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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 Information 

Project #: 16-31710 Document #: D-BCS-39780-10003  
Title: Darlington Shutdown Cooling Heat Exchanger Replacement 
Class: Capital       Investment Type: Sustaining 
Phase: Definition and Execution Release: Partial 

Facility: Darlington Target In-Service or 
Completion Date: 

2019-05-16 (Project Completion) 

Project Overview 

We recommend the release of $37,392 k, including of contingency. 

The estimated total project cost is $56,085 k, including k of contingency. 

Total-to-date released is $38,829 k, including of contingency. 

 
The quality of the estimate for this release is Class 3, and for the total project is Class 3. 
This release will fund the following scope of work: 

 Award Phase 2 of an engineer-procure-construct (EPC) contract to the successful vendor for the following scope: 
o Procurement of all eight (8) shutdown cooling heat exchangers (SDC HX's).  Two (2) per reactor unit and for 

installation in Phase 2 (Unit 2, Unit 1) and Phase 3 (Unit 3, Unit 4). 
o Complete detailed engineering for Unit 1, Unit 2, Unit 3 and Unit 4. 
o Complete execution (installation planning, installation, commissioning, & engineering change control (ECC) close-

out) for the Unit 2 and Unit 1 set of SDC HX replacements. 
 Provide updated schedule for Phase 3 execution in Unit 3 and Unit 4. 
 Update Project Management Plan (PMP), and prepare Full Execution Release Business Case Summary (BCS).   

 

Problem Statement/Business Need: 

The baffle supports in all SDC HX’s are deteriorated due to microbiologically induced corrosion (MIC).  Consequently, the SDC 
HX tubing is susceptible to damage arising from flow induced vibrations, tube fretting and circumferential cracking. To date, no 
tubes have leaked; however, as baffle plate corrosion continues, the risk of a tube leak will increase.  A tube leak would result 
in significantly increased emissions of tritium to the lake, which would be a violation of the environmental and radiation 
protection requirements of the station Power Reactor Operating License.  

Ultrasonic testing (UT) of the SDC HX shells indicate that the shell wall thickness is reduced in locations due to pitting caused 
by MIC. Based on the currently estimated corrosion rates for the SDC HX’s with the greatest amount of corrosion, the minimum 
allowable shell wall thickness could be reached at isolated pit locations within 3.5 years (from the time of inspection in 2012), 
resulting in the operation of the Shutdown Cooling system outside of the design basis.   

In order to prevent the onset of additional corrosion pits in the shell and baffle supports, the operating procedure has been 
revised to enable continuous service water flushing of the SDC HX’s during the chlorination season.  This improvement will 
mitigate the onset of MIC in new locations due to stagnant water conditions; however, it will not stop or slow down the corrosion 
of the SDC HX’s at existing pit locations.  Eddy Current inspections are planned for some of the SDC HX’s in 2014 and 2015 to 
identify any tubes that have degraded due to pitting or fretting. Degraded tubes will be plugged to prevent tube leaks, and 
additional inspections on other SDC HX’s may be performed based on the extent of degradation found.  These actions will help 
to mitigate the risk of a shell or tube side leak; however, they will not eliminate the risk. 

A tube or shell side leak would require the SDC HX to be taken out of service, isolated, and repaired, which would be a loss in 
redundancy of the Shutdown Cooling system and a reduction in system reliability.  A tube side leak could also cause a forced 
shutdown of a reactor unit, resulting in a loss of production and increasing the Unit Forced Loss Rate.  Furthermore, for any 
planned outage, the unavailability of a SDC HX would increase the time for Primary Heat Transport (PHT) system cool down, 
thereby extending outage duration and further increasing the forced loss rate.   
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Key Business Objectives: 

The Darlington Shutdown Cooling System is a Safety Related system normally used to cool the Primary Heat Transport system 
during normal reactor shutdowns, as well as cooling the Primary Heat Transport system under certain emergency operating 
conditions, and long term following a postulated Loss of Coolant Accident.  Accordingly, the system is required to have high 
availability under all operating conditions. 

The SDC HX’s have a service life of 30 years, consequently, replacement of the existing Darlington SDC HX’s is required to 
ensure the continued and reliable operation of the Shutdown Cooling system until the end of station design life (approximately 
2055), and thus, support the continued and safe operation of the Darlington reactor units in compliance with the licensing and 
design basis. 

Replacement of the SDC HX’s is also a regulatory requirement for completion before the end of the Darlington Life Extension 
Window, as identified in the Darlington Integrated Implementation Plan [R-5]. 
 
Summary of Preferred Alternative: 

In order to address the ongoing corrosion of the Shutdown Cooling Heat Exchangers and the impending end of service life, a 
complete replacement of all eight (8) SDC HX's is recommended.  Replacement of the SDC HX’s will be performed as soon as 
possible (dependant on the long lead delivery time of the SDC HX’s).  The new SDC HX's will be dimensionally compatible with 
the existing heat exchangers, and nearly identical from a thermal and hydraulic performance point of view.  There will be no 
change to the tubing (I-800) or shell material (SA516 GR70), and the material chosen for the internal components (segmental 
baffle plates, tie rods, etc.) will be changed from carbon steel to a material more resistant to MIC.  The new SDC HX's will have 
an increased service life of 40 years, thereby ensuring their availability until the end of station life following refurbishment, 
approximately 2055.     

A phased approach to funding approvals will be used for implementing the preferred alternative and managing the risk. Multiple 
funding releases will be utilized as follows: 

Phase 1: Previous Release - Partial Definition BCS Release 

 Completion of Modification Outline and Modification Design Requirements by OPG.  
 Award Phase 1 of an EPC contract to successful vendor for the following scope: 

o Complete preliminary engineering, & prepare design specification for replacement SDC HX's. 
o Provide firm pricing and fabrication/delivery schedule for SDC HX's (excluding purchasing of material). 
o Provide performance fee pricing and schedule for Phase 2 & 3 design and construction activities. 

 Update PMP and prepare Partial Definition & Execution Release BCS. 
 
Phase 2:  This Release - Partial Definition & Execution BCS Release 

 Award Phase 2 of an EPC Contract to successful vendor for the following scope: 
o Procurement of all eight (8) SDC HX's.  Two (2) per reactor unit and for installation in Phase 2 (Unit 2, Unit 1) and 

Phase 3 (Unit 3, Unit 4).   
o Complete detailed engineering for Unit 1, Unit 2, Unit 3 and Unit 4. 
o Complete execution (installation planning, installation, commissioning, & ECC close-out) for the Unit 2 and Unit 1 

set of SDC HX replacements. 
 Provide updated schedule for Phase 3 Execution in Unit 3 and Unit 4. 
 Update PMP and prepare Full Execution Release BCS.   

 
Phase 3: Future Release - Full Execution BCS Release 

 Award Phase 3 of an EPC contract to successful vendor to complete execution (installation planning, installation & 
commissioning, and ECC close-out) for Unit 3 and Unit 4. 

 Complete Project Close-out. 
 
History of BCS releases and project cost estimates: 

The total project cost is now estimated at $ 56,085 k (including of contingency), compared to $47,529 k (including 
of contingency) in the previous release.  Key variances are: 

 Estimated OPG resource costs have increased from approximately $3.4M to $10.6M.  The variance is a result of increased 
resource requirements to support a longer HX replacement duration.  The previous HX replacement duration was based on 
a 2 week installation period working 24/7, and a 6 week installation period working 40hrs/week.  The new project cost 
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estimate is based on a 30 day installation period working 24/7 for removal/installation activities and 6 weeks working 
40hrs/week for pre and post-requisite activities. The installation schedule durations will be challenged during the 
installation planning phase, and the final schedule will be presented to the stakeholders prior to making the final schedule 
commitment. 

 Estimated ES MSA vendor costs have increased from approximately $29M to $36.2M.   The previous project cost estimate 
was based on a third party estimate for design and construction services and a budgetary quotation for major material.  
The new project cost estimate is based on performance fee pricing for design and construction services and a firm fixed 
price for major material (SDC HX's).   

 Estimated Interest costs have decreased from approximately $3M to $0.9M.  The previous project cost estimate showed 
the cost of the HX's being charged to the project once fabrication commenced, and as a result, interest charges were 
incurred from the start of HX fabrication to the completion of the HX in-service declaration (not consistent with OPG 
accounting policies).   The new project cost estimate only realizes the cost of capital when the HX's are delivered on-site 
(just-in-time delivery), and therefore interest is charged over a much shorter period of time, thereby, reducing the interest 
expense. 

History of scope and schedule changes: 

There have been no scope or schedule changes since the previous BCS. 
 
Key Assumptions and Risks: 

The isolation valves on the service water (shell) side of the SDC HX's are in a degraded condition and require replacement or 
overhaul in all four reactor units.  If the valves are not replaced / overhauled prior to the start of the SDC HX replacements, 
then there is a risk that the HX's cannot be fully isolated.  Alternate means of isolation are being evaluated; however, there is 
no definite solution at this time.  If isolation cannot be obtained, the HX's replacement activities will need to be deferred to the 
Darlington Refurbishment window or beyond. 
 
 Refer to Part G: Risk Assessment for further details. 

 

 
 

Project Cash Flows, NPV, and OAR Approval Amount 

k$ LTD 2014 2015 2016 2017 2018 2019 Future Total 

Currently Released 516 921 0 0 0 0 0 0 1,437 
Requested Now - 1,348 6,255 17,645 7,145 5,000 0 0 37,392 
Future Required - 0 0 84 7,460 8,502 1,210 0 17,256 

Total Project Cost 516 2,268 6,255 17,728 14,605 13,502 1,210 0 56,085 

Ongoing Costs - 0 0 0 0 0 0 0 0 

Grand Total 516 2,268 6,255 17,728 14,605 13,502 1,210 0 56,085 

Estimate Class: Class 3 Estimate at Completion: 

NPV: $(37,566) k OAR Approval Amount: $37,392 k 

Additional Information on Project Cash Flows: 

The summation of yearly cash flows may not add up to the ‘Total’ values due to rounding. 
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Final Security Classification of the BCS:  OPG Confidential 

Business Case Summary

Part A:  Business Need 

The Shutdown Cooling System is required to remain operational and available through the design life of the station, with no 
impact on Darlington reliability and safety targets due to equipment failures and/or tritium leaks to the environment. 

The baffle supports in all HX’s have deteriorated due to MIC.  Consequently, the SDC HX tubing is susceptible to damage 
arising from flow induced vibrations, tube fretting and circumferential cracking.  To date, no tubes have leaked; however, as 
baffle plate corrosion continues, the risk of a tube leak will increase.  A tube leak would result in significantly increased 
emissions of tritium to the lake, which would be a violation of the environmental and radiation protection requirements of the 
station Power Reactor Operating License.   

Ultrasonic testing (UT) of the SDC HX shells indicate that the shell wall thickness is reduced in locations due to pitting caused 
by MIC.  Based on the currently estimated corrosion rates for the SDC HX’s with the greatest amount of corrosion, the 
minimum allowable shell wall thickness could be reached at isolated pit locations within 3.5 years (from the time of inspection in 
2012), resulting in the operation of the Shutdown Cooling system outside of the design basis. 

In order to prevent the onset of additional corrosion pits in the shell and baffle supports, the operating procedure has been 
revised to enable continuous service water flushing of the SDC HX’s during the chlorination season.  This improvement will 
mitigate the onset of MIC in new locations due to stagnant water conditions; however, it will not stop or slow down the corrosion 
of the SDC HX’s at existing pit locations.  Eddy Current inspections are planned for some of the SDC HX’s in 2014 and 2015 to 
identify any tubes that have degraded due to pitting or fretting. Degraded tubes will be plugged to prevent tube leaks, and 
additional inspections on other SDC HX’s may be performed based on the extent of degradation found.  These actions will help 
to mitigate the risk of a shell or tube side leak; however, they will not eliminate the risk. 

The onset of a tube or shell side leak would require the HX to be taken out of service, isolated, and repaired, which would be a 
loss in redundancy of the Shutdown Cooling system and a reduction in system reliability.  A tube side leak could also cause a 
forced shutdown of a reactor unit, resulting in a loss of production and increasing the Unit Forced Loss Rate.  Furthermore, for 
any planned outage, the unavailability of a SDC HX would increase the time for PHT SYSTEM cool down, thereby extending 
outage duration and further increasing the forced loss rate.   

The SDC HX’s have a service life of 30 years, consequently, replacement of the existing Darlington SDC HX’s is required to 
ensure the continued and reliable operation of the Shutdown Cooling system until the end of station design life (approximately 
2055), and thus, support the continued and safe operation of the Darlington reactor units in compliance with the licensing and 
design basis. 
 
Replacement of the SDC HX’s is also a regulatory requirement for completion before the end of the Darlington Life Extension 
Window, as identified in the Darlington Integrated Implementation Plan [R-5]. 

 

Part B:  Preferred Alternative:  Full Replacement of the Shutdown Cooling Heat Exchangers Prior to Refurbishment 

Description of Preferred Alternative 

 
In order to address the ongoing corrosion of the Shutdown Cooling Heat Exchangers and the impending end of service life, a 
complete replacement of all eight (8) SDC HX's is recommended.  The new SDC HX's will be dimensionally compatible with the 
existing heat exchangers, and nearly identical from a thermal and hydraulic performance point of view.  There will be no 
change to the tubing (I-800) or shell material (SA516 GR70), and the material chosen for the internal components (segmental 
baffle plates, tie rods, etc.) will be changed from carbon steel to a material more resistant to MIC.  The new SDC HX's will have 
an increased service life of 40 years, thereby ensuring their availability until the end of station life following refurbishment.  
    
Replacement of the SDC HX’s will be performed as soon as possible (dependant on the long lead delivery time of the SDC 
HX's) and in accordance with the integrated on-line work process.  In alignment with the requirements of the Project Charter, 
the SDC HX's will be fully replaced and placed back in service prior to the corresponding reactor unit refurbishment outages.  
The existing SDC HX’s will be prepared for disposal as radioactive material.  Disposal will be performed by Nuclear Waste 
Management Division (NWMD). 
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A phased approach to funding approvals will be used for implementing the preferred alternative and managing the risk. Multiple 
funding releases will be utilized as follows: 

Phase 1: Previous Release - Partial Definition BCS Release 

 Completion of Modification Outline and Modification Design Requirements by OPG.  
 Award Phase 1 of an EPC contract to successful vendor for the following scope: 

o Complete preliminary engineering, & prepare design specification for replacement SDC HX's. 
o Provide firm pricing and fabrication/delivery schedule for SDC HX's (excluding purchasing of material). 
o Provide performance fee pricing and schedule for Phase 2 & 3 design and construction activities. 

 Update PMP and prepare Partial Definition & Execution Release BCS. 
 
Phase 2:  This Release - Partial Definition & Execution BCS Release 

 Award Phase 2 of an EPC Contract to successful vendor for the following scope: 
o Procurement of all eight (8) SDC HX's.  Two (2) per reactor unit and for installation in Phase 2 (Unit 2, Unit 1) and 

Phase 3 (Unit 3, Unit 4).   
o Complete detailed engineering for Unit 1, Unit 2, Unit 3 and Unit 4. 
o Complete execution (installation planning, installation, commissioning, & ECC close-out) for the Unit 2 and Unit 1 

set of SDC HX replacements. 
 Provide updated schedule for Phase 3 Execution in Unit 3 and Unit 4. 
 Update PMP and prepare Full Execution Release BCS.  The BCS will be prepared following the completion of Unit 1 

Installation activities.  This will enable the actual costs and schedule durations from Unit 2 Installation to be used as the 
basis for the Full Execution BCS.  The BCS preparation and approval will take place in parallel with the Unit 1 
Installation work.  This strategy should enable BCS approval to line up with the completion of Unit 1 Installation work, 
and allow for Phase 3 activities to start without any stoppage in work while the Project waits funding.  This strategy will 
minimize the overall project installation timeline and improve retention of vendor resources between Phase 2 and 3. 
 

Phase 3: Future Release - Full Execution BCS Release 

 Award Phase 3 of an EPC contract to successful vendor to complete execution (installation planning, installation & 
commissioning, and ECC close-out) for Unit 3 and Unit 4. 

 Complete Project Close-out. 
 

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

Phase 2 - This Release 

 EPC Contract Awarded for Phase 2 of Project 
 Design Documents Approved & Issued for Unit 2 
 Design Documents Approved & Issued for Unit 1 
 Design Documents Approved & Issued for Unit 3 
 Design Documents Approved & Issued for Unit 4 
 Delivery of eight (8) SDC HX’s for all four (4) units. 
 Unit 2 Installation 
 Unit 1 Installation 
 Full Execution Business Case Summary 

Phase 2 - This Release 

1. Design Contract Awarded 
2. Design Complete – Unit 2 
3. Design Complete – Unit 1 
4. Design Complete – Unit 3 
5. Design Complete – Unit 4 
6. Available for Service Completed - U2HX1 
7. Available for Service Completed - U2HX2 
8. Available for Service Completed - U1HX1 
9. Available for Service Completed - U1HX2 
10. BCS Approved 
 
 

Phase 2 – This Rls. 

1. 2014-May-09 
2. 2015-Jan-19 
3. 2015-Mar-17 
4. 2015-May-14 
5. 2015-Jul-13 
6. 2016-Mar-03 
7. 2016-Jun-29 
8. 2016-Oct-26 
9. 2017-Feb-22 
10. 2016-Dec-08 
 

Phase 3 - Future Release 

 EPC Contract Awarded for Phase 3 of Project 
 Unit 3 Installation 
 Unit 4 Installation 

 Project Complete Milestone 

Phase 3 - Future Release 

1. Installation Contract Awarded 
2. Available for Service Completed - U3HX1 
3. Available for Service Completed - U3HX2 
4. Available for Service Completed - U4HX1 
5. Available for Service Completed - U4HX2 
6. Plan Complete (PCM) 

Phase 3– Fut. Rls. 

1. 2017-Jan-10 
2. 2017-Sep-22 
3. 2018-Jan-19 
4. 2018-May-17 
5. 2018-Sep-13 
6. 2019-May-16 
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Part C:  Other Alternatives 

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

Base Case:  Status Quo – No Project 

The option of Status Quo (Do Nothing) is not recommended.  Choosing not to pursue a Shutdown Cooling Heat Exchanger 
replacement, and instead implementing repairs as required, does not represent a permanent solution to corrosion of the shell 
and internal components, and carries significant Nuclear Safety and Environment Risk. 
 
As the SDC HX's continue to degrade, the likelihood of SDC HX failures due to shell or tube side leaks will increase.  A single 
or simultaneous failure of multiple SDC HX's on one or several reactor units could result in significant tritium emissions to the 
environment, a reduction in redundancy of the SDC system, and could significantly impair the ability of the SDC system to 
perform its credited safety function. 
 
Following repair of any HX failure, it cannot be guaranteed that future SDC HX failures will not occur with the same results as 
identified above.  When the number of tubes plugged is more than available margin (60 U-Tubes), the efficiency of the HX will 
be affected, resulting in increased duration to cool PHT D2O down, hence delaying any planned outage. 
 
This alternative was considered and eliminated, therefore, not included in the financial evaluation. 

Alternative 2:  Delay Work – Delay Work –  Replacement of SDC HX's during Darlington Refurbishment 

The option of delaying the work until Darlington Refurbishment is not recommended.   
 
In order to replace the SDC HX's with the reactor unit online, one SDC HX would be unavailable, while the second SDC HX 
would be available for use.  During replacement of each HX, the SDC system would have a complete loss of redundancy, 
which could potentially impair the ability of the SDC system to perform its credited safety function.  Therefore, the SDC HX's 
could be scheduled for replacement during Darlington Refurbishment, thereby preventing any loss of redundancy in the SDC 
system during replacement activities. 
 
Replacement could be scheduled during the reactor unit refurbishment outages (U2 in 2016, U1 in 2018, U3 in 2020 and U4 in 
2021).  However, this would result in a significant period of time (2 to 7 years) before SDC HX replacements activities are 
started.  Based on the degraded condition and the estimated rate of corrosion of the SDC HX's, there is significant risk of a 
heat exchanger failure occurring during this timeframe.  The project was initially scheduled for Darlington Refurbishment; 
however, based on the urgency to replace the SDC HX's as soon as possible, the project was re-scheduled to take place prior 
to the start of Darlington Refurbishment.   
 
This alternative was considered and eliminated, therefore, not included in the financial evaluation. 

Alternative 3:  N/A 
 

Alternative 4:  N/A 
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Part D:  Project Cash Flows, NPV, and OAR Approval Amount 

k$ LTD 2014 2015 2016 2017 2018 2019 Future Total 

Currently Released 516 921 0 0 0 0 0 0 1,437 
Requested Now - 1,348 6,255 17,645 7,145 5,000 0 0 37,392 
Future Required - 0 0 84 7,460 8,502 1,210 0 17,256 

Total Project Cost 516 2,268 6,255 17,728 14,605 13,502 1,210 0 56,085 

Ongoing Costs - 0 0 0 0 0 0 0 0 

Grand Total 516 2,268 6,255 17,728 14,605 13,502 1,210 0 56,085 

Estimate Class: Class 3 Estimate at Completion: 

NPV: $(37,566)  k OAR Approval Amount: $37,392  k 
Additional Information on Project Cash Flows (optional): 

The summation of yearly cash flows may not add up to the ‘Total’ values due to rounding. 
 

 
 

Part E:  Financial Evaluation 

k$ 
Preferred 

Alternative 
Base Case Delay Work Alternative 3 Alternative 4 

Project Cost 56,085 N/A N/A N/A N/A 
NPV (37,566) N/A N/A N/A N/A 
Other (e.g., IRR) N/A N/A N/A N/A N/A 
Summary of Financial Model Key Assumptions or Key Findings: 
1.  Discount rate (WACC) of 7 % 
2.  Annual Interest rate of 5% on Capital costs. 
3.  The NPV amount is based on a 2014$ Present Value.  LTD (2013) was treated as sunk cost in NPV calculation. 

 

Part F:  Qualitative Factors 

The modification supports Darlington’s “Zero Emissions” cornerstone initiative.  Interest in nuclear power plant tritium 
emissions in other countries is expected to generate increased public and regulatory scrutiny going forward.  A significant 
tritium emission to the lake as a result of a tube leak would have a detrimental impact on public support for nuclear power in 
the community. 
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Part G:  Risk Assessment 

Risk Class Description of Risk Risk Management Strategy 
Post-Mitigation 

Probability Impact 

Cost 

There is a risk that the quality of the 
vendor’s estimate for design and 
construction services is too low. 

Mitigate:   
Project to provide oversight and escalate to 
management early any potential increases 
in price.  EPC vendor to perform 
operational experience (OPEX) reviews 
and detailed walk downs during Phase 1 
and Phase 2 prior to the start of installation 
in order to eliminate as much discovery 
work as possible. 

Medium Medium 

Cost 

There is a risk that the existing heat 
exchangers cannot be dried sufficiently 
within the planned duration.  Additional 
time would be required to dry the HX's 
before they can be removed from 
containment.  This would delay the 
installation schedule, and impact nuclear 
safety as it would increase the 
unavailability of the SDC System.  

Accept:   
Assign specific contingency based 
on a budgetary estimate for the design and 
fabrication of a custom designed vacuum 
drying system (similar in design to what is 
being procured for Refurbishment for 
drying the PHT System, Moderator System, 
etc) or similar equipment.  This contingency 
will be requested during detailed design if it 
is determined that there is no other option 
for drying (based on OPEX reviews of 
existing options) the HX's within the 
timeframe for acceptable SDC HX 
unavailability. 

Medium Low 

Cost 

There is a risk that the SDC HX 
Procurement Cost increases as a result 
of currency exchange rate fluctuations 
and tubing material pricing in the 
material market. 

Accept:  
EPC Vendor will secure an advance 
purchase order (PO) with the HX 
manufacturer to mitigate any pricing 
increases due to material/currency price 
fluctuations.  In addition, the project will 
carry specific contingency equivalent to 

of the overall procurement cost. 

Low Medium 

Cost 

There is a risk that the ES MSA vendor 
performance is excellent, and as such 
they are awarded an additional of the 
contract value in profit.   

Accept:  
The project will carry specific contingency 
equivalent to of the contract value. Low Low 

Schedule 

There is a risk that degraded 
Powerhouse Upper Level Service Water 
(PULSW) system isolation valves are not 
replaced prior to SDC HX replacements.    
The PULSW system isolation valves for 
HX1 (PV11, PV57) and HX2 (PV12, 
PV60) are in a degraded condition and 
require overhaul / replacement prior to 
the SDC HX Replacement.  If the valves 
are not replaced during a PULSW 
outage prior to SDC HX replacement, 
then the project will likely not be able to 
isolate the HX's, and therefore the 
Project execution will have to be 
deferred until the Isolation valves can be 
replaced.  The use of ice plugs as an 
alternate means of isolation may also not 
be possible due to several limitations 
(will require the procurement of pipe 
freezing jackets for 16" diameter piping, 

Mitigate: 
1. Identify the issue to station 

management and requested PULSW 
outages are added to every Unit Outage 
prior to SDC HX Replacement, to allow 
for PULSW isolation valve replacement. 
 

2. Requested EPC Vendor to evaluate 
alternate contingency means of isolation 
on the service water side and to provide 
an Isolation Strategy Report.  The 
Project will then obtain approval from 
the station to have the EPC vendor 
design, fabricate, and install any 
approved alternate means of isolation.   

 
3. The project will carry a specific 

contingency of to enable the ES 
MSA Vendor to provide an alternate 
means of isolation in Unit 1 and Unit 2. 

High High 
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a continuous supply of LN2 for the 
installation duration (30 days), a new 
feeder freezing penetration on the south 
side of the reactor (to enable ice 
plugging on PV11 pipe work inside 
containment) and minimal fluid flow in 
the pipe work (difficult with passing 
isolation). 

Schedule 

There is a risk that the vendor identifies 
discovery work during installation, 
commissioning, and waste preparation 
activities.  The cost of the EPC contract 
may increases due to the identification of 
work that is outside the scope of work.  

Accept: 
1. Discovery issues/items to be resolved 

via Change Management Process as 
necessary. 

2. The project will carry specific 
contingency to cover the estimated cost 
of this risk. 

Medium High 

Schedule 

There is a risk that the installation 
timeline conflicts with other work being 
done inside the station.  Work of higher 
priority may be in execution inside the 
station that will interfere with the project, 
be it conflict in resource allocation, use 
of space, or use of equipment.  A key 
concern is with Refurbishment related 
activities, which may be scheduled to 
take place in parallel with this project. 

Mitigate: 
1. The installation timelines will be added 

to the station Cycle Plan as major on-
line work in order to give it increased 
focus in view of other station and project 
work.  The project team will attend 
Cycle Plan meetings as required. 

2. The project team will initiate discussions 
with the refurbishment organization to 
evaluate any potential conflicts during 
the planned installation windows. 

3. Sponsor organization will be notified of 
any major conflicts and support from 
Senior Management will be requested 
to maintain priority on SDC HX 
replacement. 

4. Ensure the work is scheduled in 
accordance with MA-022 to ensure work 
stays on the station work plan. 

Medium Medium 

Schedule 

There is a risk that PULSW piping 
condition is unacceptable for welding to 
the new SDC HX nozzles.  The PULSW 
piping at the HX tie-in points (shell side 
supply and discharge nozzles) is in a 
degraded condition due to 
microbiologically induced corrosion 
(MIC), and is approaching the minimum 
allowable wall thickness at certain pit 
locations.  There is a risk that the piping 
is in such a degraded state, that it is 
unsuitable for welding to the nozzles on 
the new SDC HX's. 

Accept:  
1. WO's were initiated and executed to 

have PULSW piping at the tie-in point 
inspected by IMS using UT to determine 
the extent of pitting and wall loss.  
Results indicate the average wall 
thickness is still above the minimum 
allowable wall thickness. 

2. EPC Vendor was engaged to review the 
UT results and comment on the piping 
acceptability for welding.  Vendor 
confirmed that piping condition is 
acceptable for welding and that weld 
build-up could be used if required to 
address pitting at tie-in location. 

3. SDC HX / MIC Component Engineer 
was requested to have PULSW piping 
replaced by the Station prior to SDC HX 
Replacement. 

Low Medium 
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Schedule 

There is a risk that the assumed 
radioactive waste characterization of the 
SDC HX's (used to determine design 
requirements for shipping container) is 
incorrect.  If a shipping container is 
designed and fabricated based on the 
incorrect characterization, then a new 
container will need to be designed and 
fabricated, which will significantly delay 
the removal of the old HX's from the 
Darlington site.   

Mitigate:  
An external vendor has developed a waste 
strategy Report, in which all the different 
options for HX characterization and 
shipment have been evaluated.  Based on 
the evaluation performed, it is believed that 
the HX's will be characterized as Surface 
Contaminated Objects Level II (SCO-II) or 
as a Low Specific Activity (LSA) object.  
Based on this characterization, a specific 
type of shipping container is required (Type 
IP-2 package) and will be designed and 
fabricated in advance.  Based on OPEX, 
and available radiological data, it is unlikely 
that the waste characterization following 
HX removal will differ from the assumed 
characterization. 

Low Medium 

Schedule 

There is a risk that late delivery of long 
lead material (SDC HX's), will delay the 
start of installation.  This risk is highest 
for the first HX, as the start of installation 
is very close to the completion of 
fabrication.  For the remaining three 
HX's installed under this release, there is 
low risk of late delivery. 

Mitigate: 
1. EPC Vendor to ensure material is 

ordered well in advance to support 
installation timeline.  OPG has 
recommended the EPC Vendor to 
award an advance PO with the HX 
manufacturer to reserve fabrication 
windows with tubing supplier. 

2. EPC Vendor oversight of the HX 
Manufacturer to make sure the 
committed delivery dates are met. 

3. Advance the award of the OPG Phase 2 
PO for detailed design by 3 months, to 
minimize risk of late HX delivery due to 
fabrication delays. 

Low Medium 

Schedule 

There is a risk that the HX and/or other 
equipment/material is damaged due to 
improper storage by vendor, poor 
handling during shipment/installation, or 
exposure to harsh environmental 
conditions.   

Transfer:  
1. Transfer the financial impact for 

repairs/replacements to the vendor (per 
terms and conditions of the master 
services agreement); however, OPG 
would incur the financial impact due to 
any schedule delays, outage extension 
or force outage resulting from the 
damaged equipment.   

2. The EPC vendor will prepare a 
procurement plan and material 
management plan that will identify the 
storage and warehousing of the SDC 
HX’s.  OPG will review and accept the 
plans, in order to ensure OPG’s 
expectations for storage and shipment 
are met.  

3. Prior to OPG acceptance (AFS) all 
equipment must be in good working 
condition. 

4. Once declared in service, a two year 
warranty is in effect per master services 
agreement.  In the event of failure, 1 
year warranty clock extension upon 
replacement/repair. 

5. OPG to provide oversight during 
fabrication and installation activities.  
OPG will review the installation work 

Low Medium 
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plans for lifting and rigging details, to 
ensure appropriate measure are being 
taken to mitigate damage to the HX’s.   

Schedule 

There is a risk that the installation 
timeline is delayed due to the vendor 
missing the integrated on-line work 
schedule milestones for detailed design, 
work plans and assessing. 

Mitigate: 
1. OPG Project Team is working to 

advance contract award to enable 
design and installation planning 
completion with sufficient float and time 
to meet the MA-22 milestones. 

2. Project to provide oversight of the 
vendor (accountable for detailed design, 
work plans and assessing) and will 
notify management early of any 
potential schedule delays.  Vendor will 
be accountable to prepare recovery 
plans & present status updates daily at 
Project Control Center (PCC) meeting. 

Low Medium 

Schedule 

There is a risk of accessibility issues 
during execution activities.   The SDC 
HX rooms are located inside 
containment, and are accessed through 
equipment air locks only.  Coordination 
with and approval from Operations and 
the main control room are required to 
access the SDC HX rooms.   Logistical 
issues will exist for sequencing the 
removal of the existing HX's and bringing 
in the new HX's due to the limited space 
available on the 92.5el, 100el, and 
transport through the equipment air 
locks.  Breathing Air and Suit 
Communication systems will be used for 
all work performed inside containment, 
and issues with either system will delay 
the work. 

Accept: 
1. Vendor schedule to address 

accessibility issues during modification 
planning and detailed design via the 
Constructability, Operability, 
Maintainability, and Safety (COMS) 
review process as required per the 
Engineering Change Control 
governance. 

2. Vendor to allot sufficient time into the 
Execution Schedule to address all 
activities, and minimize delays following 
the start of installation. 

Low Medium 

Schedule 

There is a risk that the Project cannot 
obtain permission from Reactor Safety 
and Operations to exceed the ‘maximum 
amount of acceptable unavailability for 
SDC HX’s per year’ (72 days per year 
per unit or 288 days per year per station 
[R-6]).  The estimated time of each SDC 
HX’s unavailability during replacement is 
40 days, and therefore in a given year 
only 1 HX per unit could be replaced. 
 
This may prevent the SDC HX's from 
being replaced in order of age, with Unit 
2 first, followed by Unit 1, Unit 3 and 
finally Unit 4. 

Accept: 
1. If an increase in the acceptable 

unavailability cannot be provided, then 
the Project will stagger the 
installations. 
 
For example, instead of installing both 
HX’s in a unit back to back 
(U2HX1U2HX1U1HX1U1HX2); 
the Installation would alternate 
between units following each 
replacement 
(U2HX1U1HX1U2HX2U1HX2). 

Low Low 

Resource 

There is a risk that availability of skilled 
trade labour is insufficient to support 
execution activities.  The approximate 
timing of the U2 SDC HX Installations 
and U1 SDC HX Installations occur 
within the same time as Darlington U2 
Refurbishment pre-requisites and 
execution.  In addition, there is the 
D1641 planned outage in Mar'16 and 

Accept: 
1. OPG to award contract as early as 

practical and avoid to the extent 
possible any subsequent delays as 
phased work is released to vendor. 

2. Vendor is responsible to work with 
Union Halls and staff project 
appropriately to support execution 
schedule.   

Medium High 
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Bruce Power's planned refurbishment of 
U4 starting in August '16.  These work 
packages will likely require a large 
number of skilled trade’s labourers, and 
will reduce the pool of available 
experienced trade’s personnel to support 
the SDC HX Installation in U2 and U1. 

3. During periods of inactivity on this 
project, the vendor will attempt to retain 
skilled resources by assigning them to 
different projects that are in execution. 

Resource 

There is a risk that OPG resources 
(Operations, Maintenance, Design, Field 
Engineering, Contract Management 
Office, Radiation Protection, etc.) are 
unavailable to provide support during 2 
month long 24/7 execution periods that 
are back to back (1 .5 month gap in 
between ).  In addition, if replacements 
occur at the same time as a planned Unit 
Outage, or during Refurbishment, there 
will be a lower pool of individuals to 
support. 

Mitigate:  
1. Communicate and engage affected 

OPG work groups well in advance to 
ensure support will be available during 
the required time. 

2. Schedule tasks where possible when 
resources will be available.  (I.e. outside 
of planned outages). 

3. Ensure WO's are provided to Work 
Control in accordance with the N-
PROC-MA-0022 timelines for Project 
Work. 

Low Medium 

Technical 

There is a risk that the new SDC HX's do 
not meet thermal performance 
requirements.  As the new SDC HX's 
cannot be fully commissioned following 
installation (cannot place the SDC 
system in operation outside a planned or 
forced unit outage), it is possible they do 
not meet thermal performance 
requirements when placed in service for 
the first time. 

Mitigate:  
1. Vendor to perform all required 

calculations and HX testing prior to 
installation as per the Design 
Specification, to ensure thermal 
performance requirements can be met. 

2. Enhanced COMS and Enhanced AFS to 
be performed in accordance with the 
ECC process for non-commissionable 
modifications in order to apply additional 
rigor and oversight to ensure equipment 
is designed and fabricated to meet the 
technical requirements. 

3. Transfer the financial impact for 
repairs/improvements to the vendor; 
however, OPG would incur the financial 
impact due to any outage extension or 
force outage resulting from the failure to 
meet the performance requirements. 

Low Medium 

Quality 

There is a risk that the EPC Vendor's 
Design Engineering Change (EC) 
Packages are of poor quality and lack 
the necessary detail, thus leading to 
delays because of rework.  

Mitigate:  
1. Ensure involvement of OPG Design 

reviewers/stakeholders in the design 
process, including a detailed design 
COMS meeting and 90% Design 
Review meeting.  

2. A third party review of design 
documentation is required as part of the 
Contract. 

Medium Low 

Other 

There is a risk of Environmental 
Releases during execution activities (HX 
draining and drying activities) to the lake 
and air. 

Mitigate: 
1. EPC vendor to ensure all requirements 

outlined in the Environmental Impact 
Worksheet are captured in the 
installation work plans.  Darlington 
Environmental Compliance work group 
will review all work plans before they are 
routed for approval. 

2. Coordinate closely with ALARA 
regarding the drying and transport of the 
HX's within the station (inside and 
outside). ALARA work group will review 

Low Low 
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all work plans before they are routed for 
approval. 

3. Oversight as per Integrated Project 
Oversight Plan. 

Management 

There is a risk of Health and Safety 
incidents during Construction activities.  
Construction activities will involve 
cutting, welding, hoisting and rigging, 
material handling and pressure boundary 
(nitrogen fill of HX's) work.  The majority 
of these activities will take place inside 
containment and in radiological work 
areas, which require the use of plastic 
suits, breathing air lines and suit 
communication systems.  As a result 
there is an increased risk to the workers 
for slips, trips, falls, cuts and serious 
injury due to reduced visibility, 
communications and mobility.  Vendor 
will likely be cutting piping that has 
passing isolation on the service water 
side, which could result in increased 
hazardous working conditions due to 
large volumes of water coming out of the 
piping. 

Mitigate: 
1. Ensure Vendor is in compliance with 

master service agreement terms and 
conditions regarding safety standards 
and reporting requirements. 

 
2. Implementation of Integrated Project 

Oversight Plan. 
 
3. Requirement of EPC Vendor to adhere 

to all OPG corporate and site specific 
safety rules, including requirements for 
Critical Lift Plans. 

 
4. Work plans to address all safety 

concerns as identified during COMS. 
 
5. Vendor JSA's to address all safety 

concerns and hazards. 

Low Low 

 

Additional Risk Analysis: 
Monte Carlo Analysis was used to define Specific Contingency allotted for this release. 
See Risk Management Plan included in the Project Management Plan for more detail [R-2].   

 

 
 

Part H:  Post Implementation Review (PIR) Plan 

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

Type of PIR Report Target In-Service or Completion Date Target PIR Completion Date 

Comprehensive PIR Report 2019-05-16 (Project Completion) 2020-05-16 
Measurable 
Parameter 

Current Baseline Target Result 
How will it be 
measured? 

Who will measure it? 
(person/group) 

Replace all SDC HX's 
(Qty=8) in all four 
Darlington Units (1, 2, 
3 &4) 

Current SDC HX's 
have experienced 
accelerated 
degradation of internal 
tube support structures 
and shell material due 
to MIC. 

Replace all SDC HX’s 
with new HX’s of 
existing design. Only 
replacing internal 
components (tube 
support structure, 
except shell & tubing) 
with more MIC 
resistant material. 

Installation of new 
SDC HX's containing 
internal components 
(tube support 
structures) with greater 
resistance to MIC.   

Darlington 
Components & 
Equipment 
Engineering 

Operation of SDC HX’s 

The operation of the 
SDC HX’s does not 
limit the SDC system’s 
ability to cool down the 
PHT system, or limit its 
ability to provide 
maintenance cooling. 

The operation of the 
SDC HX’s does not 
limit the SDC system’s 
ability to cool down the 
PHT system, or limit its 
ability to provide 
maintenance cooling. 

Evaluation of the SDC 
system operation 
during its first use 
following replacement 
of a SDC HX. 

Darlington 
Components & 
Equipment 
Engineering 

 

Filed: 2016-05-27 
EB-2016-0152 
Exhibit D2-1-3 
Attachment 1, Tab 25, 31710 
Page 14 of 25



OPG-FORM-0076-R004 
Type 3 Business Case Summary 

Project #:  16-31710 Document #:  D-BCS-39780-10003 
Title:  Darlington Shutdown Cooling Heat Exchanger Replacement 

 

 

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

Page 11 of 11 

Part I:  Definitions and Acronyms 

BCS – Business Case Summary 
COMS – Constructability, Operability, Maintainability and Safety 
EC – Engineering Change 
ECC – Engineering Change Control 
EM - Equipment Manufacturer 
EPC - Engineer Procure Construct 
ES MSA – Extended Services Master Service Agreement 
HX - Heat Exchanger 
PHT–  Primary Heat Transport  
IMS – Inspection & Maintenance Services 
MIC - Microbiologically induced corrosion 
NWMD - Nuclear Waste Management Division 
PMP – Project Management Plan  
PO - Purchase Order 
SDC -  Shutdown Cooling  
UT - Ultrasonic Testing 
WWMF – Western Waste Management Facility 
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Appendix B:  Comparison of Total Project Estimates 

Phase Release Date 

Total Project Estimate in k$  

(by year including contingency) Future 
Total 

Project 
Estimate 2012 2013 2014 2015 2016 2017 

Definition Partial Nov 2012 19 1,314 18,858 15,977 6,505 3,696 1,160 47,529 
Definition & 
Execution Partial March 2014 5 511 2,268 6,255 17,728 14,605 14,713 56,085 

 

Project Variance Analysis 

k$ LTD 
Total Project 

Variance Comments 
Last BCS This BCS 

OPG Project 
Management 

132 1,915 4,500 2,585 

OPG Project Management cost during heat 
exchanger installations has increased based 
on the increased installation durations for 
oversight activities. 

OPG Engineering 
(including Design) 

23 1,012 642 (370) 
OPG Engineering cost estimate has been 
reduced based on review of actual 
expenditures during the previous release. 

OPG Procured 
Materials 

- - - - No OPG procured materials. 

OPG Other 

Design Contract(s) 

Construction 
Contract(s) 

EPC Contract(s) 

Consultants 

Other 
Contracts/Costs 

Interest 

Subtotal 

Contingency 

Total 516 47,529 56,085 8,556  
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Appendix C:  Financial Evaluation Assumptions 

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

Project Cost: 

1. The replacement heat exchangers will be identitical in design to the existing heat exchangers (except for internal supports 
changed to MIC resistant material), and therefore there will be no changes to the current thermal and stress analysis of the 
shutdown coolilng heat exchangers. The shell material will remain unchanged [R-3]. 

 
2.   OPG internal cost estimate was developed in house and covers all phases of the project.   
 

Financial: 

1. Annual Interest Rate of 5% on capital costs. 
 

Project Life: 

1. The new Shutdown Cooling Heat Exchangers shall have a 40 year design life so that they remain operational until the end 
of station life following refurbishment, approximately 2055.   

 
Energy Production: 

1. N/A 
 

Operating Cost: 

1. N/A 
 

Other: 

1. N/A 
 
List further detail below as appropriate from the Financial Evaluation: 

N/A 

Filed: 2016-05-27 
EB-2016-0152 
Exhibit D2-1-3 
Attachment 1, Tab 25, 31710 
Page 20 of 25



OPG-FORM-0076-R004 
Type 3 Business Case Summary 

 

 

OPG-TMP-0004-R004 (Microsoft® 2007) 
Page A-4 of A-8 

 

Appendix D:  References 

[R-1] D-PCH-33410-10001, Project Charter 
[R-2] NK38-PLAN-39780-0489198, Project Management Plan 
[R-3] NK38-CORR-33410-0444878, Memo Re: SDC HX Replacement Project 
[R-4] NK38-REP-33410-10016-R004, CCA 001465-system 0067 Shutdown Cooling-heat Exchangers 
[R-5] NK38-REP-03680-10185-R000, Darlington NGS – Integrated Implementation Plan (IIP) 
[R-6] NK38-CORR-33410-0462000, Project 16-31710- RS Impact Of Unavailability Of Shutdown Cooling Hx’s During 
Replacement 

Filed: 2016-05-27 
EB-2016-0152 
Exhibit D2-1-3 
Attachment 1, Tab 25, 31710 
Page 21 of 25



OPG-FORM-0076-R004 
Type 3 Business Case Summary 

 

 

OPG-TMP-0004-R004 (Microsoft® 2007) 
Page A-5 of A-8 

This Guidance section should be deleted 
prior to obtaining signatures 

Guidance for Completing this Type 3 Form: 

Always use the latest revision of the Form! 

Verify this is the latest revision through PowerSearch, or PowerNet  Finance  Investment Planning  BCS Toolkit 
It is recommended that the preparers of BCS be familiar with the BCS Standard OPG-STD-0076. 

Final Security Classification 

Refer to OPG-STD-0030 Classification, Protection and Release of Information.  Select the Final Security Classification just 
once on the first page of the Execution Summary and Recommendations and it will be automatically populated on the first 
page of the body of the Business Case Summary.  Perform a Print Preview function if it does not appear to be updated. 

Executive Summary and Recommendations 

Project Information 

Document # 

Refer to OPG-PROC-0019, Records and Document Management for the requirements and expectations of record filing 
after the BCS is submitted.  The recommended document number format assigned to each BCS should be: [Facility 
Code]-BCS-SCI-Sequence#, e.g., NK30-BCS-21500-00002.  The final signed copy becomes an official OPG record and 
should be submitted to a central record repository of each business unit/functional group.  Notify the stakeholders once 
the BCS is filed to Records. 

Target In-Service Date or Completion Date 

Target In-Service Date is usually the key date, but for projects that do not have a specific “In-Service Date”, such as 
engineering studies in future decisions (e.g., Nuclear FCLE project), the Target Completion Date becomes the key date. 

Business Case Summary 

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

This table provides a yearly breakdown of estimated project costs, including amounts currently released from earlier BCSs if 
applicable, the new amounts being requested now in this BCS, and estimated future requirements not currently requested.  
Contingency shall be included in these amounts. 

The new amounts being requested are for actual work to be completed and for any costs that will be committed to through 
that work.  For example, if an equipment purchase is bundled with a maintenance contract for a committed period, the 
committed payments under the maintenance contract must be included in the current request.  The Future column is the sum 
of expected future cash flows beyond the last year shown in the table. 

Currently Released 

Currently Released should match the sum of previous releases including contingency. 

LTD 

Life-to-date (LTD) is defined as the costs incurred up to the end of the previous fiscal year including the last fiscal week 
of the preceding year.  The first column labelled 20xx is a combination of year-to-date actual (starting at the first fiscal 
week of the present year) plus forecast of the remainder of the present year-end (including the last fiscal week). 

Ongoing Costs 

Ongoing Costs include any relevant incremental ongoing costs to which OPG is also committed as a result of the 
investment/project.  It would not be part of the project cost estimate but an appropriate portion of it shall be included in 
the OAR Approval Amount. 
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Estimate Class 

Estimate Class is a cost estimate classification system developed by the Association for the Advancement of Cost 
Engineering International (AACE) which defines the estimate “quality” based on the input information used and the 
project’s stage of development.  AACE uses five estimate classes with Class 5 being the least accurate, and Class 1 
being the most accurate. 

Estimate Class Class 5 Class 4 Class 3 Class 2 Class 1 

Project Phase Identification Initiation Definition Execution Execution 

Level of Project 
Definition (%) 

0% to 2 1 to 15 10 to 40 30 to 75 65 to 100 

Expected Accuracy 
Range (%) 

-50 to +100 -30 to +50 -20 to +30 -15 to +20 -10 to +15 

Estimate at Completion 

Total project cost excluding unspent contingency. 

OAR Approval Amount 

For BCSs up to and including Definition Phase work, the OAR Approval Amount is the cumulative total actual and 
committed cost to date, not the estimated total investment/project cost. 

For Execution Phase BCSs or BCSs that cover multiple phases including Execution, the OAR Approval Amount is the 
estimated total investment/project cost (including contingency), plus any relevant incremental ongoing costs to which 
OPG is also committed as a result of the investment/project. 

Ongoing Costs are usually not being approved as part of the release (unless specified, such as a 2-year maintenance 
contract), but are included in the OAR Approval amount to make the approvers aware of that OPG is being committed to 
an increase in ongoing annual costs by approving the project. 

A rule of thumb is to include 5-10 years of ongoing costs. 

Additional Information on Project Cash Flows (optional) 

Any relevant information that cannot be accommodated in the cash flow table may be entered into this textbox. 

Part G:  Risk Assessment 

Overview 

This section identifies the risks associated with the investment/project and the plans to manage or mitigate these risks.  
Refer to local business unit standards for guidance on completing and documenting risk assessments.  Each BU or 
Functional Group can add risk areas specific to its business. 

Refer to the BCS Standard OPG-STD-0076 Appendix A: Document Relationships for Risk governance or contact 
Investment Planning for further assistance. 

Instructions 

Describe discrete risks within each class.  For example, there may be several possible risk events that could occur 
related to cost and they should be listed for that class.  Risks should be the uncertain events that have the potential to 
affect the achievement of objectives.  The “objectives” must include those of the project itself but may also consider 
objectives of the ongoing business that the project might put at risk.  Risks should be concisely stated as a singular 
event, such as “x may happen.”  Elaboration or background for risks may be included; however each should be separate 
and appear after the concise risk event statement. 

Risk mitigation strategies should identify specific actions planned to prevent the corresponding risk event from occurring.  
The plans may also identify approaches for minimizing the impact should the event actually occur (for example 
contingency, insurance, specific back-up plans etc.). 
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The expected probability of the risk event occurring should be rated assuming all of the corresponding mitigation actions 
are executed, i.e. post-mitigation: 

 Low (event is unlikely) 
 Medium (event is possible) 
 High (event is likely) 

The potential impact, if the risk event were to occur, should be rated: 

 Low (<10% cost/schedule/scope variance, minor injury) 
 Medium (10-20% cost/schedule/scope variance, disabling injury) 
 High (>20% cost/schedule/scope variance, death) 

Additional Risk Analysis 

The extent of the risk assessment and the risk analysis techniques employed should be commensurate with the 
magnitude of the cash flows and the degree of uncertainty associated with the critical assumptions upon which the 
investment is based. 

For major projects, the risk analysis section will typically include sensitivities of the investment to various risk factors or 
scenarios, and a discussion of their likelihood of occurrence.  A convenient way of presenting the results of the risk 
assessment on the variability of the NPV to changes in the critical variable is to include a graph or tornado diagram as 
shown below. 

 

For larger investments, more advanced risk analysis techniques such as Monte Carlo may be suitable.  These 
techniques require analysts with appropriate training; contact your local Finance support to discuss applicability and to 
arrange Finance analytical support if required.  The limitations of Monte Carlo or any other risk assessment technique 
must be considered in their application, and require a time commitment from the project team and stakeholders to 
develop and estimate model inputs. 

Part H:  Post Implementation Review (PIR) Plan 

PIR plan is a succinct description of the project benefits in terms of measurable parameters.  The PIR plan should clearly 
specify what is to be measured, who is responsible for measuring it, and when the measurement should take place, along 
with any requirements for establishing pre-project baseline information for comparison purposes.  The Project Sponsor and 
key stakeholders shall measure whether the project fulfills the business need, and may specify other items such as the types 
of lessons learned and recommendations to be captured during the execution of the PIR. 

Refer to the BCS Standard OPG-STD-0076 Appendix A: Document Relationships for PIR governance or contact Investment 
Planning for further assistance. 

The PIR plan should contain the following elements: 

 Type of PIR Report: Simple, Comprehensive, or Not Applicable 
Specify the type of PIR report to be completed.  If it is determined by the Project Sponsor (with the concurrence of the 
Finance Approver) that only a Project Closure Report (PCR) is needed as the PIR, put a checkmark in the box and select 
“Not Applicable” for Type of PIR Report. 

 Target In-Service or Completion Date and Target PIR Completion Date: These two dates may be omitted if the project is 
in the Definition Phase, but they shall be specified if the scope of work includes Execution Phase activities. 

 Measurable Parameter:  Key deliverables or project benefits clearly defined in measurable terms. 

 Current Baseline:  A clear description of the reference or baseline from which the incremental benefits or changes due to 
the project are to be measured. 

 Who:  The name of the entity, group, department, or individual that will be measuring the benefits. 

    - $NPV  +  

Variable #1    

Variable #2     

Variable #3     

Variable #4     

Variable #5     

 TORNADO DIAGRAM 

 

Filed: 2016-05-27 
EB-2016-0152 
Exhibit D2-1-3 
Attachment 1, Tab 25, 31710 
Page 24 of 25



OPG-FORM-0076-R004 
Type 3 Business Case Summary 

 

 

OPG-TMP-0004-R004 (Microsoft® 2007) 
Page A-8 of A-8 

 When:  When the measurement of the benefits will take place. 

Appendix A:  Summary of Estimate 

To assist the reviewers in understanding the cost estimate in the BCS, the Summary of Estimate (SoE) table provides a 
breakdown of various cost components by year, with explanatory notes as appropriate. 

If the BCS includes approval for multiple projects, the top SoE table shall be a consolidation of all the projects, followed by 
SoE tables for each project.  For adding more tables, copy the SoE table provided and paste after the Notes table. 

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

This section provides the history of past releases and their associated estimates, with explanations of changes as 
appropriate. 

Appendix C:  Financial Evaluation Assumptions 

This section is intended to provide a reviewer with an overall understanding of the key assumptions used in the financial 
evaluation, to help a reviewer confirm that relevant drivers and appropriate assumptions were used in the analysis.  The main 
considerations in the economic evaluation of the alternatives are outlined below: 

Cost and Schedule Estimates 

The work breakdown structure (WBS) of the project usually provides detailed information on the cost of the project and 
should be referred to while estimating the costs and schedule.  Best practices in project cost and schedule estimating 
should be applied wherever possible including using lessons from similar experiences and benchmarks.  Requests for 
quotations from competing sources are another option to obtain detailed estimates.  Schedule and cost estimates must 
obtain stakeholders’ inputs and be reviewed by the key stakeholders of the project before being finalized. 

Taxes 

All investments must be assessed on an after-tax basis.  Users will be required to properly classify the capital assets for 
Capital Cost Allowance (CCA) purposes.  The financial evaluation model provided on the Finance website will compute 
the initial income tax impacts for most types of investments.  The model also contains the latest CCA rates for most 
types of investments.  For further information on CCA, sales taxes and tax shields, please contact your local Finance 
support group. 

Cost of Capital 

An appropriate cost of capital or discount rate must be used to ensure that an adequate return is provided to 
shareholders.  For investments related to the manufacturing and processing of electricity for regulated nuclear and 
base-loaded hydroelectric facilities, the discount rate is generally lower than for unregulated facilities.  This is partly due 
to regulated assets having a more predictable revenue stream, and hence lower risk than unregulated generation 
facilities. 

For projects and business opportunities that are clearly outside of OPG’s core business, or are not related to the 
manufacturing and processing of electricity, the project’s cost of capital should be used, instead of OPG’s cost of capital.  
Updated rates for OPG’s core business are posted on the Finance website.  Contact Investment Planning for assistance. 

Revenue Forecasts 

The revenue forecast from generation assets must be based on the OPG System Economic Values (SEVs).  The 
appropriate SEVs for the applicable time frame are selected based on the characteristics of the generation asset being 
evaluated (e.g., peaking vs. baseload).  Contact your local Finance support group or Investment Planning for the SEVs 
and for further guidance on using SEVs. 

Additional Attachments 

More Appendices could be added if considered essential to be included in the BCS document. 

Other additional documents be prepared as separate documents and enclosed with the BCS for reviews and approvals (e.g., 
multiple file attachments to e-mails). 
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