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Type 2 Business Case Summary
 

 

*Associated with OPG-STD-0076, Developing and Documenting Business Cases 
 OPG-TMP-0004-R004 (Microsoft® 2007) 
 Page 1 of 6 

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

Project Information 

Project #: 16-80022 Document #: D-BCS-60800-10004 R000 

Project Title: OH180 Aging Management Hardware Installation 

Class: 
 OM&A    Capital    Capital Spare 
 MFA       CMFA     Provision 

 Others:       

Investment Type: Sustaining 

Phase: Definition Release: Full 

Facility: Darlington 
Target In-Service or 
Completion Date: 

Q4, 2022 

 

Project Overview 

We recommend the release of $1,398k, including of contingency. 

The estimated total project cost is $47,203k, including of contingency. 

The quality of the estimate for this release is Class 4, and for the total project is Class 5. 

This release will fund the following scope of work: 

 Perform a cost/benefit analysis to determine the replacement strategy for the OH180 Input and Output (I/O) boards 

 Preparation of Non-Identical Component Replacement (NICRs) for OH180 and Communication Module Power Supplies 

 Prepare Scope of Work, Issue Request for Proposal (RFP) and Evaluate Bids for Engineering/Construction (EC) Contract 

 Preparation and approval of Execution Partial Business Case Summary including Front-End Planning activities 

 

Part A:  Business Need 

The OH180 Programmable Logic Controller (PLC) is an essential piece of plant equipment at Darlington. It was designed by 
Ontario Hydro (OPG’s predecessor) and built by a third party manufacturer to replace the electro-mechanical relays used for 
control logic implementation in the previous CANDU stations. The OH180 is used to control the majority of process systems 
(including special safety and safety related systems), electrical distribution system breakers and the Class 3 Transfer System.  
Each OH180 PLC consists of several printed circuit boards (Central Processing Unit (CPU), Erasable Programmable Read 
Only Memory (EPROM) and, depending on the application, up to two power supplies, up to eight input and output boards and, 
in some cases, communications modules).  

There are 1,336 OH180 programmable controllers installed at Darlington Nuclear Generating Station, consisting of 12,566 
printed circuit boards.  Although the OH180s still operate quite reliably, the circuit boards are over 25 years old and are not 
expected to last until the extended end of station life.  It is anticipated that the failure rate of the legacy OH180 boards will 
increase in the near future due to aging electronic components.  The existing hardware needs to be reverse engineered so that 
replacement boards can be manufactured.  Investment in reliable replacement hardware will ensure operation and 
maintenance resources are not spent on troubleshooting OH180 failures. 

The option to replace the OH180 with a commercial PLC has been investigated and no direct replacement of the OH180 was 
found.  Adapting an existing PLC would require extensive station re-wiring, qualification of hardware and software, as well as 
converting all existing logic to a new format.  The cost of implementing such a project would be substantially greater than the 
preferred alternative. 
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Part B:  Preferred Alternative:  Install Re-engineered Power Supplies and Input/Output Boards 

Description of Preferred Alternative 

The preferred alternative is to: 

 Install re-engineered OH180 Power Supplies (1,922) 

 Install re-engineered Communication Module Power Supplies (431) 

 Install re-engineered Input Boards (2,477) 

 Install re-engineered Output Boards (3,771) 

 Upgrade EPROMs from version 112 of the OH180 executive program to version 117 as required (note: a number of 
OH180s have already been upgraded to version 117). 

 Verify the existing OH180 database so that it may be used as an approved tool to facilitate the preparation of 
commissioning plans for ladder logic changes. 

A cost/benefit analysis will be performed during the Definition phase to determine the most appropriate strategy for the input 
and output boards (i.e. either replace all input and output boards with new re-engineered boards or refurbish the existing 
boards by replacing obsolete components that have a high potential for failure).  For the purposes of this Business Case, the 
option to replace all input and output boards with new re-engineered boards has been selected as the preferred alternative. 

Pros: 

 OH180 functional reliability will be extended. 

 Improved OH180 power supply design. 

 Reduced Operations and Maintenance burden. 

 

 

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

Current Release   

NICRs for OH180 and CM (Communication Module Power 
Supplies) 

Detailed Design Complete (NICRs Complete 
for OH180 & CM Power Supplies) 

18-Dec-15 

Execution Partial Business Case Summary Execution Partial Business Case Summary 
(BCS) Approved 

31-Mar-16 

Future Releases   

Issue EC Contract for Phase I Phase I of EC Contract Awarded 14-Apr-16 

Issue Purchase Order for Production of Materials Materials Purchase Order Awarded Q2, 2016 

Turnover of Phase I Installation Available for Service/Ops Turnover –  

Phase I 

Q4, 2017 

Execution Full Business Case Summary Execution Full Business Case Summary 
(BCS) Approved 

Q1, 2018 

Issue EC Contract for Phase II Phase II of EC Contract Awarded Q2, 2018 

Turnover of Phase II Installation Available for Service/Ops Turnover –  

Phase II 

Q4, 2022 

Engineering and Project Closeout Plan Complete Q4, 2023 
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Part C:  Other Alternatives 

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

 

Alternative 2: Base Case – No Project 

Pros: 

 There are no pros associated with this alternative. 

Cons: 

 As the OH180s continue to age, the failure rate will continue to increase exponentially as the population of OH180s 
enter the wear-out region of electronics reliability curve [R-1].  The burden on maintenance would become too large to 
keep up with the repairs as maintenance only has so many refreshed boards ready for replacement at a time. 

 Waiting for a field failure to occur brings down the OH180 and the associated controlled system in an unplanned 
manner, thus creating a large burden on Operations and Maintenance. 

 This alternative would result in unreliable operation of the OH180s which has the potential to impact safety and 
production as the OH180s control the majority of process systems including special safety and safety related systems.  
If multiple OH180 failures were to occur during a shift, Operations and Maintenance may not have the resources 
available to make the repairs and might be forced to shut down the Unit. 

 System health will decline as components will not be replaced until they fail.  There are not likely to be enough spares 
on hand to support the expected failure rate. 

[R-1]   Evaluating the Effects of Aging on Electronic Instrument and Control Circuit Boards and Components in Nuclear Power 
Plants.  EPRI, Palo Alto, CA: May 2005.  1011709. 

 

Alternative 3:  Delay Work until a Future Outage after Darlington Refurbishment Outage 

Delay the installation of OH180 re-engineered hardware until a future outage after the Darlington Refurbishment outage. 

Pros: 

 Delaying the installation would defer costs. 

Cons: 

 Same as those listed above for Alternative 2. 

 

Alternative 4:  Install Re-engineered Power Supplies and Refurbish Input/Output Boards 

Install re-engineered OH180 Power Supplies and Communication Module Power Supplies.  Refurbish Input and Output Boards 
by replacing components that are susceptible to aging with new components.  In addition, upgrade EPROMs by replacing 
version 112 of the OH180 executive program with version 117 as required (note: a number of OH180s have already been 
upgraded to version 117).  The existing OH180 database will also be verified so that it may be used as an approved tool to 
facilitate the preparation of commissioning plans for ladder logic changes. 

Refurbishing the input and output boards (i.e. replacing only certain components) is not the preferred alternative as it is 
expected that refurbished boards will have a lower reliability than new re-engineered boards due to the age of the components 
that would not be replaced.  However, a cost/benefit analysis will be performed during the Definition phase to determine the 
most appropriate strategy (i.e. replace all input and output boards with new re-engineered boards or refurbish the existing 
boards by replacing obsolete components that have a high potential for failure).  

Pros: 

 OH180 functional reliability will be extended. 

 Improved OH180 power supply design. 
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Alternative 4:  Install Re-engineered Power Supplies and Refurbish Input/Output Boards 
Cons: 

 Components that are not replaced as part of refurbishing the input and output boards could start to fail necessitating 
replacement of those components or ultimately requiring the whole board to be replaced.  If additional components 
start to fail at a rate greater than anticipated requiring entire boards to be replaced, the 10% spare re-engineered 
boards being procured by project 34011 may not last until station extended end of life. 

 

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

k$ LTD 2014 2015 2016 2017 2018 2019 Future Total 

Currently Released - - - - - - - - -

Requested Now - 9 1,348 41 - - - - 1,398

Future Required - - - 2,520 7,302 7,454 7,179 21,350 45,805

Total Project Cost - 9 1,348 2,561 7,302 7,454 7,179 21,350 47,203

Ongoing Costs - - - - - - - - -

Grand Total - 9 1,348 2,561 7,302 7,454 7,179 21,350 47,203

Estimate Class: Class 5 Estimate at Completion: 

NPV: Not Required (Sustaining Investment) OAR Approval Amount: $1,398k 

Additional Information on Project Cash Flows (optional): 

contingency is included in this release.  contingency is included in future releases. 

 

Part E:  Financial Evaluation 

k$ 
Preferred 

Alternative 
Base Case Delay Work Alternative 4       

Project Cost      

NPV      

Other (e.g., IRR)      
 

Summary of Financial Model Key Assumptions or Key Findings: 

Financial evaluation not required as this is a Sustaining investment. 

 

Part F:  Risk Assessment 

Risk Class Description of Risk Risk Management Strategy Post-Mitigation  
Probability Impact

Cost 

There is a risk that the cost of 
installation/commissioning will increase 
due to the fact that detailed scoping is 
not complete.  It has yet to be 
determined which boards can be 
replaced online and which require an 
outage. 

Detailed scoping will be completed 
during the Definition phase.  Impact of 
taking each OH180 out of service to 
install new boards will be determined and 
a detailed installation schedule will be 
developed.  

Medium Medium 

Scope 

There is a risk that NICRs or ECs may be 
required to install the new re-engineered 
input and output boards. 
Currently it is assumed that the input and 
output boards will be an item equivalency 
and will follow the IEE process, but this 
has to be confirmed by project 34011 
once all design documentation has been 
completed. 

Discussions have taken place with the 
Computers and Control Design section 
who believes the re-engineered boards 
will qualify as equivalent to the existing. 

Low Medium 
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Part F:  Risk Assessment 

Risk Class Description of Risk Risk Management Strategy Post-Mitigation  

Schedule 

There is a risk that preparation of the 
NICRs for the OH180 and 
Communication Module Power Supplies 
could take longer than expected to 
complete. 

Hold regular status meetings with Design 
to closely track progress.  Ensure issues 
are promptly identified and raised to an 
appropriate level for quick resolution. 

High High 

Resources 

There is a risk that resources could be 
diverted from this project to support 
higher priority projects/station issues. 
System Engineers/Operations are 
required to provide input to the project 
scoping/installation planning activity.  
Unavailability of resources when required 
would result in schedule slippage. 

Obtain resource commitments from 
Performance Engineering and 
Operations. 

High High 

Cost 

There is a risk that the cost of the new 
re-engineered power supplies and 
input/output boards will change once the 
production/delivery strategy has been 
determined based on the installation 
schedule. 
Current estimate is based on preliminary 
vendor quotes. 

Detailed project scoping will be 
completed in the Definition phase.  
Revised estimates will be obtained from 
the vendor prior to approval of the next 
BCS. Medium Medium 

Operational 
There is a risk that the replacement 
hardware will fail in the field and result in 
an unexpected system response. 

Replacement hardware is based on the 
original design.  The hardware 
undergoes extensive qualification testing.  
Failure modes are examined and 
defined.  The installation strategy will 
incorporate risk management. 

Low High 

 

Part G:  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 

Project Closure Report (PCR) Q3, 2022 Q4, 2023 
 

Measurable 
Parameter 

Current Baseline Target Result 
How will it be 
measured? 

Who will measure it? 
(person/group) 
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Appendix B:  Comparison of Total Project Estimates and Project Variance Analysis 
 

Comparison of Total Project Estimates 

Phase Release 
Approval 

Date 

Total Project Estimate in k$ 

(by year including contingency) Future 
Total 

Project 
Estimate 2014 2015 2016 2017 2018 2019 

Definition Full Nov 2014 9 1,348 2,562 7,301 7,454 7,179 21,350 47,203

          

          

          

          

          

          

          

          

          

 

Project Variance Analysis 

Choose an item. LTD 
Total Project 

Variance Comments 
Last BCS This BCS 

OPG Project 
Management 

    
Project variance not applicable as this is the first 
release. 

OPG Engineering 
(including Design)      

OPG Procured 
Materials 

    
 

OPG Other      

Design Contract(s)      

Construction 
Contract(s) 

    
 

EPC Contract(s)      

Consultants      

Other 
Contracts/Costs 

    
 

Interest      

Subtotal      

Contingency      

Total      
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Project Information 

Project #: 16-80078 Document #: D-BCS-69000-10008 

Project Title: 
Darlington Digital Control, Common Process and Sequence of Events Monitoring Computer Aging 
Management 

Class: 

 OM&A    Capital    Capital Spare 
 MFA       CMFA     Provision 
 Others:       

Investment Type: Regulatory 

Phase: Definition Release: Partial 

Facility: Darlington Target In-Service or 
Completion Date: 

JUN-2025 

 
Project Overview 

We recommend the release of $1,661 k, including  of contingency. 

The estimated total project cost is $47,253 k, including of contingency. An additional amount of $9,068 k, 
including of contingency is required for the lifetime spares of the obsolete computer components. 
 
The quality of the estimate for this release is Class 4, and for the total project is Class 5. 
 
This release will fund the following scope of work: 
Preliminary engineering and complete planning of project definition phase, as follows: 
 Start and complete the vendor design revision of the Count Down Register (CDR) circuit board and Disk/Tape emulator. 
 Start and complete the procurement of lifetime spares for the CDR circuit board and Disk/Tape emulator. 
 Start and complete the preliminary engineering and the procurement of the design services for the following components: 

Input/Output (I/O) subsystems (over 20 circuit board types) and Watchdog circuit board. 
 Start and complete the preliminary engineering for the following components: computer keyboards, UNIBUS repeater, 

Delua and Datalink circuit boards. 
 Start and complete the planning and provide a refined cost and schedule estimate for the detailed design phase (i.e. 

reverse engineering of obsolete components). 
 

History of BCS releases and project cost estimates: 

This is the first BCS release and project cost estimate. 
 

History of scope and schedule changes: 

There is no history of scope and schedule changes. 
 
 
Part A:  Business Need 

The Component Condition Assessments (CCAs) performed for the Digital Control Computers (DCCs), Common Process (CP) 
Computer and the Sequence of Events Monitoring (SEM) Computers identify the computer components that require 
assessment, replacement and additional spares for Darlington extended life. The pertinent CCAs were selected, and through 
appropriate screening, were approved as Darlington Scope Requests (DSRs) for inclusion into the Life Extension program. 
 
The assessment of the computer Input/Output (I/O) cabling and connectors has identified that these components are in good 
condition for extended life and, as a result, will not be replaced. Subsequently the computer components that require 
replacement  shall meet the following objectives, which are reflected in Part B – Preferred Alternative: 
 Preserve the current system configuration and functionality, in order to minimize the installation, commissioning and 

maintenance costs. 
 Maintain the capability of interfacing with the existing computer equipment already replaced for the station lifetime as part 

of the Projects 16-33509 and 16-33977, and also with the existing I/O cabling. 
 
This project addresses the following DSRs and associated CCAs, which include approximately 30 types of obsolete computer 
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Part A:  Business Need 

boards and devices that require reverse engineering, replacement and purchasing of lifetime spares to ensure the continuing 
operation of the DCC/CP/SEM computers until the extended plant end of life: 
DSRs:  TS0360-1, TS0360-3, TS0360-4, TS0360-5, TS0360-6, TS0360-9. 
CCAs:  709, 710, 729, 732, 3459, 3461, 3462, 3463, 3464, 3465, 3466, 3467, 3468, 3469. 
 
Assessments completed to date for each computer component criticality, failure rate and current spare parts availability, have 
determined that the DCC/CP/SEM computer obsolescence can be addressed in stages via individual projects. Much of the 
computer hardware has been replaced under capital projects 16-33509 and 16-33977, including the core computer. The 
modification to replace selected computer hardware was identified to the CNSC in the Integrated Implementation Plan (IIP), 
NK38-REP-03680-10185 R000, as Regulatory Action for CCAs 710 (Core Computer spares, Watchdog and Count Down 
Register (CDR) Printed Circuit Boards (PCB) replacement) and 729 (Transfer of Control and Input/Output system).  
 
The summary of outstanding computer equipment (most are common between DCC, CP and SEM computers) that must be 
addressed for Darlington life extension as part of this project is: 
 

 Over 20 types of I/O subsystem circuit boards reverse engineering with spares (IIP – regulatory) 
 Watchdog and CDR circuit boards reverse engineering with spares (IIP – regulatory) 
 Power supplies and power filters replacements with spares 
 UNIBUS segment isolator/repeater reverse engineering with spares 
 Disk and Tape emulator reverse engineering and spares 
 Class II Automatic Transfer Relays replacement 
 Computer keyboards and associated electronics reverse engineering with spares 
 LA120 computer terminal reverse engineering with spares 
 Communication circuit boards (e.g. Datalink, Delua) reverse engineering with spares 
 DCC cabinet blower replacements with spares and DR11-M circuit board reverse engineering with spares (not 

currently listed in CCAs but an emerging DCC system health issue) 
 
The replacement of the majority of these computer component types is a regulatory commitment. 
 
 
Part B:  Preferred Alternative:  Reverse Engineering, Replacement and Purchasing of Lifetime Spares for Obsolete 
Computer Components 

Description of Preferred Alternative 

Most of the obsolete computer components were custom designed for Darlington, using 1980’s technology, which can no 
longer be implemented. The preferred alternative is to reverse engineer the obsolete components using current technology, 
replace them in the plant and purchase sufficient spares to maintain the DCC/CP/SEM computers until the extended plant end 
of life. 
 
The OPG engineering expertise will be used to prepare the engineering specifications for the obsolete computer components, 
and subsequently provide support to Supply Chain’s external bidding process, to identify the qualified vendors able to perform 
the required reverse engineering. Once the vendors are selected and the costs of reverse engineering are known, a more 
accurate cost and schedule estimate for the detailed design can be done as part of the second stage of the project definition 
phase, which will be the subject of the next release request. 
 
Two computer components, the CDR circuit board and Disk/Tape emulator, would not require reverse engineering, but only a 
design revision, if executed before most of their parts become obsolete and the original designer retires. Project cost savings of 
approximately $800k can be accomplished if the full design and procurement cycle for these computer components is included 
in the partial release for the project definition phase. 
 
This BCS addresses the following scope of work: 
 The vendor design revision and procurement of lifetime spares for the CDR circuit board and Disk/Tape emulator. 
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Part B:  Preferred Alternative:  Reverse Engineering, Replacement and Purchasing of Lifetime Spares for Obsolete 
Computer Components 

Description of Preferred Alternative 

 The preliminary engineering for the remaining obsolete computer components (i.e. engineering specifications and 
procurement of vendor design services). 

 
Two additional BCSs will be submitted for approval in the future, as follows: 
 Definition Phase – Full Release in Q4 of 2017 for the detailed design (internal and reverse engineering contracts) 
 Execution Phase – Full Release in 2020 for cost of materials, installation and commissioning, and procurement of lifetime 

spares, after the detailed design is complete 
 
The preferred alternative identifies a proactive approach to DCC/CP/SEM computer life extension, which would be more 
beneficial than performing the work reactively (i.e. replacing computer boards as they fail). The timing for the reverse 
engineering and installation of various computer components was determined after a thorough analysis of the current spare 
parts availability via CCAs, and subsequently the replacement need dates. Based on the past experience of replacing the 
DCC/CP/SEM computers with hardware emulators, it is anticipated that after the life extension work for this project is complete, 
the failure rate would decrease significantly. 
 
Pros: 

Although the purchase of computer components lifetime spares for 25-30 years is not a common approach, as opposed to 10-
15 years, it was selected for the following reasons: 
 It eliminates the need for another project start not later than 2030 with similar scope and cost as this one, which will have 

to address the obsolescence issues at that time and provide sufficient spares for the continuing DCC/CP/SEM computer 
operation until the extended plant end of life. 

 Most of the computer components currently installed in the plant and the related spares lasted for over 25 years, and some 
of them are still expected to function for another 5-10 years. 

 Enhanced packaging requirements for long term storage can be applied to the lifetime spares, by taking the same 
approach used for the DCC/CP/SEM computer replacements with hardware emulators (Project 16-33977). 

The final decision on the lifetime spares approach (except for the CDR circuit board and Disk/Tape emulator) could be 
postponed until the Full Release for the Execution Phase in 2020, when a more accurate cost of materials and required 
quantities will be available. 
  
Cons: 

The lifetime spare approach will result in 
 Higher inventory levels 
 Risk of not specifying enough spares to last to the end of commercial operations 
 Risk of specifying too many spares resulting in higher write-offs at the end of commercial operations 
 Reduced return on asset once these lifetime spares are fully depreciated 

 
Part E, Financial Evaluation, provides the estimate of cost difference between the preferred alternative and other 
alternatives. 
 

 

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

BCS – Definition, Partial Release for preliminary 
engineering and procurement of engineering services 

OAR Approval of BCS DEC-2015 

CDR board and Disk/Tape emulator design documentation 
and prototypes 

CDR and Disk/Tape emulator design 
revision accepted by OPG 

DEC-2016 

CDR board and Disk/Tape emulator lifetime spares 
procurement documentation 

PO issued for CDR and Disk/Tape emulator 
lifetime spares 

MAR-2017 

BCS – Definition, Full Release for detailed design (internal 
and reverse engineering contracts) 

OAR Approval of BCS OCT-2017 
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Deliverables: Associated Milestones (if any): Target Date: 

Engineering specification, bid evaluation and vendor selection 
documentation for I/O subsystems reverse engineering 

PO issued for I/O subsystems design 
services 

DEC-2017 

Engineering specification, bid evaluation and vendor selection 
documentation for Watchdog circuit board reverse engineering 

PO issued for Watchdog circuit board design 
services 

DEC-2017 

Engineering specification, bid evaluation and vendor selection 
documentation for computer keyboards reverse engineering 

PO issued for computer keyboards design 
services 

AUG-2018 

Engineering specification, bid evaluation and vendor selection 
documentation for Delua circuit board reverse engineering 

PO issued for Delua circuit board design 
services 

JUN-2019 

Watchdog circuit board design documentation and prototype Watchdog board design accepted by OPG NOV-2019 
Watchdog circuit board – materials procurement 
documentation 

PO issued  for Watchdog circuit board JAN-2020 

Engineering specification, bid evaluation and vendor selection 
documentation for Datalink circuit board reverse engineering 

PO issued for Datalink circuit board design 
services 

JUL-2020 

Engineering specification, bid evaluation and vendor selection 
documentation for UNIBUS repeater reverse engineering 

PO issued for UNIBUS repeater design 
services 

SEP-2020 

BCS – Execution, Full Release for materials cost, 
installation and commissioning and procurement of 
lifetime spares 

OAR Approval of BCS DEC-2020 

Computer keyboards – materials procurement documentation PO issued for computer keyboards FEB-2021 
Computer keyboards design documentation and prototypes Computer keyboards design accepted by 

OPG 
MAR-2021 

I/O subsystems design documentation and prototypes I/O subsystems design accepted by OPG APR-2021 
I/O subsystems – materials procurement documentation PO issued for I/O subsystem circuit boards JUN-2021 
SEM computer keyboards replacement Operations turnover JUN-2021 
LA120 computer terminal design documentation and prototype LA120 computer terminal design complete SEP-2021 
Watchdog circuit board replacement Operations turnover NOV-2021 
Delua circuit board design documentation and prototype Delua board design accepted by OPG DEC-2021 
SEM I/O subsystem replacement Operations turnover DEC-2021 
LA120 computer terminal – materials procurement 
documentation 

PO issued for LA120 computer terminal JAN-2022 

CP computer keyboards replacement  Operations turnover FEB-2022 
Delua circuit board – materials procurement documentation PO issued for Delua circuit board APR-2022 
CP I/O subsystem replacement Operations turnover SEP-2022 
Datalink circuit board design documentation and prototype Datalink board design accepted by OPG DEC-2022 
UNIBUS repeater design documentation and prototype UNIBUS repeater design accepted by OPG FEB-2023 
Datalink circuit board – materials procurement documentation PO issued for Datalink circuit board APR-2023 
UNIBUS repeater – materials procurement documentation PO issued for UNIBUS repeater MAY-2023 
DCC computer keyboards replacement Operations turnover SEP-2023 
LA120 computer terminal replacement Operations turnover NOV-2023 
Delua circuit board replacement Operations turnover MAY-2024 
DCC I/O subsystem replacement  Operations turnover JUN-2024 
Datalink circuit board replacement Operations turnover MAR-2025 
UNIBUS repeater replacement  Operations turnover JUN-2025 
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Part C:  Other Alternatives 

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

 

Alternative 2: Base Case – No Project 

Current performance of the DCC/CP/SEM computers is monitored through the System Health Reporting. Most of the critical 
electronic components addressed in this project are approximately 30 years of age. There is currently an increasing trend of 
the failure rate for the aged components. However, as electronic components age, it is inevitable that there will be a point 
reached where the failure rate begins to increase more significantly. This, combined with very limited numbers of available 
spares, some exhausted, will put the continuing performance and operation of the DCC/CP/SEM computers at risk after 2020.  
 
The obsolete computer components are no longer manufactured, as the old technology is out of date. Therefore no spare parts 
can be purchased to replace the defective components. 
 
In summary, the “No Project” alternative is not recommended for the following reasons: 
 Failure to meet the regulatory commitment of replacing the critical obsolete computer components by 2024 
 Dual Unit DCC failure as a result of inability to perform repairs due to the lack of spare parts would force the Unit 

shutdown. 
 

 

Alternative 3:  Delay Work – Reverse Engineering, Replacement and Purchasing of Lifetime Spares for Obsolete 
Computer Components 

A project start delay past 2016 is not recommended for the following reasons: 
 The project duration is mainly dictated by the most diverse computer components, the I/O subsystems, which contain over 

20 types of circuit boards and power supplies. In order to meet the regulatory commitment of replacing the I/O subsystems 
by 2024, the preliminary engineering must start in 2016, followed by the detailed design, reverse engineering and 
procurement by 2021, then define and execute a program to install and commission approximately 4,500 circuit boards in 
the DCC/CP/SEM computers over a 3-4 year period. 

 One criterion for the timing of the reverse engineering and replacement of various computer components was based on 
the current spare parts availability. Project delays would increase the risk of DCC failures due to the lack of spare parts, 
which would subsequently lead to the Unit shutdown. This would result in significant production loss, which is difficult to 
quantify, but it could be several million dollars. 

 The original designer of the CDR circuit board and Disk/Tape emulator would be able to revise their design prior to his 
retirement in 2016 for a substantially smaller cost (by approximately $800 k) than contracting out to various vendors for 
reverse engineering later on. 

 OPG engineering expertise in Darlington control and monitoring computers built over a 30 year period, which is critical for 
the success of this project, will diminish due to retirements in the next few years. Project delays will translate into additional 
costs of up to $1,000 k for expertise substitution. 

 
Part E, Financial Evaluation, provides the estimate of cost difference between “Delay Work” and other alternatives. 
 

 

Alternative 4:  Reverse Engineering, Replacement and Purchasing of Spares for 15 Years of Operations 
This alternative is the same as the preferred one in terms project strategy, cash flows and total cost for the reverse engineering 
and replacement of the obsolete computer components. The only difference is the inventory cost as a result of a different 
approach for spares, 15 years instead of lifetime (25-30 years). 
 
Pros: 

Purchasing of spares for 15 years of operations will result in 
 Lower inventory levels 
 More accuracy in identifying the required number of spares for a shorter period of time (15 instead of 30 years) 
 Higher return on asset, as the spares will not reach full depreciation until after 15 years 

 
Cons: 

Filed: 2016-05-27 
EB-2016-0152 
Exhibit D2-1-3 
Attachment 1, Tab 30, 80078 
Page 5 of 11



OPG Proprietary 

OPG-FORM-0075-R004 
Type 2 Business Case Summary 

Project #: 16-80078 Document #: D-BCS-69000-10008 
Project Title: Darlington Digital Control, Common Process and Sequence of Events Monitoring Computer Aging 

Management, <Partial> <Definition> Release 
 

 

OPG-TMP-0004-R004 (Microsoft® 2007) 
Page 6 of 9 

Alternative 4:  Reverse Engineering, Replacement and Purchasing of Spares for 15 Years of Operations 
 The need for another project start not later than 2030 with similar scope and cost as this one, which will have to address 

the obsolescence issues at that time and provide sufficient spares for the continuing DCC/CP/SEM computer operation 
until the extended plant end of life. 

 The cost of an additional project is much higher than the cost resulting from purchasing of spares beyond 15 years of 
operations, as indicated in the preferred alternative. 

 High risk that the required engineering expertise, both internal and external, to execute a similar project will not be 
available after 2030. 
 

Part E, Financial Evaluation, provides the estimate of cost difference between alternative 4 and other alternatives. 
 
 
Part D:  Project Cash Flows, NPV, and OAR Approval Amount 

k$ LTD 2016 2017 2018 2019 2020 2021 Future Total 

Currently Released -         
Requested Now - 807 854      1,661 
Future Required -   3,060 6,485 13,010 10,824 12,213 45,592 

Total Project Cost  807 854 3,060 6,485 13,010 10,824 12,213 47,253 

Ongoing Costs -         

Inventory -  450 150 75 2,663 2,910 2,820 9,068 

Grand Total  807 1,304 3,210 6,560 15,673 13,734 15,033 56,321 

Estimate Class: Class 4 Estimate at Completion: 

NPV: N/A OAR Approval Amount: $2,111 k 

Additional Information on Project Cash Flows (optional): 

Inventory costs have been added to reflect the amounts required for the purchase of lifetime spares. 
contingency is included in the amounts requested now. 
contingency is included in the future required amounts and inventory. 

 
Part E:  Financial Evaluation 

k$ Preferred 
Alternative 

Base Case Delay Work Alternative 4       

Project Cost 56,321 N/A 58,121 103,574  
NPV N/A  N/A N/A  
Other (e.g., IRR)      

 

Summary of Financial Model Key Assumptions or Key Findings: 
 
1. contingency applied to all alternatives 

 
The estimate for the vendor reverse engineering is based on the assessment of each computer component complexity and 
information from recent contract values related to the DCC replacement project 16-33977. However, relatively small cost 
deviations on the reverse engineering of individual computer components may result in significant variance for the overall 
cost of a large number (over 30) of computer board and device types that require replacement.  

 
The costs of materials are mostly estimated based on individual computer component complexity. Given the large number 
of computer boards and devices that require replacement (approximately 4,500), the resulting total cost of materials is not 
sufficiently accurate. 

 
Therefore contingency was currently applied to the future costs of both reverse engineering and materials (including 
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Summary of Financial Model Key Assumptions or Key Findings: 
inventory). The outcome of this partial release for the definition phase will be a more accurate cost estimate, based on 
vendor proposals, which will be reflected in the future release requests. 

 
2. Inventory costs incorporated in all alternatives 

 
Inventory costs are the only difference between alternative 4 and the preferred one. Therefore they were incorporated in all 
alternatives for proper evaluation. 
 

3. Project cost estimate for Preferred Alternative 

 
See Part D, Grand Total of $56,321k. 
 

4. Project cost estimate for Delay Work 

 
Preferred alternative cost of $56,321k plus the following additional costs: $800k for delayed reverse 
engineering of CDR circuit board and Disk/Tape emulator, and $1,000k for expertise substitution. 
 

5. Project cost estimate for Alternative 4 

 
Two similar projects, one starting in 2016, the other in 2030, each costing $47,253k for a total of $94,506k. 
Inventory costs: two $4,534k amounts for 15 year period spares after each project, for a total of $9,068k. 
 

NOTES 
 The cost estimate for Preferred Alternative will be slightly higher, due to additional inventory cost for lifetime spares and 

reduced return on asset, which are difficult to quantify at this stage. However, these additional costs would be absorbed by 
the applied contingency. 

 Present dollar value was used for the cost estimate of the second project and related inventory. 
 The second project identified in Alternative 4 could potentially have a higher cost, as required engineering expertise may 

not be available in 2030. 
 The cost of Delay Work listed at $58,121k is likely to be higher by several million dollars. Potential production loss as a 

result of DCC failures due to the lack of spare parts, resulting in Unit shutdown, is hard to quantify, and therefore not 
included in this financial evaluation. 

 
 
Part F:  Risk Assessment 

Risk Class Description of Risk Risk Management Strategy 
Post-Mitigation  

Probability Impact 

Cost 

There is a risk that the costs of vendor 
reverse engineering and materials 
(computer components replacements) 
will be higher than estimated.  

Estimate was performed based on past 
experience for similar computer 
component replacements. 
 

contingency was added for both 
reverse engineering and materials costs. 
 

Medium Low 

Scope 
There is a risk that approval will not be 
obtained for lifetime spares. 
 

Justification will be submitted to 
Materials Review Board, stating that 
other alternatives for spare parts would 
increase the overall costs by $47,253 k. 

High Medium 

Schedule 

There is a risk that the reverse 
engineering of a large number of 
computer component types (over 30 
circuit boards and devices) in parallel by 

Contract out the reverse engineering for 
groups of functionally related computer 
components, in order to eliminate or 
minimize the need for coordination 

High Medium 
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Part F:  Risk Assessment 

Risk Class Description of Risk Risk Management Strategy Post-Mitigation  
various vendors will delay the schedule. between vendors. 

 
Apply contingency to the vendor 
committed schedules. 
 
Provide continuous vendor oversight 
during detailed design phase. 
 

Resources 

There is a risk that internal engineering 
expertise will be lost due to retirements, 
as this is a long project to be executed 
over a 9 year period. 

Knowledge retention program in place to 
preserve the required core of expertise 
for internal design, product validation 
testing, installation and commissioning, 
qualified vendor oversight and technical 
support.  

High Low 

Quality/ 
Performance 

There is a risk that vendor design 
deliverables and/or manufactured 
computer components will not meet the 
design and QA requirements, which will 
result in prolonged OPG 
review/acceptance time. 
 

Select vendors with appropriate QA 
program that previously performed high 
quality work for OPG. 
 
Provide continuous vendor oversight 
during detailed design phase. 
 
Computer component replacements to 
undergo Factory and Site Acceptance 
Test. 

Medium Medium 

Technical 

There is a risk that technical challenges 
will occur for at least some of the large 
number of computer component types 
during the design and validation testing. 
 

Apply recent lessons learned and 
provide continuous vendor oversight 
during detailed design phase. 
 
Maintain sufficient in-house engineering 
expertise to be able to provide 
troubleshooting and technical support to 
the vendors. 

Medium Medium 

 
Part G:  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 JUN-2025 JUN-2026 
 

Measurable 
Parameter 

Current Baseline Target Result 
How will it be 
measured? 

Who will measure it? 
(person/group) 

Equipment Reliability  

YELLOW indicator in 
System Health Report 
for average number of 

functional failures 
(RED for Unit 4 DCC) 

Improve the average 
number of failures 

indicator to WHITE in 
System Health Report 

Health Reports and 
SCRs 

Computers and 
Control Design 

Equipment 
Maintainability 

YELLOW indicator in 
System Health Report 

for spare parts 

Improve the spare 
parts indicator to 
WHITE in System 

Health Report 

Verify spares available 
in inventory 

Computers and 
Control Design 
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Appendix B:  Comparison of Total Project Estimates and Project Variance Analysis 
 

Comparison of Total Project Estimates 

Phase Release 
Approval 

Date 

Total Project Estimate in k$ 

(by year including contingency) Future 
Total 

Project 
Estimate 2016 2017 2018 2019 2020 2021 

Definition Partial  807 854 3,060 6,485 13,010 10,824 12,213 47,253 
           
 

Project Variance Analysis 

Choose an item. LTD 
Total Project 

Variance Comments 
Last BCS This BCS 

OPG Project 
Management 

  1,350  First BCS, no variance 

OPG Engineering 
(including Design)   4,392   

OPG Procured 
Materials 

  11,805   

OPG Other     
Design Contract(s)     
Interest     

Subtotal     

Contingency     

Total   47,253   
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