (HTS) piping failure could increase, and the CNSC may direct OPG 
to take action to mitigate the waterhammer problem if a further delay is imposed.  Thus this option has not been 
financially evaluated. 

Alternative 3: Minor Modifications to the LRV/Actuator 

This alternative is not recommended considering the minor modification will not completely eliminate the 
waterhammer problem.  This is due to the fact that the present set up of the LRVs makes it difficult to control or to 
predict the valve behavior.  Thus this option has not been financially evaluated. 

Alternative 4: Reversal of Existing Valve Body and Replacement of Trim, Valve, Internals, and Actuator 

This alternative is not recommended.  Similar to the Recommended Option, OPEX indicates that reversal of the 
valve could correct the waterhammer problem.  However, the existing valve internals, trim, and actuators would 
require replacement if the valves were reversed.  Valve testing prior to installation is not possible.  As a result, there 
are numerous uncertainties, reliability issues and a lack of confidence surrounding this option.  Additionally, the 
remaining life of the valve bodies is difficult to quantify as they may have been subjected to waterhammer loads in 
the past. Thus this option has not been financially evaluated. 

Alternative 5: Perform Analysis to Demonstrate Piping Integrity 

After more than two years of analysis using both standard and non-standard methods of analysis, the piping 
designers concluded that the magnitude of waterhammer load in the event of an extremely rare set of circumstances 
occurring (under worst case scenario) would be unacceptably high and that stresses cannot be brought within ASME 
code allowable limits.  Further analysis alone would not be beneficial.  Therefore this is not a viable option. Thus this 
option has not been financially evaluated. 

Alternative 6: Replace all Potentially Over-Stressed Piping in Conjunction with the Preferred Alternative, or 
Alternative 3 or 4 

Replacement of all affected HTS piping has not been demonstrated to be necessary at this time.  This option is not 
recommended since the cost of undertaking such a large replacement of the HTS piping would be extremely high 
and require extensive time to install.  Thus this option has not been financially evaluated. 
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Part D:  Project Cash Flows 

k$ LTD 2013 2014 2015 2016 2017 2018 Future Total 

Currently Released 4,536 1,750 1,921 434 - - 2,235 - 10,876 

Requested Now - - 1,199 400 - - - 698 2,297 

Future Required - - - - - 218 1,715 10,652 12,585 

Total Project Cost 4,536 1,750 3,120 834 - 218 3,950 11,350 25,758 

Ongoing Costs - - - - - - - - - 

Grand Total 4,536 1,750 3,120 834 - 218 3,950 11,350 25,758 

Estimate 
Class: 

Class 3 
Estimate at 
Completion: 

OAR Approval 
Amount: 

$ 25,758 k 

Additional Information on Project Cash Flows (optional): 

Total estimated project cost is $ 25,758 k base cost plus contingency). 

 
 
 

Part E:  Financial Evaluation 

k$ 
Preferred 

Alternative 
Base Case Delay Work Alternative 3 Alternative 4 

Project Cost 25,758 N/A N/A N/A N/A 

NPV (after tax) - 10,448 N/A N/A N/A N/A 

N/A N/A N/A N/A N/A N/A 

Summary of Financial Model Key Assumptions (see Guidance on this Type 3 BCS Form): 

As per OPG-STD-0076, an economic justification is not required for Regulatory Projects.  

 
 
 

Part F:  Qualitative Factors 

 
The successful completion of this project will address the following: 
 
1) Establish acceptable limits for LRV opening and closing operation. 
2) Confirm that valve operation effectively reduces waterhammer and stresses to acceptable levels. 
3) Maintain Station Operating License. 
4) Satisfy Regulatory issues. 
5) Decrease risk of piping failure. 
6) Decrease the rate of equipment aging due to fatigue which could potentially impact on plant life extension. 
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Part G:  Risk Assessment 

Risk Class Description of Risk Risk Management Strategy 
Post-Mitigation  

Probability Impact 

Cost 

If the valve Cv curve from testing is 
different than the predicted Cv curve, 
the Design Agency will have to rework 
all the stress analysis. 

1. Reassurance was obtained from 
the Valve Vendor that the predicted 
Cv curve provided is bounding.  

2. Design Agency will verify that the 
validated Cv curve provided by Valve 
Vendor after testing is acceptable by 
re-running the hydraulic analysis only. 

Low Medium 

Scope 

External stakeholders (TSSA, CNSC) 
requests ASME Section III analysis 
(instead of ASME Section XI analysis), 
which results in replacement of all 
affected PHT piping. 

1. A concession from the CNSC to 
invoke ASME Section XI analysis 
instead of ASME Section III analysis 
has been obtained to finalize the 
detailed design. 

Low High 

Schedule 

OPG Detailed Design and/or Stress 
Analysis takes longer than anticipated 
to complete. Specific factors which 
may contribute to this are additional 
failure nodes identified during stress 
analysis, changes to the technical 
specifications, and/or valve re-design 
required due to seismic qualification 
issues.  

1. Ensured resourcing and schedule 
durations provided are agreed to by 
support groups, Valve Vendor, and 
Design Agency. 

2. Expedite any required Valve 
Vendor and Design Agency 
information or deliverables.  

3. Coordinate schedule between 
OPG, Valve Vendor, and Design 
Agency to meet Design milestones.  

Medium Medium 

Resources 

Lack of Designers & Analysts with 
extensive Nuclear Class 1 experience, 
Engineering Mechanics Department 
(EMD) Modeling Experience, Nozzle 
re-qualfication, and/or Section XI 
analysis.  Impact includes review of 
stress analysis reports, which can take 
longer than originally anticipated by 
EMD.   

1. Modeling and Stress/Hydraulic 
Analysis was contracted out to an 
External Design Agency with 
extensive knowledge to support OPG 
throughout Detailed Design.  

2. Obtained committment from EMD 
for review of Design Agency 
Deliverables, nozzle qualification, and 
Section XI analysis. 

Low Medium 

Quality/ 
Performance 

Test Valve fails seismic shaker table 
test when attempting to qualify the 
Valve to the owner-generated Floor 
Response Spectrum (FRS). 

1. Assurance obtained from Valve 
Vendor that the test valve can be 
seismically qualified to the owner-
generated FRS. 

Low Medium 

Technical 

If ASME Section XI Appendix L 
analysis results in an inspection 
frequency that's too high, then 
additional detailed analysis will be 
required which may delay the project 
schedule. 

1. Section XI Appendix L analysis for 
Phase I data will be performed now in 
order to obtain a draft inspection 
frequency number.  

2. Specific contigency alloted for this 
risk. 

Low Medium 
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Schedule 
CNSC and/or TSSA approvals for the 
modification may take longer than 
expected.   

1. The Project will ensure CNSC 
and/or TSSA acceptance requests 
are submitted with sufficient time for 
approval. 

Medium Medium 

Regulatory 

If the Refurbishment Outage for Unit 2 
does not start by Q4 2016 as 
committed by OPG to the CNSC 
(Reference: NK38-CORR-00531-
15651), then a forced outage in 2016 
will be required in order to install the 
new LRVs. 

1. Continuously follow up with 
Refurbishment Organization to 
ensure U2 Refurbishment Outage is 
still on track for Q4 2016 per CNSC 
Action Tracking Assignments. 

Low High 

Scope/Cost 

As the piping Design Specification is 
not certified yet, the scope of the 
contract with the Design Agency may 
change causing rework, additional 
analysis effort, and schedule delays. 

1. OPG Senior Management support 
was obtained in order to assign a 
certifier for the Piping Design 
Specification.  

2. Commitment obtained from Design 
Engineer to certify Design 
Specification by March 2014. 

3. OPG Senior Management agreed 
that the Design Agency can progress 
with the stress analysis work at risk to 
reduce impact on project schedule. 

Low Medium 

Schedule 

Valve Testing or Valve Vendor contract 
deliverables are not submitted / 
completed as per schedule and/or 
initial test results may not meet code 
standards or technical requirements. 

1. Expedite submission of Valve 
Vendor Deliverables, and OPG 
review and acceptance turnaround 
times.   

2. Continuously monitor valve testing 
schedule with Vendor until testing 
begins successfully. 

3. Expedite and monitor valve testing 
once started.   

Medium Medium 

Additional Risk Analysis: 

Refer to Risk Management Plan within the Project Management Plan (NK38-PLAN-63310-0481548) for full risk 
analysis using the Moderate Risk Management strategy. 

 
 

Part H:  Post Implementation Review (PIR) Plan 

Type of PIR Target Project In Service Date Target PIR Completion Date 

Simplified 2024-07-08 2025-12-23 

Measurable 
Parameter 

Current Baseline Target Result 
How will it be 
measured? 

Who will measure 
it? (person/group) 

Acceptable LRV 
opening and closing 
limits established.   

Current opening / 
closing time is < 0.05 
seconds 

Opening / closing 
times between 1.0-
3.0 seconds 

Through 
valve/actuator 
testing and 
commissioning 
following each unit’s 
installation 

Vendor / Contractor / 
Maintenance 
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Confirm by analysis 
that valve operation 
effectively reduces 
waterhammer to 
acceptable levels 
under all design 
basis events for 
which the LRVs are 
called to operate, 
with consideration to 
the full range of 
design and operating 
conditions. 

Cannot be 
demonstrated that 
piping meets ASME 
Section III stress and 
fatigue limits under 
all design basis 
events for which the 
LRVs are called to 
operate, with 
consideration to the 
full range of design 
and operating 
conditions. 

Perform ASME 
Section XI flaw 
tolerance evaluation 
to demonstrate 
piping condition is 
acceptable under all 
design basis events 
for which the LRVs 
are called to operate, 
with consideration to 
the full range of 
design and operating 
conditions. 

Hydraulic and Stress 
Analysis modeling to 
be used as input into 
Section XI analysis, 
to be completed 
during Detailed 
Design Phase.  

Design Agency / 
OPG Engineering 
Services / Projects 
Design 

Outage inspections 
of piping and 
support. 

Piping and supports 
are inspected every 
planned outage. 

Reduce number of 
inspections to every 
2

nd
 or 3

rd
 planned 

outage per 
inspection. 

Reduced inspection 
frequency as derived 
by Engineering 
Services per ASME 
Section XI. 

OPG Engineering 
Services / Projects 
Design 

Relocation of LRV 
warming line to 
mitigate large 
temperature gradient 
(as high as 80

o
C) 

condition upstream 
of LRVs due to 
stagnant fluid. 

Current LRV 
warming line is 
located on the 
vertical run of pipe 
upstream of the 
LRVs.  Due to this 
configuration, a 
portion of fluid 
immediately 
upstream of the 
LRVs remains 
stagnant and cools 
due to natural 
convection. 

By relocating LRV 
warming line closer 
to LRVs with the 
connection to the 
horizontal run, fluid 
will circulate this 
dead leg region and 
ensure temperature 
gradient does not 
develop. 

Temperature will be 
measured 
immediately 
upstream of the LRV 
inlet and compared 
with temperature 
measured at a 
location further 
upstream.  
Temperature 
measurements are 
expected to be within 
20

o
C. 

Vendor / Contractor / 
Maintenance 

 

Part I:  Definitions and Acronyms 

ASME American Society of Mechanical Engineers 
BCS Business Case Summary 
CED Code Effective Date 
CNSC Canadian Nuclear Safety Commission 
Cv         Coefficient of Flow 
DIRP   Discovery Issue Resolution Process 
DNGS            Darlington Nuclear Generating Station 
EDM   Engineering Decision Meeting 
EMD               Engineering Mechanics Department 
ES         Engineering Services 
FRS   Floor Response Spectrum 
HT    Heat Transport 
HTS  Heat transport System 
ITP       Inspection and Test Plan 
KVAP             Kalsi Valve & Actuator Program 
LRV    Liquid Relief Valve 
OPEX Operating Experience 
OPG              Ontario Power Generation 
PC                 Procurement and Construction 
PHT               Primary Heat Transport 
PMP  Project Management Plan 
REGM           Regulatory Management 
RFP               Request for Proposal 
SMB Site Management Board 
SOW       Scope of Work 
TBD              To Be Determined 
TSSA            Technical Standards and Safety Authority 
VBO              Vacuum Building Outage 
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Appendix B:  Comparison of Total Project Estimates 

Phase Release 
Date 

(YYYY-MM-DD) 

Total Project Estimate in k$ 

(by year including contingency) Later 
Total 

Project 
Estimate 2012 2013 2014 2015 2016 2017 

Initiation Developmental 2008-12-08 5,826 6,966 3,606 - - - - 16,398 

Definition Partial 2009-10-26 5,772 5,682 2,989 - - - - 14,443 

Execution Partial 2011-07-08 5,037 2,873 - 333 - 2,633 10,733 21,609 

Execution Partial 2014-01-22 4,536 1,750 3,120 834 - 218 15,300 25,758 

           

 

Project Variance Analysis 

Estimated Cost in k$ 

k$ LTD 
Total Project 

Variance Comments 
Last BCS This BCS 

OPG Project 
Management 

637  3,056  2,620   (436) 
OPG Project Management costs were 
overestimated in last BCS. 

OPG 
Engineering 

1,156  2,655  2,158   (497) 
OPG Engineering costs were 
overestimated in last BCS. 

Permanent 
Materials 

973  6,744  8,907  2,163  

Cost of valve procurement and testing 
increased due to several added scope 
items (see Part B of this BCS for detailed 
list). 

Also, cost of materials for new drain lines 
(qty 16) have been added. 

Design and 
Construction 

Consultants 

Other 
Contracts/Costs 

Interest 

Subtotal 

Contingency 

Total 4,536  21,609  25,758  4,149   

Removal Costs 
Included 

- - - - - 
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Appendix C:  Financial Evaluation Assumptions 

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

Project Cost: 

None. 

 

Financial: 

(1) A financial evaluation is not required as per OPG-STD-0076 for Regulatory Projects. 
 

Project Life: 

(1) The LRVs will be replaced during Refurbishment Outages.  

 

Energy Production: 

None. 

 

Operating Cost: 

None. 

 

Other: 

None. 

 

Attach further detail as appropriate from the Financial Evaluation spreadsheet. 

A financial evaluation is not required as per OPG-STD-0076 for Regulatory Projects. 

 

Appendix D:  References 

 

1) NK38-MDR-33100-10002 – Modification Design Requirements 

2) NK38-PLAN-63310-0481548 – Project Management Plan 

3) D-PCH-63310-10001 – Project Charter 

4) D-BCS-63310-10001 – Developmental BCS 

5) D-BCS-63310-10002 – Partial BCS 1 

6) D-BCS-63310-10003 – Partial BCS 2 
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Summary

Final Security Classification of the BCS: Internal Use Only

To be used for investments/projects meeting Type 3 criteria in OPG-STD-0076,

Executive Summary and Recommendations

Project #: 10-62444 (OM&A), Title: Fuel Channel Life Management Project (OM&A) &
28 66567 (Capital) Annulus Spdcer Retrieval Tool Project (Capital)
Definition and Fxccuton - - Release: Full
Nuclear Records File: N-BCS-31100-10008
Capitul and OMA Investment Type: Sustaining

Project Overview

We recommend the release of $22.4 M ($17.3 M base costs plus $4.5 M contingency).
This request is for OM&A funding for the completion of the Fuel Channel Life Management (FCLM) Project. The
Annulus Spacer Retrieval Tool (ASRT) Project will be closed out in December 2012 and does not require additional
funding. The total project cost, including previous expenditures, is forecast to be $55.2M.

The work scope of the FCLM project under this release includes:
1) DISCOVERY WORK: Conduct additional testing and modelling to address discovery issues related to

pressure tube fracture toughness and annulus spacer embrittlement.
2) R&D SCOPE CONTINUANCE: Complete work on the current CANDU Owners Group (COG) research

and development (R&D) joint project in the areas of crack initiation and probabilistic core assessments.
3) REGULATORY REQUESTS:

- Pilot the High Flux Isotope Reactor (HFIR) sub-project aimed to systematically study the irradiation
effects on annulus spacers. The post-pilot phase will be funded by COG Fuel Channel R&D funding
to 2020.

- Manage the development of a guideline for annulus spacer Fitness-for-Service through COG, for
future incorporation into Canadian Standards Association (CSA) standards.

4) THIRD PARTY REVIEWS: Obtain third party reviews on technical submissions to the Canadian Nuclear
Safety Commission (CNSC) to enhance regulatory confidence

5) DEMONSTRATE MARGIN ON FRACTURE TOUGHNESS FOR TARGETED SERVICE LIFE: Further
development of an alternative hydriding method to conduct high hydrogen equivalent concentration burst
tests and other studies to demonstrate additional available margin on fracture toughness for current
targeted service life for both Pickering and Darlington units.
OTHER PROJECT TASKS:

6) Continue technical submissions to the CNSC to demonstrate continued fitness-for-service of fuel channel
components.

7) Integrate R&D results into Life Cycle Management plans. Pickering’s Continued Operations plans and
Darlington’s Refurbishment plans.

8) Close out project by June 2015.

FUNDiNG HISTORY

Threeca rhal releases have teen acoroved to date. Of a reieased%o—date of SO/3M, £32 ,8M is estimated
a e o d o a , Dcm,n c v a ed
to unused contingency and underspending of the approved budget,
The ASRT project (Capital) will be declared in service by October 2012, ard will be closed out in Decemt or
2012.

CONFIDENCE OF ESTIMATE:
The cost estimate is cIassfied as an AACE Class 2 estimate since most of the R&D scope and regulatory submission
scope has been defined and documented, However, there are uncertainties with regards to the cost and scope of
discovery work. A conceptual estimate has been received for the HFIR sub—project. A detailed estimate will be
produced by the vendor by December 2012, Therefore, the exoected ac.curacy range of the e.stimate is —15% to
÷25% Based on the risks identified in the rern.aininq oroject scone of work, a 25% contioqen*cy value has been
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_____

Summary
included to this release.

PROJECT TIMING REQUIREMENT:

The continuance of this project is critical as the results are key inputs to the continued assessment of the fitness-for
service of fuel channel components to the end of targeted service life. These results have a direct impact on the
technical and schedule aspects of the Pickering Continued Operations and Darlington Refurbishment. The FCLM
project will be closed out by June 2015

Project Cash Flows

k$ LTD 2011 2012 2013 2014 2015 2016 Future Total
Currently Released 8172 10,570 14,074 32,816
Requested Now - 15687 6,274 459 22420

Future Required

Total Project Cost 8,172 10,570 14,074 15,687 6,274 459 55,236
Ongoing Costs -

Grand Total 8,172 10,570 14,074 15,687 6,274 459 55,236

Estimate Class: Class 2 Estimate at Completion: $55,236 k

NPV: $1,500 M OAR Approval Amount: $55,236 k

Additional Information on Project Cash Flows (optional):
The “Currently Released” figures in 2011 and 2012 reflect the summation of the originally released amounts and the
adjustments due to approved budget underspending and unused contingency. The 2011 originally released amount
and adjustment are $13,769k and $(3,199)k, respectively. The 2012 originally released amount and adjustment are
$15,548k and $(1,474)k, respectively. The Total “Currently Released” column reflects these adjustments as well.

The ASRT (capital) project will be closed in Dec 2012, No additional funding is required.

Approvals

j Signature Comments Date
This BCS represents the best option to meet the validated businessjeed in a cost effective manner.
Recommended by:
Mark Elliott. SVP Nuclear I
Engineering & Chief Nuclear I

Engineer

Project Sponsor

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

Finance Approval:
Donn Hanbidge, SVP & Chief J )Financial Officer
Position per OPG-STD0076

I confirm this project will address the business need, is of sufficient priority to proceed, and provides value for money.
Approved by: * ]Tom Mitchell,

“I,President & Chief Executive
,Officer

Position per OAR, per OAR 11 —

____

/
- -

Records File Information:

See Guidance Section OPG-FORM-0076-R003
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GENERATION Type 3 Business Case
Summary

Final Security Classification of the BCS: Internal Use Only

Business Case Summary

Part A: Business Need

Business Need:

BUSINESS DRIVER and PROJECT OBJECTIVES:
As CANDU reactors age, OPG needs to determine the impact of degradation mechanisms on fuel channel
components. These degradation mechanisms may impact OPG’s ability to demonstrate fitness-for-service of the
units and, consequently, the success in continuing to operate the Pickering units to 247,000 Equivalent Full Power
Hours (EFPH) and the Darlington units to 210,000 EFPH prior to refurbishment. The R&D work to investigate these
degradation mechanisms is categorized as follows:

1) Effect of Hydrogen/Deuterium ingress on pressure tube fracture toughness
2) Pressure tube crack initiation by delayed hydride cracking (DHC), fatigue or overload
3) Mobility and integrity of annulus spacers and prevention of pressure tube/calandria tube contact

The methodologies for conducting Probabilistic Core Assessments (PCA), Leak-Before-Break (LBB) assessments,
and demonstration of Fracture Protection are also being updated with input from the above areas.

The project scope includes managing R&D in the above areas, analyzing and communicating results to
interdependent projects and organizations, as well as providing evidence to the Canadian Nuclear Safety
Commission (CNSC) that OPG is engaged in safely operating its units through to the targeted service life, The work
successfully completed by this project since 2009 will enable the provision of a high confidence statement on the
operating life spans of fuel channels at the Pickering and Darlington units to the Board of Directors, on both the
technical and regulatory fronts.

PROGRESS TO DATE:
Major Deliverables Completed:

FRACTURE TOUGHNESS
- Updated engineering fracture toughness curves based on R&D findings that will guide the practical

adjustment of site-specific operating envelopes toward the end of targeted service life.
- Thirteen burst tests on pressure tubes hydrided at between 65 and 111 ppm hydrogen equivalent ([Heqj)

concentration using the standard electrolytic hydriding method.
CRACK INITIATION

- Completed tests using more realistic sample geometries and conditioning cycles to quantify increased crack
initiation resistance. Reporting of the technical basis of the new models to the CNSC is due in 2013.

SPACERS

Conducted crush testing of Inconel X-750 spacers using newly-designed flat platen annulus spacer crush
test rig.

- Designed. constructed and commissioned annulus spacer fatigue test rig.
Comøieted assessments of mobifity and ntegrity for nConei X-750 annulus spacers (tight fitting type) and
Zr-Nb-Cu annulus spacers (loose fitting type).

- Submission of the “Long Term Darlington Life Management Plan frir incone) X-750 Annulus Spacers” to
s - a’” a “: °C c

- ‘“c eacf dcv aa c
o a’ s”’ Cr ‘“C”””r a ‘- rr g- ‘“e c’”d se” S a e

Dariington.
PROBABiLiSTiC CORE ASSESSMENT! LEAK-BEFORE-BREAK

lmproved methodologies for the Probabi:listic Core Assessment too) were developed to reflect the current
understandng of fuel channel degradation and to offer a more realistic assessment of reactor core integrity
Reporting of the technical basis of the new models to the CNSC is due in 2013.

- Development of probabilistic approaches to demonstrate Leak-Before-Break and Fracture Protection has
been initiated. These new approacries will provide more realistic assessments over the current
determnistrc approaches

OPG-TM’-0004-ROt.tZ MicmsoftS! 2007)
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GENERATION Type 3 Business Case

___________________________ ________

Summary
CNSC INTERFACE
An agreement with the CNSC was reached regarding the work required to support the operation of Pickering andDarlington units, and the process for submitting findings to the regulator. This agreement was formalized in theProtocol document. CNSC staff issued specific Closure Criteria to help OPG meet the requirements of the Protocol.OPG has met all submission requirements, including the following key submissions:

- Protocol Submission 14: Zr-Nb-Cu Spacers Integrity — Assessment Spacer Integrity
- Protocol Submission 16: Inconel X-750 Spacers — Mobility — Assessment of Spacer Mobility
- Protocol Submission 17: Inconel X-750 Spacers — Integrity — Assessment of Spacer Integrity
- Protocol Submission 18: Fracture Toughness — Final Assessment of Fracture Toughness Data

OPG has also submitted to the CNSC long term fuel channel life management plans for Pickering and Darlingtonsites. A favourable reply for Pickering has been received. Response to the Darlington plan is pending.

PROJECT SCOPE under this BCS:
1) DISCOVERY WORK: Conduct additional testing and modelling to address discovery issues related to

pressure tube fracture toughness and annulus spacer embrittlement.
- In the area of pressure tube fracture toughness, additional testing and data modeling is required to

validate the proposed new fracture toughness model for higher hydrogen contents, and to refine the
understanding at the lower temperature regime for practical heat-up and cool down procedures.

- In the area of annulus spacers, the rate of degradation caused by newly discovered degradation
mechanisms (i.e. transmutation of nickel into helium, causing helium voids) must be established.
This information is required to enable continued demonstration of fuel channel fitness-for-service until
the Darlington units are ready for refurbishment.

2) R&D SCOPE CONTINUANCE: Complete work on the current CANDU Owners Group (COG) R&D joint
project in the areas of crack initiation and probabilistic core assessments.

3) REGULATORY REQUESTS:
- As part of the Closure Criteria, the CNSC requires OPG to test additional spacer material (in addition

to material obtained through planned periodic inspection of pressure tubes) obtained by Single Fuel
Channel Replacement (SFCR), through off-shore CANDU units, or from an accelerated test reactor.
A test program using the HFIR (High Flux Isotope Reactor) reactor at Oak Ridge National Laboratory
(ORNL) is being developed to satisfy this criterion and provide a predictive capability regarding
material property degradation. The HFIR reactor has a flux spectrum that closely resembles the
CANDU flux spectrum, but a higher flux rate which allows the reactor to replicate 25 years of
irradiation damage in less than 7 years. This project is responsible for reactor set up, material
procurement, and the shipping and testing of the samples removed at the first interval.

- At present, CSA does not specify performance requirements for annulus spacers. The CNSC has
requested the development of a guideline for annulus spacer Fitness-for-Service through COG. for
future incorporation into CSA standards.

4) THIRD PARTY REVIEWS: Obtain third party reviews on technical submissions to the CNSC to enhance
regulatory confidence,

5) DEMONSTRATE MARGIN ON FRACTURE TOUGHNESS FOR TARGETED SERVICE LIFE:: Further
deveicrnent of an alternative hydriding method to conduct high hydrogen equiaient concentration burst
tests and other studies to demonstrate additional available margin on fracture toughne.ss for current
farqeted service life for both Pick.erinn and Dariington units.

OTHER PROJECT TASKS:
6) Continue technical submissions to the CNSC to demonstrate continued fitness4ooservice of fuel channel

components

7) Integrate R&D results into Life Cycle Management plans, Pickering’s Continued Operations plans and
Darlfngtons refurbishment plans,

8 C.lose out r.rrOiect by June 2015.
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_____

______________

Summary
The project close out date is June 30, 2015.

BUSINESS COMMITMENT TO WORK BEYOND PROJECT COMPLETION
Fuel channel management plans for Pickering and Darlington units have been submitted to the CNSC. The
Darlington plan also includes the Long Term Darlington Life Management Plan for lnconel X-750 Annulus Spacers.These plans specify R&D, inspection, and material surveillance activities that extend beyond the scope and timelineof this project. These activities should be regarded as commitments to the CNSC. The inspection and materialsurveillance commitments are documented in station unit specific Life Cycle Management Plans (LCMP). The R&Dwork is described in the scope of this BCS.

It should be noted that the ‘Long Term Darlington Life Management Plan for Inconel X-750 Annulus Spacers” is
described as a living plan due to limited information available. This means that there are hold points specified in theplan when an update of the plan is required, based on information available at the time.

INVESTMENT HISTORY:
For the FCLM project, three partial releases have been approved to date, with a release-to-date of $34.4M. Theestimated life-to-date spent by December 2012 is $31.6M.

For the ASRT project, two partial releases have been approved to date, with a release-to-date of $3.1M and a projectlife-to-date spent of $1.2M. This project will be closed out in December 2012.

Thus for the FCLM and ASRT projects combined, the amount released to date has been $37.5M and the life-to-date
spent by December 2012 is forecast to be $328M.

Part B: Preferred Alternative

Description of Preferred Alternative: Continue Fuel Channel Life Management Project
OBJECTIVES
Upon completion of the project, OPG will have the plans, tools, and methodologies to acquire and analyze inspection
and surveillance data to determine if fuel channels are fit for service to the targeted service lives of 247,000 EFPH atPickering and 210,000 EFPH at Darlington. This is in support of Pickering Continued Operations and Darlington
Refurbishment.

PROJECT EXECUTION STRATEGY
The FCLM project was planned to be executed in three stages: Phase 1 (funded by Partial 1 BCS) to define R&D
scope and to engage CNSC: Phase 2 (funded by Partial 2 & 3 BCS) to execute R&D and meet CNSC requirements
to confirm fuel channel fitness-for-service; Phase 3 (funded by this BCS) to integrate R&D to support licenserenewals. Phases 1 and 2 will be completed by end of December 2012, while Phase 3 has been expanded to
include the discovery R&D issues from Phase 2.

The discovery issues related to pressure tube fracture toughness and annulus spacer embrittlemant will involve
additional testing and modelling as follows:

in the area of uressure tube fracture rouqhness additiona. tesi:ng- ar-d data modetrrc s recuved to validatethe orotosed new fracture toughness model for n;gher hydrogen contents and to mIne p understandinu
at the lower tem-erature regim.e far practical heatup and cool down procedurrs.
in the area of annulus spacers, the rate of degradation caused by newly discovered degradation
mechanvsms de transrnutaton of ‘nckei P10 helium, causing heiium vokds must be estabisherf Ths
informabon is reqused to enab:e continued demonstration of tue channel blness4orwervee -unIt the
Darlington units are ready for refurbishment.

£ £4 etOO3 crocfhn 2Gf?,
Pn.ge 5 of 1.-i
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flMTA Records File Information:
UI IIIIlUI URWLII See Guidance Section OPGFORMO076R003*

GENERATION Type 3 Business Case

___
______________________

Summary
PROJECT DELIVERABLES FUNDED BY TI-US BCS

FRACTURE TOUGHNESS
- Additional burst tests and small specimen tests to better understand the fracture toughness of pressure

tubes in the transition temperature region. The results of these tests may influence the
pressure/temperature operating envelope, particularly during reactor heat up and cool down, in all units.

- Pressure tube burst tests at greater than projected end-of-life hydrogen concentrations using an alternative
method of hydriding this work is to support demonstrating additional fracture toughness margin at end-of-
life.
Third party review and validation of new pressure tube fracture toughness model proposed in 2012, and
revision of model (if required>.

CK INITIATION
- Complete technical basis reports to support crack initiation models (overload, fatigue and delayed hydride

cracking).
- Complete third party reviews of upgraded methodologies for crack initiation assessments.

SPACERS

- Development of predictive capabilities to project spacer conditions, given degradation mechanisms.
- Development of fitness-for-service guidelines to assess retrieved spacer results.
- Testing of the spacers from the D1321 SFCR, and assessments based on pre-determined acceptance

criteria for fitness-for-service: project the next monitoring interval based on test results, and re-assess
spacer surveillance requirements accordingly.

- Piloting the HFIR Program, including material procurement, reactor setup and the retrieval, shipping and
testing of the first sample.

PROBABILISTIC CORE ASSESSMENT / LEAK-BEFORE-BREAK
- Development of a probabilistic leak-before-break and fracture protection methodologies, as the existing

deterministic methods have many embedded conservatisms according to industry experts
- Integrate new crack initiation methodologies into the Probabilistic Core Assessment process.

INTERFACE AND COMMUNICATION WITH CNSC
- Continue communication with CNSC to expedite acceptance of new models and methodologies by the

CNSC.

PROJECT COMPLETION
Project is targeted for completion and close-out by June 2015. A PIR isto be completed by June 2016.

Deilverables: iadMsfanyTargetDate
Completion of a third party review of the now pressure December 31, 2013tube fracture tough ness model proposed in 201 2

Completion of the techn ic.ai basis report(s) to support De.cember 31. 2013the new crack initiation models (overload, fatigue and
delayed hydride cracking).

Completcn of four addbcnai pressure tube burst tests December 31, 2014to validate the new pressure tube fracture toughne.ss
model.

IniPation of accelerated material irradiation program December 31, 2014using: the HFIR test reactor at ORNL.

OP2iCTMP0Q04$k003 M:icrnsofhtO 20•Ofl
Page 3 of 1$
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A flIfl1* Records File Information:

0PGF0RM0076R003*ONTMnIurU See Guidance Section

Type 3 Business Case
GENLnnI

Summary
Completion of one pressure tube burst test at greater December31. 2014
than projected end-of-life hydrogen concentration (i.e.
120 ppm or higher) using an alternative hydriding
method.

Completion of development of a probabilistic pressure
tube leak-before-break methodology for review by CSA
Technical Committee.

Project Close Out

December31. 2014

June 30, 2015

Part C: Other Alternatives

Base Case: Status Quo — No Further Project Funding
NOT RECOMMENDED:
In the case of Pickering Continued Operations, the assumption of operation to 247,000 EFPH is dependent on
demonstration of adequate pressure tube fracture toughness and resultant demonstration of leak-before-break. The
most recent R&D findings indicate that fracture toughness of pressure tubes depends heavily on hydrogen
concentration, which increases as the reactor ages. A preliminary fracture toughness curve for higher hydrogen
content was proposed in 2011 and analysis has shown that the current operating envelopes for both Pickering and
Darlington units do not demonstrate protection against fracture during warm-up and cool-down.

Pickering stations may be able to accommodate this new curve by adjusting their pressure/temperature operating
envelope. However, an analysis conducted in December 2011 indicated that Pickering units will not be able to
demonstrate leak-before-break in 2013 under a conservative deterministic assessment. The alternative approach of
demonstrating leak-before-break probabilistically using more realistic distributions of data was originally intended to
be 2013-2015 project work scope. Therefore, should this project not continue, probabilistic leak-before-break
methodology development would still need to be completed to satisfy Pickering’s license condition, and would have
to be funded from base OM&A.

In the case of Darlington, it was originally projected that Darlington could operate to 187,000 EFPH with high
confidence. From a fracture toughness perspective, the situation is similar to Pickering described above, but more
severe. It is likely that the station will not be able to change their pressure/temperature operating envelope on
warm-up and cool-down to accommodate the new fracture protection curve, The original 2013-2015 project scope
included probabilistic fracture protection and leak-before-break development to help remove the over-conservatisms
built into a deterministic assessment. Without the timely development of a probabilistic leak-before-break
methodology, Darlington may only be able to rely on a probabilistic core assessment to demonstrate to the regulator
that the probability of a pressure tube rupture is acceptably low. Otherwise, Darlington may need to be shutdown
due to the violation of the associated license condition.

In addition, a significant portion of the work planned for 2013-2015 in the FCLM project is attributed to discovery work
associated with spacer degradation. Without the planned work, OPG will not be able to demonstrate to the regulator
that PT/CT gap can be maintained to the interim target (set by the CNSC) of 2014, and thus will detrimentally affect
the license renewal of Darlington. In turn, this will lead to significant impact to the Dariington Refurbishment
schedule, or lead to significant economic loss due to unit lay-up during the preparation for Darlington Refurbishment.
Alternative 2r NOT RECOMMENDED - Do Less or Delay Project
The scone proposed has been t.horouahlv reviewed to ensure that. it contains only items that are essential to allowin

‘e r g r’)ar c - s ci ‘- -e a nd “pe a ‘- —s f 4” f EF°H a I CD EcPl’
especoveiy. Doing less tnan the nrorosed scone in Alternative 1 may result n the advancement of the Darllngtor’.
Refurbishment schedule or lay-up of the rcactor units, It is also CNSC’s expectation that the .scope under Alternative

is comp’eted within tee proposed t me to support station license renewals

Alternative 3: NOT RECOMMENDED - Request Regulatory Relief on Life Limiting isssues
Even though the research and development work conducted thus far has allowed OPG to gain additional
understanding on the magnitude, mechanism and rate of the fuel channel component degradation, two major
discovery issues, namely, fracture toughness at high hydrogen concentration and spacer integrity and mobility due to
helrum production are yet to be Investigated It s prudent for OPG to ensure the fuel charnel components are fit for
service to thee targeted operating lives as a nuclear safetv-consc ous organ.izahon. Also, as a. respo”s:ble
organization. OPO has been . enmunicating the R&D finding.s to th.e regui.ator. Therefore, it is unlikely th.at
regulatory rel.Ieli will be ra.nted.

or
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flMTAointtii Records File Information:
UI INI1IVI UWILII See Guidance Section OPGFORM0076R003*

GENERATION Type 3 Business Case

__________ _____

Summary

Part 01: Project Cash Flows (FCLM Project OM&A)

Part 0: Project Cash Flows

k$ — — LTD 2011 2012 - 2013 ]2014 2015 .?- Future Total
CurenUyReased - 8172 10058 13A02

-

Requested Now - 15687 6274 459 22420
Future Required -

Total Project Cost 8172 10,058 13,402 15,687 6.274 459 54,052
Ongoing Costs

Grand Total 8,172 10,058 13,402 15,687 6,274 459 54.052
Estimate

Class 2
Estimate at

54.052(OM&A)
OAR Approval

55.236Class: Completion: i Amount:

k$ LTD 2011 2012 2013 2014 2015 20— Future Total
Currently Released 512 672 1,184
Requested Now 0 0
Future Required

Total Project Cost 512 672 1,184
Ongoing Costs

Grand Total 512 672 1,184

Estimate Class: Class Estimate at
1184 OAR Approval

Completion: Amount:
Additional Information on Project Cash Flows (optional):
The turrentiy Released figures in 2011 and 2012 reflect the summation of the originally released amounts and the
adiustments due to approved budget underspending and unused contingency, The 201 1 originally released amount
no . a SO 42 eD 0 9.1 a’ ‘ a c

a’ $ a P -co e ‘C 31

•A1’l’ OPcSTD-0076. Devolopinc and Doc nentlno BusDess Casen

Additional Information on Project Cash Flows (optional):
The ‘Currently Released” figures in 2011 and 2012 reflect the summation of the originally released amount and the
adjustments due to approved budget underspending and unused contingency. The 2011 originally released amount
and adjustment are $12,830k and $(2,772)k, respectively. The 2012 originally released amount and adjustment are
$13,403k and $(1)k, respectively. The Total “Currently Released” column reflects these adjustments as well.

Part D2: Project Cash Flows (ASRT Project Capital):
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GENERATION Type 3 Business Case
Summary

Part E: Financial Evaluation

Preferredk$ . Base Case Do Less Alternative 3 Alternative 4Alternative
Project Cost 22.420 0 N/A N/A
NPV (after tax) 1500,000 N/A N/A — N/A

Summary of Financial Model Key Assumptions (see Guidance on this Type 3 BCS Form):
1. Project Costs shown above are the incremental going forward costs.
2. The NPV value is in 2012$.
3. The Darlington Refurbishment Project Unit Outage Schedule is the same in the Base Case and the Preferred

Alternative. The unit outages are assumed to be 36 months long with 16/19 month overlaps. The first unit outage
is scheduled for Oct 2016.

4. Station operating costs are the same in the Base Case and the Preferred Alternative except for fuel and fuel-
related costs which are not incurred when the units are not operating.

5. End-of-Life Assumptions for the Base Case and the Preferred Alternative are summarized in the following table:

Case Pickering Darhngton

210,000 EFPH 187,000 EFPH

Base Case
247,000 EFPH1 End of 2014 for all units12’3(Stop project in Dec 2012)

Preferred Alternative
(Additional $22.4M release for 247,000 EFPH 210,000 EFPH
2013-2015)

1Provided that Probabilistic LBB methodology development is funded by Base OM&A to meet regulatory
commitments in 2013
2Based on correspondence from CNSC, OPG would need to perform additional work (as documented in the Long
Term Spacer Management Plan) in order to prove spacer integrity beyond the end of 2014
3A sensitivity case was run assuming that in the Base Case, Darlington units obtained 187,000 EFPH. As part of
this case, probabilistic LBB methodology is assumed to be funded outside of this project and completed by 2013,
and it is assumed that work on spacer integrity (funded outside of this project) is sufficient to prove spacer integrity
beyond 2014.

______________ ______________________________________

Economic Analysis

Alternatives 2 and 3 were not analyzed economically as they are not considered to be feasible in achieving the
desired objectives The economic analysis performed for this release does not attribute any value to potential
additional life from the Pickering units as the current view is that work done to date has already yielded high
confidence in the Pickering units achievtng 247 kEFPH, with the proviso than there is follow-up work needed to
‘prove”, or turther val:date, this hgh confidence assessment, some of which s dependent on the work scope in
thi.s BCS being completed on schedule, However, since this follow-up work would need to be completed in any
event to confirm the high confidence assessment for the Dariington fuel channels, there are no costs or specific
work scone ri this release which s 5CithV associated with confrmsm the ho confidence the P:ckenng fuel
channel hfe assessment.

The value to the provincial electricity customers of Alternative 1 compared to the Base Case is estimated at $1.5
Billion. The following tornado diagram shows the key sensitivities of the results.

oPGTMP0flfl4.R00o (Micro.sof. 2007)
Page tI of 14
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UI IF1IIIUI UWhII See Guidance Section OPGFORM0076R003*

GENERATION Type 3 Business Case
Sum mary

1’
-T

Fuel Channel Life Manaaement Proiect
Sensitivities (2012 PV $M)

Electricity Price
[LowlHigh Mkt Price]

Station Life
[DAEOL at 187k EFPH &

Refurb in 20161
+2yr DA & Refurb in 2018]

FCLM Project Costs
[DoublelHalf]

2,000 2,500 3,000

Results of the economic assessment were tested for sensitivity to key inputs such as assumed electricity price,
length of additional station life achieved, and project costs, and indicate the following:

(i) Assumed Electricity Price: The value is extremely sensitive to the assumed electricity price. In a high priced
regime, the value would be approximately $2.7 B. In a low priced regime, the value would be approximately
$0.96 B. A low priced regime could result from low or declining electricity demand growth (which can result,
for example, from a prolonged economic slowdown> and low or declining gas prices, and/or high conservation
which could result in a prolonged period of significant surplus baseload generation.

(ii) Length of Additional Station Life Achieved: The value is sensitive to the station life that can be achieved with
high confidence, If the FCLM project were to result in the Darlington units being able to operate only to the
previous high confidence expectation of 187 kEFPH. significant ‘idle time” would result for these units given
that there is a low probability of starting the Darlington refurbishment any earlier than 2016, and the expected
value would be approximately $0.8 B. However, if the FCLM project were to result in the Darlington units
being able to operate to 225k EFPH and the start of refurbishment was deferred to 2018. then the value could
be as high as approximately $1.9 B.

(ii) Egjçt Costs’ The value is nsensitive to FCLM project costs Project costs include the incremental costs
of the fuel channel life management project The sensitivity analysis shows that a doubling of these costs has
a minimal mpact on the expected PV

-

0 500 1,000

Part F Qualitattve Factors
T. PfredA’d’’Tbs[r.,e.

‘ F fu srrrT: .f -q’ (T’ f.c ,j’ ‘. ‘.‘ •, T
f.a fldI . dog jiat me. r jr sr Lo ig e. ‘gated ul.T R&D fd rg ‘ria eS. hna di Jpvrto tes wter
otter (.AN U ur ts otto word are ppr a hingt[er erd Cf fe
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OPGFORMOO76R003*

Part G: Risk Assessment

Type 3 Business Case Summary

.

PostMitigationRisk Class Description of Risk Risk Management Strategy

Probability Impact
Cost See below

Scope See below

————1——
*

Schedule See below

Delay in project schedule may occur
due to unavailability of specialized Mitigate - Obtain resource
resources who cannot be easily commitment from vendorsResources Low Mediumreplaced. Reasons may include labour Accept risk if resource unavailabiliy is
disputes or commitment to other work due to labour disputes.
programs in the vendor company.

Quality/
See belowPerformance

‘ If the Probabilistic Leak-Before-Break
Mitigate - Expert resources areI methodology cannot be completed or

Technical I accepted by CNSC within 15 months, currently gathered to form an
expedited plan to ensure probabilistic Low MediumI then additional time and funding may
LBB methodology completion andbe required to expedite the completion
acceptance in 15 months.and acceptance.

Mitigate - Set aside contingency on
COG Joint Project work. Additional

Unexpected negative results from inspection and surveillance work has
testing of surveillance material, been identified as contingency scope

Technical inspections, or R&D work may result in in the “Long Term Darlington Life
a reduced projection of available Management Plan for Inconel X-750 Low High
service life for fuel channels at Spacers”.
Pickering and/or Darlington. Accept — The results of testing,

inspections and R&D are outside the
control of the project.

Increase in cost of R&D (by 50%) if Mitigate - Early alignment with
current funding partners do not funding partners’ seniorCost Low Highparticipate in cost-sharing in the COG management; Seek potential partners
Joint Projects. from other utilities.
Increase in cost due to a vendor
switching their cost model for full cost

Cost recovery due to changes to its Mitigate - Set aside contingency on
M d Mdcorporate mandate and changes to COG Joint Project Work.

federal funding. Future quotes from
vendor may be higher than anticipated

I
Increase in cost due to discovery work . . . 1Mitigate Set asde contingency onCost scope indeterminate results or Med Med
ucc xpectcd results COG Joint Project Work

5 :t’’’ 00
‘‘uff e’’tu’ds ‘‘ CCF.. R&D

‘c R&D p qra e or . t qr’r y r iX o F v c t
ipp 1rgpr,E tic yE abc

0 scie ;.. 1’,C0ver,
sm’s, r’deter’nate rr’sdt’ r pied
ur’xpe4edcsuts

Unexpected scope cuts from the
Mitigate Communicate to the outage01321 outage wIl cause the project to
pannrg organizatcn that work sScope have nsufficient nformaton to perform L w Medcssertdi t The nt Lied peratassessrrc t’- r foc FarcIft s.
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Type 3 Business Case Summary

J Transfer -If there are additional
CNSC requests that the project

CNSC may request additional work to cannot complete by the targeted
Scope be performed in support of OPG’s project end date, then the Med Med

request for license renewal, responsibility of completing these
requests will be transferred to the
base engineering organization.

Delay in project schedule may occur Mitigate - Obtain resource
commitments from vendors to supportdue to discovery work scope,Schedule

indeterminate results or unexpected project in case of schedule delays: Med Med
Set aside contingency for scoperesults.
expedition.

t Mitigate - Ensure commissioning
Delay in project schedule may occur program of equipment is conducted;Schedule Low Meddue to equipment malfunction. Set aside contingency on COG Joint

Project Work.

f
Outage delays caused by other work
programs will delay the retrieval of the Accept - outage delays caused by

Schedule D1321 SFCR spacer, thereby other work programs are beyond the Low Med
impacting the planned testing schedule control of the project.
at the vendor facility.

Information on spacer integrity is
heavily reliant on the retrieval of the
D1321 SFCR spacer. If the condition
of the spacer upon retrieval and post- Mitigate - An improved process of

spacer retrieval and shipping has
Low Med

Quality shipping is unsatisfactory, then the
quality of the spacer data obtained been designed by Inspection and

Maintenance Services.may not allow the project to make
conclusive assessments of spacer
material conditions.

Should the Annulus Spacer Retrieval
Tool (ASRT) not perform as per its
design, then the spacer retrieval in Mitigate - Mock up of the tool and

Quality D1321 may not be successful, process will be conducted prior to the Low Med
potentially not allowing the project to outage.
make conclusive assessment of
spacer material conditions.

Transfer - Insufficient predictionIf the Helium modelling work
conducted at Oak Ridge National capability will need to be made up by
Laboratory cannot provide predictive additional spacer material

surveillance, and will be theQuality capability of spacer material Med Low
degradation, then the confidence in responsibility of the base engineering
spacer material conditions may be organization as the project would

have ended by the next availableuncertain.
outage.

Additional Risk Analysis:
Long term bus.iness risk to demonstrate fuel channel fitness-for-service (post project):
Managemc.nt of fuel channel Ptness-for-seriice must continue even after the completion of this project ..As units ace,roe CNSC is expecting rear tnere s suffcent nsecticn and surveitance data to 5JUJ”0 the crcjecOons that rOeunif,s are safe to operate to the end of their targeted sen iives. An expansion of fuel channel rnspcicuon 50000
has been proposed to the outage organisation with the potential for outage extension. The “Long Term DariingtonLife Management Plan for lnconel X-750 Ann.ulus Spacers” has also been .suhmitted to the CNSC, statino OPGS

an to retneve and test intact spacers from Sngle Fuel Channet Repiacement campaigns n outaaes. as we:: as
u v-g Da ‘g 0’” s Refu bsement
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OPG-FORM-0076-R003

Type 3 Business Case Summary
Part H: Post Implementation Review (PIR) Plan

Type of PIR Target Project In Service Date Target PIR Completion Date
Simplified 2015-06-30 2016-06-30

Measurable How will it be Who will measureCurrent Baseline Target ResultParameter measured? it? (personlgroup)
Updated fracture

New fracture toughness curves
Lower bound curve reflecting effects oftoughness curves

in CSA N285.8 — hydrogen Acceptance of new Major Componentsreflecting effect of
based on 30 ppm concentration, fracture toughness Engineeringhydrogen
nominal hydrogen covering lower-shelf, curves by the CNSC. Departmentconcentration are

concentration upper-shelf andavailable
transition

temperature_regime
Conservatisms in

Updated flawcurrent methodology
assessmenthas resulted in

methodology thatseveral flaws inNew flaw increases thePickering B not
acceptable flaw size Acceptance ofassessment

updated flaw Major Componentsmethodology for flaw meeting crack
envelope,initiation criteria — assessment Engineeringinitiated by overload, . . demonstrating that

methodology by the Departmentimposing limits on
PTs have a higher

CNSC,
fatigue and DHC

number of heat up /
resistance to crackavailable

cool down cycles on
initiation thatoperation and re

currently given creditinspection
forfrequencies

Approach available Spacers are Long term spacer
Acceptance of

Major Componentsto assess and currently not on a plan issued to
project spacer routine surveillance address surveillance

Darlington long term
Engineeringspacer plan by the
Department

degradation (mobility program for of spacers to end-of-
CNSCand integrity) degradation. life.

Probabilistic core
assessment (PCA) PCA for flaws and Acceptance ofUpdated PCA foravailable for flaws contact currently do

flaws and PT/CT updated PCA for Major Components
and PT/CT contact not reflect latest flaws and PT/CT Engineering

contact Departmentupdated from latest R&D findings contact by CNSC.
R&D findings.

New probabilistic
Deterministic leak- leak-before-break Acceptance of newNew probabilistic

before-break methodology probabilistic leak- Major Componentsleak-before-break
assessment with developed before-break Engineeringmethodology

developed for use
many embedded incorporating latest methodology by Department
conservatisms knowledge in PT CNSC.

fracture toughness

If
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OPGFORMOO76ROO3*

Type 3 Business Case Summary

Part I: Definitions and Acronyms

AACE — Advancement of Cost Engineering International
ASRT — Annulus Spacer Retrieval Tool
COG — CANDU Owners Group
CNSC — Canadian Nuclear Safety Commission
CT — Calandria Tube
EFPH — Equivalent Full Power Hours
FCLM — Fuel Channel Life Management
HFIR — High Flux Isotope Reactor
LBB LeakBeforeBreak
LCMP Life Cycle Management Plan
MCED — Major Components Engineering Division
ORNL — Oak Ridge National Laboratory
PCA — Probabilistic Core Assessment
PT — Pressure Tube
SFCR — Single Fuel Channel Replacement

__________________________________

OPGTMPOOO4ROO3 (Mcrosft® 2OO7
Paqe 14 of 14

Filed: 2016-05-27 

EB-2016-0152 

Exhibit F2-3-3 

Attachment 1, Tab 2, 62444 

Page 14 of 22



OPGFORMOO76ROO3*

Type 3 Business Case Summary
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Type 3 Business Case Summary

For Internal Project Cost Control
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OPGFORM0076R003*

Type 3 Business Case Summary
Appendix A: Summary of Estimate

Project Number: Facility: Nuclear

Project Title: Fuel Channel Life Management Project and Annulus Spacer Retrieval Tool Project
Estimated Cost in k$

LTD { 2011 j 2012 ] 2013 2014 2015 f 2016 j Future j Total { %
10 62443 FCLMP Ot&A)

1,098 1,141 1,259 1,208 430 147 5,283 11

oP
247 235 256 493 179 65 1475 3Engineering

Permanent
Materials

Design and
Construction

Consultants

ContractslCosts 6,827 8,682 11,887 10,849 4,410 155 42,810 86

Interest

SUbtotal without
8j72 I0058 13,402 12,550 5,019 367 49,568 100

FCLM
3,137 1255 92 4484Contingency

FGLM Subtotal 8,112 10,058 13,402 15,687 8274 459 54,052 —

Removal Costs
Included

8 63 (ii
—

OPG Project
125 126 251 21Management

OPG
46 86 132 11Engineering

:1rIa:nt 336 582 917 78

Design and
174 174 15Construction

ContractslCosts 1 (See Comments on Page A-5) -335 -28

Interest 5 39 44 4
Subtotatwithout

512 672 1,184 100

ASRT
Contingency

—

ASRT Total 512 572 1j84

1 10,570 14,074 15,687 6,274 459 55,236
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OPGFORM0076R003*

Type 3 Business Case Summary

Notes

2012-10-15 (ASRT SD)
Project Start Date 200908-10 Project Completion

or In-Service Date 2015-06-30 (FCLM Project

See Financial Note 2 inInterest Rate 500% EscalatIon Rate
—

Appernix Cfor%

Definition Cost Included $0 k Estimate at Completion $55,236 k

Prepared by: Approved by:

7) 1
7

2
erube YYYY-MM-DD Thomas Lau YYYY-MM-DD
Assistant Technical Engineer/Officer, FCLMP Project Manager, FCLMP

—

-;,
L i(

YYYY-MM-DDRob Hss YYYY-MM-DD John Stop’
Project Manager, ASRTP. MS vfrager, Field Operations, IMS
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OPG.FORM0076R003*

Type 3 Business Case Summary
Appendix B: Comparison of Total Project Estimates

Total Project Estimate in 1$
DatePhase Release (by year including contingency) Later ProjectV’YYY-MM.DD)

2009 2010 2011 2012 2013 I 2014 Estimate

6244 r’ MP (O8i8A

Definition Partial 1 — 2009-08-10 - 2,533 9,728 7,741 4,010 908 24,920
Execution Partial 2 2010-08-09 2,489 6,502 8,978 6,841 2,188 26,998 -

Execution Partial 3 2011-08-18 2.489 5,683 12,830 13,403 3,332 1,861 332 39,930
Execution

Full Current 2,489 5,683 10,059 13,402 15,687 6.274 459 54,052& Closeout

28 666? U (( I)

Definition Parti2 201008-09 [[867 2217 82

Execution Partial 3 2011-08-18 939 2.145 82 [ I 3,166
Execution j (no additional fundingFull Current 512 672 1,184& Closeout requested)
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OPGFORM0076R003*

_______

Type 3 Business Case_Summary

Project Variance Analysis

Estimated Cost in k$

Total Pnject I
Variance I Commentsk$ LTD Last BCS j This BCS j I_____________________________

6244 IMP M&A

3.498
OPG Project

5 283 The Fuel Channel Life Management
Management Project team, who manages the project, as

‘ well as prepare technical submissions to
the CNSC, will be reduced in staff levels8,101 (1343)
(further than originally anticipated) as theOPG

738 1.475 COG R&D program comes to a close, TheEngineering
negative variance indicates this reduction
of staff levels in 2014 and 2015.

The variance is largely due to additional
R&D required to address discovery issues
regarding fracture toughness and spacers.
The remaining cost increase can be

Other Contracts 27.396 28874 42810 13,936 attributed to the business need to evaluate
the feasibility of providing additional
flexibility to target service lives, and also to
the additional third party reviews required
to enhance regulator confidence.

Subtotal 31 63 36975 495$8 12593

Since the discovery issues regarding
fracture toughness and spacers require

Contingency 0 2,955 4,484 1,529 additional R&D, where contracts are not
yet procured, a 25% contingency is
estimated for 2013-2015.

Total 31fl32 3993O 54O52 14,’122
Removal Costs
Included

Filed: 2016-05-27 
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Type 3 Business Case Summary
••_23_66561_ASRT_(Capital)

talPect
k$ LT[ Va,iance CcmmentsLast BCS This BCS

OPG Project
212 222 251 29 Costs were under estimated for project

Management management.
OPG

93 116 132 16 Costs were under estimated for
Engineering engineering
Permanent

574 725 918 193
Additional funds were required for spare

Materials parts and mock up components.

Design & Costs were under estimated for
85 149 174 25 commissioning and construction of mockConstruction

up.
Consultants

Other Reimbursement of shared engineering
ContractslCosts (335) (335) (335) costs with non-OPG site to share

technology.

Interest 23 54 44 (10)

Subtotal ezz U66 4i84 (82)

Contingency 1900 0 (1,900)
Contingency to develop automated tooling
(alternative concept) was not required.

Total 852 316 1I84 L1S82)
Removal Costs
Included
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Type 3 Business Case Summary
Appendix C: Financial Evaluation Assumptions

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

(1) Incremental Project Costs are $22420k for the Preferred Alternative
(2)

(3>

Financial:

(1) Discount rate is 7% for regulated assets.
(2) Majority of budget is classified under “other contracts, which are escalated at standard labour and materialsescalation rates.
(3)

Project Life:

(1)
(2)

(3)

Energy Production:

(1)

(2>
(3)

Operating Cost:

(1)
(2)

(3)

Other:

(1)
(2)

(3)

Attach further detail as appropriate from the Financial Evaluation spreadsheet.
See Part E of the BCS for more information.

Appendix 0: References
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Pickering A Divider Plate Locking Tab Replacement 13 - 49248 (OM&A)

Partial Release Business Case Summary NA44 - BCS - 33115 - 00003 - R000

Nahil Rahman
Director - Pickering Projects P72-i Review BCS rzy701-4053
Carl Daniel /) j_Director Station Engineering - Pickering P42-3 Review BCS j JL9’ 7)7015064

‘-‘ V
Jamie Lawrie
Director - Nuclear Investment Management P82-3 Review BCS —
702-5086
Glenn Jager
Senior Vice President - Pickering P42-3 Submit BC

‘ L
Randy Leavitt

—

Vice President - Nuclear Finance P82-3 Review BCS J4 7’702-5177
Don Power -
Vice President - Corporate Investment & Asset Planning TCH-07-G05 Review BC /400-7172

- -‘
Wayne Robbins /Chief Nuclear Officer P82-6 Concur with
702-5294
Donn Hanbidge

, fSenior Vice President & Chief Financial Officer TCH-1 9-F27 Approve BCS
, t/I (400-2395

Tom Mitchell
President & Chief Executive Officer TCH-19-A24 Approve BCS -

400-2121 !Ot—iJ
Carolyn Sicard

Return forNuclear Investment Management P82-3B6.2
Distribution702-4082

* -
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Pickering A Divider Plate Locking Tab Replacement 13 - 49248 (OM&A)

Release Business - RCS - 33115 - 00003 - R000

Il RECOMMENDATION:

We recommend a Partial Release of an additional $13.14 Million OM&A to fund execution for one unit for this

project. Approval of this request will bring the total to date funding to $14.38 Million including a contingency of

The total project is estimated to cost $ 23.86 Million with an estimated completion date of 2018.

The Business Objective of this Sustaining project is to:

• Avoid significant forced outage(s) due to a locking tab failure on the cold leg of the Heat Transport

System in Unit 1 and Unit 4
• Ensure that the new divider plate locking tab design will meet or exceed Pickering A Steam Generators

(SG’s) life expectancy requirements.

If a cold leg locking tab was to fail, it is speculated that it would cause significant damage to the Heat Transport

System. A Fitness for Service evaluation has indicated that the Unit 1 cold leg locking tabs made of stainless

steel have a lifespan of 6.3 Effective Full Power Years (EFPYs), The Unit 4 bendable style locking tabs have a

lifespan of 10.6 EFPYs because they are made of Inconel 625 rather than stainless steel. Based on their current

EFPY5, Unit 1 locking tabs require replacement by January 2015 and Unit 4 locking tabs require replacement by

November 2018 to prevent locking tab failure. This modification will involve the replacement of the existing bonnet

style locking channels on the hot leg side and the bonnet tabs on the cold leg side of the divider plate sealing skin

assembly with new channels and bendable locking tabs. The new channels and locking tabs are an improved

design and do not require welding. Due to the extended life of the Unit 4 locking tabs they do not require

replacement until the P1741 outage. Before we transition to the execution phase of Unit 4 for this project, we will

review and challenge the fitness for service of the Unit 4 locking tabs.

Financial Approval By (Date) Line Approval By

r i +h

(Date)

A Partial Release is being requested to complete the development of extension tooling, training, execution and

closeout activities for the Unit 1 locking tab replacement outage scheduled for the fall of 2012 (P1211).

Submitted By

Glenn Jager
Senior Vice President

(Date)

Filed: 2016-05-27, EB-2016-0152,  Exhibit F2-3-3, 
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GENERATION Business Case Summary

Pickering A Divider Plate Locking Tab Replacement 13 - 49248 (OM&A)
Partial Release Business Case Summary NA44 - BCS 33115 - 00003 - R000

21 BACKGROUND & ISSUES:

2.1 Adverse Condition:
The Steam Generator Divider Plate sealing skin modification was performed on Units 1, 4. 5-8 starting with Unit 4
in 2001 and finishing with Unit 7 in 2004. The primary purpose of this modification was to address Divider Plate
bolt degradation as well as the steady increase in Reactor Inlet Header Temperature (RIHT) which was forcing
several units to run derated, The steam generator inspections conducted in Unit 5 during the 2005 Spring Outage
were the first to be done following installation of the sealing skin/locking tab modification. These inspections
revealed that numerous pieces of locking tabs and divider plate sealing skin had broken off in the hot leg (inlet)
side of the steam generators (refer to SCR P-2005-03243) due to high cycle fatigue cracking. Further inspections
revealed that all 10 affected steam generators experienced locking tab failures, and 4 of 10 steam generators
experienced divider plate skin failures. The root causes of this event were deemed to be insufficient design
process for the new locking tabs and inadequate installation of the sealing skins to ensure a proper seal.
Subsequent steam generator inspections in Units 6 and 8 uncovered more broken locking tabs and sealing skins.
No locking tab failures were observed in any of the cold leg heads.

Based on their current EFPYs, Unit 1 cold leg locking tabs require replacement by January 2015 and Unit 4 cold
leg locking tabs require replacement by November 2018 to prevent locking tab failure. The replacement strategy
for Pickering A will focus on locking tab replacement (currently installed sealing skins will be retained) and
minimizing cost, schedule and dose.

2.2 Lessons Learned:
Locking tab replacement is also being performed on Pickering Unit 7 and Unit 8 under a separate project.
Locking tabs have been replaced on 6 SGs in Unit 7 and 8 SGs in Unit 8 during the 2008 and 2010 outages,
respectively. Welded keepers were installed on the completed SGs in Unit 7 and 8. A Lessons learned report and
analysis were completed to determine the root cause of increased cost, schedule and dose incurred during the
execution. The analysis concluded that the design of the locking devices had to be modified to not include
welding as this caused rework and increased dose and cost. The Pickering B locking tab device has been
redesigned to avoid welding. The new Pickering A design will be a bendable style locking tab similar to the
Pickering B design. The Pickering B lessons learned report and root cause analysis have been reviewed for this
business case summary.

2.3 Current status:

• Preliminary Design was completed in August 2010.
• Detailed Design was completed in September 2011 however further enhancements will be performed to

utilize the lessons learned in tab and tool development from the Pickering B campaigns
• Prototype toohng development is in progress
• REP for execution has been issued

Filed: 2016-05-27, EB-2016-0152,  Exhibit F2-3-3, 
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GENERATIONL Busre C ‘eSurinary

Pickering A Divider Plate Locking Tab Replacement 13- 49248 (OM&A)
Partial Release Business Case Summary NA44 - BCS - 33115 - 00003 - R000

3! ALTERNATIVES & ECONOMIC ANALYSIS:

‘‘r
IMlihions j Base 1u1I { Incremental

tcas ostj
Revenue Z677 3,206 3,206

Base OM&A (3,728) (3989) (3,989)

Outage OM&A (105) 0 0
Project OM&A 0 (24) (23)
total 0MM (3,S33) (4,013) (4,012) 0 0 0

Provision
Capital

!!i
Internal Rate of Return (IR_% N/A 103.J 123.7
Discounted Payback (Yrs) N/A 4.1 4.1

Base Case: x Not Recoqimended Stop the project

This option is not recommended. Based on the Fitness for Service evaluation, the Unit 1 cold leg locking tabs

have a life span of 6.3 EFPYs and the Unit 4 locking tabs have a life span of 10.6 EFPYs. The expiry dates for

Unit I and Unit 4 are January 2015 and November 2018, respectively. If a cold leg locking tab were to fail, there is

a potential that locking tab broken bonnets could be carried from the boilers to the pressure tubes where they

could reduce or block the cooling flow in some areas of the fuel, potentially leading to overheating of the fuel and

resulting in fuel bundle damage.

Alternative 1: Replace Locking Tabs with New Design

Replace all fasteners and install new channels and bendable locking tabs at all SGs in Unit 1 and Unit 4. This

modification will include replacement of the existing bonnet style locking channels on the hot leg side and the

bonnet tabs on the cold leg side of the divider plate sealing skin assembly with new channels and bendable

locking tabs.

This option is recommended because it will allow for the following (which are aligned with the project objectives)

• SGs to run until End of Life (EOL) without the possibility of locking tab failure

• Ability to remove and/or replace components of the new design with relative ease. f required

Alternative 2: c i Delay the project

This option is not recommended because the estimated end of life of the cold leg locking tabs on Unit 1 is January

2015. The next Unit 1 outage after 2012 is the fall outage in 2014, which is very close to the end of life for the

Unit 1 cold leg tabs The estimated date of expiry of the cold leg locking tabs on Unit 4 is November 2018 which

s before the end of life of the Pckenng Nuclear Generating Station iPNGS)

Filed: 2016-05-27, EB-2016-0152,  Exhibit F2-3-3, 
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Pickering A Divider Plate Locking Tab Replacement 13- 49248 (OM&A)

OOO

41 THE PROPOSAL

The following are the objectives and expected results (deliverables) for this Unit 1 Partial Release BCS:

• Project Management
• Detailed Engineering (incorporation of lessons learned)
• Training
• Procurement
• Modification for Unit 1
• AFS

The same objectives will be included in the Full Release for the Unit 4 Divider Plate modification.

5! QUALITATIVE FACTORS

• SG5 to run until End of Life (EOL) without the possibility of locking tab failure
• Ability to remove and/or replace components of the new design with relative ease, if required
• Execution to incorporate lessons learned from Pickering B to ensure installation is less complex,optimizing cost, schedule and dose.

Filed: 2016-05-27, EB-2016-0152,  Exhibit F2-3-3, 
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Pickering A Divider Plate Locking Tab Replacement 13- 49248 (OM&A)

Partial Release Business Case Summary NA44 - BCS - 33115 -00003 - R000

1 Project Design & RP —

develop hot particle removal
system.

1 Design Projects — develop
recovery plans for milestones
and actions that cannot be
met in time.
2. Investigate the possibility
of employing additional
resources as required.

1. Design Projects — Use
extension tooling for removal
and installation of fasteners
and new locking tabs.
2. Projects is working with RP Before
to develop methods to
effectively remove
contamination and hot spots
such that general radiation
eids are owereii
3 DesignPro1ects,Contraclor

Conduct training to ensure
perscrrei nave gh

productivity when working at
the primary side of the
boilers
4 Tab Design Lessons
learned from Pickering B
ocking tab and extension
totng be sed h’

ONTARIOFOWEllLt1_J
rFMFR4TIflN [ Business Case Summery

Page: 6of 16

6/ RISKS ANALYSIS (See Attachment D for detailsi

Pro1ability X Impact

Risk Description

Extremely high fields due to
hot particles in the boilers.

Mitigating Activities

—
..—..——. ——.,...,..

t
.2
4-

- 2
‘4-

0 0 0
0 4- (1) E Cl)

C 0 =
- od Cc 0 C

C .c 0 Z
- 2

0 fl • >

2-
0

C.)

Mitigation
$000’s

Internal resources may be
unavailable to meet the
schedule.

Before

After

5 5 10 5 5

414

6 6Before

After

6 3

Radiological conditions may
cause delays (le.
contamination and dripping
D20 in the boilers)

9

4, 1 2

8

I

4 8

I

4

4,

8

a>

4

t

8

)

4 4

11After
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Sufficient numbers of
experienced and skilled
workers may be unavailable to
complete the installabon, This
may lead to schedule delays
or inability to complete the
installation.

1 Projects will have a more
acbve role in the training and
training verification to ensure
that acceptable skills are
acquired by the trades.
2. Design has been simplified
to reduce the reliance on
highly skilled trades.
3. Workers will gain
experience using extension
tooling during U8 divider plate
campaign. The use of
extension tools will reduce
the number of workers
required for this modification,

•%4htI1 —ONTARIOruwdi
flFNFRATIflN F

OPS Confidentiai II
Business Case Summary

Pickering A Divider Plate Locking Tab Replacement 13 - 49248 (OM&A)

Partial Release Business Case Summary NA44 - BCS - 33115 - 00003 - R000

Page: 7of 16

Before 9 9 9 3 * 9

Aft tt3

— —— — — —

Work may not be executed Projects/Execution Contractor
within the expected dose — Develop methods to Before 3 3 3 3 3 6 3 3 6
budget. improve work productivity

therefore reducing execution — — — — — —

time and dose. After 2 2 2 2 2 4 2 2 4
— — — —

— •‘

1 —
Potential for cost increase and Coordinate outage activities
schedule delay during with the Outage SWC. Utilize BefOre ) 9 3 j* 5 9
execubon due to interference resource sharing where

..

with other outage work possible to reduce costs. J _1[,
programs or discovery work. —

—

— — —
Tooling and material costs are Scope will be limited to only Before 9 6 3 3 3 3 3 3 9
higher than estimated those changes with tangible — — — — — — — —

benefits After 6 4 it1 iji 1 1 6

Additional costs for A training plan will be Before 9 9 6 3

requirements and extended monitored to ensure

1717
E

unforeseen training developed and closely — L_ —

training schedule. efficiency and quality. S S
4_i

4 jL 1

.— — —

P1 211 Outage schedule Projects will maintain close
change. communicafion with the Before 6 6 4 2 5 5 6

outage manager for schedule
.- -changes: the hire on plan will — ““ —

be adjusted accordingly. if After 3 3 2 1 1 1 1 1 3
required — — —

Potential for safety related Training will be conducted in —
I I — — —

events iing s’e e’r reDresentafe cordhc ann Before q 9 6 9 6 9 3 • 9
die to convenonal and mockups RP will be involved -

rad 0109 nal hazards in the trairung to ensure the
rad at on hazards are beng
addressed Boiler room work
sequence and durations will
be rehearsed during mock up After 3 3 E 3 2 3 1 3
training to ensure that trades
are familiar with the actual

• work requirements and
ex:stng ‘azards

Filed: 2016-05-27, EB-2016-0152,  Exhibit F2-3-3, 
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ckering

7/ POST IMPLEMENTATION REVIEW

Pickering A Divider Plate Locking Tab Replacement 13 - 49248 (OM&A)
Partial Release Business Case Summary NA - BCS - 33115 - 00003 - R000

21-Dec-Il 17-Dec-18
lent

Measurable How will it be Who will measure
Current BaselineParameter measured? Person I Group?

Durability of Steam Divider Plate locking
Divider plate locking Perform locking tab Components &

Generator divider device to remain inspections on Unit 1 Equipment
plate fastener locking

device failure and intact and no broken during P1411 & Department -

broken parts.
device parts found. P1611 Outages Pickering

Filed: 2016-05-27, EB-2016-0152,  Exhibit F2-3-3, 
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Pickering A Divider Plate Locking Tab Replacement 13 - 49248 (OM&A)
Part Release Business Case NBCS-33115-00003-R000

APPENDIX “A’ GLOSSARY (acronyms, codes, technical terms)

• AFS: Available for Service
• ALARA: As Low As Reasonably Achievable
• BCS: Business Case Summary
• CNSC: Canadian Nuclear Safety Commission
• D20: Heavy Water
• EC: Engineering Change
• EFPY: Effective Full Power Year
• EOL: End of Life
• HTS: Heat Transport System
• IRR: Internal Rate of Return
• LOCA: Loss of Coolant Accident
• LTD: Life To Date
• NPV: Net Present Value
• OAR: Organizational Authority Register
• OM&A: Operations, Maintenance & Administration
• OPEX: Operating Experience
• PHT: Primary Heat Transport
• P0: Purchase Order
• PV: Present Value
• PNGS: Pickering Nuclear Generating Station
• PROL: Power Reactor Operating License
• RFP: Request For Purchase
• RIHT: Reactor Inlet Header Temperature
• RP: Radiation Protection
• SCR: Station Condition Record
• SG: Steam Generator

APPENDIX “B”

__________________________________

Comparison of Total Project Estimates

Developmental OM&A
Partial OM&A

2007

Sep 2011
400

854 381 12847 297 9482
17735
23861

LTD Spent
LTD Spent
LTD Spent

87 98 188 481 223

I

ca
II Page: 9of16

0MM Aug 2011

t j
1077

0
0

Comments:
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Pickering A Divider Plate Locking Tab Replacement 13 - 49248 (OM&A)

APPENDIX “C” FINANCIAL MODEL — ASSUMPTIONS

Discount Rate: 7% Cost Escalation (Yr) 3% SR&D Opportunity No

Progress Payments — No Foreign Currency No Retainer Fee No

Depreciation Rate (Capital) NIA PST No Interest Rate (Capital) OM8A NIA

Revenue Rate Nuclear Est Leasing No Indexed Priced Contract No

Comments:

Design Complete: 100% Fixed Price Contract No 3rd Party Estimate No

Quality of Estimate Budget +30% to -15% OPEX used Yes Lessons Learned Yes

Similar Projects Yes Budgetary Quote Yes First Unit Actual Used No

Firm Vendor Proposal No Cost Sharing No Competitive Bid Yes

Reviewed by Sponsor Yes Fee for Service No Contracts in place No

Comments:

;j
N/A

.____________________

at1__J_Unlê MW

Pickering I Jun-20 515 P1211

A 4 Jun-20 [515 P1 41

5 Nov-18 r 516 J I I
Pickering r

6 Nov-18 516 L I — .

B Jun2O516I I I I
8; Jun-20 516

Darlington

I Sep-16

I 2 Feb-18

S

1 4 Jan-21

—.--—.—— —-—— — —.. .—

Comments:
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APPENDIX “0” FINANCIAL MODEL - ASSUMPTIONS
Impact on Operations

$
M

0

n
S

25OO.O

11,500.0

I ioooo
0

n
S

to

Cumulative Present Value (PV)

Present Value Comparison

FONTARIO uwir L OPG Confidenta Page: 11 of 16

GENERATION F usrne * c ie urrmry
Pickering A Divider Plate Locking Tab Replacement 13 - 49248 (OM&A)

Partial Release Business Case Summary NA44 - BCS -33115-00003- R000

Base Case

Base Case

Revenue t1 Base OM&A Outage OM&A Project OM&A Provision Capita1 Expenditures

Filed: 2016-05-27, EB-2016-0152,  Exhibit F2-3-3, 
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Detailed Engineering

Training

Procurement

Modification

Design for Unit 1 and Extension Tooling

Training for Tab replacement

Procurement of materials

Design Package for Unit 1

Execution support

Development and production of Tooling

Contractor Training

Training facility rental

SG Mock up Fabrication

Planning & Preparation

Materials for Unit 1

191

60

1,525

1,439

239

115

1,115

150

0NTARIDru A ciPG C. onfidentat Page: 1 2of 16

GENERATION s Summ ry

Pickering A Divider Plate Locking Tab Replacement 13 - 49248 (OM&A)

Partial Release Business Case Summa NA44- BCS-33115 -00003 -R000

APPEN DIX “E” PROJECT DELIVERABLES

z“: ::*:
Project Mangement Project Management and Support Planning and Preparation 511

Project Execution 180

Project overhead 139

Total 13t44

AFS

Contingency

Filed: 2016-05-27, EB-2016-0152,  Exhibit F2-3-3, 
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Pickering A Divider Plate Locking Tab Replacement 13 - 49248 (OM&A)
- 00003- R000

ATTACHMENT “A” PROJECT COST SUMMARY

já:
Project Mgrrsit& Support 530 121 741 77 525 1,994
Engineering 324 79 1,227 101 700 2,431
Procurerrent
Construction

‘ Other

lnrest(CapiJ Project)
“

Project Costi
General Conngency
Specific Contingency

Project Costs 854 381 12,847 297 - * - 9,482 23,861

WPrcect Costs
Current

Conbngency
Release

Total
Adjto ProjectCosts

Current Contingency
Release Total

Prcect Costs
. This

ConUngency
Release

Total
ProjeciCosts

, TTD
Conngency

Released
Total
Project Costs

Future
Contincy

Releases
Total

Project Funding
Cóñth*eiqFund1ng

Total Funding 854 381 12,847 297 - - 9,482 23,861

[ 2 -{ 854 4 7.278 7280 309

Li_I to Budget 1 0 1 ‘

3,448 0 0 [ 0 8,245 1
Removal Costs (above)

lnventoryWlO
-

Spare Parts in Invent
-

Ii

Reviewed by: (Date) Approved by’ (Date)

tMa i9’ i ftd F ke
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GENERATION iiness Ôase suma

Pickering A Divider Plate Locking Tab Replacement 13 - 49248 (OM&A)

Paral Release Business Case Surnma NA44-BCS-33115-00003-R000

ATTACHMENT “B” PROJECT VARIANCE ANALYSIS

JàiiE
Project Mgmnt& Support 575 1539 1,994 455 jSee Note I

Engineering 373 666 2,431 1,765 See Note 2

Procurement
Construction
0Other

-

-
*1

I Interest (Capital Project Only)
Project Costs (Scores Basis)
General Contingpcy —

Speci& Contingency
Project Costs ( Scores BasIs) 1,077 1 17,735 23,861 6126

1 o Costs included above + -

1. to be written off

[jSpare Parts in Inventory [ -

Comments:
Note 1:

• Increased support required during testing and qualification of extension tooling and new locking tab

design.

• Additional costs due to increase in project duration.

• The addition of SAVH and project overhead has been budgeted for in this estimate.

Note 2:
• Increased Design Engineering resources are required for new locking tab design and extension tooling

development and qualification.

• The addition of SAVH has been budgeted for in this estimate,

Note 3:
• Additional Trades personnel hours for pre-installation training were not accounted for in the original

budget. These hours have been accounted for in this estimate

• Due to high fields at the boilers and due to longer that originally estimated installation duration the total

dose for the job is higher and additional trades are required to distribute the dose during execution

• There is no mock up of the Pickering A steam generator and Trades will required several mock-ups for

training purposes The additional cost for the training mock-ups has been included in this estimate

Note 4.
• Contingency is increased due to the increase in cost and as a result of lessons learned from Pickering B

Filed: 2016-05-27, EB-2016-0152,  Exhibit F2-3-3, 
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I Pickering A Divider Plate Locking Tab Replacement 13 - 49248 (OM&A)L Partia’ Rease Business Case Summary
ATTACHMENT “C” SCHEDULE

Key Milestones

ICA — Unit I Installation Labour Contracts Awarded
SOl — Unit I Start of Installation
AFS — Unit I Available for Service
FRF - Full Fiindinn ftcAooroved (to be confirmed based on U4 execution win,nw

H
A Project Execution Plan (PEP) will be approved by 27-Oct-i I

23-Dec-I I
12-Oct-12
28-Dec-12
I 5-Mar-16

www—

I

Comments

N/A
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business Case Summary

Pickering A Divider Plate Locking Tab Replacement 13- 49248 (OM&A)

Partial Release Business Case Summary NA44 - BCS - 33115 - 00003 - R000

Page: 16 of i6

—
Risk Probabilities Chart

Probability < I in 100 About I in 100 About i in 10 About I in 5 >s 3 in 4

Rank 2 [ 4 5
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Tab 3

Schedule 3

Table 1

Final Total Partial/Devmt Initial Superceding 2013 2014 2015 2016 2017 2018 2019 2020 2021

Line Project Start Completion Project Cost
2 Release Full Release Full Release Actual Actual Actual Budget Plan Plan Plan Plan Plan

No. Facility Project Name No. Category Date Date (M$) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M) ($M)

(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k) (l) (m) (n) (o) (p) (q) (r) (s)

ONGOING PROJECTS FROM EB-2013-0321

1
DN Primary Heat Transport Liquid Relief Valve Modifications 38933 Regulatory Dec-08 Jul-24 25.8 13.2 0.0 0.0 1.8 1.9 2.3 0.0 0.2 3.7 0.0 0.0 0.0

2 ENG Fuel Channel Life Management 62444 Sustaining Aug-09 Jun-16 54.1 0.0 54.1 0.0 9.2 8.3 2.3 0.4 0.0 0.0 0.0 0.0 0.0

3
PN

Locking Tabs - Boiler Divider Plate (Pickering 1 & 

Pickering 4)
49248 Sustaining Jun-07 Dec-18 23.9 14.4 0.0 0.0 (0.6) 0.3 (0.0) 0.0 0.0 8.2 0.0 0.0 0.0

4 ENG Fuel Channel Life Extension 80014
Value 

Enhancing
Nov-13 Jun-18 105.8 41.2 0.0 0.0 0.0 4.9 10.0 15.6 12.3 0.7 0.0 0.0 0.0

5 Subtotal 209.5

COMPLETED PROJECTS FROM EB-2013-0321

6 DN DN EQ Component Replacements 38457 Regulatory Oct-04 Jun-14 59.9 0.0 63.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

7 ENG Probabilistic Risk Assessment Upgrade 62440 Regulatory Jan-09 Jun-14 50.1 0.0 51.1 0.0 8.8 4.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0

8 PN PB Steam Generator Locking Tab Replacement 40641 Sustaining Mar-07 Sep-12 35.2 0.0 20.5 39.4 (0.2) (0.1) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

9 Subtotal 145.2

PROJECTS NOT IN EB-2013-0321

10 DN Irradiated Fuel Bay Stacking Frame Replacement 80067 Sustaining Dec-14 Dec-22 33.0 9.4 0.0 0.0 0.0 0.0 2.5 3.5 3.3 3.2 3.2 0.0 0.0

11 Subtotal 33.0

 

Notes:

1

2

Table 1

OM&A Project Listing - Nuclear

Projects ≥ $20M Total Project Cost
1

Projects with expenditures during Test Period AND Completed/Deferred Projects (from EB-2013-0321 or subsequent).  

"Total Project Cost" reflects BCS amounts, with the exception of Completed/Deferred Projects (for which actual costs are shown).  
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 Table 2a

Final Total 

Line Project Project Start Completion Project Cost
2

No. Facility Project Name No. Category Description Date Date ($M)

(a) (b) (c) (d) (e) (f) (g) (h)

ONGOING PROJECTS FROM EB-2013-0321

1 DN DN OH180 Aging Management/Support Program 34011 Sustaining

Design and qualify replacement circuit 

boards, power supplies and other 

components to replenish inventory and 

eventually replace obsolete components in 

the OH180 programmable logic controllers.

Dec-08 Dec-17 5.1

2 DN DN Capping of D2O Collection Lines 38419 Sustaining

Cap D2O leakage collection lines on all four 

units downstream of Pressure & Inventory 

Control system valves to stop any significant 

leakage flow to the Primary Heat Transport 

D2O Collection tank .

Dec-11 Oct-19 8.4

3 ENG Power Operated Valve Program, N-PROC-MA-0092, Recovery 62447 Sustaining

Update power operated valve program to 

address deficiencies and complete 

outstanding work.

Jul-11 Dec-15 6.9

4 ENG
Severe Accident Management Guidelines (SAMG) 

Implementation Improvements
62449 Regulatory

Improve the OPG Severe Accident 

Management program and ensure related 

CNSC Fukushima Action Items are 

completed.

Mar-12 Jun-16 19.5

5 ENG DCC Aging Management 62553 Sustaining

Participate in CANDU Owners' Group joint 

project to manage the aging of digital control 

computers vital to the operation of the units.

Mar-04 Aug-18 14.5

6 IMS Inspection Qualification 66105 Regulatory

Demonstrate compliance with the Canadian 

Standards Association Standard N285.4 

Periodic Inspection of CANDU Nuclear Power 

Plant Components by proving a systematic 

and well-documented approach to non-

destructive examination qualification.

Nov-06 Dec-17 15.3

7 PN PB DCC Obsolescence 40505 Sustaining

Upgrade display hardware, replace 

necessary components, and procure critical 

spares.

Aug-03 Dec-15 5.9

8 PN PB Boiler Blowdown Pipe Support Improvements 40683 Sustaining

Install new and/or modified piping supports at 

selected locations in the Reactor Auxiliary 

Bay  and Screenhouse to make the Boiler 

Blowdown system more robust.

Oct-10 Jun-15 11.1

9 PN
PA Fuel Handling SPV Equipment Reliability Improvement 

Project - OM&A
46635 Sustaining

Refurbish fuel handling equipment that 

present single points of vulnerability for 

reliable operation.

Jan-00 Jan-00 7.0

10 Subtotal 93.6

DEFERRED/COMPLETED PROJECTS FROM EB-2013-0321

11 DN Boiler Water Lancing (Future campaigns) 38450 Sustaining

Remove deposits from secondary side the 

Steam Generators to prevent under-deposit 

corrosion.

Apr-07 Sep-12 9.4

12 DN DN Modified 37 Element Fuel Bundle 38936 Sustaining

Develop and qualify modified fuel bundle to 

address heat transport aging effects and 

prevent derating of Darlington.

Jan-09 Sep-14 6.0

13 DN DN SG Gas Generator and Power Turbine Overhaul 38324 Sustaining
Complete overhaul and refurbishment of the 

Standby Generators.
Dec-06 Dec-11 7.1

14 ENG Cyber Security 62442 Regulatory Security Protected Apr-09 May-14 5.1

15 PN PB U8 Moderator Annubar Retrieval 40547 Sustaining

Locate and retrieve flow measurement 

primary element that broke off during 

commissioning that may cause failure of 

moderator piping.

Jan-10 Feb-16 5.3

 16 PN Pickering B Life Expired Building Demolition 25010 Sustaining

Demolish buildings outside of the Protected 

Area that are past their expected life and are 

no longer in use (Fire Code requirement)

May-11 Deferred 8.8

17 PN NPT Fire Safety Assessment Upgrades 26003 Regulatory

Update fire safety assessments to comply 

with Canadian Standards Association 

Standard N293-07 Fire Protection for 

CANDU Nuclear Power Plants.

Aug-09 Jan-13 8.5

18 Subtotal 50.2

 

Table continues on Ex. D2-3-3 Table 2b

Notes:

1

2

Table 2a

OM&A Project Listing - Nuclear

Projects $5M - $20M Total Project Cost
1

Projects with expenditures during Test Period AND Completed/Deferred Projects (from EB-2013-0321 or subsequent).  

"Total Project Cost" reflects BCS amounts, with the exception of Completed/Deferred Projects (for which actual costs are shown).  
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 Table 2b

Final Total 

Line Project Project Start Completion Project Cost
2

No. Facility Project Name No. Category Description Date Date ($M)

(a) (b) (c) (d) (e) (f) (g) (h)

PROJECTS NOT IN EB-2013-0321

19 DN DN Boiler Blowdown Piping Refurbishment 31506 Sustaining

Redesign Boiler Blowdown System piping and 

supports based on dynamic load analysis to 

address significant vibration and pipe 

movement arising from steam/water hammer 

and thermal shock during intermittent 

blowdown operations.

Dec-12 May-19 17.8

20 DN DN GFP Sample Delay and Alternative PHT Sampling Point 31514 Sustaining

Modify the sample lines of the Gaseous Fission 

Product (GFP) Monitoring system to ensure 

adequate Heat Transport System (HTS) 

sample delay in order to correct a legacy 

design deficiency discovered during 

commissioning of the new system and allow 

the GFP Monitoring system to function within 

its design requirements; and 

provide an alternate HTS sampling point.

Dec-12 May-18 8.5

21 DN DN EPG2 Gas Producer Engine Replacement 38323 Regulatory

Refurbish Emergency Power Generator 2, 

which condition assessments have shown to 

have a degraded gas generator and power 

turbine.

Oct-12 Dec-18 20.0

22 DN
DN Reduced HTS Pressure-Temperature Envelope 

Modifications
80016 Regulatory

Implement modifications necessary to meet the 

revised pressure-temperature envelope during 

cooldown arising from results of the Fuel 

Channel Life Management project.

Jan-14 Dec-26 11.7

23 DN DN RD-310 Implementation - Safety Analysis Improvement 80028 Regulatory

Upgrade the Darlington Safety Report  to meet 

the requirements of CNSC Regulatory 

Document REGDOC-2.4.1 Deterministic 

Safety Analysis (formerly RD-310 Safety 

Analysis for Nuclear Power Plants).

Jul-14 Dec-20 9.0

24 DN DN Phase 2 Station Battery Replacement (50310, 50390) 80062 Sustaining

Replace lead-calcium Class 1 and Emergency 

Power System battery banks that are 

approaching their end of service life.

Jan-15 Dec-19 13.8

25 DN DN New Heat Transport Pump Seals 80071 Sustaining

Install new design Heat Transport Pump seals 

that address the operating deficiencies and 

poor reliability of the existing seals.

Dec-14 Oct-19 13.8

26 DN DN Aging Management 80079 Sustaining

Fund a dedicated team initially for 2 years at 

station to strategize and manage the aging 

management scope in collaboration with 

Station and Refurbishment stakeholders and 

eventually manage these issues into Darlington 

station business plan.

Nov-14 Dec-17 8.2

27 DN DN Aging Management Scope Defining Inspections 80110 Sustaining

Support execution of inspection activities to 

better define the aging management scope is 

support of the updated Integrated 

Implementation Plan.

Feb-15 Dec-18 9.9

28 DN DN X-750 Spacer Retrieval 80112 Regulatory

Retrieve 24 spacers, intact, from all four axial 

locations of six selected channels, for material 

surveillance as mandated by OPG’s 

established plan for maintaining Inconel X-750 

annulus spacer fitness-for-service and, 

thereby, allow the Darlington units to operate to 

their planned service lives in advance of their 

respective refurbishments.

Mar-15 Nov-18 13.6

29 ENG Fukushima Oversight Project 62448 Regulatory

Fund a dedicated project oversight team to 

interface with regulatory and nuclear industry 

agencies, manage regulatory actions, identify 

and initiate projects, and provide high level 

monitoring for successful completion of the 

Fukushima Response regulatory commitments 

and project portfolio.

Dec-11 Jun-16 7.4

30 ENG Nuclear Fleet Safety Systems Functional Assessment 80072 Regulatory

Perform functional assessments of the Backup 

Safety Systems to assure they are capable of 

performing their functions required by design 

and licensing basis and that testing is 

adequate to demonstrate reliable safety 

functions.

Apr-14 Sep-17 10.0

31 PN PN Instrumentation & Control Obsolescence 41024 Sustaining

Specify and qualify replacement 

instrumentation and control devices to replace 

obsolete components in a number of different 

systems.

Dec-12 Nov-18 9.3

 32 PN PA PHT D2O Storage Tank Pressure Control Improvement 49234 Sustaining

Improve control of the Pickering A Primary 

Heat Transport D2O Storage Tank cover gas 

pressure during reactor cooldown by 

increasing helium make-up rate.

Nov-11 May-16 5.7

33 PN PN Equipment Reliability Initiatives 80060 Sustaining

Address selected equipment and/or system 

degradation to ensure improvement in forced 

loss rate.

Feb-14 Dec-18 19.5

34 PN PN Fuel Channel Life Assurance 80157
Value 

Enhancing

Preserve the option of operating Pickering 

beyond its present planned service life of 

December 2020 by funding  a number of 

technical assessments and implementation of 

strategies to manage fuel channel fitness for 

service past December 2020.

Sep-15 Dec-17 9.1

35 PN PA LP Feed Heater Tube Bundle Degradation 82839 Sustaining

Replace low-pressure feedwater heaters in 

Units 1 and 4 that are exhibited tube 

degradation due to chemical attack and are at 

or approaching the tube plugging limits.

Sep-15 Apr-18 15.2

36 Subtotal 202.5

37 Total 346.3

Notes:

1

2

Table 2b

OM&A Project Listing - Nuclear

Projects $5M - $20M Total Project Cost
1

Projects with expenditures during Test Period AND Completed/Deferred Projects (from EB-2013-0321 or subsequent).  

"Total Project Cost" reflects BCS amounts, with the exception of Completed/Deferred Projects (for which actual costs are shown).  
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Table 3

Total Average Cost

Line Number of Project Of All

No. Sponsoring Division Projects Cost ($M) Projects ($M)

(a) (b) (c)

Facility Projects:

1   Darlington NGS 1 2.1 2.1

2   Pickering NGS 0 0.0 0.0

3   Nuclear Support Divisions
2 1 0.9 0.9

4 Total 2 3.0 1.5

Notes:

1

2

Table 3

OM&A Project Listing - Nuclear

Projects < $5M Total Project Cost
1

Projects with expenditures during Test Period.

This project is for Security & Emergency Services.  
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Table 4

Potential

Line Start

No. Project Name Category Date

(a) (b) (c)

Darlington NGS

1 DN Life Expired Building Demolition Projects Sustaining 2016 or later

2 DN Revenue Metering Upgrades Regulatory 2016 or later

3 DN Burnish Mark Interaction and Fuel Gap Mitigation Sustaining 2016 or later

4 DN Feeder and Fuel Channel Baseline Inspections Regulatory 2016 or later

5 DN Powerhouse Ventilation Fire Damper Replacement Regulatory 2016 or later

6 DN Backdraft Damper Refurbishment Sustaining 2016 or later

Pickering NGS

7 PN Scanning Tool for Elongation Measurement Improvement Sustaining 2016 or later

8 PN Fire Alarm Display Computer Replacement Sustaining 2016 or later

9 PA Fuel Handling Conveyor Stop Cylinder Replacement Sustaining 2016 or later

10 PA Smart Positioner Installation Sustaining 2016 or later

11 PA Standby Generator Fuel Forwarding Electrical System Upgrade Sustaining 2016 or later

12 PA Condenser Air Extraction Pump Replacement Sustaining 2016 or later

13 PN Flow-Assisted Corrosion Mitigation Strategy Sustaining 2016 or later

14 PN P58 Buried Blowdown Piping Replacement Sustaining 2016 or later

Nuclear Engineering

15 Condition-Based Maintenance Programme Implementation Value Enhancing 2016 or later

16 Power Operated Valve Modifications Sustaining 2016 or later

17 Alternate Fuel Channel Deformation Analysis Development Sustaining 2016 or later

18 Microbiologically Induced Corrosion Chemistry Control and Sampling Sustaining 2016 or later

Inspection and Maintenance Services

19 IMS Fuel Channel Scrape Tooling Modifications Regulatory 2016 or later

Notes:

1

Table 4

OM&A Project Listing - Nuclear

Portfolio Projects (Unallocated)
1

Projects with potential expenditures during Test Period. Each project is forecast to have a project expenditure of less than $20M.
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Table 5

BCS BCS

Line Project Approval BCS Status in

No. Number Business Case Summary (BCS) Title Date Project Stage Status EB-2013-0321

(a) (b) (c) (d) (e) (f)

ONGOING PROJECTS FROM EB-2013-0321

1 38933 Primary Heat Transport Liquid Relief Valve Modifications Feb-14 Execution Partial Partial

2 62444 Fuel Channel Life Management Oct-12 Execution Full Partial

3 49248 Locking Tabs - Boiler Divider Plate (Pickering 1 & Pickering 4) Dec-11 Execution Partial Partial

4 80014 Fuel Channel Life Extension Nov-13 Execution Partial N/A

COMPLETED PROJECTS FROM EB-2013-0321

5 38457 DN EQ Component Replacements Jan-08 Complete Full Full

6 62440 Probabilistic Risk Assessment Upgrade Apr-12 Complete Full Full

7 40641 PB Steam Generator Locking Tab Replacement Dec-10 Complete Superceding Superceding

PROJECTS NOT IN EB-2013-0321

8 80067 Irradiated Fuel Bay Stacking Frame Replacement Dec-14 Execution Partial N/A

Table 5

OM&A Projects  - Nuclear Operations

Listing of Business Case Summaries Filed
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