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Witness Panel: Nuclear Operations & Nuclear Projects 


SEC Interrogatory #118 1 
 2 
Interrogatory 3 
 4 
Reference: F2-1-1, p.16-17 5 
 6 
Please provide a similar table that shows the annual targets for each of Pickering and 7 
Darlington for each year between 2016 and 2019. 8 
 9 
 10 
Response 11 
 12 
See Ex. L-F2-01-Staff 196 part c). 13 
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SEC Interrogatory #119 1 
 2 
Interrogatory 3 
 4 
Reference: F2-1-1 p.22-23 5 
 6 
With respect to the Right Work, Right Time, Right Value initiative: 7 


a. For each listed action, please quantify the forecast annual savings expected. 8 
b. Please provide the internal business case, program outline, or similar document 9 


that outlines the initiative and expected benefits. Please explain each 10 
calculation and any assumptions made. 11 


 12 
 13 
Response 14 
 15 
a) Following the 2020 organizational realignment discussed in Ex. A2-2-1, the 16 


improvement actions of the Right Work, Right Time, Right Value Initiative have 17 
evolved to take on an Enterprise Operations focus. These actions are now part of 18 
an initiative called “Equipment Reliability” within the overarching Enterprise 19 
Operations’ priority, “Our Plant”. A full description of each key improvement action 20 
is provided at Ex. F2-1-1, pp. 21-23 and a summary of the expected benefits of 21 
each action is provided below.  22 


 23 
• Expanding the “Fix it Now” maintenance team and optimizing assessment of 24 


minor maintenance: this improvement action is expected to improve work 25 
management performance, reduce corrective and deficient backlogs, including 26 
critical backlogs, and support improved plant reliability. Pickering and 27 
Darlington’s backlog targets are shown at Ex. F2-1-1, Chart 3 and Chart 4, pp. 28 
16-17. 29 
 30 


• Utilizing the Monitoring and Diagnostic Center (“M&D Center”) to support 31 
condition-based maintenance: this improvement action is expected to improve 32 
plant performance as well as avoid operations and maintenance costs. As part 33 
of the continued evolution of the M&D Center, sensors and remote monitoring 34 
technologies are being installed on plant equipment, which will provide real time 35 
data and analysis to ensure maintenance is done promptly and resource 36 
utilization is maximized. This will allow the prioritization of maintenance activities 37 
and optimal use of resources to ensure high plant reliability, including early 38 
detection of equipment degradation/anomalies to initiate repairs and avoid 39 
catastrophic or consequential failures, avoid safety and environmental events, 40 
reduce costly time based preventative maintenance tasks and optimize 41 
maintenance planning. Additionally, this improvement action is expected to 42 
include $1 million in avoided costs associated with early detection of equipment 43 
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failures and $2 million annually by improving plant heat rate and reducing 1 
thermal performance losses (Ex. L-A2-02-SEC-014).  2 
 3 


• A collaborative review of the preventative maintenance (“PM”) program will be 4 
performed by Engineering, Maintenance, Operations, and Work Management 5 
staff:  this improvement action is expected to ensure that Maintenance 6 
resources are focused on execution of the highest-value activities. Lower 7 
risk/lower value work will be removed from the PM program and similar tasks or 8 
related activities will be bundled together to increase efficiencies in execution. 9 
 10 


• Continue to explore opportunities for using artificial intelligence (“AI”) to improve 11 
work management: this improvement action is expected to enable both 12 
Pickering and Darlington to continually drive improvements to their work 13 
management programs, including using AI to maximize maintenance resources 14 
by effectively coordinating on-line and outage shift schedules, assisting in the 15 
assessment of work packages, and logging and monitoring of foreign material 16 
exclusion. OPG has already realized improvements in the outage scoping 17 
process with batch work assessing capabilities that reduce human performance 18 
issues as errors are automatically corrected.  19 


 20 
Unless noted above, OPG has not quantified the specific forecast annual savings 21 
attributable to each improvement action over the IR term, as this initiative has varied 22 
and, in some cases, overlapping effects on OPG’s performance, making it difficult to 23 
isolate specific savings. Some improvement actions are focused on operational 24 
matters to improve reliability to meet production targets (e.g., Forced Loss Rate and 25 
Unit Capability Factor), while others are aimed at offsetting cost pressures. Overall, 26 
the successful implementation of these improvement actions are necessary to enable 27 
OPG to achieve and sustain the operational and value for money targets listed in Ex. 28 
F2-1-1. As discussed in Ex. F2-1-1, p. 20, “in recognition of the transformational period 29 
for the organization that is the next IR term, OPG will adopt an agile approach to 30 
achieving its performance goals by pursuing a range of potential opportunities, building 31 
on successes, and developing alternative plans and mitigation actions as required".  32 
 33 
b) Please see Attachment 1 for the Terms of Reference.  34 








Enterprise Initiative on Equipment Reliability – Terms of Reference 
 
Mission Statement: 
Develop and execute a portfolio of initiatives to promote a fleet-wide approach to Equipment Reliability 
programs and drive improvements in Equipment Reliability program implementation to maintain safety 
margins, maximize revenue, and minimize costs. 
  
Objectives for Enterprise Initiative: 
 Implement a Fleet-wide approach to ER 


o Use industry OPEX and lessons learned across the Nuclear and RG Fleet to augment 
practices at all sites and lines of business 


o Take a collaborative approach to ER and share accountability and success across the 
organization 


o Develop a sustainable forum to support and provide oversight/challenge of key ER initiatives 
across the Fleet 


 Improve reliability across the Fleet using a risk-based approach 
o Reduce the frequency and duration of forced outages (i.e. less failures of critical equipment) 
o Reduce outage critical path delays due to equipment issues (i.e. better reliability 


performance from FH/AIM equipment/tools) 
o Drive longer-term reliability improvements (“fix it once”) and ensure strong 


bridging/mitigation strategies 
 Decrease costs associated with ER program implementation and equipment maintenance 


o Execute less time-based PMs, more Condition Based Maintenance 
o Reduce frequency/impact of major failures (leverage the M&DC and take action prior to 


events) 
o Spend less of our resources on low risk/low priority equipment 
o Drive efficiencies/innovation in existing program implementation, including reporting and 


integration with other business processes such as Asset Management 
   
2021 Initiative Focus Areas and Leads: 
 Improving FH Reliability/Outage Equipment Performance 


o Pickering FH Reliability (online and outage) – Dan Gleeson 
o Darlington FH Reliability (online and de-fuel for DNRU1/4) – Kristy Mohan 


 Enhance ER Program Structure and Implementation 
o New ER governance and equipment health reporting procedure in RG – Dave St Martin 
o Improved PM Strategy and Management in RG – Karen Wolnik 
o Implementation of ERI and VBM in Nuclear Waste – Mark Ferry 
o Develop a new ER Program for AIM/Tooling Reliability – Alec MacDonald 


 Expanding use of Condition Based Maintenance 
o Increase M&DC monitoring capabilities, with a focus on PM conversion from time-based to 


condition-based – Dan Foster-Roman 
o Drive Nuclear Sensor Installation – Kasia Izdebska 
o Drive RG Sensor Installations and Data Connections to support M&DC – Dale Adams 


 Efficiencies in ER Program Delivery 
o ER software upgrade project – Dave St Martin 
o Improve information exchange in RG through standardization of Operator Logs – Dale 


Adams 
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Enterprise Initiative Structure and Executive Steering Committee: 


The EI on ER bundles together twelve different initiatives already underway across the OPG Fleet. Focus 


Area Leads have been assigned based on existing roles/accountabilities within the organization, but it is 


expected that they will each have their own teams in place to help drive progress in each FA. 


Each Focus Area Lead will have their own independent action plan, and will report out to an Executive 


Steering Committee (ESC) periodically on recent progress, successes, challenges/risks, and help 


required. The ESC will include relevant line leaders who can provide guidance/feedback and support to 


remove barriers and ensure the success of each initiative. The ESC will meet at minimum on a quarterly 


basis, with meetings occur more frequently (potentially with a focused agenda) if deemed necessary. 


Executive Steering Committee meetings will normally be 90 minutes in length. 


The Executive Steering Committee will include the following: 


- Enterprise Initiative Leads as Co-Chairs (Shaheen Shaikh/Jordan Black) 


- VP Central Engineering (Don Gagnon) 


- VP Generation Strategy and Innovation (Zar Khansaheb) 


- VP Station Engineering (Emily Tarle) 


- VP RG Western Operations (John Hefford) 


- VP RG Eastern Operations (Bruce Robertson) 


- Chief Information Officer (Jason Wight) 


- VP AIM (Leslie McWilliams) 


- Director Engineering Strategy and Support (Dave Brandt) 


- Optional – SVP Enterprise Engineering (Mark Knutson) 


- Optional – VP Engineering Design and Projects (Gregg McCabe) 


- Optional – Director of AIM Engineering (Sorin Marinescu) 


- Optional – Director Engineering – Mechanical and Electrical/I&C (David Rogalski) 


- Optional – Director Station Engineering – RG and Nuclear Waste (Peter Hassan) 


- Optional – Director Station Engineering – Pickering (Stewart Wilson) 


- Optional – Director Station Engineering – Darlington (Dave Burger) 


- Optional – Director Asset Management (Lonny Tulk) 


- Optional – Director CFAM Operations (Bob Jackowski) 


- Optional – Director Data Analytics (Brian Mori) 


Steering Committee members will be expected to provide critical feedback and guidance for Focus Area 


Leads and will also be accountable for removing barriers and ensuring adequate support is provided to 


these Focus Areas by their own lines of business. 


On a periodic basis, the Enterprise Initiative Leads will report on the health/progress of the overall 


Enterprise Initiative to the Broader Operational Leadership Team (BOLT), basing their report on the 


updates and feedback provided at the ESC meeting. The Enterprise Initiative Leads will also meet with 


the Focus Area Leads on an as-needed basis to ensure a consistent approach, identify support required, 


etc. 
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Witness Panel: Nuclear Operations & Nuclear Projects 


SEC Interrogatory #120 1 
 2 
Interrogatory 3 
 4 
Reference: F2-1-1, Attachment 1 5 
 6 
For each of the referenced six prior initiatives, please quantify in monetary terms the 7 
benefits listed. Please explain each calculation and any assumptions made. 8 
 9 
 10 
Response 11 
 12 
See Ex. L-F2-01-Staff-208. 13 
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Witness Panel: Nuclear Operations & Nuclear Projects 
 


SEC Interrogatory #121 1 
 2 
Interrogatory 3 
 4 
Reference: F2-1-1, Attachment 2 5 
 6 
Please provide the 2017, 2018 and 2019 Nuclear Benchmarking Report.   7 
 8 
 9 
Response 10 
 11 
The 2017 Nuclear Benchmarking Report is attached as Attachment 1. The 2018 12 
Nuclear Benchmarking Report is attached as Attachment 2.  The 2019 Nuclear 13 
Benchmarking Report is attached as Attachment 3. The Attachments are marked 14 
confidential but OPG has determined it is non-confidential in its entirety. 15 
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1.0 EXECUTIVE SUMMARY 
 
Key Highlights 


 
OPG benchmarked favourably relative to its peers in 2017 in a number of key nuclear cornerstone 
areas. OPG’s safety-related performance continued to show strong results and OPG demonstrated 
a commitment to continuous improvement in the reliability and human performance metrics. 
OPG’s performance against value-for-money metrics would have been at or near the top quartile 
if the size of its nuclear units were more in line with the industry average. 
 
Under the Safety cornerstone, OPG’s nuclear generating stations continue to demonstrate strong 
performance in all nine safety performance metrics.  Darlington and Pickering continue to 


demonstrate strong performance with their All Injury 
Rate remaining in the first quartile.   Darlington achieved 
maximum NPI results or best quartile performance for all 
seven NPI sub-metrics under the Safety cornerstone and 
the Airborne Tritium Emissions indicator improved to 
the top quartile.  Pickering continued to show maximum 
WANO NPI results or top quartile performance for six 
metrics under the Safety cornerstone, with Collective 
Radiation Exposure (CRE) improving to third quartile 
performance.  Pickering’s CRE was impacted by the 


number of planned outages, as well as the scope and duration.  Airborne Tritium Emissions at 
Pickering remained in the third quarter largely due to an increase in heavy water leaks.  
Management continues to focus on improving vapour recovery dryer performance and the 
reliability of the Tritium Removal Facility to reduce emissions. 
 
Under the Reliability cornerstone, the majority of Pickering’s performance metrics improved 
compared to 2015 such as the WANO Nuclear Performance Index, Forced Loss Rate (FLR), 
Chemistry Performance Indicator (CPI), and On-line Corrective Maintenance backlogs. At 
Pickering, the most significant improvement was the FLR performing better by a 3.1% reduction 
compared to 2015, which was largely attributed to the 
equipment reliability improvements.  CPI improvement 
was due to better outage Foreign Materials Exclusion 
practices, Water Treatment Plant output quality, and 
blowdown frequency adherence.   
 
Darlington’s NPI performance improved to the second 
quartile.  FLR and the Unit Capability Factor (UCF) both 
improved in their ranking to the median primarily due to 
the plant reliability improvements. The Darlington 
Chemistry Performance Indicator once again remained in best quartile and achieved maximum 
NPI points. Darlington improved their On-line Deficient Maintenance Backlogs and On-line 
Corrective Maintenance Backlogs by reducing the number of work orders per unit relative to 2014 
due to overall maintenance efficiency and schedule quality. 


 


OPG Nuclear Stations continue 
to lead in Safety 


 


OPG Nuclear Stations continue 
to improve in Reliability 
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The Nuclear Performance Index is a WANO index of 10 sub-indicators that measures safety and 
reliability as listed in the Table 1.   
 


            
      
  Table 1: Q4 2016 Nuclear Performance Index   
  NPI Components Weight % Pickering Darlington   
  Industrial Safety Accident Rate (ISAR) 5 5.0 5.0   
  Collective Radiation Exposure (CRE) 10 7.2 9.3   
  Fuel Reliability (FRI) 10 9.9 9.8   
  Reactor Trips (RTR) 10 10.0 10.0   
  Auxiliary Boiler Feedwater (ABFW) 10 10.0 10.0   
  Emergency AC Power (EACP) 10 10.0 10.0   
  High Pressure Injection (HPSI) 10 10.0 10.0   
  Chemistry Performance (CPI) 5 4.2 5.0   
  Forced Loss Rate (FLR) 15 9.6 10.9   
  Unit Capability Factor (UCF) 15 0.5 7.7   
           
  Total 100 76.3 87.8   
            


 
 
 
70% of the overall index is related to safety components and CPI, which both Pickering and 
Darlington receive full or near full points.  The remaining 30% of the overall index measures 
reliability performance.   
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STRONG SAFETY 
PERFORMANCE 


Darlington and Pickering consistently 
demonstrate strong safety 
performance in 8 of 10 NPI safety 
sub-indicators and chemistry 
performance. 
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Value for Money is calculated on a 3-year rolling average comprising of operating costs, 
including nuclear and corporate allocated costs, along with fuel and on-going capital costs per 
MWh.  Total Generating Cost (TGC) per MWh and Non-Fuel Operating Cost (NFOC) per MWh 
at Pickering was highly impacted by the unit size, first generation CANDU technology, and 
extensive planned outage program from extended operations.  Darlington was also impacted by 
its unit size, Primary Heat Transport motor outage, and increased on-going capital investment for 
life extension.  
 
Under the Value for Money cornerstone, Pickering 
remained in the fourth quartile for performance in TGC 
per MWh and NFOC per MWh.  Pickering maintained 
best quartile performance in Fuel Cost per MWh and 
Capital Cost per MW DER.  Darlington’s TGC per 
MWh fell from the median quartile performance in 
2015 to the third quartile in 2016.  The improvement to 
the third quartile performance in NFOC per MWh and sustained top quartile performance in Fuel 
Cost per MWh was contrasted by the drop to the median quartile performance in Capital Cost per 
MW DER at Darlington in 2016.  Darlington’s drop in Capital Cost per MW DER performance 
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RELIABILITY 


Pickering’s reliability has improved 
drastically since 2014.  Pickering and 
Darlington continue to drive plant 
reliability through fleet and station 
initiatives. 


EXTENDED OUTAGE DURATIONS 


OPG's nuclear facilities are transitioning 
through a major refurbishment and life 
extension.  Planned outages longer than 
any utility in the peer group are being 
executed to ensure plant safety. 


VALUE FOR MONEY 


Accounting for unit size of Pickering 
and Darlington drives TGC/MWh to 
first quartile. 
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was due to non-power block infrastructure spending to support post-refurbishment operations.  
Darlington had the third lowest Fuel Cost per MWh in its industry peer group, while Pickering had 
the fourth lowest. 
 
Pickering’s Total Generating Cost per MWh remained relatively flat with a compound growth rate 
of 0.7% over the period 2011-2016 whereas the best quartile and median levels increased by 2.5% 
and 1.4% respectively.  Unit size and outage durations required to extend the life of the station 
contributed to fourth quartile results when costs are compared on a per MWh basis.   
 
Pickering units are the smallest in the peer group with total capacity of 540 MW compared to the 
peer group average of 1,022 MW.  The peer group’s generating unit size distribution illustrates 
that the majority of the generating units fall within the 900 to 1,299 MW range with the average 
at 1,022 MWh.  
 
 


 
 
Pickering’s TGC/MWh is highly impacted by its relatively small unit size as shown in the chart 
below. 
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The major drivers that 
contribute to the gap in 
TGC/MWh for 
Pickering are provided 
in the adjacent chart.  
Pickering’s 
TGC/MWh is highly 
impacted by its 
relatively small unit 
size.  The Pickering 
TGC/MWh, 
accounting for the size 
of unit, FLR and 
Planned Outage gap 
impacts, of 
$21.44/MWh puts 
Pickering in the best 
quartile, which is less 
than the best quartile 
TGC/MWh of $38.77.   


 
 
Darlington also has smaller units than the peer group average at 934 MW.  The impact 
attributable to unit size is $4.21/MWh on Darlington’s TGC/MWh. 
 


Furthermore, with the 
exception of Bruce 
Power, all plants in 
the peer group do not 
have a vacuum 
building in their 
design compared to 
Darlington.  
Darlington’s vacuum 
building outage 
(VBO) maintenance 
in 2015 contributed to 
$2.35/MWh of the 
TGC/MWh.     
 
 
 
 
 
 


The Darlington TGC/MWh, accounting for the size of unit and VBO moves the station below 
industry median into second quartile.    
 


68.06


21.44


33.91


2.54
10.17


0.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
80.00


Pickering
TGC/MWh


Size of Units
Impact


FLR Impact Planned
Outage
Impact


Pickering
TGC/MWh


After
Accounting


for Key
Drivers


Ca
na


di
an


 $
/M


W
h


Pickering TGC/MWh Driver Analysis


Best Quartile 
TGC/MWh = 38.77 


45.63
35.75


4.21 2.35 1.16 1.21 0.96


0.00
5.00


10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00


Darlington
TGC/MWh


Size of
Units


Impact


VBO
Impact


FLR Impact Planned
Outage
Impact


Second Life
Capital
Costs


Impact


Darlington
TGC/MWh


After
Accounting


for Key
Drivers


Ca
na


di
an


 $
/M


W
h


Darlington TGC/MWh Driver Analysis


Best Quartile 
TGC/MWh = 38.77 


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 1 
Page 7 of 114







OPG Confidential – Internal Use Only   2017 Benchmarking Report 


- 6 - 


 


The following chart is the 3-year Total Generating Costs by unit. 
 


 
 


 
Pickering’s TGC per generating unit demonstrated strong cost performance with Pickering placing 
among the best in the peer group as illustrated in the graph above.  Darlington’s TGC per 
generating unit basis placed within the industry best quartile. 
 
In the area of Human Performance, Pickering and Darlington improved their human performance 
error rate to the median quartile in 2016, due to an increased focus on initiatives to drive 
performance including implementing strategies that enabled learning, provided consistent 
coaching, and focused communications. 
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Benchmarking Results – Plant Level Summary  


Table 2 provides a summary of OPG Nuclear’s performance compared to benchmark results. 


Table 2: Plant Level Performance Summary 
  


  


Metric NPI Max Best Quartile Median Pickering Darlington


Safety
All Injury Rate (#/200k hours worked) 0.64 N/A1 0.49 0.23


Rolling Average2 Industrial Safety Accident 
Rate (#/200k hours worked)


0.20 0.00 0.00 0.04 0.06


Rolling Average2 Collective Radiation 
Exposure (Person-rem per unit)


80.00 45.33 61.29 97.23 68.77


Airborne Tritium Emissions (Curies) per 
Unit 1,013 2,290 3,067 846


Fuel Reliability Index (microcuries per 
gram) 0.000500 0.000001 0.000001 0.000261 0.000343


2-Year Reactor Trip Rate (# per 7,000 
hours) 0.50 0.00 0.23 0.25 0.24


3-Year Auxiliary Feedwater System 
Unavailability (#) 0.0200 0.0000 0.0061 0.0070 0.0000


3-Year Emergency AC Power 
Unavailability (#) 0.0250 0.0013 0.0030 0.0030 0.0000


3-Year High Pressure Safety Injection 
Unavailability (#) 0.0200 0.0000 0.0000 0.0000 0.0000


Reliability
WANO NPI (Index) 96.9 87.8 76.3 87.8


Rolling Average2 Forced Loss Rate (%) 1.00 1.49 3.10 3.76 3.10


Rolling Average2 Unit Capability Factor (%) 92.00 89.41 86.16 77.03 86.16


Rolling Average2 Chemistry Performance 
Indicator (Index)


1.01 1.00 1.00 1.04 1.00


1-Year On-line Deficient Maintenance 
Backlog (work orders per unit) 66 134 350 170


1-Year On-line Corrective Maintenance 
Backlog (work orders per unit) 4 10 116 14


Value for Money
3-Year Total Generating Cost per MWh ($ 
per Net MWh) 38.77 44.17 68.06 45.63


3-Year Non-Fuel Operating Cost per MWh 
($ per Net MWh) 22.22 26.09 57.12 33.00


3-Year Fuel Cost per MWh ($ per Net 
MWh) 7.91 8.42 5.75 5.31


3-Year Capital Cost per MW DER (k$ per 
MW) 52.93 65.31 34.23 53.47


Human Performance
18-Month Human Performance Error Rate 
(# per 10k ISAR and contractor hours) 0.0008 0.0037 0.0019 0.0035


Notes


Declining Benchmark Quartile Performance vs. 2015


Improving Benchmark Quartile Performance vs. 2015


2016 Actuals


1. No median benchmark available.
2. Indicates a 2-Year Rolling Average for Pickering and a 3-Year Rolling Average for Darlington.


Green  =  maximum NPI results achieved or best quartile performance 


White  =  2nd quartile performance


Yellow  =  3rd quartile performance


Red  =  4th quartile performance
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Background 


This report presents a comparison of OPG Nuclear’s performance to that of nuclear industry peer 
groups both in Canada and worldwide.  The results of this report are used during business planning 
to drive top-down target setting with business improvement as the objective. 
 
Benchmarking involves three key steps: (a) identifying key performance metrics to be 
benchmarked, (b) identifying the most appropriate industry peer groups for comparison, and (c) 
preparing supporting analyses and charts.   
 
Performance Indicators 


Good performance indicators used for benchmarking are defined as metrics with standard 
definitions, reliable data sources, and utilization across a representative portion of the industry.  
Good indicators allow for benchmarking to be repeated year after year in order to track 
performance and improvement.  Additionally, when selecting an appropriate and relevant set of 
metrics, a balanced approach covering all key areas of the business is essential.  In accordance 
with these criteria, 20 key performance indicators have been selected for comparison to provide a 
balanced view of performance and for which consistent, comparable data is available.  These 
indicators are listed in Table 7 of Section 7.0 and are divided into four categories aligned with 
OPG Nuclear’s four cornerstones of safety, reliability, value for money, and human performance. 
 
Industry Peer Groups 


Peer groups were selected based on performance indicators widely utilized within the nuclear 
industry with consideration for plant technology to ensure suitable comparisons.  Overall, six 
different peer groups were used as illustrated in Table 7 of Section 7.0 and panel members are 
detailed  in Tables 8-13 of Section 7.0.  
 
Further information on benchmarking of major operators is provided in Section 6.0 of this report. 
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Report Structure 


Sections 2.0 to 5.0 of the report focus on the four OPG Nuclear cornerstone areas, with detailed 
comparisons at the plant, and where applicable, unit level.  Each indicator is displayed graphically 
from best to worst plants/units (in bar chart format) for the most recent year in which data is 
available.  Zero values are excluded from all calculations except where zero is a valid result. 
 
Next, the historical trend is graphed (in line chart format) using data for the last few years 
(depending upon availability and metric). Each graph also includes median and best quartile 
threshold values, and for some WANO operating metrics, the values required to achieve full 
WANO NPI results. 
 
Following the graphical representation, performance observations are documented as well as 
insights into the key factors driving performance at OPG’s nuclear generating stations. 
 
Section 6.0 of the report provides an operator level summary across a few key metrics.  The 
operator level analysis looks at fleet operators, primarily across North America, utilizing a simple 
average of the results (mean) from each of their units/plants.  Operations related (WANO NPI and 
UCF) results were averaged at the unit level and cost related (TGC per MWh) results were 
averaged at the plant level.  However, it is more appropriate to look at OPG’s two nuclear facilities 
individually given that they are at different stages of their lifecycle, have different sized units and 
reflect different generations of CANDU technology. The detailed data in the sections 2.0 to 5.0 of 
the report provide a more complete picture of plant by plant performance. 
 
Section 7.0 provides an appendix of supporting information, including common acronyms, 
definitions, panel composition details and a WANO NPI plant level performance summary of OPG 
nuclear stations against the North American panel.  
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2.0 SAFETY 
Methodology and Sources of Data 
The majority of safety metrics were calculated using data from WANO.  Data labelled as invalid 
by WANO was excluded from all calculations.  Indicator values of zero are not plotted or included 
in calculations except in cases where zero is a valid result.  Current data is obtained and 
consolidated with previous benchmarking data.  The Embalse plant is excluded since it was taken 
offline since December 31, 2015 for refurbishment. 
 
The All Injury Rate was calculated using data from the Canadian Electricity Association (CEA).  
Median information and individual company information was not available for this metric; 
therefore, only trend and best quartile information is presented.  The peer group for this metric is 
limited to Group I members of CEA (Section 7.0, Table 11). 
 
Airborne Tritium Emissions per unit data was collected from the CANDU Owners Group (COG) 
for 2011 to 2016 as displayed in the historical trend line chart.  The peer group for this metric is 
all CANDUs who are members of COG.  
 


Discussion 
Nine metrics are included in this benchmarking report to reflect safety performance, including 
seven of the ten metrics which comprise the WANO Nuclear Performance Index:  Industrial Safety 
Accident Rate, Collective Radiation Exposure, Fuel Reliability Index, Automatic Reactor Trips, 
Auxiliary Feedwater Safety System Unavailability, Emergency AC Power Safety System 
Unavailability, and High Pressure Safety Injection Unavailability.  The remaining WANO NPI 
metrics are included in Section 3.0 under the Reliability cornerstone.  In addition to the WANO 
sub-indicators listed above, the CEA All Injury Rate and the COG Airborne Tritium Emissions 
per unit are included in this section of the report. 
 
Although Pickering’s AIR performance declined in 2016, overall OPG’s performance was 
excellent achieving top quartile ranking. Pickering continued to show maximum WANO NPI 
results or top quartile performance for six other metrics under the Safety cornerstone, third quartile 
performance for Airborne Tritium Emissions, and Collective Radiation Exposure.  Darlington 
showed very strong performance, achieving maximum NPI results (and/or best quartile ranking 
for 2016) for all NPI safety metrics. Darlington Airborne Tritium Emissions improved to the best 
quartile in 2016.  
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Observations – All Injury Rate (AIR) (Canadian Electricity Association - CEA) 
 


2016 (Annual Value) 
• The All Injury Rate (AIR) incorporates all lost time and medically treated injuries 


incurred by OPG employees working on site. 
• Pickering, Darlington, and OPG Nuclear as a fleet all performed better than the CEA 


top quartile value of 0.64.  
• Darlington’s AIR remained relatively stable when compared to 2015 due to the same 


number of injuries encountered during the year. The slight increase to the AIR from 
0.22 in 2015, to 0.23 in 2016 was due to the slightly lower number of hours worked in 
2016, with the number of injuries remaining the same. 


• Pickering’s AIR injuries increased from eight in 2015 to nine in 2016, resulting in a 
slight setback in AIR from 0.44 in 2015 to 0.49 in 2016.  


• OPG benchmarks against CEA Group 1 (a sub-set of all CEA members), which 
incorporates approximately 10 organizations with more than 1500 employees, 
including most provincial utilities. 


 
Trend 
• While the industry Best Quartile continues to improve steadily, Darlington, Pickering 


and OPG Nuclear have consistently performed significantly better than the benchmark 
value over the past five years.   


• Darlington, Pickering and OPG Nuclear AIR performance has remained relatively 
stable from 2015 to 2016.  


• Darlington Nuclear had a successful WANO evaluation in 2016, resulting in zero areas 
for improvement in Industrial Safety. 


 
Factors Contributing to Performance 
• Conventional Safety performance trends are monitored such that action plans to support 


continuous improvement can be implemented. These actions plans incorporate Human 
Performance based objectives, which are aimed at positively improving employee’s 
risk based decision making process.   


• OPG encourages a proactive reporting culture that seeks to identify and address hazards 
before they lead to employee injuries. Proactive reporting is tracked, trended and 
managed via the Station Condition Record process.   


• OPG is expanding and enhancing the Safe Work Planning process in 2016 and 2017.  
The Safe Work Planning process supports supervisors and employees in identifying, 
planning and mitigating hazards prior to commencement of work, as well as monitoring 
ongoing work for conditions that could lead to unanticipated hazardous situations. 


• Since 2014, OPG has been implementing the Total Health Program, which supports 
employees and their families in their efforts to achieve an optimal level of health and 
functioning, primarily through health education, health promotion, disease and injury 
prevention, and crisis intervention. Employee mental health is a key component of the 
Total Health Program, which is demonstrated by the fact that as of June 2017, over 
1200 OPG employees have completed an intensive 2 day training course in mental 
health first aid.  
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Rolling Average Industrial Safety Accident Rate 
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Observations – Rolling Average Industrial Safety Accident Rate (ISAR) (World 
Association of Nuclear Operators - WANO) 
 


2016 (Rolling 2 Year Average Pickering, Rolling 3 Year Average Darlington) 
• The Industrial Safety Accident Rate (ISAR) incorporates all lost time injuries and 


restricted work injuries incurred by OPG employees working on the site. 
• For reporting the ISAR, a 2-year rolling average was used for all panel members with 


the exception of the Darlington station which follows a 3-year outage cycle.  This is 
consistent with the World Association of Nuclear Operators (WANO) Nuclear 
Performance Index (NPI) reporting guidelines. 


• WANO top quartile in 2016 remained unchanged from 2015 at 0.00 (i.e. zero ISAR 
events). Median performance was 0.00, which was also unchanged from 2015. 


• Both Pickering and Darlington achieved maximum NPI points for the ISAR in 2016. 
• Pickering ISAR performance improved from 2015 to 2016 (0.05 to 0.04).   
• Darlington ISAR performance improved from 2015 to 2016 (0.08 to 0.06).   
• Darlington and Pickering ISAR did not meet the WANO median or top quartile in 2016. 


 
Trend 
• Darlington’s ISAR rolling average has improved slightly in 2016 to 0.06 and continues 


to show general improved performance over the past five years. 
• Pickering’s ISAR rolling average has improved slightly to 0.04 in 2016 and has shown 


a generally stable performance over the past five years.  
• The ISAR median has steadily improved over the past five years, remaining at zero for 


the past two years.  The industry best quartile has remained at zero for the past five 
years.  


 
Factors Contributing to Performance 
• ISAR is a measure of “permanent utility personnel” and does not include contractors.  


Many of the utilities in the benchmarking group utilize contractors to a greater extent 
than OPG Nuclear for higher risk work activities (e.g. outages).  This can negatively 
impact OPG Nuclear’s ISAR in comparison to the reported industry benchmark quartile 
and median.   


• OPG Nuclear continues to monitor performance trends in the area of conventional safety 
and implements timely and specific action plans to support continuous improvement.  
These actions plans incorporate Human Performance based objectives, which are aimed 
at positively improving employees risk based decision making process.   


• One major focus area for OPG Nuclear in 2016 and 2017 is to expand and enhance the 
Safe Work Planning process, which supports supervisors and employees in identifying, 
planning and mitigating hazards prior to commencement of work, as well as monitoring 
ongoing work for conditions that could lead to unanticipated hazardous situations. 
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Rolling Average Collective Radiation Exposure 
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Observations – Rolling Average Collective Radiation Exposure (CANDU) 
 


• Collective Radiation Exposure (CRE) is an industry composite indicator encompassing 
external and internal collective whole body radiation dose.  


• Darlington Unit 2 began a long-term refurbishment outage on October 15, 2016.  The outage 
is expected to last 40 months, until February 2020. Dosage associated with Refurbishment 
activities has been excluded. 
 


2016 (Rolling 2 Year Average Pickering, Rolling 3 Year Average Darlington) 
• The Pickering plant-level dose performance value of 97.23 person-rem/unit was worse than 


the industry plant-level median value of 61.29 person-rem/unit. 
• The Pickering unit-level dose performance for Units 6 and 7 were better than the maximum 


NPI points of 80.0 person-rem/unit but worse than the industry unit level median value of 
74.91 rem, while the 4 other Pickering units were worse than the maximum NPI points value 
of 80.0 person-rem/unit. 


• The number of planned outages, as well as scope and duration significantly contributed to 
this level of plant and unit rolling average CRE performance. In general, Pickering has three 
major planned outages per year; Darlington averages 1.3 outages per year over the three year 
outage cycle. 


• The Darlington plant-level dose performance value of 68.77 person-rem/unit was better than 
the maximum NPI threshold, but was worse than the industry plant-level median value of 
61.29 person-rem/unit. 


• The Darlington dose performance for Unit 2 was considerably better than the industry unit-
level best quartile value of 45.04 person-rem/unit while Unit 1 achieved median quartile 
performance.  Units 3 and 4 were worse than the maximum NPI points value of 80.0 person-
rem/unit. 


 
Trend 
• Pickering plant-level performance has improved sharply and steadily from 2012 to 2014, 


while performance declined in 2015 and slightly improved in 2016. The rolling average is 
still worse than median due to scope increases during outages and long outage duration. 


• Pickering unit-level performance has remained relatively flat over the review period. 
• The Darlington plant-level dose has been increasing since 2012 and because the median 


value dose has significantly decreased in the same time period, Darlington now finds itself 
above the industry median. This performance is due to increased outage scope, including 
both planned and unplanned outages as well as prerequisite work associated with 
refurbishment activities for Unit 2, which started the Refurbishment stage in mid-October 
2016. 


• Darlington units as a whole have performed near the industry median over the review 
period. 
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  Factors Contributing to Performance Rolling Average Collective Radiation Exposure 
(CANDU) 


 
• These factors play a significant role in the CANDU reactors’ CRE performance: 


planned outage scope and duration, tritiated ambient air in accessible and access 
controlled areas, effectiveness of mitigation measures and initiatives being implemented 
to reduce identified sources of radiological hazards, and human performance during 
execution of radiological tasks.  


 
Best Practices 


• The following list represents common practices that demonstrate continuous 
improvement and help maintain good CRE performance for CANDU type reactors: 


o Robust Site As Low as Reasonably Achievable (ALARA) Committee, chaired 
by Facility Senior Vice President. 


o Reactor face shielding to reduce dose rates. 
o Use of full size vault platforms to improve workflow. 
o Teledosimetry. 
o Process fluid detritiation. 
o Use of Munters driers to enhance existing measures to minimize ambient 


airborne tritium levels. 
o Optimization of Fuelling Machine purification using Ion Exchange with annual 


resin replacement and/or sub-micron filters. 
o Sub-micron filtration in the Primary Heat Transport system. 
o Use of independent radiological oversight for higher risk work to improve 


human performance during execution of radiological tasks. 
o Daily accounting of dose, and work group focus on Radiation Protection 


Fundamentals. 
• OPG establishes internal administrative dose limits to ensure that dose to each exposed 


individual is managed and maintained well below individual regulatory limits. 
 
Initiatives 


• OPG Nuclear fleet-wide and site specific initiatives have been implemented to 
incorporate the industry best practices noted above. 


• Specific key initiatives are described below. 
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  Pickering 
• Source term reduction, including improvements to process fluid filtration, a dose 


reducing resin trial, and detritiation. 
• Source term mitigation, including optimization of shielding for reactor face work, 


improvements to the shielding canopy for reactor face work, and dryer modifications 
for improved performance and reliability. 


• Human performance, including involvement and oversight by Radiation Protection 
(RP) staff of work with elevated radiation risk. 


• Focus on dose to the individual through implementation of daily dose goals. 
• Improving RP worker practices by driving individual accountability. 
• Work Group specific dose reduction plans are being developed and implemented by 


line management with ALARA support.  
• Use of Dynamic Learning Activities for focused program areas to permit mentoring of 


‘what excellence looks like’ in realistic work environments with simulated 
radiological conditions.   


• Implementation of an extensive network of remote reading radiation instrumentation 
and other tools to provide real-time information on radiological conditions and 
minimize time and therefore dose in radioactive work areas.   


• Use of portable gamma spectrometers to improve source term characterization.    
 


Darlington 
• The early efforts in source term reduction are generating lasting effects. A reduction 


of coolant pH factors from 10.8 to 10.1 minimizes crud migration from boilers to inlet 
feeders. The installation of sub micron heat transport filters effectively reduces the 
dose rates in our heat transport system and has contributed the success of Darlington’s 
external dose. 


• Developed and implemented a reactor face shielding strategy to reduce dose while at 
the same time minimize the risks of personnel injury during shielding installation. 


• Implemented an improved feeder ice jacket including the application of long handled 
tools for jacket installation and remote data acquisition. 


• Effectively utilized Teledosimetry to reduce Radiation Protection Coordinator dose. 
Utilized Teledosimetry as a coaching tool to improve worker radiation protection 
practices and reduce dose. 


• Tritium mitigation strategies have been developed and implemented to reduce 
airborne tritium concentrations inside containment and confinement rooms. 


• Developed and implemented X-ray Fluorescence (XRF) spectroscopy to identify 
cobalt residues in an effort to reduce cobalt deposits in the moderator system during 
valve overhaul activities thus reducing overall radiation dose. 


• Work Group specific dose reduction initiatives have been developed and implemented 
by line management. 
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Airborne Tritium Emissions per In Service Unit 
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Notes:  
 Darlington values have retroactively modified as of 2013 to exclude Tritium Removal Facilities 


emissions consistent with COG benchmarking results. 
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  Observations – Airborne Tritium Emissions (Curies) per In Service Unit 
 


2016 (Annual Value)  
• The 2016 industry results collected by the CANDU Owners Group (COG) are included 


in this report as the most up-to-date figures available for benchmarking performance. 
As of 2013, tritium emissions from Tritium Removal Facilities (TRF) are no longer 
included in COG benchmarking results. 


• Airborne tritium emissions from OPG facilities for 2016 are compared per in service 
reactor unit.  


• Curies per in service unit at top quartile CANDU plants was 1,013 or lower.  
• Darlington performed well at 846 Curies per in service unit placing in the best quartile 


of the in service units. Performance improved from second quartile in 2014 and 2015 to 
best quartile performance in 2016.  


• Pickering performance remained in the third quartile with 3,067 Ci per in service unit, 
higher than the industry median threshold of 2,290 Curies per in service unit.   


 
Trend 
• Darlington and Pickering tritium emissions to air continue to be less than one per cent 


of the regulatory limits. 
• Pickering achieved its best Airborne Tritium Emissions performance in 2013 as a result 


of increased focus on dryer performance, leak management and source term reduction. 
• Performance at Pickering has declined from 2013 to 2016. Increased emissions in 2016 


are primarily due to tritiated water in the Fuel Transfer Conveyor Tunnel being vented 
to monitored stacks.  


• Performance at Darlington continued to improve in 2016. Improvements were due to 
increased focus on dryers and leaks repair throughout the station.   


• The industry trend line graph shows that industry best quartile performance for 2016 is 
essentially the same as it was in 2015, and has been relatively stable over the past six 
years. 
 


Factors Contributing to Performance 
• Key factors affecting performance at Darlington and Pickering include the following: 


o The presence of tritiated water in Pickering Fuel Transfer Conveyor Tunnel 
being vented to monitored stacks, 


o leaks within containment requiring outages for repair,  
o less than adequate vapour recovery dryer performance,  
o operational issues of the Tritium Removal Facility impacting its availability,  
o increased unit source term (e.g., higher moderator tritium concentrations), 
o For Pickering, the presence of tritiated water in the Fuel Transfer Conveyor 


Tunnel being vented to monitored stacks. 
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  Observations – Airborne Tritium Emissions (Curies) per In Service Unit (CONT’D) 
 


• Station focus on tritium emission reduction initiatives include dedicated teams to 
ensure daily emissions monitoring, sustaining and improving dryer performance, heavy 
water leak minimization, tritium program development and innovations, and improved 
availability of the Tritium Removal Facility at the Darlington site.  


• Other improvement initiatives include OPG’s ongoing participation in COG 
environmental benchmarking of participating CANDU stations to determine best 
environmental practices. 
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Observations – Fuel Reliability Index (CANDU - FRI) 
 


2016 (Most Recent Operating Quarter) 
• The best quartile and median values for Fuel Reliability Index (FRI) performance for 


CANDU plants were 0.000001 μCi/g. For individual CANDU units, the best and median 
quartiles were 0.000001 μCi/g. 


• Pickering achieved maximum NPI points in 2016 and its performance improved slightly 
from 2015 (0.000261 μCi/g vs 0.000421 μCi/g) however, it was below the median value 
threshold.  


• Darlington achieved maximum NPI points in 2016 but its performance declined slightly 
from 2015 (0.000343 μCi/g vs 0.000122 μCi/g) however, it was below the median value 
threshold.  


• Post-discharge fuel inspections for Pickering indicated that the overall condition of fuel 
inspected was acceptable and consistent with previous years. Fuel inspections for 
Pickering confirmed one fuel defect in 2016, down from two in the previous year. No fuel 
issues of significance arose at Pickering in 2016. 


• Post-discharge fuel inspections for Darlington indicated that the overall condition of fuel 
inspected was acceptable and consistent with previous years. Fuel inspections for 
Darlington confirmed one fuel defect in 2016 resulting in an increase in the FRI value 
from 2015. No fuel issues of significance arose at Darlington in 2016. 


 
Trend 
• The best quartile for CANDU plants remained relatively consistent at 0.000001 from 


2011. The median values for CANDU plants has generally improved from 2011 and 
remained at 0.000001 since 2014. 


• The Pickering station FRI performance has been improving since 2015 coinciding with 
the reduction in fuel defect incidents, and as a result achieved maximum NPI points. 


• The Darlington station FRI performance has generally improved since 2011 despite the 
spike in 2013. The reactors only had one confirmed defect in 2016, which is an 
improvement in the general 5 year trend. 


 
Factors Contributing to Performance 
Fuel defects existed in three units at Pickering in 2014. A team was formed to investigate 
the fuel defects incidents and a corrective action plan had been prepared to address the 
problem, which resulted in a reduction of defects totaling to two fuel defects in 2015 and 
one defect in 2016. 
 
Actions that were taken that drove this improvement since 2014 include: 
• Developing a fuel defect guideline for Pickering, 
• Increasing scope of Heat Transport System (HTS) grab sampling and analysis, 
• Assessing and comparing Units 1, 4 and 5 to 8 power ramps, 
• Assessing impact of adjuster burn-out during operation, 
• Assessing impact of pressure tube creep on fuel performance, 
• Improving the methods of surveillance and elimination of the possibility of foreign 


materials entrance into the HTS due to Fuel Handling and Outage practices, 
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2-Year Unplanned Automatic Reactor Trips 
  


  


• Fuel bundle manufacturing assessment, 
• 3rd party examinations of unirradiated Pickering fuel bundles, 
• Irradiated fuel inspections and examinations, 
• Improving capability of detecting the defected fuel bundles during the discharge from the 


fuelling machines, and 
• Improving the capability of the in-bay inspection of the suspected fuel bundles to be 


defected. 
 


Darlington had only one fuel defect in 2016. The steps taken that have led to improved FRI 
performance and prevent the potential of fuel defects are the following: 
• New fuel with tighter tolerances for mass was received and is currently being used, 
• Installed a new fuel inspection facility and completed inspections in East Fuelling Facility 


Auxiliary Area; confirmed defects in all suspect bundles and all fuel defects originated 
from one batch of 2786 bundles, 


• OPG-supplier co-operation resulted in installation of an automatic loader of fuel pellets 
complete with a “go/no go” pellet diameter monitor, 


• Close monitoring of existing fuel bundle inventory and core load, and 
• Projects in progress on Gaseous Fission Products (GFP) and feeder scanners to improve 


ability to locate defects on power and during outages. 
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Observations – 2-Year Unplanned Automatic Reactor Trips (CANDU) 
 


2016 (2-Year Rolling Average) 
• The 2-year rolling average unplanned automatic reactor trip best quartile for CANDU 


plants was zero with a median of 0.23. For individual CANDU units, the best quartile 
and median values for unplanned reactor trip were zero. 


• At the plant level, Pickering’s trip rate of 0.25 was better than the maximum NPI 
threshold value of 0.50. On an individual unit basis, Units 1, 5, and 8 with trip rate of 
zero, were at best quartile. Unit 4, with rate of 0.51, Unit 6, with trip rate of 0.49, and 
Unit 7, with trip rate of 0.50, were worse than the third quartile threshold of 0.46 and 
significantly better than the maximum value of 1.51. 


• At the plant level Darlington’s trip rate of 0.24 was better than the maximum NPI 
threshold value of 0.50. On an individual unit basis, Units 2 and 4, with trip rates of 
zero, performed at the best quartile level. Unit 1, with a trip rate of 0.45, was better than 
the third quartile threshold of 0.46. Unit 3, with trip rate of 0.50, was worse than the 
third quartile threshold of 0.46 but significantly better than the maximum value of 1.51. 


 
Trend 
• The unplanned automatic reactor trip best quartile for CANDU plants has been zero 


since 2011. Since 2011, the median value improved in 2012, performance declined in 
2013, but improved in 2014, and declined in 2015 and 2016. On an individual unit basis, 
the industry best quartile and median has remained at zero since 2011.  


• At the plant level, Pickering station performance improved each year from 2011, but 
declined in 2016. On an individual unit basis, Unit 1 performance improved from 2012 
to 2013, decreased in 2014, and improved in 2015 and 2016. Unit 4 performance has 
significantly improved from 2012 and achieved best results in 2014 and 2015 with a 
zero trip rate, but decreased in 2016. Unit 5 performance has been trending better since 
2012, achieving a zero trip rate in 2015 and 2016. Unit 6 has performed at a zero trip 
rate from 2012 to 2014, but performance decreased in 2015 and 2016. Unit 7 
performance improved from 2012 to 2013, achieved the best performance in 2014 and 
2015 with a zero trip rate, but decreased in 2016. Unit 8 performance from 2012 
decreased in 2013 and 2014, but the best performance with a zero trip rate was achieved 
in 2012, 2015, and 2016.  


• At the plant level, Darlington station performance improved from 2011, achieving the 
best result of a zero trip rate in 2014, but decreased in 2015, and 2016. On an individual 
unit basis, Unit 1 has consistently performed at a zero trip rate since 2011, but the 
performance decreased in 2015 and 2016. Unit 2 performance significantly improved in 
2014, 2015, and 2016 to a zero trip rate compared to 2012 and 2013. Unit 3 performance 
improved since 2012 to a zero trip rate in 2013, 2014, and 2015, but decreased in 2016. 
Unit 4 has consistently performed at a zero trip rate from 2012 to 2016.  
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Factors Contributing to Performance 
• Key performance drivers for this metric include: general equipment reliability, material 


condition, and human performance. 
• In 2016, Pickering had 2 unplanned automatic reactor trip (1 on Unit 4, and 1 on Unit 


7). 
• In 2016, Darlington had 1 unplanned automatic reactor trip (1 on Unit 3). 
• On-going due diligence by Station Operations, Engineering, and Maintenance 


organizations. Operating Experience (OPEX) from each event has been shared at 
Pickering, Darlington and at the external summits. Where necessary, training material 
has been revised based on OPEX. To improve human performance, technical 
procedures have been revised. To improve equipment reliability, where possible, like-
for-like parts replacement has taken place. System health teams are involved in 
obsolescence issues.  
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3-Year Emergency AC Power Safety Unavailability 
  


Observations – 3-Year Auxiliary Feedwater System (CANDU) 
 


2016 (3-Year Rolling Average) 
• Auxiliary feedwater (AFW) safety system performance at best quartile for CANDU 


plants was zero with a median value of 0.0061. For individual CANDU units, the best 
quartile was zero with a median of 0.0002. 


• At the plant level, Pickering station, with an unavailability of 0.0070 maintained 
maximum NPI points. On an individual unit basis, all Pickering units achieved 
maximum NPI points with Units 4, 5, and 6 also achieving best quartile performance. 


• Darlington station achieved maximum NPI points and best quartile performance of zero 
unavailability at both the station and unit levels in 2016.  


 
Trend 
• The 3-Year Auxiliary Feedwater unavailability best quartile performance of CANDU 


plants maintained zero unavailability from 2011 to 2016. The plant level industry 
median value has fluctuated slightly over the review period but has remained below the 
NPI maximum threshold. At the unit level, the industry best quartile has remained at 
zero over the review period and the median value at or close to zero over the review 
period. 


• At the plant level, Pickering station has shown two years of significant improvement 
from 2014 performance, reaching a value of 0.0061 in 2016 and approaching median 
level performance. On an individual unit basis, Unit 6 has consistently performed at a 
zero unavailability rate over the review period. Unit 1 performance declined each year 
to 2014, but improved in 2015 and 2016. Unit 4 performance was at zero unavailability 
rate in 2011, decreased slightly in 2012 to 2014, and improved to zero unavailability in 
2015 and 2016.  Unit 5 performance improved from 2013, and reached a zero 
unavailability rate in 2016. Unit 7 performances has consistently performed at a zero 
unavailability rate to 2013 inclusive, but declined in 2014, improved in 2015, and 
declined in 2016. Unit 8 performance declined each year from 2012, improved in 2015, 
and declined in 2016. 


• Darlington station and unit performance has been at zero unavailability since 2011.  
 


Factors Contributing to Performance  
• Key performance drivers for this metric include: general equipment reliability, material 


condition, and human performance. 
• No Auxiliary Feedwater Safety System unavailability occurred during 2016, which led 


to improved performance relative to previous years. 
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3-Year Emergency AC Power Safety Unavailability 
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Observations – 3-Year Emergency AC Power Safety System (CANDU) 
 


2016 (3-Year Rolling Average) 
• 3-Year Emergency AC Power Safety System performance at best quartile CANDU 


plants was 0.0013. The industry median value was 0.0030. 
• At the plant level, Pickering station, with an unavailability of 0.003, maintained median 


level performance as well as maximum NPI points. 
• Darlington was the best performing station in the CANDU peer group, achieving zero 


unavailability, best quartile performance, and maximum NPI results.  
 


Trend 
• The 3-year Emergency AC Power Safety System unavailability industry best quartile 


for CANDU plants remained the same in 2011 and 2012, with a slight decline in 2013, 
improved in 2014, and slightly declined in 2015 and 2016. The industry median value 
improved in 2012 and 2014, but slightly declined in 2013, 2015, and 2016. 


• Pickering station performance has improved over the review period, reaching its best 
performance in 2014 achieving zero unavailability, but station performance declined in 
2015 and remained unchanged in 2016. 


• Darlington station performance achieved zero unavailability over the review period 
2012 to 2016.  


 
Factors Contributing to Performance  
• Key performance drivers for this metric include: general equipment reliability, material 


condition, and human performance. 
• During the performance of a routine test on Q4-2016, Pickering Standby Generator 1 


(034-54600-SG1) experienced a spurious trip.  As part of the test, Standby Generator 2 
(034-54600-SG2) was paralleled to Class IV power and thus was considered unavailable 
as well, while Standby Generator 3 (034-54600-SG3) was on a planned outage.  Thus, 
with SG1 tripped and SG3 on planned outage and SG2 considered unavailable, all three 
SGs for Unit 4 were unavailable.  This lead to system unavailability for the affected unit 
pair.  
 
To improve the system performance at Pickering station the following actions will be 
taken: 
 
1) Under the 014 Standby Generator Reliability improvement modifications (Project # 


13-40972) both the relay and control logic and the annunciator will be replaced with 
new.  


2) An enhanced monitoring system is being considered to be installed in 2018 to aid in 
trending and troubleshooting. 


3) The 034-SGs vibration monitoring system upgrades are included as part of the 
approved SG Reliability Project and are currently scheduled for installation and 
commissioning in 2018-2019. 
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3-Year High Pressure Safety Injection 
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Observations – 3-Year High Pressure Safety Injection Unavailability (CANDU) 
 


2016 (3-Year Rolling Average) 
• The best quartile and median values for the 3-Year High Pressure Safety Injection 


Unavailability performance for CANDU plants were zero. For individual CANDU 
units, both the best quartile and median value were zero.  


• Pickering achieved best quartile performance of zero unavailability and maximum NPI 
points at both the station and unit levels in 2016. 


• Darlington achieved best quartile performance of zero unavailability and maximum 
NPI points at both the station and unit levels in 2016. 


 
Trend 
• The 3-Year High Pressure Safety Injection unavailability best quartile performance of 


CANDU plants has been zero since 2011. The plant level industry median performance 
improved since 2013 and achieved zero unavailability from 2014 to 2016. At the unit 
level, the industry best quartile and median value have remained at zero over the review 
period.  


• At the plant level, Pickering station performance has consistently improved over the 
review period achieving, zero unavailability from 2014 to 2016. On an individual unit 
basis, Unit 1, 5, 6, 7, and 8 have been at the best quartile value of zero since 2011. Unit 
4 performance improved over the review period, achieving zero unavailability from 
2014 to 2016.  


• At the plant level, Darlington station performance has maintained best quartile value of 
zero from 2011 to 2016. On an individual unit basis, Units 1, 2, 3, and 4 have been at 
the best quartile value of zero since 2011.  


 
Factors Contributing to Performance  
• Key performance drivers for this metric include: general equipment reliability, material 


condition, and human performance. 
• No High Pressure Safety Injection System unavailability occurred during 2016, which 


led to improved performance relative to previous years. 
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3.0 RELIABILITY 


Methodology and Sources of Data 
 
The majority of reliability metrics were calculated using the data from WANO.  Any data labelled 
as invalid by WANO was excluded from all calculations.  Indicator values of zero are not plotted 
or included in calculations except in cases where zero is a valid result.  Complete data for the 
review period was obtained and averages are as provided by WANO.  The Embalse plant is 
excluded since it was taken offline since December 31, 2015 for refurbishment. 
 
The two backlog metrics, On-line Deficient and Corrective maintenance, are also included within 
this section and the data comes from an industry sponsored INPO AP-928 subcommittee.  The On-
line Deficient and Corrective maintenance backlog industry data was collected from INPO for 
2016.  Data points benchmarked on backlogs are a single point in time, not a rolling average.  All 
of the data is self-reported.  Industry backlog benchmark standards changed with Revision 3 of 
AP-928 Work Management Practices at INPO in June of 2010.  The new standard created an 
alignment between engineering criticality coding and backlog classification that allows improved 
focus on the more critical outstanding work.  This standard also sets a more consistent foundation 
for classification of backlogs such that comparisons between utilities will be more meaningful.  
All OPG nuclear stations converted to the new standard on January 24, 2011.   
 
Discussion 
 
The primary metric within the reliability section is the WANO Nuclear Performance Index (NPI).  
The WANO NPI is an operational performance indicator comprised of 10 metrics, three of which 
are analyzed in this section: Forced Loss Rate, Unit Capability Factor, and Chemistry Performance 
Indicator.  The remainder of the WANO NPI components are analyzed in the safety section 
(Section 2.0). 
 
The Pickering station performed at the same quartile rankings when compared to 2015, however, 
overall performance for NPI and Forced Loss Rate have improved substantially. 
 
Darlington quartile rankings for the Forced Loss Rate improved to the median quartile and the 
Unit Capability Factor improved to the third quartile in 2016.  Corrective and Deficient 
Maintenance Backlogs performance improved in 2016 and remained in the third quartile.  
Chemistry Performance Indicator continued to be in the best quartile.  Industry best quartile 
performance for NPI significantly improved in 2016.  Darlington’s scores for the NPI metric 
increased overall and the station ranking improved to the second quartile.  
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Observations – WANO Nuclear Performance Index (NPI) (CANDU) 
 
2016  
• The 2016 best quartile of the CANDU plant comparison panel for WANO NPI is 96.9. 


This represents a 3.4 points increase above the 2015 best quartile. 
• The median of the CANDU plant comparison panel decreased 4.9 points, compared to 


last year, to 84.5 in 2016.   
• At the plant level, both Darlington and Pickering scored below median NPI performance 


in 2016. 
• In 2016 Darlington had one unit in the second quartile and three units in the third 


quartile. Pickering had one unit in the second quartile, three units in the third quartile 
and two units in the bottom quartile. 


• Darlington Unit 2 began a long-term refurbishment outage on October 15, 2016. Data 
points associated with Refurbishment have been excluded with respect to UCF and 
CRE.  


 
Trend 
• The best quartile of the CANDU plant comparison panel rose from 2011 to 2012, with 


the best quartile performance rising to its highest level in 2012. While this was not 
sustained in subsequent years, the best quartile results for the past 4 years remain in the 
low 90’s with a positive trending starting after 2013 and continuing in 2016. 


• The median value of the CANDU plant comparison panel rose from 2011 to 2012, 
indicating that the performers in the lower quartiles are performing better. This 
performance was not sustained in 2013, did recover in 2014 and 2015 and declined 
again in 2016. 


• Pickering has shown noticeable improvement in its NPI performance for the last two 
years, primarily due to improvements in the Forced Loss Rate (FLR) results in 2015 
and 2016 and is now trending upwards towards the median level performance. 


• As the strongest OPG performer, Darlington achieved best quartile performance over 
the majority of the review period, ranking at or just below top quartile until 2014. 
Performance declined in 2015 due to the station vacuum building containment outage 
for planned regulatory maintenance and higher FLR. The Vacuum Building Outage 
(VBO) is a unique outage to OPG owned plants (including Bruce Power) that is 
regulatory mandated and has resulted in reduced UCF and NPI scores.  The declining 
trend continued in 2016 due to Primary Heat Transport pump motor replacements 
affecting FLR and higher radiation dose from life extension nuclear safety 
improvements projects.  


 
Factors Contributing to Performance 
• The WANO NPI is a composite index reflecting the weighted sum of scores of 10 


separate performance measures. A maximum score of 100 is possible. All of the sub-
indicators in this index are reviewed separately in this benchmarking report. 
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Please refer to Table 14 of the Appendix for an NPI plant level performance summary of OPG 
nuclear stations against the North American panel. 


  


Factors Contributing to Performance (CONT’D) 
 


Pickering 
• For 2016, Pickering achieved maximum scores for 5 out of 10 NPI sub-indicators. 
• For the key safety system related metrics of reactor trip rate, high pressure injection, 


auxiliary feedwater and emergency alternating current (AC) power, the station 
received 10 out of 10 points. 


• Pickering has also achieved a perfect score for industrial safety accident rate (5out 
of 5).  


• Pickering earned 9.9 points for fuel reliability. 
• Pickering achieved 4.2 points out of 5 for chemistry performance and 7.2 out of 10 


for collective radiation exposure. 
• Pickering’s NPI performance is impacted by the need for long outages to 


accommodate fuel channel inspection programs, planned outages extension and 
forced outages that are affecting the unit capability factor, forced loss rate and 
collective radiation exposure metrics  


• Pickering received 0.5 out of 15 points for unit capability factor and 9.6 out of 15 
for forced loss rate. 


 
Darlington 
• Darlington’s NPI performance has been impacted by higher forced loss rate and by 


a lower unit capability factor due to forced outages, planned outages, and 
unbudgeted planned outages. 


• For 2016, Darlington has achieved maximum points for 6 out of 10 NPI sub-
indicators. 


• For the key safety system related metrics of reactor trip rate, high pressure injection, 
auxiliary feedwater and emergency alternating current (AC) power, the station 
received 10 out of 10 points. 


• Darlington has also achieved a perfect score for industrial safety accident rate and 
chemistry performance (5 out of 5).   


• Darlington earned 9.8 out of 10 points for fuel reliability and 9.3 out of 10 points 
for collective radiation exposure. 


• Darlington achieved 7.7 out of 15 points for unit capability factor and 10.9 out of 
15 points for forced loss rate. 
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Observations – Rolling Average Forced Loss Rate (CANDU) 
 


2016 (Rolling 2 Year Average, Pickering %; Rolling 3 Year Average, Darlington %) 
• At the plant level, Pickering Forced Loss Rate (FLR) performance substantially 


improved from 6.85 in 2015 to 3.76 in 2016, achieving its best ever rolling average FLR 
but was worse than industry median (3.10).  


• At the Unit level, Pickering 1 and Pickering 8 have shown substantial improvements 
from previous high FLRs greater than 15.0 in 2014 with Pickering 8 moving all the way 
to Best Quartile performance. Unit 5 achieved second quartile performance (1.91). 
Pickering Unit 4 exhibited the worst FLR at 7.13, but this is a substantial improvement 
from 2011 and 2012 when FLR was greater than 20. The remaining two Pickering Units 
ranked in the third and fourth quartile.  


• At the plant level, Darlington FLR performance improved to 3.10 which was at median 
(3.10). At the Unit level, Darlington Unit 4 was in the second quartile. The remaining 3 
Darlington Units were below median in the third and fourth quartiles.  


• Darlington Unit 3 had an FLR of 5.02 in 2016, the first time in the trending period that 
a Darlington Unit exceeded a FLR of 5.0. 
 


Trend 
• Industry plant median FLR trend declined to 3.10 in 2016, reversing the previous 


improvement   trend which had gone from 2.60 in 2010 to 1.46 in 2015. Industry best 
quartile also worsened to1.49 during the period after a low of 0.38 in 2015. 


• Pickering’s FLR performance over the 5 year review period, has been markedly 
improving whereas the industry trends is worsening. The equipment reliability 
improvements at Pickering have been the main drivers for the favourable improvement 
in FLR performance. FLR performance appreciably improved in 2015 by a reduction in 
station FLR (3.76) from 2015 FLR (6.85). 


• Darlington’s overall FLR performance improved slightly to 3.10 in 2016 from 3.65 in 
2015. Over the 5 year review period, there has been a general trend of minor decline in 
FLR performance, with increasing FLR from 1.80 in 2011 to 3.65 in 2015, before 
reversing the trend in 2016. 


 
Factors Contributing to Performance 


 
• At Pickering, causes for forced losses were varied, including: 


o An unsealed Shutdown System 2  trip (due to a spurious signal on channel H 
while channel G was open for planned maintenance) followed by a manual trip 


o A reactor trip on very low boiler level during a turbine run-up 
o A Unit 4 reactor setback from 85% Full Power due to a stuck pushbutton in a 


boiler level controller 
o A Unit 4 shutdown to repair a liquid zone control valve 
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Observations – Rolling Average Forced Loss Rate (CANDU) (CONT’D) 
 
Factors Contributing to Performance 
• At Darlington, the causes for forced losses were also varied, including: 


o A Unit 3 reactor trip on low flow caused by Primary Heat Transport pump motor 
electrical protection activation due to inadvertent physical contact 


o A Unit 2 turbine trip during a fire resistant fluid pump test 
o A Unit 3 reactor trip during draining of the poison mixing tank for conversion 


from gadolinium to boron 
• Pickering continues to execute a list of high priority work orders (PRL – plant reliability 


list) to improve equipment reliability and reduce operator burden. 
• Pickering continues reducing corrective and deficient work order backlogs through a 


reduction of incoming emergent work orders by proactive equipment replacements and 
minor modifications to improve/correct system and equipment performance.  


• Pickering is also implementing equipment reliability projects to put new equipment in 
the plant to prevent forced loss events. Single point vulnerability (SPV) reviews have 
been completed and elimination and mitigation actions are being implemented or 
dispositioned for outstanding  items.  


• Darlington continues to drive plant reliability improvements via the system health 
improvement  process and recovery actions. The Plant Reliability List of important 
work orders are implemented to improve system health.  


• At Darlington in 2016, five of the twelve operating Unit Primary Heat Transport (PHT) 
pump motors were replaced, significantly reducing the Enterprise risk due to motor 
failure. Also, 15 of 16 pressurizer heaters across all four Units have been replaced in 
2016 virtually eliminating the risk of heater failure or leakage. 


• The NFI-04 Equipment Reliability fleet initiative was launched in 2015 to improve 
OPG fleet performance. Site equipment reliability Excellence Plans were developed as 
part of NFI-04 and locally focused ER improvement initiatives are being executed. A 
single point vulnerability (SPV) mitigation program is being implemented at both sites.  
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Observations – Rolling Average Unit Capability Factor-UCF (CANDU) 
 


2016 (Rolling 2 Year Average, Pickering %; Rolling 3 Year Average, Darlington %) 
• Pickering performed below industry median at both the plant (77.03) and Unit Level 


UCF. 
• Darlington UCF performance improved in 2016 to 86.16 resulting in median level 


performance (86.16). At the Unit level, Darlington Units 2 and 4 were better than 
median (84.95) and the remaining 2 Darlington Units were in the third quartile. 


• Pickering’s gap to best quartile plant UCF was 12.38; and to median UCF was 8.84. 
• Darlington’s gap to best quartile plant UCF was 3.25. 
• Darlington Unit 2 began a long-term refurbishment outage on October 15, 2016. Data 


points associated with Refurbishment have been excluded with respect to UCF.  
 


Trend 
• Pickering’s UCF performance over the 5 year period, generally had been improving 


modestly, with 2016 performance steady compared to 2015. The equipment reliability 
improvements at Pickering have been favourable for improvement in recent UCF 
performance.  


• Darlington’s plant UCF had been declining but improved in 2016 relative to 2015. 
• Industry plant median and best quartile UCF benchmarks both declined in 2016.  
• Pickering Unit 1 has demonstrated continued sustained improvement since 2013 


whereas Pickering Unit 8 lags all other CANDU Units.  
 


Factors Contributing to Performance 
• The primary factors impacting UCF are longer outages to accommodate reactor 


component inspections necessary for extended life at Pickering as well as forced 
outages at both stations and forced extensions to planned outages at Pickering.  


• Higher numbers of planned outage days and forced extensions to planned outages 
contribute to lower UCF compared to CANDU peers. 


• The issues and causes for non-optimal FLR performance also negatively impact UCF. 
Significant improvements in equipment reliability are expected to correlate with 
improved FLR and UCF performance.  
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Observations – Rolling Average Chemistry Performance Indicator (CANDU) 
 


2016 (Rolling 2 Year Average Pickering, Rolling 3 Year Average Darlington) 
• The CANDU plant median and top quartile values are both 1.00. 
• The CANDU unit median and top quartile values are both 1.00. 
• CPI is calculated using data during normal operation (> 30%  Full Power). 
• The Pickering plant level of performance improved from 1.06 in 2015 to 1.04 in 2016 but 


was worse than the CANDU plant median CPI of 1.00.  
• Four of the Pickering units showed improved performance from 2015 levels with Unit 7 


remaining the same and Unit 4 declining. However, all units were worse than the CANDU 
unit level median CPI (1.02 to 1.09 vs. 1.00).  


• Darlington plant remained in the top quartile for 2016 and achieved maximum NPI points. 
• All Darlington units remained in the top quartile and achieved maximum NPI points. 


 
Trend 
• Overall Pickering plant performance has been trending down from 2011 levels (1.10) to 


1.04 in 2016. While P1 and P7 CPI performance negatively skew the station average, year 
over year performance is improving for these units.  Contributing to improving 
performance are better outage Foreign Materials Exclusion practices, Water Treatment 
Plant output quality, and blowdown frequency adherence. 


• Darlington overall plant performance has improved over the last 5 years resulting in top 
quartile performance. 


 
Factors Contributing to Performance 
• Forced outages in Unit 4 in 2016 increased the boiler ion (i.e. Cl, Na) values and 


feedwater corrosion product transport hindering overall station performance. 
• Pickering is one of the older sites and has inventories of impurities from prior chronic 


condenser water in-leakage, which contribute to boiler ions desorption/adsorption 
phenomenon and increases concentrations above the WANO limiting values for certain 
ions (most significantly, sulphate). 


• Pickering boilers have a different design from other plants (e.g. lower blowdown capacity 
than Darlington, 12 boilers per unit, mixed-alloy feedtrain for Units 1-4, Monel-400 
boiler tubes compared to Alloy 800 at Darlington etc.), and WANO limiting values used 
in calculating CPI (6 parameters at Pickering) are 3x less than Darlington. 
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  Observations – Rolling Average Chemistry Performance Indicator (CANDU) 


 
Factors Contributing to Performance (continued) 
• Best practices among top performing plants include approved boiler layup practices 


during the planned outages; minimize duration of boiler drained period to avoid corrosion 
during the planned outages, timely condenser inspections and cleaning (e.g. waterlancing) 
to remove a source of corrosion product transport (CPT) to boilers during start-ups, timely 
reporting and clearing the action levels (e.g. via boiler blowdown) to stay within the 
specifications for all the parameters contribute to CPI. Condenser inspections and 
cleaning are now being performed at both Pickering and Darlington to minimise CPT. 
Darlington’s corrosion product reduction plan includes installation of a startup 
condensate filtration unit, follow timely boilers lay-up practices per procedure to stay 
within specification. 
 


Fleetwide and station initiatives which have or are expected to improve performance include:  
  
Complete:  


• 2016 fleet-wide self assessment on CPI performance gaps identified to improve CPI 
score. 


• Boiler blowdown piping improvements and enhanced tracking of blowdowns at Pickering 
per boiler ions concentration involving operations and reporting in the Station Alignment 
Meeting package. 


• Condenser cleaning during planned outages (which has resulted in improvement in 
Darlington CPI performance). 


• Kepner-Tregoe investigation to troubleshoot high boiler ions during the startup of 
Pickering Units. Different causes were identified for each, along with corrective actions 
taken or put in place. 


• Ongoing use of local portable feedwater dissolved oxygen analyzer carts (commissioned 
on Pickering Units 5-8) to ensure representative feedwater dissolved oxygen monitoring. 


• Timely response to an early indication of condenser tube leaks. 
• Ongoing oversight of water treatment plant product water quality to meet boiler makeup 


water specifications. 
• Creation of a high level document regarding overall condenser tube leak strategies to 


improve station response and coordination efforts to address and mitigate condenser tube 
leaks. This is the result of self assessment findings and third party review and 
recommendations based on the INPO event report (IERL4-13-17) on “Main Condenser 
Cooling Water Inleakage”. 


• Additional inspection of the Darlington condensers as well as Epoxy coating applications 
to the Lake-water side of the condenser tubes. First condenser tube coating successfully 
applied in Unit 4 outage in 2016. 
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  Observations – Rolling Average Chemistry Performance Indicator (CANDU) 
 
Factors Contributing to Performance (continued) 
 
In progress:  
• Condensate Filtration Project for the control of corrosion product transport at Darlington  
• Online analyzers project both at Pickering and Darlington is on track and is expected to 


be fully commissioned by July 30, 2018 for Darlington. 
• Implement actions identified through KT analysis to reduce boiler ion concentrations (e.g. 


improved outage boiler layup practices, ensure period boilers are drained is < 40 days, 
minimize FME entering secondary system following major equipment maintenance / 
overhauls). 


• Corrective actions taken post Unit 4 outage in 2016 at Pickering, including reinstatement 
of low power boiler blowdown, minimization of boiler drained period, and ensuring 
boiler wet lay-up specs are met. 


• Plans are in place to develop and implement Film Forming Amine (FFA) technology 
during the planned outages (short and long term) (example-Darlington refurbishment) to 
control CPT to boilers.  
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Observations – On-Line Deficient Maintenance Backlog (AP-928 Working Group) 
 
2016 (Annual Value) 
• The industry Best Quartile and Median Thresholds were 66 and 134 work orders per unit 


respectively for On-Line Deficient Maintenance (DM) backlog. 
o Darlington DM backlogs were at 170 Work Orders per unit which is third quartile 


performance. 
o Pickering DM backlogs were at 350 Work Orders per unit which is fourth quartile 


performance. 
Trend 
• In comparison to the 2015 data: 


o Darlington performance in 2016 has improved from 174 to 170 work orders per unit. 
o Pickering performance in 2016 declined from 251 to 350 work orders per unit. 


• Darlington has shown continuous backlog improvement from 2012 through 2016. 
• Pickering has shown backlog improvement in three of the last five years but declined in 2016. 


 
Factors Contributing to Performance 
• The factors that impact the deficient and corrective maintenance backlogs include the following: 


o Overall maintenance efficiency. The higher the efficiency, the more work that gets to be 
completed with the same number of resources 


o Schedule quality. The higher the schedule quality including crew resource supply and 
accurate forecasting, the higher the schedule adherence and hence lower backlogs. 


• To improve performance there are fleet wide initiatives to: 
o Reduce roadblocks to starting work each day 
o Streamline the daily work authorization process 
o Increase the use of the minor work category to make more work ready to execute with 


fewer resources involved in preparation and scheduling 
o Improve resource supply forecasting and communication 
o Implement common crew performance reporting  
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1-Year On-line Corrective Maintenance Backlog 
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  Observations – On-Line Corrective Maintenance Backlog (AP-928 Working Group) 


 
2016 (Annual Value) 
• The industry Best Quartile and Median Thresholds were 4 and 10 work orders per unit 


respectively for On-Line Corrective Maintenance (CM) backlog. 
o Darlington CM backlogs were at 14 Work Orders per unit which is third quartile 


performance. 
o Pickering CM backlogs were at 116 Work Orders per unit which is fourth quartile 


performance. 
Trend 
• In comparison to the 2015 data: 


o Darlington performance in 2016 has improved from 24 to 14 work orders per unit 
o Pickering performance in 2016 improved from 125 to 116 work orders per unit 


• Note that overall industry performance has improved. Median backlog has improved from 15 to 
10 work orders per unit, in one year.  


• Darlington has shown continuous backlog improvement from 2012 through 2016. 
• Pickering has shown backlog improvement in each of the last two years. 


 
 


Factors Contributing to Performance 
• Refer to the Factors Contributing to Performance discussed above in the 1 Year On-Line 


Deficient Maintenance Backlog, as the same factors affect both backlog measures. 
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4.0 VALUE FOR MONEY 


Methodology and Sources of Data 
 
The Electric Utility Cost Group (EUCG) database is the source for cost benchmarking data.  Data 
was collected for three-year rolling averages for all financial metrics covering the review period 
from 2011-2016. Zero values for cost indicators are excluded from all calculations.  All data 
submitted to and subsequently extracted from EUCG by OPG is presented in Canadian dollars.  
The Fitzpatrick and Pilgrim plants were excluded in the 2016 Benchmarking Report due to the 
unavailability of the 2015 data. 
 
EUCG automatically applies a purchasing power parity (PPP) factor to adjust all values across 
national borders.  The primary function of the PPP value is to adjust for currency exchange rate 
fluctuations but it also adjusts for additional cross-border factors which may impact purchasing 
power of companies in different jurisdictions.  As a result, cost variations between plants are 
limited, as much as possible, to real differences and not due to advantages of utilizing one currency 
over another. 
 
The benchmarking panel utilized for value for money metrics is made up of all North American 
plants reporting to EUCG.  Bruce Power is the only other CANDU technology plant reporting 
within that panel.  The remaining plants are Boiling Water Reactors or Pressurized Water Reactors.  
For that reason, some of the gaps in performance are associated with technology differences rather 
than comparable performance. 
 
All metrics include cost information normalized by some factor (MWh or MW DER (Design 
Electrical Rating)) to allow for comparison across plants. 
 
Discussion 
 
Four value for money metrics are benchmarked in this report.  They are the Total Generating Cost 
per MWh, Non-Fuel Operating Cost per MWh, Fuel Cost per MWh, and Capital Cost per MW 
DER.  The relationship underlying the value for money metrics is shown in the illustration below.  
The Total Generating Cost per MWh is the sum of Non-Fuel Operating Cost, Fuel Cost and Capital 
Cost measured on a per MWh basis for benchmarking purposes.  Given the differences between 
OPG’s nuclear generating stations and most North American plants with respect to both fuel costs 
and the different treatments of non-fuel and capital costs, the best overall financial comparison 
metric for OPG facilities is the Total Generating Cost per MWh. 


 
Diagram of Summary Relationship of Value for Money Metrics 
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3-Year Total Generating Cost per MWh 
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Observations – 3-Year Total Generating Cost per MWh (All North American Plants) 
 


2016 (3-Year Rolling Average)  
• The best quartile level for Total Generating Cost per MWh (TGC/MWh) among North 


American EUCG participants was $38.77/MWh while the median level was 
$44.17/MWh.  


• Darlington TGC/MWh was $45.63/MWh, slightly worse than the median of 
$44.17/MWh. 


• Pickering TGC/MWh was $68.06/MWh, worse than the median of $44.17/MWh.  
• On a TGC/Unit basis, both Pickering and Darlington placed within the top quartile of 


plants (refer to the Executive Summary section). 
 


Trend  
• Over the 2011 to the 2016 period the best quartile cost rose by $4.56/MWh while the 


median cost rose by $2.89/MWh. 
• Darlington rose by $12.58/MWh and Pickering rose by $2.20/MWh.  
• Pickering largely managed cost increases and remained relatively flat over the review 


period with a compound annual growth rate (CAGR) of 0.7% whereas the best and 
median quartile levels increased by a CAGR of 2.5% and 1.4 % respectively. 


• Darlington’s costs increased over the review period with a CAGR of 1.4%. 
 


Factors Contributing to Performance  
• For technological reasons, Fuel Costs per MWh is an advantage for all CANDUs and 


the OPG plants performed within the best quartile.  
• Non-Fuel Operating Cost per MWh, for all OPG plants as a whole, yielded results that 


are worse than the median for the most recent data point compared to the North 
American EUCG panel.  


• OPG Capital Costs per MWh are below industry levels for Pickering and slightly 
above best quartile for Darlington. Capital expenditures reported by the peer group 
include costs for life extension, reactor head replacement, steam generator 
replacement, uprates, and spent fuel storage. These are costs not incurred by OPG to 
the extent as its peers. 


 
Darlington 
• A major driver of Darlington’s TGC/MWh is the Vacuum Building Outage (VBO) 


which contributed $2.35/MW of the total TGC/MWh (refer to the Executive Summary 
section). With the exception of Bruce Power, only OPG plants have vacuum buildings 
in their design thus incurring additional costs and lost generation due to this activity. 


• The 3-Year Rolling Average for Darlington from 2015 to 2016 rose $1.25/MWh.  The 
primary drivers at Darlington are higher total costs of approximately $122M, partially 
offset by higher generation (568 GWh).  The higher total costs were primarily 
attributable to higher OM&A costs of $3.7M, higher Capital costs of $104.8M and 
higher Fuel Costs of $12.9M .   
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  Observations – 3-Year Total Generating Cost per MWh (All North American Plants) 
(CON’T) 


• Planned Outage days at Darlington decreased by 74 days for the 2014-2016 period 
versus the 2013-2015 period mainly due to the Darlington Unit 2 Planned Outage in 
2013 (2013 was a two outage year at Darlington). 


• When comparing 2013 versus 2016, the OM&A Costs increased slightly due to the 
increased base costs (19%) and project costs (143%), largely offset by lower outage 
costs (28%) and nuclear support (8%).  Labour, material and purchased services 
differential was mainly due to the decreased planned outage days, and were 
accompanied by smaller increases in OM&A labour including payroll burden, 
overtime and other costs.  The increased overtime, labour escalation and increased use 
of temporary staff were partially offset by reduced head count.  The OM&A Project 
differential in 2016 over 2013 includes project cancellation and asset removal costs.   


• Capital costs more than doubled at Darlington from 2013 – 2016 (increase of 
approximately $100M), with Capital Portfolio and MFA costs rising due to aging plant 
equipment, refurbishment support and regulatory requirements for extended life at 
Darlington. Labour capital has increased due to increased regular, overtime and 
temporary staff consistent with increased capital program at Darlington. 


• Darlington performed within the best quartile for Fuel Cost per MWh and better than 
median for Capital Cost per MW DER while performing worse than the median for 
the Non-Fuel Operating Cost per MWh.  


• For Non-Fuel Operating Cost, the largest performance gap driver for Darlington 
during the review period is CANDU technology. The larger equipment inventory in a 
CANDU unit compared to the pressurized water reactors and boiling water reactors 
units represents a net increase in maintenance and operations workload, which 
requires additional staff. 


 
Pickering 
• A major driver of Pickering’s TGC/MWh is the size of the units, which at 540 MW 


are the smallest size amongst the peers and compare negatively to the average size of 
1,022 MW. This driver contributed $33.91 of the total $68.06 TGC/MWh (refer to the 
Executive Summary section). With a larger unit size, Pickering would be placing 
amongst the top quartile plants for TGC/MWh. 


• The 3-Year Rolling Average for Pickering from 2015 to 2016 increased by 
$0.71/MWh.  The primary drivers at Pickering are higher total costs $65M, partially 
offset by slightly higher generation (316 GWh).  The higher total costs were primarily 
attributable to higher OM&A, fuel and  capital costs of $56.7M, $4.4M and $3.4M, 
respectively 


• Planned Outage days for Pickering increased by 74 days for the 2014-2016 period 
versus the 2013-2015 period leading to increased outage costs in 2016 versus 2013. 


• When comparing 2013 versus 2016, OM&A Costs have increased due to increases in 
base costs, outage costs (purchased service and overtime) and nuclear support costs, 
partially offset by decreased project costs and allocated corporate costs.  The higher 
planned outage days at Pickering contributed to the increased OM&A costs.   
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Observations – 3-Year Total Generating Cost per MWh (All North American Plants) 
(CON’T) 
 


• Capital spending at Pickering has increased slightly ($3M) from 2013 to 2016. 
• Fuel spending is slightly higher ($4M) mainly due to increased fuel storage and 


disposal charges. 
• Pickering performed within the best quartile for Fuel Cost per MWh and Capital Cost 


per MW DER while performing worse than the median for Non-Fuel Operating Cost 
per MWh. 


• For Non-Fuel Operating Cost, the largest performance gap drivers for Pickering during 
the review period are CANDU technology, capability factor, smaller unit sizes, age of 
the plant, corporate cost allocations, and the fact that Pickering was built based on first 
generation CANDU technology. While OPG’s ten nuclear units are all CANDU 
reactors, they reflect three generations of design philosophy and technology which 
impacts the extent and nature of operations and maintenance activity.  
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3-Year Non-Fuel Operating Cost per MWh 
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Observations – 3-Year Non-Fuel Operating Cost per MWh (All North American Plants)  
 


2016 (3-Year Rolling Average)  
• Best quartile plants had Non-Fuel Operating Costs per MWh (NFOC/MWh) at or below 


$22.22 while the median plant level threshold was $26.09/MWh.  
• Compared to North American EUCG plants, the Non-Fuel Operating Costs per MWh of 


all participating Canadian CANDU plants are worse than industry median performance.  
• Darlington’s costs, at $33.00/MWh, were $10.78/MWh higher than best quartile and 


$6.91/MWh higher than the median.  
• Pickering’s costs, at $57.12/MWh, were $34.90/MWh higher than best quartile and 


$31.03/MWh higher than median.  
 


Trend  
• Pickering largely managed cost increases and remained relatively flat over the review 


period with a compound annual growth rate (CAGR) of 0.2% whereas both the best and 
median quartile levels increased by a CAGR 1.4 %. 


• Pickering 3-yr NFOC/MWh remained relatively flat from 2011 ($56.54/MWh) to 2016 
($57.12/MWh).  Please see 2016 TGC per MWh discussion regarding total Pickering 
costs and production.   


• Pickering’s annual Non-Fuel Operating Cost, over the 2011-2016 review period, is being 
managed through the continuous pursuit of efficiency improvements enabled by 
initiatives such as the amalgamation of the Pickering A and Pickering B stations into one 
Pickering site. The company-wide business transformation project launched in 2011 is 
also helping streamline, eliminate and reduce work to leverage attrition profiles while 
sustaining safety and reliability performance excellence. 


• Darlington’s costs increased over the review period with a CAGR of 4.5% due to reasons 
outlined below. 


• Over the 2011-2016 review period, Darlington’s Non-Fuel Operating Cost increased from 
2011 ($26.42/MWh) to 2016 ($33.00/MWh).  Please see 2016 TGC per MWh discussion 
regarding total Darlington costs and production.   


• Darlington’s 3-yr NFOC/MWh had an annual compound growth rate of 4.5% from 2011 
to 2016 as compared to 1.4% for both the best quartile and median levels. The 2016 
decrease in Darlington’s NFOC/MWh from 2015 is due to primarily to higher generation. 
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Observations – 3-Year Non-Fuel Operating Cost per MWh (CONT’D)  
 


Factors Contributing to Performance  
• Performance in Non-Fuel Operating Cost per MWh drives the majority of OPG’s 


financial performance. Overall, the biggest drivers are: capability factor, station unit 
size, CANDU technology, corporate cost allocation, and staff levels. The biggest 
drivers are further expanded below:  
o The ‘capability factor’ driver is related specifically to generation performance of 


the station in relation to the overall potential for the station (results are discussed 
under the Reliability section within the Rolling Average Unit Capability Factor 
metric).  


o The ‘station size’ driver is the combined effect of number of units and size of units 
which can have a significant impact on plant cost performance (refer to the 
Executive Summary section). 


o The ‘CANDU technology’ driver relates specifically to the concept that CANDU 
technology results in some specific cost disadvantages related to the overall 
engineering, maintenance, and inspection costs. In addition, this factor is 
influenced by the fact that CANDU plants have less well-developed user groups to 
share and adopt competitive advantage information, than do longer-established user 
groups for Pressurized Water Reactors (PWR) and Boiling Water Reactors (BWR). 
Though quantification of CANDU technology impact to cost remains most difficult 
of all drivers, a staff benchmarking analysis recognized a significant reduction in 
the gap between OPG staff levels and the industry benchmark. OPG undertook a 
staffing study through a third-party consultant which concluded that technology, 
design and regulatory differences exist between CANDU and PWR reactor units 
and that such factors drive staffing differences. The study established that CANDU 
technology was a contributor to explaining higher staffing levels for CANDU 
versus PWR plants which also contributed to OPG’s performance in Non-Fuel 
Operating Cost. The study also found that labour for CANDU stations is 
approximately 20% higher than in benchmarked PWR stations.  


o The ‘corporate cost allocations’ driver relates directly to the allocated corporate 
support costs charged to the nuclear group.  


o Other costs are continuously being reviewed for opportunities in reducing them.  
o The major contributing factors for Darlington performance for Non-Fuel Operating 


Cost per MWh were reviewed within the Total Generating Cost per MWh section.  
o The only additional contributing factor which appears within Non-Fuel Operating 


Cost is capitalization policy and “repair vs. replace strategies.”  
o The impact of differing capitalization policies is removed when looking at Total 


Generating Cost per MWh (i.e., the sum of Non-Fuel Operating Cost, Fuel Cost, 
and Capital Cost).  
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3-Year Fuel Cost per MWh 
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Observations – 3-Year Fuel Cost per MWh (All North American Plants)  
 


2016 (3-Year Rolling Average)  
• Fuel Cost per MWh for all Canadian CANDU plants are significantly better than the 


best quartile threshold ($7.91/MWh) for the panel of North American EUCG plants.  
• The two OPG plants ranked as the top four lowest fuel cost plants in the North American 


panel with Darlington ($5.31/MWh) at third and Pickering ($5.75/MWh) at fourth.  
 


 
Trend  
• The best quartile 3 year Fuel Cost per MWh has remained flat over 2015 and 2016. 
• 3 year Fuel Cost per MWh for all OPG plants increased slightly in 2016. The increase 


in the Fuel Cost per MWh is due to a combination of general escalation in the fuel 
conversion and fuel fabrication costs as well as rising provisions for used fuel storage 
and disposal costs, the latter which continue to increase well above the rate of inflation 
from 2015 to 2016.   OPG recognized lower input uranium costs in US dollar terms 
during 2016, however this was offset by deterioration in the value of the Canadian 
dollar against the US dollar during this period.   


• The Pickering Generating Station would rank the lowest among the CANDU plants in 
the peer panel ranked group if provision costs were excluded from the calculation with 
a 3 year rolling average fuel cost per MWh of $4.20/MWh. Similarly, Darlington 
would rank second with an average 3 year rolling average fuel cost per MWh of 
$4.25/MWh.  
 


Factors Contributing to Performance  
• Fuel costs, primarily driven by the technological differences in CANDU technology, 


are lower for OPG than all North American Pressurized Water Reactors or Boiling 
Water Reactors (PWR/BWR) reactors as CANDUs do not require enriched uranium 
like BWRs and PWRs. This provides a significant advantage for OPG and other 
CANDUs in this cost category.  


 
Best quartile fuel cost performance noted above is due to the following factors:  
• Uranium fuel costs: Raw uranium is processed directly into uranium dioxide to make 


fuel pellets, without the cost and process complexity of enriching the fuel as required 
in light water reactors. The advantage due to fuel costs also includes transportation, 
handling and shipping costs.  


• Reactor core efficiency: CANDU is the most efficient of all reactors in using uranium, 
requiring about 15% less uranium than PWRs for each megawatt hour of electricity.  
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3-Year Capital Cost per MW DER (Design Electrical Rating) 
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Observations – 3-Year Capital Cost per MW DER (All North American Plants) 
 


2016 (3-Year Rolling Average) 
• The first quartile threshold for Capital Cost per MW DER across the North American 


EUCG peer panel plants was k$52.93/MW DER. 
• Median cost for the panel was k$65.31/MW DER. 
• Pickering had lower capital cost/MW DER than the first quartile threshold, whereas, 


Darlington had a capital cost/MW DER just above the first quartile. 
 


Trend 
• The first quartile threshold increased in 2016 due increased spending on reliability 


improvements offset by slight reductions in Fukushima response and sustaining 
investment. 


• Darlington’s Capital Cost per MW DER increased in 2016 due to increased spending on 
life extension, reliability improvements, non-power block infrastructure, sustaining and 
Fukushima response. 


• Pickering’s Capital Cost per MW DER was steady in 2016 due to a reduction in reliability 
improvements and other regulatory costs.  These were offset by increased sustaining and 
performance improvement spending as well as higher Fukushima response costs. 


 
Factors Contributing to Performance 
• Pickering is performing in the first quartile overall for the period.  This performance is 


due to first and second quartile spending on enhancements, information technology, 
regulatory and sustaining investments 


• Darlington is performing in the second quartile for the period.  This performance is due 
to first quartile spending on regulatory investment, second quartile spending on 
sustaining, with third and fourth quartile spending on enhancements and infrastructure.  


• Fukushima costs at Darlington and Pickering are significantly lower than their peers, 
contributing to the first quartile ranking for regulatory spending.  Only units slated for 
permanent shutdown in the US have incurred similar expenditures.   The difference in 
approach to Fukushima response between the Canadian and American utilities has 
resulted in costs that are 25 to 50% less. 


• Darlington’s ranking in enhancements is due primarily to investments to support post-
refurbishment operations.   


• Spending on sustaining investments at Darlington is in the second quartile despite having 
increased period over period to support operations following refurbishment.   Pickering 
sustaining investments declined as projects to support operations to 2020 approach 
completion.   


• The performance in these areas is offset by third and fourth quartile spending in non-
power block infrastructure and capital spares.   


• Non-power block infrastructure spending at Darlington to support post-refurbishment 
operations continues to be higher than the majority of its peers. 


• Investment in capital spares at both Darlington and Pickering has increased to support 
overhauls of aging equipment and support safe and reliable operations. 
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5.0 HUMAN PERFORMANCE 


Methodology and Sources of Data 
 
The Human Performance Error Rate metric has been selected to benchmark the performance of 
OPG’s Nuclear fleet against other INPO utilities in the area of Human Performance.  This will 
ensure a continued focus on improving Human Performance by comparing OPG Nuclear stations 
to industry quartiles through the use of consistent and comparable data.  


18-Month Human Performance Error Rate 
 


 


 


  


Pickering


Darlington


0.0000 0.0020 0.0040 0.0060 0.0080 0.0100 0.0120


Events per 10k ISAR Hours


2016 18-Month Human Performance Error Rate
INPO North American Plant Level Benchmarking


Best Quartile = 0.0008


Median = 0.0037
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Observations – 18 Month Human Performance Error Rate (INPO North American 
Plants)  
 


2016 (18 Month Rolling Average)   
• The 2016 Human Performance Error Rate (HPER) best quartile was 0.0008 and the 


median quartile was 0.0037.  INPO best quartile continued to improve since 2015 when 
it was 0.0010.  The median quartile has increased since 2015 when it was 0.002 
representing a slight decline in performance. 


• Compared to the INPO peer group the Pickering and Darlington performance is trending 
in a positive direction: 


o Pickering station performance has continued to improve with the HPER at the 
end of 2016 reaching 0.0019, compared to 2015 result of 0.0055 achieving 
median level performance in the process. 


o Darlington station maintained median level performance in 2016, however 
performance has declined just slightly with the HPER at the end of 2016 being 
0.0035, compared to the 2015 result of 0.0031. 


Trend  
• Pickering and Darlington continue to show improvement in performance with Pickering 


station HPER being at its’ lowest ever.  Darlington’s performance is trending around the 
median ranking. 


• The main contributing factors to these results are some notable areas of improvement.  
Completion of change management activities to support key strategic initiatives, 
including face-to-face roll-outs, improved training, and follow up self assessments has 
contributed to sustained positive results in areas of supervisory oversight, improved 
quality of observation and coaching conducted, and  trending and analysis.   


• Industry performance has improved year over year.  INPO best quartile continues to 
improve since 2015 (0.0008 in 2016 compared to 0.0010 in 2015).  There is a slight 
increase in the median since 2015 (0.0037 in 2016 compared to 0.003 in 2015) however 
the overall trend indicates improved performance since 2011. 


• While these high level indicators show improved performance the organization needs to 
remain vigilant during this time of increased activity resulting from the refurbishment 
project at Darlington.  There are a lot of newly hired workers performing work on the 
units being refurbished which will continue for a number of years. OPG leadership 
remains focused on setting, communicating and reinforcing standards and expectations 
through effective coaching in the field to ensure performance shortfalls are addressed.  
They are taking necessary measures to ensure vendor partners as well as OPG staff 
demonstrate correct behaviours around safety and Human Performance to reduce 
consequential errors. 
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Observations – 18 Month Human Performance Error Rate (CONT’D) 


 
Factors Contributing to Performance  
• Top performing organizations promote and communicate a clear vision for excellence 


in human performance.  Supervisors/managers positively shape field worker behaviours 
by providing effective coaching. 


• A leader’s presence in the field and engagement with individuals and teams is an 
essential element to gain an understanding of human performance behaviours, reinforce 
positive behaviours, and provide candid feedback on performance gaps. 


• Workers have a personal responsibility to ingrain and apply the desired human 
performance behaviours.  Workers take accountability for their actions and feel 
empowered to make decisions. 


• Crew or Section clocks are used by the sites/facilities to share the organizational learning 
around the low level errors and events which help to reduce the number of consequential 
events. 


• In 2016 OPG has applied significant effort to key Human Performance initiatives to 
reduce errors and drive improvements in performance.  The Human Performance fleet 
strategy is captured in the 2016-18 Human Performance Fleet Excellence Plan.  The key 
Human Performance strategies captured in the Human Performance fleet and site plans 
are: 


o Create a healthy reporting culture where all individuals at every level of the 
organization feel safe reporting errors and mistakes enabling learning and 
improving performance. 


o Improve the existing coaching culture to establish consistent reinforcement of 
procedures and standards, one in which workers and supervisors value coaching 
and use it to improve performance. 


o Develop and implement a fleet plan to address higher than usual activity levels 
during outages, and the resulting increased potential for errors.  The plan actions 
will focus on proactive and forward trending, focused communications and 
messaging during outages, and Human Performance interventions. 


• Improved performance fleetwide is based on the successful implementation of these 
key fleet initiatives.  In support of these changes, Human Performance training 
requirements for all OPGN employees have been established.  Human Performance 
Module of Nuclear General Employee Training continuing training has been revised to 
include fundamental principles of Human performance and new leadership learning 
activities. 


• Paired Observation for Middle Managers is underway and focuses on the requisite 
skills required for Middle Managers to develop their direct reports as leaders in a 
facilitative style. 
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Observations – 18 Month Human Performance Error Rate (CONT’D) 
 
Factors Contributing to Performance (continued) 
  
• First Line Managers Performance Enhancement O&C training has been piloted and 


focuses on the requisite supervisory skills that are applicable to Observation and 
Coaching. 


• Performance improvement is also noted in response to nuclear oversight audit findings 
regarding Human performance staff competencies.  All staff associated with Human 
Performance, and many working in Performance Improvement have now received INPO 
Human Performance Training.  The correct competencies are evident in their 
performance. 


• Industry best practice is also attributed to the incorporation of OPEX into Human 
Performance key strategies.  Active engagement with COG and industry peer 
teams/working groups has been engaged to ensure that Human Performance governance 
meets or exceeds industry standards in Human Performance. 


• As stated above, the high level indicator (HPER) for Pickering and Darlington stations 
has shown improvement year over year. Pickering HPER is the lowest it has ever been.  
Once fully implemented across OPN fleet, the above initiatives should continue to drive 
performance improvement. 
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6.0 MAJOR OPERATOR SUMMARY 


Purpose 
 
This section supplements the Executive Summary, providing more detailed comparison of the 
major operators of nuclear plants for three key metrics: WANO Nuclear Performance Index (NPI), 
Unit Capability Factor (UCF), and Total Generating Cost (TGC) per MWh.  Although the 
benchmarking study has been primarily focused on operational performance comparison to COG 
CANDUs, this section of the report contemplates the larger industry by capturing OPG Nuclear’s 
performance against North American PWR and PHWR operators in addition to the international 
CANDU panel.  Operator level summary results are the average (mean) of the results across all 
plants managed by the given operator.  These comparisons provide additional context, but the 
detailed data in the previous sections provide a more complete picture of plant by plant 
performance.  The WANO NPI and UCF are calculated as the mean of all unit performance for a 
specific operator.  The TGC per MWh is the mean of plant level data because costs are not allocated 
to specific units within the EUCG industry panel. 


WANO Nuclear Performance Index Analysis 
 
The WANO Nuclear Performance Index (NPI) results for the operators in 2016 are illustrated in 
the graph below.  OPG Nuclear performance ranking improved from 2015 shown in Table 3. 
 


 
 
*See Table 8 in the Appendix for listing of operators and plants.  
**OPG Nuclear unit values averaging to a WANO NPI of 80.9 in 2016 are shown below:  
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Unit 2016 WANO NPI 


Pickering 1 67.1 


Pickering 4 66.6 


Pickering 5 87.6 


Pickering 6 78.1 


Pickering 7 75.2 


Pickering 8 83.4 


Darlington 1 83.6 


Darlington 2 97.1 


Darlington 3 79.6 


Darlington 4 90.7 
 


Table 3: Average WANO NPI Rankings 


 
*NA: Not applicable due to multi-year refurbishment of the generating Station. 
Note: Five operators are no longer ranked in 2016 (reason for 27 ranked operators in 2011 vs. 23 in 2016).  These operators 
were removed as a result of plant acquisitions or closures.  All 2011-2015 rankings and numbers are carried over from previous 
Benchmarking reports. 


Operator 2011 2012 2013 2014 2015 2016
4 17 16 8 3 1
6 18 8 9 2 2


20 22 10 5 5 3
16 13 17 15 12 4
3 4 2 14 13 5
8 6 5 4 6 6
7 7 4 7 10 7
5 2 12 16 1 8


10 3 1 13 9 9
1 5 6 10 8 10


27 24 23 19 7 11
2 1 18 20 20 12


19 10 13 2 4 13
14 12 9 12 16 14
15 11 15 18 21 15
21 23 24 3 15 16
9 8 7 6 17 17


13 19 14 1 14 18
23 20 21 21 22 19
11 15 19 11 11 20


Ontario Power Generation 24 25 22 22 23 21
18 21 3 17 19 22


NA* 27 25 24 24 23
17 9 20 23 18 NA
22 16 11 NA NA NA


12 14 NA NA NA NA
25 26 NA NA NA NA
26 26 NA NA NA NA


In 2016, OPG ranked 21st, with an NPI of 80.9.  OPG’s NPI 
performance increased significantly by 6.3 and increased by 
two compared to the 2015 ranking.   
 
The NPI rankings of the major operators from 2011 to 2016 
are listed in Table 3.  The list and ranking of operators has been 
updated to reflect any industry developments if applicable. 


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 1 
Page 95 of 114







OPG Confidential – Internal Use Only   2017 Benchmarking Report 


- 94 - 


 


Unit Capability Factor Analysis 
Unit Capability Factor (UCF) is the ratio of available energy generation over a given time period 
to the reference energy generation of the same time period, expressed as a percentage.  Reference 
energy generation is the energy that could be produced if the unit were operating continuously at 
full power under normal conditions.  Since nuclear generation plants are large fixed assets, the 
extent to which these assets generate reliable power is the key to both their operating and financial 
performance.   
A comparison of UCF values for major nuclear operators is presented in the graph below.  UCF is 
expressed as a two-year average for all operators except for OPG Nuclear, which includes a three-
year average for the Darlington station and a two-year average for Pickering to reflect each plant’s 
respective outage cycle.  OPG Nuclear achieved a rolling average UCF of 80.7% and ranked 22 
out of 23 operators in the WANO data set.  The list and ranking of operators has been updated to 
reflect any industry developments if applicable.  


 
* See Table 8 in the Appendix for listing of operators and plants. 
**OPG unit values averaging to a rolling average UCF of 80.7% in 2016 are shown below:  


Unit 2016 Rolling 
Average UCF 


 
Unit 2016 Rolling 


Average UCF 
Pickering 1 75.9  Darlington 1 82.6 
Pickering 4 74.9  Darlington 2 92.8 
Pickering 5 82.2  Darlington 3 83.9 
Pickering 6 79.6  Darlington 4 85.3 
Pickering 7 77.7  


Pickering 8 72.0 
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Rankings for the major operators for UCF over the past six years are provided in Table 4 below.   
Table 4: Rolling Average Unit Capability Factor Rankings 


 
Note: Five operators are no longer ranked in 2016 (reason for 28 ranked operators in 2011 vs. 23 in 2016).  These operators 
were removed as a result of plant acquisitions or closures.  All 2011-2015 rankings and numbers are carried over from previous 
Benchmarking reports. 


Total Generating Cost/MWh Analysis 
The 3-year Total Generating Cost results for the major operators in 2016 are displayed in the graph 
below.  Total Generating Costs are defined as total operating costs plus capital costs and fuel costs 
of all plants that the operator operates in 2014-2016.  This value is divided by the total net 
generation of all plants that the operator operates for the same period and is provided as a three-
year average.  OPG Nuclear ranked 12th, with a 3-year Total Generation Cost of $55.57 per MWh. 


 


Operator 2011 2012 2013 2014 2015 2016
2 4 4 1 1 1


21 22 6 2 7 2
4 5 1 5 10 3
1 6 12 13 12 4
9 15 8 8 6 5


19 2 13 19 4 6
14 12 10 7 2 7
7 1 2 6 5 8
6 18 11 12 21 9


18 13 9 10 14 10
13 10 7 4 9 11
22 9 14 17 3 12
20 24 23 16 15 13
15 20 21 20 17 14
8 14 16 11 11 15


11 16 15 3 13 16
17 17 17 15 18 17
16 3 3 9 8 18
12 8 5 14 19 19
5 19 20 18 20 20


24 23 22 23 22 21
Ontario Power Generation 25 21 19 21 23 22


28 27 24 22 24 23
10 26 25 24 16 NA
27 7 18 NA NA NA
3 11 NA NA NA NA


23 25 NA NA NA NA
26 NA NA NA NA NA
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*OPG plant values of 3-year rolling average TGC per MWh are shown below:  


Unit 2016 3-Year TGC 
Darlington $45.63/MWh 


Pickering  $68.06/MWh 
 


Table 5:  Three-Year Total Generating Cost per MWh Rankings 


 


Note: Two operators have been removed due to acquisitions by the other operators in the panel (reason for 14 ranked 
operators in 2011 vs. 13 in 2016):  


$38.31 $38.79 $39.58 $41.56 $42.27 $42.38 $42.67 $44.17 $45.64 $45.84 $50.01
$55.57


$66.79


$0.00


$20.00


$40.00


$60.00


$80.00


$100.00
CA


D 
$/


M
W


h


2016 - 3 Year Total Generating Costs per MWh


2011 2012 2013 2014 2015 2016


4 5 4 4 2 1


7 4 1 1 1 2
2 2 6 5 3 3
3 3 3 3 5 4
1 1 2 2 4 5


NA NA 11 7 7 6
13 14 14 12 8 7
8 7 7 6 6 8
9 9 10 11 11 9
5 6 5 8 9 10


11 11 9 9 10 11
Ontario Power Generation 12 10 8 10 12 12


14 13 13 13 13 13
10 12 12 NA NA NA
6 8 NA NA NA NA
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Total Generating Cost is comprised of:  (a) Non-Fuel Operating Costs, plus (b) Fuel Costs, plus 
(c) Capital Costs.  Table 6 below shows the relative contribution of these cost components to 
Total Generating Cost and compares OPG’s costs to those of all EUCG operators. 
 


Table 6:  EUCG Indicator Results Summary (Operator Level) 
 


 


*See Table 9 in the appendix for list of operators included. 


Value for Money Performance


3-Yr. Non-Fuel Operating Costs per MWh 43.69$        25.13$            23.73$            CAD $/MWh


3-Yr. Fuel Costs per MWh 5.51$          8.56$             7.97$             CAD $/MWh


3-Yr. Capital Costs per MWh 6.38$          7.79$             6.38$             CAD $/MWh


3-Yr. Total Generating Costs per MWh 55.57$        42.67$            41.56$            CAD $/MWh


EUCG Indicator Results Summary OPG 
Average


EUCG Major Operators*
UnitsMedian Best Quartile
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7.0 APPENDIX 
 
Acronyms 


 
Acronym Meaning 


ALARA As Low As Reasonably Achievable 
BWR Boiling Water Reactor 
CANDU CANada Deuterium Uranium (type of PHWR) 
CEA Canadian Electricity Association  
COG CANDU Owners Group 
DER Design Electrical Rating 
EUCG Electric Utility Cost Group  
INPO Institute of Nuclear Power Operators 
OPG Ontario Power Generation 
PHWR Pressurized Heavy Water Reactor  
PWR Pressurized Water Reactor 
WANO World Association of Nuclear Operators  


 
Safety and Reliability Definitions 


The following definitions are summaries extracted from industry peer group databases. 


All Injury Rate is the average number of fatalities, total temporary disabilities, permanent total 
disabilities, permanent partial disabilities and medical attention injuries per 200,000 hours worked. 


Industrial Safety Accident Rate is defined as the number of accidents for all utility personnel 
(permanently or temporarily) assigned to the station, that result in one or more days away from 
work (excluding the day of the accident) or one or more days of restricted work (excluding the day 
of the accident), or fatalities, per 200,000 man-hours worked.  The selection of 200,000 man-hours 
worked or 1,000,000 man-hours worked for the indicator will be made by the country collecting 
the data, and international data will be displayed using both scales.  Contractor personnel are not 
included for this indicator. 


Collective Radiation Exposure, for purposes of this indicator, is the total external and internal 
whole body exposure determined by primary dosimeter (thermoluminescent dosimeter (TLD) or 
film badge), and internal exposure calculations.  All measured exposure should be reported for 
station personnel, contractors, and those personnel visiting the site or station on official utility 
business. 


Visitors, for purposes of this indicator, include only those monitored visitors who are visiting the 
site or station on official utility business.   
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Airborne Tritium Emissions per Unit: Tritium emissions to air are one of the sites’ leading 
components of dose to the public.  By specific tracking of tritium emissions, the sites can maintain 
or reduce dose.  Reducing OPG Nuclear’s dose to the public demonstrates continuous 
improvement in operations. 
 
Fuel Reliability Index is inferred from fission product activities present in the reactor coolant.  
Due to design differences, this indicator is calculated differently for different reactor types.  For 
PHWR’s, the indicator is defined as the steady-state primary coolant iodine-131 activity 
(Becquerels/gram or Microcuries/gram), corrected for the tramp uranium contribution and power 
level, and normalized to a common purification rate. 


Unplanned automatic reactor trips (SCRAMS) is defined as the number of unplanned automatic 
reactor trips (reactor protection system logic actuations) that occur per 7,000 hours of critical 
operation.  The indicator is further defined as follows: 
 


• Unplanned means that the trip was not an anticipated part of a planned test. 
• Trip means the automatic shutdown of the reactor by a rapid insertion of negative 


reactivity (e.g., by control rods, liquid injection shutdown system, etc.) that is caused 
by actuation of the reactor protection system.  The trip signal may have resulted from 
exceeding a set point or may have been spurious. 


• Automatic means that the initial signal that caused actuation of the reactor protection 
system logic was provided from one of the sensors’ monitoring plant parameters and 
conditions, rather than the manual trip switches or, in certain cases described in the 
clarifying notes, manual turbine trip switches (or pushbuttons) provided in the main 
control room. 


• Critical means that, during the steady-state condition of the reactor prior to the trip, the 
effective multiplication factor (keff) was essentially equal to one. 


• The value of 7,000 hours is representative of the critical hours of operation during a 
year for most plants, and provides an indicator value that typically approximates the 
actual number of scrams occurring during the year. 
 


The safety system performance indicator is defined for the many different types of nuclear 
reactors within the WANO membership.  To facilitate better understanding of the indicator and 
applicable system scope for these different type reactors a separate section has been developed for 
each reactor type. 
 
Also, because some members have chosen to report all data on a system train basis versus the 
"standard" overall system approach, special sections have also been developed for those reactor 
types where train reporting has been chosen.   (The resulting indicator values resulting from these 
methods are essentially the same.) 
 
Each section is written specifically for that reactor type and reporting method.  If a member desires 
to understand how a different member is reporting or wishes to better understand that member's 
indicator, it should consult the applicable section. 
 
The safety systems monitored by this indicator are the following: 
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PHWRs 
 
Although the PHWR safety philosophy considers other special safety systems to be paramount to 
public safety, the following PHWR safety and safety-related systems were chosen to be monitored 
in order to maintain a consistent international application of the safety system performance 
indicators: 
 


• Auxiliary boiler feedwater system 
• Emergency AC power  
• High pressure emergency coolant injection system 


 
These systems were selected for the safety system performance indicator based on their importance 
in preventing reactor core damage or extended plant outage.  Not every risk important system is 
monitored.  Rather, those that are generally important across the broad nuclear industry are 
included within the scope of this indicator. They include the principal systems needed for 
maintaining reactor coolant inventory following a loss of coolant, for decay heat removal 
following a reactor trip or loss of main feedwater, and for providing emergency AC power 
following a loss of plant off-site power.  (Gas cooled reactors have an additional decay heat 
removal system instead of the coolant inventory maintenance system)   
 
Except as specifically stated in the definition and reporting guidance, no attempt is made to monitor 
or give credit in the indicator results for the presence of other systems at a given plant that add 
diversity to the mitigation or prevention of accidents.  For example, no credit is given for additional 
power sources that add to the reliability of the electrical grid supplying a plant because the purpose 
of the indicator is to monitor the effectiveness of the plant's response once the grid is lost.  
 
The Nuclear Performance Index Method 4 is an INPO sponsored performance measure, and is a 
weighted composite of ten WANO Performance Indicators related to safety and production 
performance reliability. 
 
The NPI is used for trending nuclear station and unit performance, and comparing the results to 
the median or quartile values of a group of units, to give an indication of relative performance.  
The quarterly NPI has also been used to trend the performance and monitor the effectiveness of 
various improvement programs in achieving top quartile performance and allows nuclear facilities 
to benchmark their achievements against other nuclear plants worldwide. 
 
The Forced Loss Rate (FLR) is defined as the ratio of all unplanned forced energy losses during 
a given period of time to the reference energy generation minus energy generation losses 
corresponding to planned outages and any unplanned outage extensions of planned outages, during 
the same period, expressed as a percentage.   
   
Unplanned energy losses are either unplanned forced energy losses (unplanned energy generation 
losses not resulting from an outage extension) or unplanned outage extension of planned outage 
energy losses.   
 
Unplanned forced energy loss is energy that was not produced because of unplanned shutdowns 
or unplanned load reductions due to causes under plant management control when the unit is 
considered to be at the disposal of the grid dispatcher.  Causes of forced energy losses are 
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considered to be unplanned if they are not scheduled at least four weeks in advance.  Causes 
considered to be under plant management control are further defined in the clarifying notes. 
 
Unplanned outage extension energy loss is energy that was not produced because of an extension 
of a planned outage beyond the original planned end date due to originally scheduled work not 
being completed, or because newly scheduled work was added (planned and scheduled) to the 
outage less than four weeks before the scheduled end of the planned outage.  
 
Planned energy losses are those corresponding to outages or power reductions which were planned 
and scheduled at least four weeks in advance (see clarifying notes for exceptions). 
 
Reference energy generation is the energy that could be produced if the unit were operated 
continuously at full power under reference ambient conditions throughout the given period.  
Reference ambient conditions are environmental conditions representative of the annual mean (or 
typical) ambient conditions for the unit. 
 
Unit Capability Factor is defined as the ratio of the available energy generation over a given time 
period to the reference energy generation over the same time period, expressed as a percentage.  
Both of these energy generation terms are determined relative to reference ambient conditions. 
 
Available energy generation is the energy that could have been produced under reference ambient 
conditions considering only limitations within control of plant management, i.e., plant equipment 
and personnel performance, and work control.   
 
Reference energy generation is the energy that could be produced if the unit were operated 
continuously at full power under reference ambient conditions.  
 
Reference ambient conditions are environmental conditions representative of the annual mean (or 
typical) ambient conditions for the unit. 
 
The Chemistry Performance Indicator compares the concentration of selected impurities and 
corrosion products to corresponding limiting values.  Each parameter is divided by its limiting 
value, and the sum of these ratios is normalized to 1.0.  For BWRs and most PWRs, these limiting 
values are the medians for each parameter, based on data collected in 1993, thereby reflecting 
recent actual performance levels.  For other plants, they reflect challenging targets.  If an impurity 
concentration is equal to or better than the limiting value, the limiting value is used as the 
concentration.  This prevents increased concentrations of one parameter from being masked by 
better performance in another.  As a result, if a plant is at or below the limiting value for all 
parameters, its indicator value would be 1.0, the lowest chemistry indicator value attainable under 
the indicator definition.  The following is used to determine each unit’s chemistry indicator value: 


• PWRs with recirculating steam generators and VVERs 
− Steam generator blowdown chloride 
− Steam generator blowdown cation conductivity 
− Steam generator blowdown sulphate 
− Steam generator blowdown sodium 
− Final feedwater iron 
− Final feedwater copper (not applicable to PWRs with I-800 steam generator tubes) 
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− Condensate dissolved oxygen (only applicable to PWRs with I-800 steam generator 
tubes) 


− Steam generator molar ratio target range (by reporting the upper and lower range 
limits (as "from" and "to" values when using molar ratio control) 


− Steam generator actual molar ratio (if reporting molar ratio control data) 
− Feedwater oxygen 
− Feedwater pH value at 270deg. C 


 
• PWRs with once through steam generators 


− Final feedwater chloride 
− Final feedwater sulfate 
− Final feedwater sodium 
− Final feedwater iron 
− Final feedwater copper 


 
• Pressurized heavy water reactors (PHWRs) 


− *Inconel-600 or Monel tubes 
o Steam generator blowdown chloride 
o Steam generator blowdown sulfate 
o Steam generator blowdown sodium 
o Final feedwater iron 
o Final feedwater copper 
o Final feedwater dissolved oxygen  


− Incoloy-800 tubes 
o Steam generator blowdown chloride 
o Steam generator blowdown sulfate 
o Steam generator blowdown sodium 
o Final feedwater iron 
o Final feedwater dissolved oxygen 


 
• PHWRs on molar ratio control 


− Steam generator blowdown chloride 
− Steam generator blowdown sulfate 
− Final feedwater iron 
− Final feedwater copper 
− Feedwater dissolved oxygen 
− Steam generator molar ratio target range (by reporting the upper and lower range 


limits (as "from" and "to" values) 
− Steam generator actual molar ratio 


 
Online Deficient Maintenance Backlog is the average number of active on-line maintenance 
work orders per operating unit classified as Deficient Critical (DC) or Deficient Non-Critical (DN) 
that can be worked on without requiring the unit shutdown. This metric identifies deficiencies or 
degradation of plant equipment components that need to be remedied, but which do not represent 
a loss of functionality of the component or system. 
 


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 1 
Page 104 of 114







OPG Confidential – Internal Use Only   2017 Benchmarking Report 


- 103 - 


 


Online Corrective Maintenance Backlog is the average number of active on-line maintenance 
work orders per operating unit classified as Corrective Critical (CC) or Corrective Non-Critical 
(CN) that can be worked on without requiring the unit shutdown.  This metric identifies 
deficiencies or degradation of components that need to be remedied, and represents a loss of 
functionality of a major component or system. 
 
On-line maintenance is maintenance that will be performed with the main generator connected to 
the grid. 
 
Value for Money Definitions 


The following definition summaries are taken from the January 2013 EUCG Nuclear Committee 
Nuclear Database Instructions. 
 
Capital Costs ($) 
All costs associated with improvements and modifications made during the reporting year. These 
costs should include design and installation costs in addition to equipment costs. Other 
miscellaneous capital additions such as facilities, computer equipment, moveable equipment, and 
vehicles should also be included. These costs should be fully burdened with indirect costs, but 
exclude AFUDC (interest and depreciation). 
 
Fuel ($) 
The total cost associated with a load of fuel in the reactor which is burned up in a given year. 
 
Net Generation (Gigawatt Hours) 
The gross electrical output of the unit measured at the output terminals of the turbine-generator 
minus the normal station service loads during the hours of the reporting period, expressed in 
Gigawatt hours (GWh). Negative quantities should not be used. 
 
Design Electrical Rating (DER) 
The nominal net electrical output of a unit, specified by the utility and used for plant design (DER 
net expressed in MWe).  Design Electrical Rating should be the value that the unit was 
certified/designed to produce when constructed.  The value would change if a power uprate was 
completed.  After a power uprate, the value should be the certified or design value resulting from 
the uprate. 
 
Operating Costs ($) 
The operating cost is to identify all relevant costs to operate and maintain the nuclear operations 
in that company.  It includes the cost of labour, materials, purchased services and other costs, 
including administration and general.  
 
Total Generating Costs ($) 
The sum of total operating costs and capital costs as above. 
 
 
Total Operating Costs ($) 
The sum of operating costs and fuel costs as above. 
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Note: Capital costs, fuel costs, operating costs and Total Generating Costs are divided by net 
generation as above to obtain per MWh results.  Capital costs are also divided by MW DER to 
obtain MW results. 
 
Human Performance Definitions 


The following definition summary is taken from the Institute of Nuclear Power Operations (INPO) 
database. 
 
Human Performance Error Rate (# per ISAR and Contractor Hours) 
.  The Human Performance Error Rate metric represents the number of site level human 
performance events in an 18-month period per 10,000 ISAR hours worked (including on site 
supplemental personnel).  The formula used is:   


{(# of S-EFDRs) / (Total ISAR Hours + Total Contractor Hours)} x 10,000 Hours  (Calculated 
as an 18-month rolling average) 
 
INPO guidelines define non utility personnel to include contractor, supplemental personnel 
assigned to perform work activities on site or at other buildings that directly support station 
operation.  This includes personnel who deliver and receive equipment, deliver fuel oil, remove 
trash and radioactive waste, and provide building and grounds maintenance within the owner-
controlled areas or facilities that support the station.   
 
INPO defines an event to occur as a result of the following: 
 
An initiating action (error) by an individual or group of individuals (event resulting from an active 
error) or an initiating action (not an error) by an individual or group of individuals during an 
activity conducted as planned (event resulting from a flawed defense or latent organizational 
weakness).  They may be related to Nuclear Safety, Radiological Safety, Industrial Safety, Facility 
Operations or considered to be a Regulatory Event reportable to a regulator or governing agency.  
OPG Nuclear’s criteria for defining station event free day resets have been developed based on 
INPO guidelines.  However, the definition may differ slightly due to adaptation resulting from 
technological differences. 
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Table 7: Industry Peer Groups 
 


 
Data provided by the World Association of Nuclear Operators (WANO) is the primary source of 
benchmarking data for operational performance (Safety and Reliability) indicators.  Eleven out of 
the twenty benchmarking metrics have been compared to the WANO/COG CANDU panel.  All 
WANO performance indicators are presented at the unit and plant levels except the Industrial 
Safety Accident Rate and Emergency AC Power Unavailability which are only measured at the 
plant level. 
 
Different peer groups were used for a few of the specialized operating metrics which are not 
tracked through WANO.  For maintenance work order backlogs, the peer group consisted of all 
plants participating in the Institute of Nuclear Power Operations (INPO) AP-928 working group.  
For human performance comparisons, data was obtained from INPO. For the All Injury Rate 
metric, the Canadian Electricity Association (CEA) panel was used. 
 
For financial performance comparisons, data compiled by the Electric Utility Cost Group (EUCG) 
was used.  EUCG is a nuclear industry operating group and the recognized source for cost 
benchmark information.  EUCG cost indicators are presented at the plant level and compared on a 
net megawatt hour generated basis (to be referred to as MWh subsequently) and on a per megawatt 
(MW) design electrical rating (DER) basis.  The only CANDU operators reporting data to EUCG 
in 2016 were OPG Nuclear and Bruce Power which is not a sufficiently large panel to provide a 
basis for comparison; hence, the data sets were not limited to a CANDU specific panel.  Should 
more CANDU operators choose to join EUCG in the future, comparisons to a CANDU specific 
panel will be reconsidered. 
 
 All data provided by the peer groups (WANO, INPO, CEA, and EUCG) is confidential.  A 
redacted version of this report, which removes individual plant and unit names, is available from 


WANO / COG 
CANDUs


All North 
American PWR 


and PHWRs 
(WANO)


INPO AP-928 
Workgroup


INPO CEA


EUCG North 
American 


Plants (U.S. 
and Canada)


Safety
All Injury Rate X
Rolling Average Industrial Safety Accident Rate* X
Rolling Average Collective Radiation Exposure* X
Airborne Tritium Emissions per Unit X
Fuel Reliability Index* X
2-Year Reactor Trip Rate* X
3-Year Auxiliary Feedwater System Unavailability* X
3-Year Emergency AC Power Unavailability* X
3-Year High Pressure Safety Injection Unavailability* X


Reliability
WANO NPI X
Rolling Average Forced Loss Rate* X
Rolling Average Unit Capability Factor* X
Rolling Average Chemistry Performance Indicator* X
1-Year On-line Deficient Maintenance Backlog X
1-Year On-line Corrective Maintenance Backlog X


Value for Money
3-Year Total Generating Cost / MWh X
3-Year Non-Fuel Operating Cost (OM&A) / MWh X
3-Year Fuel Cost / MWh X
3-Year Capital Cost / MW DER X


Human Performance
Human Performance Error Rate X


* Sub-indicator of WANO NPI
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Nuclear Business Planning and Benchmarking should there be a requirement to publicly release 
this report. 
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Panels 
Table 8:  WANO Panel 


 
Operator Plant  Operator Plant 


Ameren Missouri Callaway  


International CANDU 


Cernavoda 
Embalse 


Qinshan 3 
Wolsong A 
Wolsong B 


American Electric Power 
Co. Cook  


Arizona Public Service Co. Palo Verde  


Bruce Power Bruce A 
Bruce B 


 
 
 Luminant Generation Comanche Peak 
 New Brunswick Power Point Lepreau 


Dominion Generation 
Millstone 


North Anna 
Surry 


 
NextEra Energy 


Resources 
Point Beach 


Seabrook  


 Northern States Power 
Company Prairie Island  


Duke Energy 


Catawba 
Harris 


Mcguire 
Oconee 


Robinson 


 Ontario Power 
Generation 


Darlington 
 Pickering 


 Pacific Gas & Electric Co. Diablo Canyon 


Entergy Nuclear 


Arkansas Nuclear 
One 


Indian Point 
Palisades 
Waterford 


 Public Service Enterprise 
Group Nuclear Salem 


 


 South Carolina Electric & 
Gas Co. V.C. Summer 


 Southern Nuclear 
Operating Co. 


Farley 
Vogtle 


Exelon Generation Co. 


Braidwood 
Byron 


Three Mile Island 
Calvert Cliffs 


Ginna 


 
 


STP Nuclear Operating 
Co. 


 
South Texas 


 
 
 


 Tennessee Valley 
Authority  


Sequoyah 
Watts Bar 


FirstEnergy Nuclear 
Operating Co. 


Beaver Valley 
Davis-Besse 


 
 


Wolf Creek Nuclear 
Operating Corp. Wolf Creek 


Florida Power & Light Co.  St. Lucie 
Turkey Point 
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Table 9:  EUCG Panel 
Major Operator Plant  Major Operator Plant 


Bruce Power Bruce A 
Bruce B 


 Florida Power & Light 
Co.  


St Lucie 
Turkey Point 


Dominion 
Generation 


Millstone 
North Anna 


Surry 


   
 


NextEra Energy 
Resources 


Duane Arnold 
Point Beach 


Seabrook  


 Northern States Power 
Company  


Monticello 
Prairie Island 


 


Ontario Power 
Generation 


Darlington 
Pickering 


 


Duke Energy 


Brunswick 
Catawba 


Harris 
Mcguire 
Oconee 


Robinson 


 


 


Entergy Nuclear 


Arkansas Nuclear One  
Fitzpatrick 
Grand Gulf 
Indian Point 
Palisades 


Pilgrim 
River Bend 
Waterford 


 
 Public Service 


Enterprise Group 
Nuclear 


Hope Creek 
Salem 


 
 
 


Southern Nuclear 
Operating Co. 


Farley 
Hatch 
Vogtle 


 
 


 


Tennessee Valley 
Authority  


Browns Ferry 
Sequoyah 
Watts Bar 


Exelon Generation 
Co. 


Braidwood 
Byron 


Calvert Cliffs 
Clinton 


Dresden 
Lasalle 


Limerick 
Nine Mile 


Oyster Creek 
Peach Bottom 
Quad Cities 


Ginna 
Three Mile Island 


 
 
 
 
 
 


  


 
 
 


 


FirstEnergy Nuclear 
Operating Co. 


Beaver Valley 
David-Besse 


Perry 
 


 


Remaining EUCG Members 


Operator Plant Operator Plant 
AmerenUE Callaway Nebraska Public Power District Cooper 
American Electric Power Co. Inc. Cook Pacific Gas & Co. Diablo Canyon 
Arizona Public Service Co. Palo Verde Talen Energy Susquehanna 


DTE Energy Fermi 
South Carolina Electric & Gas 
Company (SCE&G) 


V.C. Summer 


Energy Northwest Columbia STP Nuclear Operating Co. South Texas 


Luminant Generation 
Comanche 
Peak 


Wolf Creek Nuclear Operations 
Corp. 


Wolf Creek 
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Table 10:  COG CANDUs 
 


Operator Plant 
Bruce Power Bruce A 
  Bruce B 
China (CNNP) Qinshan 3 
NASA Embalse 
Korea (KHNP) Wolsong A 
  Wolsong B 
New Brunswick Power Point Lepreau 
OPG Darlington 
  Pickering 
Romania Cernavoda 


 
Table 11:  CEA Members 


 
Companies  Companies 


AltaLink  Hydro Quebec 
ATCO Electric  Manitoba Hydro 
ATCO Power  Maritime Electric Company 
BC Hydro and Power Authority  Nalcor Energy 
Brookfield Renewable Energy Group  New Brunswick Power 
Capital Power Corporation  Newfoundland Power 
City of Medicine Hat, Electric Utility  Northwest Territories Power Corp. 
Columbia Power Corporation  Nova Scotia Power 
Emera Inc.  Oakville Hydro Corp. 
ENMAX  Ontario Power Generation 
EnWin  PowerStream 
EPCOR  Saint John Energy 
FortisAlberta Inc.  Saskatoon Light & Power 
FortisBC Inc.  SaskPower 
Horizon Utilities Corp  Toronto Hydro Corp. 
Hydro One  TransCanada 
Hydro Ottawa  Yukon Energy Corp. 
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Table 12:  INPO Members for Human Performance Error Rate 
 


Plant 
Arkansas Nuclear One (ANO)                       Monticello                


Beaver Valley             Nine Mile Point           
Braidwood                 North Anna                


Browns Ferry              Oconee                    
Brunswick                 Oyster Creek              


Byron                     Palisades                 
Callaway                  Palo Verde                


Calvert Cliffs            Peach Bottom              
Catawba                   Perry                     
Clinton                   Pilgrim                   


Columbia Gen     Point Beach               
Comanche Peak             Prairie Island            


Cook                      Quad Cities               
Cooper                    River Bend                


Davis-Besse               Robinson                  
Diablo Canyon             Salem                     


Dresden                   Seabrook                  
Duane Arnold              Sequoyah                  


Farley                    South Texas                       
Fermi 2                   St. Lucie                 


Fitzpatrick               Summer                    
Ginna                     Surry                     


Grand Gulf                Susquehanna               
Harris                    Three Mile Island         
Hatch                     Turkey Point              


Hope Creek                Vermont Yankee            
Indian Point Vogtle                    


LaSalle                   Waterford    
Limerick                  Watts Bar                 
McGuire                   Wolf Creek           
Millstone      
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Table 13:  INPO Members for On-Line Maintenance Backlogs 
 


Plant 
Arkansas Nuclear One (ANO)                       Monticello                


Beaver Valley             Nine Mile Point           
Braidwood                 North Anna                


Browns Ferry              Oconee                    
Brunswick                 Oyster Creek              


Byron                     Palisades                 
Callaway                  Palo Verde                


Calvert Cliffs            Peach Bottom              
Catawba                   Perry                     
Clinton                   Pilgrim                   


Columbia Gen     Point Beach               
Comanche Peak             Prairie Island            


Cook                      Quad Cities               
Cooper                    River Bend                


Davis-Besse               Robinson                  
Diablo Canyon             Salem                     


Dresden                   Seabrook                  
Duane Arnold              Sequoyah                  


Farley                    South Texas                       
Fermi 2                   St. Lucie                 


Fitzpatrick               Summer                    
Ginna                     Surry                     


Grand Gulf                Susquehanna               
Harris                    Three Mile Island         
Hatch                     Turkey Point              


Hope Creek                Vermont Yankee            
Indian Point Vogtle                    


LaSalle                   Waterford    
Limerick                  Watts Bar                 
McGuire                   Wolf Creek          
Millstone                  
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Table 14:  NPI Plant Level Performance Summary (North American Panel) 
 


 


 


Indicator NPI Max Best Quartile Median Pickering Darlington


Rolling Average Industrial Safety Accident Rate (#/200k hours 
worked) 0.20 0.00 0.00 0.04 0.06


Rolling Average Collective Radiation Exposure (person-rem per 
unit) 80.00 29.54 34.63 97.23 68.77


Fuel Reliability Index (microcuries per gram) 0.000500 0.000001 0.000004 0.000261 0.000343


2-Year Reactor Trip Rate (# per 7,000 hours) 0.50 0.00 0.22 0.25 0.24


3-Year Auxiliary Feedwater System Unavailability (#) 0.0200 0.0028 0.0047 0.0070 0.0000


3-Year Emergency AC Power Unavailability (#) 0.0250 0.0099 0.0137 0.0030 0.0000


3-Year High Pressure Safety Injection Unavailability (#) 0.0200 0.0018 0.0035 0.0000 0.0000


Rolling Average Forced Loss Rate (%) 1.00 0.75 1.43 3.76 3.10


Rolling Average Unit Capability Factor (%) 92.00 94.05 90.75 77.03 86.16


Rolling Average Chemistry Performance Indicator (Index) 1.01 1.00 1.00 1.04 1.00


WANO NPI (Index) Not Applicable 99.9 90.9 76.3 87.8


2016 Actuals
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1.0 EXECUTIVE SUMMARY 
 
Key Highlights 


OPG benchmarked favourably relative to its peers in 2017 in a number of key nuclear cornerstone 
areas. OPG’s benchmarking results continue to demonstrate strong safety performance and show 
a commitment to continuous improvement in Human Performance trends. Management efforts to 
reduce critical maintenance backlogs have been successful. However, other reliability metrics were 
impacted by plant life extension activities (i.e., Pickering Extended Operations and Darlington 
Refurbishment). While cost pressures and lower production associated with such life extension 
requirements also influenced the performance of certain value for money benchmarking metrics, 
TGC/MWh performance improved at Pickering and TGC per unit performance was favourable.  
 
Safety 
 
Under the Safety cornerstone, OPG’s nuclear generating stations continued to achieve strong 
performance in a majority of the safety performance metrics.  Darlington and Pickering continued 


to demonstrate first quartile performance in All Injury 
Rate.    
 
Darlington achieved maximum WANO Nuclear 
Performance Index (NPI) results or best quartile 
performance for six of the seven NPI sub-metrics under 
the Safety cornerstone. Pickering continued to show 


maximum WANO NPI results or top quartile performance for five NPI sub-metrics under the 
Safety cornerstone.   
 
Pickering’s Collective Radiation Exposure (CRE) improved from the prior year and remained in 
third quartile.  Darlington’s CRE declined to the fourth quartile, driven largely by planned scope 
associated with Single Fuel Channel Replacement, Shutdown Cooling Heat Exchanger 
Replacements and Shield Tank Over-pressure Protection modifications work. Darlington’s CRE 
is expected to improve to achieve max NPI points going forward. 
 
Airborne Tritium Emissions at Pickering remained in the third quarter largely due to an increase 
in heavy water-related emissions. As a result, management continues to focus on improving vapour 
recovery dryer performance to reduce emissions.  Darlington tritium emissions reflect top quartile 
and sustained performance through vault ACU leaks and dryer systems repairs.   
 
Pickering’s Fuel Reliability Index (FRI) declined resulting from two fuel defects. Management 
continues to focus on a number of corrective actions to improve FRI performance.  Darlington’s 
FRI performance was in top quartile and as a result achieved maximum NPI points. 
 
 
 
 
 
 


 


OPG Nuclear Stations continue 
to lead in Safety 
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Reliability 
 
OPG's nuclear facilities are transitioning through a major refurbishment and life extension which 
impacted OPG’s performance under the Reliability cornerstone. To facilitate extended operations, 
OPG is experiencing a greater number of planned outage days than in prior years. 
 
Despite the higher planned outages, the majority of 
Pickering’s performance metrics improved compared to 
2016 such as the WANO NPI, Unit Capability Factor 
(UCF), Chemistry Performance Indicator (CPI), and 
On-line Corrective Maintenance backlogs. At 
Pickering, the most significant improvement was the 
On-line Corrective Maintenance backlogs performing 
better by a 78% reduction compared to 2016, which was 
largely attributed to a deliberate focus on scheduling 
corrective maintenance. 
 
Pickering’s NPI performance and FLR have improved considerably since 2012 due to  better 
outage Foreign Materials Exclusion practices, Water Treatment Plant output quality, and 
blowdown frequency adherence.  
 
Certain Darlington reliability metrics showed sustained or improved performance (e.g., On-line 
Corrective and Deficient Maintenance backlogs). Darlington improved their On-line Deficient 
Maintenance Backlogs and On-line Corrective Maintenance Backlogs by reducing the number of 
work orders per unit relative to 2016 as a result of continued station focus, overall maintenance 
efficiency and improved schedule quality.  
 
NPI performance at Darlington declined to the third quartile largely driven by lower UCF from 
impacts of fuel channel inspections required to reach the unit refurbishment date and scheduled 
nuclear refurbishment project impacts (i.e. refurb bulkhead installation). Darlington’s NPI is 
expected to improve to top quartile over the next few years.  
 
Value for Money 
 
Under the Value for Money cornerstone, Pickering’s Total Generating Cost (TGC) per MWh 


improved in 2017.  Moreover, Pickering’s TGC per 
MWh remained relatively flat over the 2012-2017 period 
with a compound growth rate of 0.02% whereas the best 
quartile and median levels increased by 0.81% and 
0.12% respectively.  Pickering remained in the fourth 
quartile for performance in TGC per MWh despite 
maintaining best quartile performance in Fuel Cost per 
MWh and Capital Cost per MW DER.   Unit size and 


outage durations required to extend operations to 2024 continued to contribute to fourth quartile 
results. 
Pickering units are the smallest in the peer group with total unit capacity of 540 MW compared to 
the peer group average of 1,024 MW.  The majority of the generating units in the peer group fall 
within the 900 to 1,299 MW range.  


OPG Nuclear Stations have 
significantly improved in reducing 
maintenance backlogs.  Corrective 
Critical backlogs are at or near 0 


at Darlington and Pickering 


TGC/MWh improved at 
Pickering while Darlington was 
impacted by life extension and 


refurbishment.  
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The following chart is the 3-year Total Generating Costs per unit. 
 


 
 
However, Pickering’s TGC per generating unit demonstrated strong performance with Pickering 
placing among the best in the peer group as illustrated in the graph above.  Darlington’s TGC per 
generating unit placed in the median level. 
 
Darlington’s TGC per MWh performance (before normalization) was in the fourth quartile in 2017 
driven largely by cost impacts and reduced generation associated with life extension and 
refurbishment work. After normalizing1 for refurbishment, TGC per MWh performance moved to 
the third quartile.  Darlington was able to sustain top quartile performance in Fuel Cost per MWh 
and median quartile performance in Capital Cost per MW.  
 
Human Performance 
 
In the area of Human Performance, Darlington improved their human performance error rate and 
remained in the median quartile.  However Pickering declined to the third quartile in 2017, 
resulting from five station event free day resets.  The Human Performance Fleet Excellence plan 
is intended to enhance Human Performance and reinforces the need to remain focused on setting, 
communicating and reinforcing standards and expectations through effective coaching in the field 
and recognize risks to ensure human performance shortfalls are addressed.  


                                                           
1 See section 4.0 for a description of the TGC/MWh normalization methodology. 
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Benchmarking Results – Plant Level Summary  


Table 2 provides a summary of OPG Nuclear’s 2017 performance compared to benchmark 
results.  


Table 2: Plant Level Performance Summary 
 


  


Metric NPI Max Best Quartile Median Pickering Darlington


Safety
All Injury Rate (#/200k hours worked) 1.02 N/A1 0.06 0.40


Rolling Average2 Industrial Safety Accident 
Rate (#/200k hours worked)


0.20 0.00 0.00 0.05 0.04


Rolling Average2 Collective Radiation Exposure 
(Person-rem per unit)


80.00 42.77 63.16 83.96 91.80


Airborne Tritium Emissions (Curies) per Unit3 1,013 2,290 3,103 875


Fuel Reliability Index (microcuries per gram) 0.000500 0.000001 0.000027 0.000584 0.000179


2-Year Reactor Trip Rate (# per 7,000 hours) 0.50 0.00 0.21 0.26 0.29


3-Year Auxiliary Feedwater System 
Unavailability (#) 0.0200 0.0000 0.0001 0.0000 0.0000


3-Year Emergency AC Power Unavailability (#) 0.0250 0.0014 0.0030 0.0030 0.0000


3-Year High Pressure Safety Injection 
Unavailability (#) 0.0200 0.0000 0.0000 0.0000 0.0000


Reliability
WANO NPI (Index) 86.7 85.0 76.7 82.0


Rolling Average2 Forced Loss Rate (%) 1.00 1.43 2.46 5.01 3.47


Rolling Average2 Unit Capability Factor (%) 92.00 86.80 83.83 77.36 82.17


Rolling Average2 Chemistry Performance 
Indicator (Index) 1.01 1.00 1.01 1.02 1.01


1-Year On-line Deficient Maintenance Backlog 
(work orders per unit) 50 89 383 119


1-Year On-line Deficient Critical Maintenance 
Backlog (work orders per unit) 3 5 41 15


1-Year On-line Corrective Maintenance 
Backlog (work orders per unit) 3 6 25 13


1-Year On-line Corrective Critical Maintenance 
Backlog (work orders per unit) 0 0 0 1


Value for Money
3-Year Total Generating Cost per MWh ($ per 
Net MWh) 37.78 43.66 67.22 54.40


Normalized 3-Year Total Generating Cost per 
MWh ($ per Net MWh) 37.78 43.66 N/A 50.54


3-Year Total Generating Cost per Unit (M $ per 
Unit) 296.76 335.04 233.75 337.56


Normalized 3-Year Total Generating Cost per 
Unit (M $ per Unit) 296.76 328.73 N/A 313.62


3-Year Non-Fuel Operating Cost per MWh ($ 
per Net MWh) 22.35 25.55 56.89 39.62


Normalized 3-Year Non-Fuel Operating Cost 
per MWh ($ per Net MWh) 22.35 25.55 N/A 36.89


3-Year Fuel Cost per MWh ($ per Net MWh) 7.59 8.27 5.31 5.19


3-Year Capital Cost per MW DER (k$ per MW) 50.21 64.36 33.91 62.11


Human Performance
18-Month Human Performance Error Rate (# 
per 200k ISAR and contractor hours) 0.0000 0.0520 0.1160 0.0520


Notes


2017 Actuals


1. No median benchmark available.
2. Indicates a 2-Year Rolling Average for Pickering and a 3-Year Rolling Average for Darlington.
3. 2016 Industry data is used because 2017 results were unavailable at the time of benchmarking.


Green  =  maximum NPI results achieved or best quartile performance 


White  =  2nd quartile performance


Yellow  =  3rd quartile performance


Red  =  4th quartile performance
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Background 


This report presents a comparison of OPG Nuclear’s performance to that of nuclear industry peer 
groups both in Canada and worldwide.  The results of this report are used during business planning 
to drive top-down target setting with business improvement as the objective. 
 
Performance Indicators 


Good performance indicators used for benchmarking are metrics with standard definitions, reliable 
data sources, and utilization across a representative portion of the industry.  Good indicators allow 
for benchmarking to be repeated year after year in order to track performance and improvement.  
Additionally, when selecting an appropriate and relevant set of metrics, a balanced approach 
covering all key areas of the business is essential.  In accordance with these criteria, key 
performance indicators have been selected for comparison to provide a balanced view of 
performance and for which consistent, comparable data is available.  These indicators are listed in 
Table 7 of Section 7.0 and are divided into four categories aligned with OPG Nuclear’s four 
cornerstones of safety, reliability, value for money, and human performance. 
 
Industry Peer Groups 


Peer groups were selected based on performance indicators widely utilized within the nuclear 
industry.  Overall, six different peer groups were used as illustrated in Table 7 of Section 7.0 and 
panel members are detailed in Tables 8-13 of Section 7.0.  
 


Report Structure 


Sections 2.0 to 5.0 of the report focus on the four OPG Nuclear cornerstone areas, with detailed 
comparisons at the plant, and where applicable, unit level.   
 
Section 6.0 of the report provides an operator level summary across a few key metrics.  The 
operator level analysis looks at fleet operators, primarily across North America, utilizing a simple 
average of the results (mean) from each of their units/plants.  Operations related (WANO NPI and 
UCF) results were averaged at the unit level and cost related (TGC per MWh) results were 
averaged at the plant level.  While the operator level summary can be informative, it is more 
appropriate to look at OPG’s two nuclear facilities individually given that they are at different 
stages of their lifecycle, have different sized units and reflect different generations of CANDU 
technology. The detailed data in sections 2.0 to 5.0 of the report provide a more complete picture 
of plant by plant performance. 
 
Section 7.0 provides an appendix of supporting information, including common acronyms, 
definitions, panel composition details and a WANO NPI plant level performance summary of OPG 
nuclear stations against the North American panel.  
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2.0 SAFETY 
Methodology and Sources of Data 
The majority of safety metrics were calculated using data from WANO.  Data labelled as invalid 
by WANO were excluded from all calculations.  Indicator values of zero are not plotted or included 
in calculations except in cases where zero is a valid result.  Current data are obtained and 
consolidated with previous benchmarking data.  One plant has been excluded since it was taken 
offline since December 31, 2015 for refurbishment. 
 
The All Injury Rate (AIR) was calculated using data from the Canadian Electricity Association 
(CEA).  Median information and individual company information are not available for this metric. 
Therefore, only trend and best quartile information have been presented.  The peer group for this 
metric is limited to Group I members of CEA (Section 7.0, Table 11). 
 
Airborne Tritium Emissions per unit data were collected from the CANDU Owners Group (COG) 
for 2012 to 2017 as displayed in the historical trend line chart.  The peer group for this metric is 
all CANDUs who are a member of COG.  
 
Nine metrics are included in this benchmarking report to reflect safety performance, including 
seven of the ten metrics which comprise the WANO Nuclear Performance Index:  Industrial Safety 
Accident Rate, Collective Radiation Exposure, Fuel Reliability Index, Automatic Reactor Trips, 
Auxiliary Feedwater Safety System Unavailability, Emergency AC Power Safety System 
Unavailability, and High Pressure Safety Injection Unavailability.  The remaining WANO NPI 
metrics are included in Section 3.0 under the Reliability cornerstone.  In addition to the WANO 
sub-indicators listed above, the CEA All Injury Rate and the COG Airborne Tritium Emissions 
per unit are included in this section of the report. 
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Observations – All Injury Rate (AIR) (Canadian Electricity Association - CEA) 
 


2017 (Annual Value) 
• The All Injury Rate (AIR) incorporates all lost time and medically treated injuries 


incurred by OPG employees working on site.  
• Pickering, Darlington, and OPG Nuclear as a fleet all performed better than the CEA 


top quartile value of 1.02. 
• Darlington’s AIR increased slightly compared to 2016 from 0.23 to 0.40 in 2017.  
• Pickering’s AIR improved significantly from 0.49 in 2016 to 0.06 in 2017.  
• OPG benchmarks against CEA Group 1 (a sub-set of all CEA members), which 


incorporates approximately 10 organizations with more than 1500 employees, 
including most provincial utilities. 


• In 2017, OPG was the top performer of all Group 1 members.  
 


Trend 
• Darlington, Pickering and OPG Nuclear have consistently performed significantly 


better than the benchmark value over the past five years.  
 


 
Factors Contributing to Performance 
• Conventional Safety performance trends are monitored such that action plans to support 


continuous improvement can be implemented. These actions plans incorporate Human 
Performance based objectives, which are aimed at positively improving employees’ 
risk based decision making processes.  


• OPG encourages a proactive reporting culture that seeks to identify and address hazards 
before they lead to employee injuries. Proactive reporting is tracked, trended and 
managed via the Station Condition Record process.  


• OPG is expanding and enhancing the Safe Work Planning process in 2017 and 2018. 
The Safe Work Planning process supports supervisors and employees in identifying, 
planning and mitigating hazards prior to commencement of work, as well as monitoring 
ongoing work for conditions that could lead to unanticipated hazardous situations.  


• Since 2014, OPG has been implementing the Total Health Program, which supports 
employees and their families in their efforts to achieve an optimal level of health and 
functioning, primarily through health education, health promotion, disease and injury 
prevention, and crisis intervention. Employee mental health is a key component of the 
Total Health Program. As of June 2018, over 2000 OPG employees have completed an 
intensive 2-day training course in mental health first aid.  
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Rolling Average Industrial Safety Accident Rate 
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Observations – Rolling Average Industrial Safety Accident Rate (ISAR) (World 
Association of Nuclear Operators - WANO) 
 


2017 (Rolling 2 Year Average Pickering, Rolling 3 Year Average Darlington) 
• The Industrial Safety Accident Rate (ISAR) incorporates all lost time injuries and 


restricted work injuries incurred by OPG employees working on the site.  
• For reporting the ISAR, a 2-year rolling average was used for all panel members with 


the exception of the Darlington station which follows a 3-year outage cycle. This is 
consistent with the World Association of Nuclear Operators (WANO) Nuclear 
Performance Index (NPI) reporting guidelines.  


• WANO top quartile in 2017 remained unchanged from 2016 at 0.00 (i.e. zero ISAR 
events). Median performance was 0.00, which was also unchanged from 2016.  


• Both Pickering and Darlington achieved maximum NPI points for the ISAR in 2017.  
• Pickering ISAR performance declined slightly from 2016 to 2017 (0.04 to 0.05). 


However, Pickering Nuclear had a successful WANO evaluation in 2017, resulting in 
zero areas for improvement in Industrial Safety. 


• Darlington ISAR performance improved from 2016 to 2017 (0.06 to 0.04).  
 


Trend 
• Darlington’s ISAR rolling average has improved slightly in 2017 to 0.04 and continues 


to show general improved performance over the past five years.  
• Pickering’s ISAR rolling average has shown a generally stable performance over the 


past five years.  
• The ISAR median has steadily improved over the past five years, remaining at zero for 


the past two years. The industry best quartile has remained at zero for the past five 
years.  


 
Factors Contributing to Performance 
• ISAR is a measure of “permanent utility personnel” and does not include contractors. 


Many of the utilities in the benchmarking group utilize contractors to a greater extent 
than OPG Nuclear for higher risk work activities (e.g. outages).  This can negatively 
impact OPG Nuclear’s ISAR in comparison to the reported industry benchmark 
quartile and median.  


• OPG Nuclear continues to monitor performance trends in the area of conventional 
safety and implements timely and specific action plans to support continuous 
improvement. These action plans incorporate Human Performance based objectives, 
which are aimed at positively improving employees’ risk based decision making 
processes.  


• One major focus area for OPG Nuclear in 2017 and 2018 is to expand and enhance the 
Safe Work Planning process, which supports supervisors and employees in identifying, 
planning and mitigating hazards prior to commencement of work, as well as 
monitoring ongoing work for conditions that could lead to unanticipated hazardous 
situations.  
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Rolling Average Collective Radiation Exposure 
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Observations – Rolling Average Collective Radiation Exposure (CANDU) 


• Collective Radiation Exposure (CRE) is an industry composite indicator encompassing 
external and internal collective whole body radiation dose. 


• The planned outage cycles for each unit at Pickering Nuclear Generating Station (PNGS) 
and Darlington Nuclear Generating Station (DNGS) are two-year and three-year, 
respectively. Rolling average CRE for each unit at both stations is derived based on these 
outage cycles.  


• The number of planned outages, work scope and as well as outage duration significantly 
contributed to plant level and unit rolling average CRE performance. In general, Pickering 
has three major planned outages per year; Darlington averages 1.3 outages per year over the 
three year outage cycle. 


• The CRE reflects total work scope performed during the year and it varies year by year. 
Therefore, the increase in the rolling average CRE may be attributable to larger work scope, 
not necessarily deficiencies in Radiation Protection program and dose reduction initiatives.  


• Darlington Unit 2 began a long-term refurbishment outage on October 15, 2016. Dosage 
associated with Refurbishment activities has been excluded.  


• The best quartile for CANDU Units in 2017 was lower than 2016, while the median value 
was higher than in 2016. The best quartile and median values (person-rem per unit) in 2017 
vs. 2016 were 42.77 vs. 45.33 and 63.16 vs. 61.29, respectively.  The benchmark value was 
80 person-rem/unit.  Full NPI Points were obtained at 80 person-rem/unit or less; no points 
were earned at 140 person-rem/unit or more.   
 


2017 (Rolling 2 Year Average Pickering, Rolling 3 Year Average Darlington) 


• At the plant level, PNGS dose performance value of 83.96 person-rem/unit was above the 
CANDU plant-level median value of 63.16 person-rem/unit.  


• At the unit-level, dose performance for Units 6 and 7 were better than the maximum NPI 
points of 80.0 person-rem/unit as well as the median value. Unit 6 dose performance was 
also better than the best quartile value . The performance of other four units were worse than 
the maximum NPI points value of 80.0 person-rem/unit and the median value.  


• In 2017, there were four planned outages (Units 1, 4, 5 and 8), four forced outages (one each 
on units 1 and 4, and two on Unit 7) and three sudden outages. In addition, Unit 7 planned 
outage was extended into 2017. It started in September 2016 and came back up on January 
12, 2017.  


• At the plant level, DNGS dose performance value of 91.8 person-rem/unit was above the 
CANDU plant-level median value of 63.16 person-rem/unit.  


• At the unit-level, dose performance for units 1, 3 and 4 was above the maximum NPI points 
of 80.0 person-rem/unit, as well as the median value.  
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• In 2017, there was three planned outage and five forced outages at DNGS. 


 
Trend 


• Overall, Pickering plant-level performance has improved since 2012, approaching toward the 
maximum NPI value of 80 person-rem per unit. The rolling average is impacted by scope 
increases during outages and longer outage duration.  


• Pickering unit-level performance has improved compared to last year, particularly Units 6 and 
7. In 2016, both units were worse than the median value of 74.91 person-rem/unit. In 2017, 
their performances were better than the Median level.  


• The Darlington plant-level dose has been increasing since 2012 due to plant aging, increased 
outage scope, including both planned and unplanned outages.  


Factors Contributing to Performance Rolling Average Collective Radiation Exposure 
(CANDU) 


• The following factors play a significant role in the CANDU reactors’ CRE performance: 
planned outage scope and outage duration, tritiated ambient air in accessible and access 
controlled areas, effectiveness of mitigation measures and initiatives being implemented to 
reduce identified sources of radiological hazards, and human performance during execution of 
radiological tasks.  


Best Practices 
• The following list represents common practices that demonstrate continuous improvement 


and help maintain good CRE performance for CANDU type reactors: 
o Robust Site As Low as Reasonably Achievable (ALARA) Committee, chaired by 


Facility Senior Vice President.  
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o Reactor face shielding to reduce dose rates.  
o Use of custom vault platforms to improve workflow.     
o Teledosimetry.  
o Process fluid detritiation.  
o Use of Munters driers to enhance existing measures to minimize ambient airborne tritium 


levels.  
o Optimization of Fuelling Machine purification using Ion Exchange with annual resin 


replacement and/or sub-micron filters.  
o Sub-micron filtration in the Primary Heat Transport system.  
o Use of independent radiological oversight for higher risk work to improve human 


performance during execution of radiological tasks.  
o Daily accounting of dose, and work group focus on Radiation Protection Fundamentals.  


 
• OPG establishes internal administrative dose limits to ensure that dose to each exposed 


individual is managed and maintained well below individual regulatory limits. 
• Implementation of Dose Goal Reporting and Monitoring where individuals take ownership 


of their dose and strive to maintain ALARA exposure. 


 
Initiatives 
• OPG Nuclear fleet-wide and site specific initiatives have been implemented to incorporate 


the industry best practices noted above. 
• Specific key initiatives are described below. 


 
Pickering 
• Implementation of Lanxess Dose Reducing Resin in Units 1 and 4, contributing to a 20% 


reduction in reactor face dose rates. 
• Leveraging technology to avert dose using robotic equipment and remote monitoring of 


systems 
• Deployment of CZT (Cadmium Zinc Telluride) Gamma Cameras and Gamma 


Spectrometers for enhanced source term monitoring.   
• Source term reduction, including improvements to process fluid filtration and detritiation.  
• Source term mitigation, including optimization of shielding for reactor face work, 


improvements to the shielding canopy for reactor face work, and dryer system health 
management for improved performance and reliability.  


• Human performance involvement and oversight by Radiation Protection (RP) staff in 
respect of work with elevated radiation risk.  


• Focus on dose to the individual through implementation of daily dose goals.  
• Improving RP worker practices by driving individual accountability.  
• Work Group specific dose reduction plans are being developed and implemented.  
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• Use of Dynamic Learning Activities for focused program areas to permit mentoring of 


‘what excellence looks like’ in realistic work environments with simulated 
radiological conditions.  


• Implementation of an extensive network of remote reading radiation instrumentation 
and other tools to provide real-time information on radiological conditions and 
minimize time and therefore dose in radioactive work areas.  


• Use of portable gamma spectrometers to improve source term characterization.  
 
Darlington 
• A reduction of coolant pH factors from 10.8 to 10.1 minimized crud migration from 


boilers to inlet feeders. The installation of sub micron heat transport filters effectively 
reduced the dose rates in the heat transport system and has contributed to the success 
of Darlington’s external dose.  


• Developed and implemented a reactor face shielding strategy to reduce dose while at 
the same time minimize the risks of personnel injury during shielding installation.  


• Implemented an improved feeder ice jacket including the application of long handled 
tools for jacket installation and remote data acquisition.  


• Effectively utilized Teledosimetry to reduce Radiation Protection Coordinator dose. 
Utilized Teledosimetry as a coaching tool to improve worker radiation protection 
practices and reduce dose.  


• Tritium mitigation strategies have been developed and implemented to reduce 
airborne tritium concentrations inside containment and confinement rooms.  


• Developed and implemented X-ray Fluorescence (XRF) spectroscopy to identify 
cobalt residues in an effort to reduce cobalt deposits in the moderator system during 
valve overhaul activities thus reducing overall radiation dose.  


• Work Group specific dose reduction initiatives have been developed and 
implemented. 
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Airborne Tritium Emissions per In Service Unit 


 
 
Notes:  
 Median and Best Quartiles are plotted till 2016 as the 2017 results were unavailable at the time 


of benchmarking. 
 Darlington values have retroactively modified as of 2013 to exclude Tritium Removal Facilities 


emissions consistent with COG benchmarking results. 
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* Industry data based on 2016 as it is the best available information at the time.  Pickering and 
Darlington results are 2017. 
†Excludes emissions from Tritium Removal Facility. 
Notes:  


• Two plants are excluded as one plant’s 2016 data is unavailable and another plant was taken 
offline since December 31, 2015 for refurbishment.  


*


*


Pickering


Median*:  2,290


*


Best Quartile*: 
1,013


Darlington†


*
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  Observations – Airborne Tritium Emissions (Curies) per In Service Unit 
 


2017 (Annual Value)  
• The 2016 industry results collected by the CANDU Owners Group (COG) are included 


in this report as the most up-to-date figures available for benchmarking performance. 
As of 2013, tritium emissions from Tritium Removal Facility (TRF) are no longer 
included in COG benchmarking results. 


• Airborne tritium emissions from OPG facilities for 2017 are compared per in service 
reactor unit.  As such, emissions from Darlington Unit 2 are not included in this 
benchmarking report due to the shutdown of Unit 2 in October 2016 for refurbishment. 


• Curies per in service unit at top quartile CANDU plants was 1,013 or lower. 
• Darlington performed well at 875 Curies per in service unit placing in the best quartile 


of the in service units. Performance improved from second quartile in 2014 and 2015 to 
best quartile performance in 2016 and 2017. 


• Pickering performance remained in the third quartile with 3,103 Ci per in service unit, 
higher than the industry median threshold of 2,290 Curies per in service unit. 


 
Trend 
• Darlington and Pickering tritium emissions to air continue to be less than one per cent 


of the regulatory limits. 
• Performance at Pickering has declined from 2013 to 2017. Increased emissions in 2016 


and 2017 are primarily due to tritiated water in the Fuel Transfer Conveyor Tunnel 
being vented to monitored stacks, leaks and dryer performance issues. Management 
continues to focus on improving vapour recovery dryer performance to reduce 
emissions at Darlington. 


• Performance at Darlington in 2017 is comparable to the improved performance in 
2016, mainly due to increased focus on dryers and leaks repairs throughout the station. 


• The industry trend line graph shows that industry best quartile performance for 2016 is 
essentially the same as it was in 2015, and has been relatively stable over the past six 
years. 
 


Factors Contributing to Performance 
• Key factors affecting performance at Darlington and Pickering include the following: 


o The presence of tritiated water in Pickering Fuel Transfer Conveyor Tunnel 
being vented to monitored stacks, 


o Leaks from various equipment or systems, 
o Less than adequate vapour recovery dryer performance, 
o Increased unit source term (e.g., higher moderator tritium concentrations), 
o Repair of coil leaks from Darlington Vault Air Conditioning Units (ACU) help 


to reduce humidification loadings, and dryer regeneration cycle time, 
o Start up of TRF after a planned outage help to reduce unit source term which 


subsequently reduced moderator curie concentration by 60% in 2017. 
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  Observations – Airborne Tritium Emissions (Curies) per In Service Unit (CONT’D) 
 


• Station focus on tritium emission reduction initiatives include dedicated teams to 
ensure daily emissions monitoring, sustaining and improving dryer performance, heavy 
water leak minimization, tritium program development and innovations. 


• Other improvement initiatives include OPG’s ongoing participation in COG 
environmental benchmarking of participating CANDU stations to determine best 
environmental practices. 
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Observations – Fuel Reliability Index (CANDU - FRI) 
 


2017 (Most Recent Operating Quarter) 
• The best quartile and median values for Fuel Reliability Index (FRI) performance for 


CANDU plants were 0.000001 μCi/g and 0.000027 μCi/g, respectively. For individual 
CANDU units, the best quartile was 0.000001 μCi/g and the median value was 0.000036 
μCi/g. 


• The Pickering plant level FRI performance at 0.000584 μCi/g in 2017 was worse than the 
median value threshold. 


• Darlington achieved maximum NPI points in 2017 and its performance improved from 
2016 (0.00179 μCi/g vs 0.000343 μCi/g) however, it was below the median value 
threshold. 


• Post-discharge fuel inspections for Pickering indicated that the overall condition of fuel 
inspected was acceptable and consistent with previous years. Fuel inspections for 
Pickering confirmed two fuel defects in 2017. No fuel issues of significance arose at 
Pickering in 2017. 
Post-discharge fuel inspections for Darlington indicated that the overall condition of fuel 
inspected was acceptable and consistent with previous years. Fuel inspections for 
Darlington confirmed one fuel defect that occurred in 2016 and was inspected in 2017. 
One suspect fuel defect occurred in Unit 3 in DNGS in 2017.  


 
Trend 
• The best quartile for CANDU plants remained consistent at 0.000001 from 2012. The 


median values for CANDU plants has generally improved from 2010 and remained at 
0.000001 since 2014 with an increase to 0.000027 in 2017. 


• The Pickering station FRI performance has improved compared to 2014 due to the 
reduction in fuel defect incidents. 


• The Darlington station FRI performance has improved compared to 2013. The Unit 3 
reactor had one suspect fuel defect in 2017. The other units were defect free for 2017. 


 
Factors Contributing to Performance 
Actions that have been taken at Pickering to improve FRI performance include: 
• Developing a fuel defect guideline, 
• Increasing scope of Heat Transport System (HTS) grab sampling and analysis, 
• Assessing and comparing Units 1, 4 and 5 to 8 power ramps, 
• Assessing impact of adjuster burn-out during operation, 
• Assessing impact of pressure tube creep on fuel performance, 
• Improving the methods of surveillance and elimination of the possibility of foreign 


materials entrance into the HTS due to Fuel Handling and Outage practices, 
 


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 2 
Page 27 of 111







OPG Confidential – Internal Use Only   2018 Benchmarking Report 


- 26 - 


 


 
 


2-Year Unplanned Automatic Reactor Trips 
  


  


• Fuel bundle manufacturing assessment, 
• 3rd party examinations of unirradiated Pickering fuel bundles, 
• Irradiated fuel inspections and examinations, 
• Improving capability of detecting the defected fuel bundles during the discharge from 


the fuelling machines, and 
• Improving the capability of the in-bay inspection of the suspected fuel bundles to be 


defected. 
 


Darlington had only one suspect fuel defect in 2017. The steps taken that have led to 
improved FRI performance and prevent the potential of fuel defects are the following: 
• New fuel with tighter tolerances for mass is currently being used, 
• Completed inspections in East Fuelling Facility Auxiliary Area, 
• OPG-supplier co-operation resulted in installation of an automatic loader of fuel pellets 


complete with a “go/no go” pellet diameter monitor, 
• Close monitoring of existing fuel bundle inventory and core load, and 
• Projects in progress on Gaseous Fission Products (GFP) and feeder scanners to improve 


ability to locate defects on power and during outages. 
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  2-Year Unplanned Automatic Reactor Trips 
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Good 


Observations – 2-Year Unplanned Automatic Reactor Trips (CANDU) 
 


2017 (2-Year Rolling Average) 
• The 2-year rolling average unplanned automatic reactor trip best quartile for CANDU 


plants was zero with a median of 0.22. For individual CANDU units, the best quartile 
and median values for unplanned reactor trip were zero. 


• At the plant level, Pickering’s trip rate of 0.26 was better than the maximum NPI 
threshold value of 0.50. On an individual unit basis, Units 5, 6, and 8 with trip rate of 
zero, were at best quartile. Unit 1 with rate of 0.50, Unit 4 and Unit 7 with trip rate of 
0.53 each, were worse than the third quartile threshold of 0.44 and significantly better 
than the maximum value of 1.67. 


• At the plant level Darlington’s trip rate of 0.29 was below the maximum NPI threshold 
value of 0.50. On an individual unit basis, Unit 4, with a trip rate of zero, performed at 
the best quartile level. Unit 1, with a trip rate of 0.46, was worse than the third quartile 
threshold of 0.44, but significantly better than the maximum value of 1.67. Unit 3, with 
trip rate of 0.42, which was slightly better than the third quartile threshold of 0.44, is 
significantly better than the maximum value of 1.67. Unit 2 performance is excluded 
due to refurbishment. 


 
Trend 
• The unplanned automatic reactor trip best quartile for CANDU plants has been zero 


since 2012. The median value declined in 2013, improved in 2014, and then declined in 
2015 and 2016. The median value slightly improved in 2017 compared to 2016. On an 
individual unit basis, the industry best quartile and median has remained at zero since 
2012.  


• At the plant level, Pickering station performance improved each year from 2012, but 
declined in 2016 and 2017.  


• At the plant level, Darlington station performance improved from 2012, achieving the 
best result of a zero trip rate in 2014, but decreased each year from 2015 to 2017.  


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 2 
Page 32 of 111







OPG Confidential – Internal Use Only   2018 Benchmarking Report 


- 31 - 


 


  


Factors Contributing to Performance 
• Key performance drivers for this metric include: general equipment reliability, material 


condition, and human performance. 
• In 2017, Pickering had 1 unplanned automatic reactor trip (1 on Unit 1).  
• In 2017, Darlington had 1 unplanned automatic reactor trip (1 on Unit 1).  
• On-going due diligence is undertaken by Station Operations, Engineering, and 


Maintenance organizations. Operating Experience (OPEX) from each event has been 
shared at Pickering, Darlington and at external meetings. Where necessary, training 
material has been revised based on OPEX. To improve human performance, technical 
procedures have been revised. To improve equipment reliability, where possible, like-
for-like parts replacement has taken place. System health teams are involved in 
obsolescence issues.  
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3-Year Auxiliary Feedwater Safety System Unavailability 
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3-Year Emergency AC Power Safety Unavailability 
  


Observations – 3-Year Auxiliary Feedwater System (CANDU) 
 


2017 (3-Year Rolling Average) 
• Auxiliary feedwater (AFW) safety system performance at best quartile for CANDU 


plants was zero with a median value of 0.0001. For individual CANDU units, the best 
quartile and median values were zero. 


• Pickering station achieved best quartile performance of zero unavailability at both the 
station and unit levels in 2017.  


• Darlington station achieved best quartile performance of zero unavailability at both the 
station and unit levels in 2017. Performance of Unit 2 at Darlington is excluded due to 
refurbishment. 


 
Trend 
• The 3-Year Auxiliary Feedwater unavailability best quartile performance of CANDU 


plants maintained zero unavailability from 2012 to 2017. The plant level industry 
median value has fluctuated slightly over the review period but has remained below the 
NPI maximum threshold. At the unit level, the industry best quartile has remained at 
zero over the review period and the median value at or close to zero over the review 
period. 


• At the plant level, Pickering station performance has improved since 2014 and achieved 
zero unavailability in 2017.  


• Darlington station and unit performance has been at zero unavailability since 2012.  
 


Factors Contributing to Performance  
• Key performance drivers for this metric include: general equipment reliability, material 


condition, and human performance. 
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3-Year Emergency AC Power Safety Unavailability 
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Observations – 3-Year Emergency AC Power Safety System (CANDU) 
 


2017 (3-Year Rolling Average) 
• 3-Year Emergency AC Power Safety System performance at best quartile for CANDU 


plants was 0.0014. The industry median value was 0.0030. 
• At the plant level, Pickering station, with an unavailability of 0.003, is below the 


maximum NPI threshold of 0.025. 
• Darlington was one of the best performing stations in the CANDU peer group, achieving 


zero unavailability, best quartile performance, and maximum NPI results.  
 


Trend 
• The 3-year Emergency AC Power Safety System unavailability industry best quartile 


for CANDU plants declined from 2012 to 2013 and reached the lowest level of the 
review period in 2014. Then it declined each year from 2015 to 2017. The industry 
median value declined from 2012 to 2013 and improved in 2014, followed by a decline 
in 2015. Performance improved in 2016 and remained unchanged in 2017. 


• Pickering station performance has improved compared to 2012 and has remained 
consistent since 2015. 


• Darlington station performance achieved zero unavailability over the review period of 
2012 to 2017.  


 
Factors Contributing to Performance  
• Key performance drivers for this metric include: general equipment reliability, material 


condition, and human performance. 
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3-Year High Pressure Safety Injection 
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  Observations – 3-Year High Pressure Safety Injection Unavailability (CANDU) 
 


2017 (3-Year Rolling Average) 
• The best quartile and median values for the 3-Year High Pressure Safety Injection 


Unavailability performance for CANDU plants were zero. For individual CANDU 
units, both the best quartile and median value were zero.  


• Pickering achieved best quartile performance of zero unavailability at both the station 
and unit levels in 2017.  


• Darlington achieved best quartile performance of zero unavailability at both the station 
and unit levels in 2017. Performance of Unit 2 is excluded due to refurbishment. 


 
Trend 
• The 3-Year High Pressure Safety Injection unavailability best quartile performance of 


CANDU plants has been zero since 2012. The plant level industry median performance 
was the same in 2012 and 2013 and achieved zero unavailability from 2014 to 2017. 
At the unit level, the industry best quartile and median value have remained at zero 
over the review period.  


• At the plant level, Pickering station performance has consistently improved over the 
review period, achieving zero unavailability from 2014 to 2017. On an individual unit 
basis, Units 1, 5, 6, 7, and 8 have been at the best quartile value of zero since 2012. 
Unit 4 performance improved over the review period, achieving zero unavailability 
from 2014 to 2017.  


• At the plant level, Darlington station performance has maintained a best quartile value 
of zero from 2012 to 2017. On an individual unit basis, Units 1, 2, 3, and 4 have been 
at the best quartile value of zero since 2012. 


 
Factors Contributing to Performance  
• Key performance drivers for this metric include: general equipment reliability, material 


condition, and human performance. 
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3.0 RELIABILITY 


Methodology and Sources of Data 
 
The majority of reliability metrics were calculated using data from WANO.  Any data labelled as 
invalid by WANO was excluded from all calculations.  Indicator values of zero are not plotted or 
included in calculations except in cases where zero is a valid result.  Complete data for the review 
period was obtained and averages are as provided by WANO.  One plant is excluded since it was 
taken offline since December 31, 2015 for refurbishment. 
 
Two backlog metrics, On-line Deficient and Corrective maintenance, are also included within this 
section and the data comes from an industry sponsored INPO AP-928 subcommittee.  The On-line 
Deficient and Corrective maintenance backlog industry data was collected from INPO for 2017.  
Data points benchmarked on backlogs are a single point in time, not a rolling average.  All of the 
data is self-reported.   
 
The primary metric within the reliability section is the WANO Nuclear Performance Index (NPI).  
A maximum score of 100 is possible. The WANO NPI is an operational performance indicator 
comprised of 10 metrics, three of which are analyzed in this section: Forced Loss Rate, Unit 
Capability Factor, and Chemistry Performance Indicator.  The remainder of the WANO NPI 
components are analyzed in the safety section (Section 2.0). 
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Observations – WANO Nuclear Performance Index (NPI) (CANDU) 
 
2017  
• The 2017 best quartile of the CANDU plant comparison panel for WANO NPI is 86.70. 


This represents a 10.2 points decrease when compared with the 2016 best quartile. 
• The median of the CANDU plant comparison panel decreased 2.8 points, compared to 


last year, to 85.00 in 2017.   
• At the plant level, both Darlington and Pickering scored below median NPI performance 


in 2017. 
• Please refer to Table 14 of the Appendix for an NPI plant level performance summary 


of OPG nuclear stations against the North American panel. 


 
Trend 
• The best quartile of the CANDU plant comparison panel decreased from 2012 to 2013. 


In the subsequent three years, the best quartile improved. In 2017 the best quartile 
performance trended downward. 


• The median value of the CANDU plant comparison panel decreased from 2012 to 2013. 
This performance recovered in 2014 and 2015 and declined again in 2016. The decline 
continued in 2017. 


• Pickering has had a positive trend from 2014 onward, mainly due to improvements in 
the Forced Loss Rate (FLR) results. 


• Darlington achieved best quartile performance over half of the review period, ranking 
at or just below top quartile until 2014. Performance declined beginning in 2015 driven 
by life extension requirements as described below.  
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Factors Contributing to Performance 
 


Pickering 
• For 2017, Pickering achieved maximum scores or majority points for 4 out of 10 


NPI sub-indicators. 
• For the key safety system related metrics of high pressure injection, auxiliary 


feedwater and emergency alternating current (AC) power, the station received 10 
out of 10 points. For reactor trip rate Pickering has received 9.9 points. 


• Pickering has also achieved a perfect score for industrial safety accident rate (5 out 
of 5).  


• Pickering earned 8.8 points for fuel reliability. 
• Pickering achieved 4.6 points out of 5 for chemistry performance and 7.5 out of 10 


for collective radiation exposure. 
• Pickering’s NPI performance is impacted by life extension requirements, including 


the need for long outages to accommodate fuel channel inspection programs, 
planned outages extension and forced outages that are affecting the unit capability 
factor, forced loss rate and collective radiation exposure metrics  


• Pickering received 2.9 out of 15 points for unit capability factor and 8.0 out of 15 
for forced loss rate. 


 
Darlington 
• Performance declined in 2015 due to the station vacuum building containment 


outage for planned regulatory maintenance and higher FLR. The declining trend 
continued in 2016 due to Primary Heat Transport pump motor replacements 
affecting UCF and higher radiation dose from life extension nuclear safety 
improvements projects (i.e. Shield Tank Over-Pressure Protection). In October 
2016 Darlington unit 2 entered refurbishment. The trend continued in 2017 due 
primarily to a planned unit 2 bulkhead install no fuel window, which resulted in a 
unit 1 de-rate (33-days) affecting unit capability factor. 


• Darlington’s 2017 NPI performance has also been impacted by higher forced loss 
rate and by a lower unit capability factor due to forced outages, planned outages 
and unbudgeted planned outages. 


• For 2017, Darlington has achieved maximum points for 6 out of 10 NPI sub-
indicators. 


• For the key safety system related metrics of reactor trip rate, high pressure injection, 
auxiliary feedwater and emergency alternating current (AC) power, the station 
received 10 out of 10 points. 


• Darlington has also achieved a perfect score for industrial safety accident rate (5 
out of 5) and fuel reliability (10 out of 10).   


• Darlington earned 4.8 out of 5 points for chemistry performance and 8 out of 10 
points for collective radiation exposure. 


• Darlington achieved 3.9 out of 15 points for unit capability factor and 10.3 out of 
15 points for forced loss rate. 
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Observations – Rolling Average Forced Loss Rate (CANDU) 
 


2017 (Rolling 2 Year Average, Pickering %; Rolling 3 Year Average, Darlington %) 
• The industry first quartile was 1.43 and the industry median was 2.46. 
• Pickering Forced Loss Rate (FLR) performance had a slight decline from 3.76 in 2016 


to 5.01 in 2017.  
• At the plant level, Darlington FLR performance declined slightly to 3.47. Unit 2 was 


excluded in 2017 due to refurbishment. 
 


Trend 
• Industry plant median FLR trend improved slightly from 3.10 to 2.46.   
• Pickering’s overall trend over the review period, has shown considerable improvement, 


having been as high as 10.08 in 2014. The equipment reliability improvements at 
Pickering have been the main drivers for the favourable improvement in FLR 
performance.  


• Over the review period, there has been a minor decline in FLR performance at 
Darlington coinciding with life extension requirements.  The average FLR over the 
trending period was 2.94. 


 
Factors Contributing to Performance 
• At Pickering, causes for 2017 forced losses were varied, including:  


o Issues with the Electro-Hydraulic Governor (EHG) system on Unit 7 (3 forced 
outages in 2017) 


o Unit 7 bridge tilt issue due to challenges with coupling hub installation 
o Unit 1 sudden outage due to Calandria Inlet Valves closing on both lines 


At Darlington, the causes for 2017 forced losses were also varied, including:  
o Unit shutdowns following spurious shutoff rods falling into core (Unit 3 – due 


to failed clutch card, Unit 4 – due to faulty logic module) 
o Turbine trip during SRST 10.05 Loss of Lube Oil Pressure test 
o Manual turbine trip due to sustained high flux tilt 
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Observations – Rolling Average Forced Loss Rate (CANDU) (CONT’D) 
 
Factors Contributing to Performance 
• Pickering continues to execute a list of high priority work orders to improve equipment 


reliability and reduce operator burden.  
• Pickering continues reducing corrective and deficient work order backlogs through a 


reduction of incoming emergent work orders by proactive equipment replacements and 
minor modifications to improve/correct system and equipment performance.  


• Darlington continues to drive plant reliability improvements via the system health 
improvement process and recovery actions. The Plant Reliability List of important 
work orders are implemented to improve system health.  


• Both Pickering and Darlington have seen significant improvement in the PM program 
due to improved oversight and advocacy 


• Nuclear Equipment Reliability initiative is on-going with a focus on reduction of 
critical components, streamlining of system health reporting, and value based 
maintenance 


• The definition of critical components was aligned with industry standards which has 
allowed the organization to better focus the station equipment reliability processes and 
resources on the most critical components to improve overall equipment reliability and 
safety 
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Observations – Rolling Average Unit Capability Factor-UCF (CANDU) 
 


2017 (Rolling 2 Year Average, Pickering %; Rolling 3 Year Average, Darlington %) 
• The industry first quartile was 86.80 and the industry median was 83.83. 
• Pickering improved slightly to 77.36.  
• Darlington UCF performance declined in 2017 to 82.17. Darlington Unit 2 began a 


long-term refurbishment outage on October 15, 2016. Data points associated with 
Refurbishment have been excluded with respect to UCF.  


 
Trend 
• Pickering’s UCF performance has improved since 2012, with the last 3 years remaining 


relatively stable. The equipment reliability improvements at Pickering has contributed 
to this improvement in recent UCF performance.  


• Darlington’s plant UCF has declined, coinciding with life extension requirements.  
• Industry plant median and best quartile UCF benchmarks both declined in 2017.  


 
Factors Contributing to Performance 
• The primary factors impacting UCF are longer outages to accommodate reactor 


component inspections necessary for extended life at Pickering. Reduced FLR at 
Pickering contributed favourably to Pickering’s UCF performance trend. 


• Higher numbers of planned outage days and forced extensions to planned outages 
contribute to lower UCF compared to CANDU peers.  


• FLR performance challenges also negatively impact UCF. Significant improvements in 
equipment reliability are expected to correlate with improved FLR and UCF 
performance.  
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Observations – Rolling Average Chemistry Performance Indicator (CANDU) 
 


2017 (Rolling 2 Year Average Pickering, Rolling 3 Year Average Darlington) 
• The CANDU plant median and best quartile values are 1.01 and 1.00, respectively. 
• The CANDU unit median and best quartile values are both 1.00. 
• WANO CPI is calculated using secondary side chemistry data during normal operation 


(> 30% Full Power). 
• The Pickering station level of performance has improved from 1.04 in 2016 to 1.02 


in 2017.  
• Darlington station performance declined to the median 1.01 in 2017 from the best 


quartile 1.00 in 2016. 
 


Trend 
• Pickering station CPI performance has improved significantly over the review period. 


Contribution to Nuclear Performance Index (NPI) has gone up from 4.2 in 2016 to 4.6 in 2017, out 
of total 5 points. 


• Darlington station CPI overall performance has declined to median 1.01 in 2017 
from best quartile 1.00 in 2016. NPI contribution has dropped from 5 points in 2016 
to 4.8 points in 2017, out of total 5 points. 


 
Factors Contributing to Performance 
• Contributing factors for chemistry performance improvement at Pickering were the 


better outage Foreign Materials Exclusion practices, improved Water Treatment Plant 
(WTP) output quality controls, blowdown frequency adherence, timely support from the 
organization and an improved advocacy at all levels to bring back secondary side 
chemistry parameters within their respective limits as soon as possible. 


• Darlington performance has been impacted by elevated Feed Water iron levels following 
unit outages and delayed power ascension after the most recent planned maintenance 
outage. Corrosion product transport (CPT) reduction plans are in place such as condenser 
cleaning following maintenance; condenser hot well flushing prior to restart and startup 
condensate filtration. Another contributor has been the chronic condenser tube leak in 
Unit 3. The leaking tubes were identified shortly before the outage and tube plugging 
was completed during the outage. 
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  Observations – Rolling Average Chemistry Performance Indicator (CANDU) 


 
 
Chemistry initiatives in place to further improve CPI to best quartile: 
 
• Boiler blowdown piping (buried section) improvement project at Pickering to support 


system reliability and availability to the Station end-of-life.  
• Condenser hot well cleaning during planned outages 
• Ongoing use of local portable feedwater dissolved oxygen analyzer carts at 


Pickering to ensure representative feed water dissolved oxygen monitoring. 
• Leveraging emergent work processes, utilizing cross-functional resolution teams, 


and advocacy forums to ensure a coordinated effort is timely to mitigate condenser 
tube leak 


• Ongoing oversight of water treatment plant (WTP) product water quality to meet 
boiler make-up water specifications. 


• Condensate Filtration Project for the control of corrosion product transport at 
Darlington during startup after the planned outage 


• Online analyzers replacement project both at Pickering and Darlington to support 
analyzer reliability/availability.  


• Continue corrective actions taken post Unit 4 outage in 2017 at Pickering, including 
reinstatement of low power boiler blowdown, minimization of boiler drained 
period, ensuring boiler wet lay-up specs, reducing Morpholine concentration for 
pH/organic anions control. 
 


 
 


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 2 
Page 64 of 111







OPG Confidential – Internal Use Only   2018 Benchmarking Report 


- 63 - 


 


  Observations – Rolling Average Chemistry Performance Indicator (CANDU) 
 
Factors Contributing to Performance (continued) 
 


• Improved CPT monitoring using X-ray fluorescent (XRF) technology for faster 
CPT results to take corrective actions if necessary  


• Procurement of a new WTP at Darlington  
• Boiler secondary side deposit minimization initiatives such as: 


• Darlington’s tubesheet waterlancing in planned outages 
• Pickering’s tubesheet waterlancing campaign strategy  
• Pickering’s preliminary plan for first-of-a-kind support plate water lancing 


and potential soft chemical clean application on Unit 4 in 2019. 
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Observations – On-Line Deficient Maintenance Backlog (AP-928 Working Group) 
 
2017 (Annual Value) 
• The industry Best Quartile and Median Thresholds were 50 and 89 work orders per unit 


respectively for On-Line Deficient Maintenance (DM) backlog. 
• Darlington DM backlogs were at 119 Work Orders per unit and deficient critical backlogs were 


at 15 work orders per unit  
• Pickering DM backlogs were at 383 Work Orders per unit and deficient critical backlogs were 


at 41 work orders per unit 
Trend 
• In comparison to the 2016 data: 


o Darlington performance in 2017 has improved from 170 to 119 work orders per unit 
o Pickering performance in 2017 declined from 350 to 383 work orders per unit 
o Median backlog has improved from 134 to 89 work orders per unit.  


• Darlington has shown steady backlog improvement from 2013 through 2017 
• Pickering has had backlog increases in each of the last two years 


 
Factors Contributing to Performance 
• At Pickering the increase in deficient maintenance backlog is due, in part, to a deliberate focus 


on planning and scheduling corrective maintenance. Reducing the corrective backlog has a 
greater effect on the safe and reliable operation of the plant than the deficient items. 


• At both stations, the focus has been to reduce on-line deficient critical and corrective critical 
backlogs, which has resulted in the corrective critical backlogs being at zero for Pickering and 
one for Darlington.  


• To improve performance there are two fleet wide plans: 
o 1. Maintenance Initiative: 


 Working Efficiently – to do more work without increasing resources 
 Assessing Optimization – to reduce resources required to plan work 
 Enhancing Fix It Now Teams – to complete more work without detailed planning 
 Resourcing Strategy – to optimize the focus of specialty crews; use of purchased 


services agreement to get non-core work done through contracting 
 Management & Leadership – to develop business acumen; foster an innovation 


culture; improve performance oversight and reporting 
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Observations – On-Line Deficient Maintenance Backlog (AP-928 Working Group) 


 
Factors Contributing to Performance (continued) 


o 2. Value Based Maintenance Initiative: 
 Preventative Maintenance Program Reduction – to match the program to 


available resources and support condition based maintenance 
 Work Management & Resource Strategy – to align with supporting processes and 


maintenance strategy 
 Monitoring & Diagnostic Centre – to leverage technology to support value based 


and condition based maintenance strategies 
 Data Analytics and Reporting – to identify opportunities for improvement 
 Culture Shift – to adopt value based and condition based maintenance 
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1-Year On-line Corrective Maintenance Backlog 
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  Observations – On-Line Corrective Maintenance Backlog (AP-928 Working Group) 


 
2017 (Annual Value) 
• The industry Best Quartile and Median Thresholds were 3 and 6 work orders per unit respectively 


for On-Line Corrective Maintenance (CM) backlog. 
o Darlington CM backlogs were at 13 Work Orders per unit and corrective critical backlogs 


were at 1 work order per unit 
o Pickering CM backlogs were at 25 Work Orders per unit and corrective critical backlogs 


were at 0 work orders per unit 
 
Trend 
• In comparison to the 2016 data: 


o Darlington performance in 2017 has improved from 14 to 13 work orders per unit 
o Pickering performance in 2017 improved significantly from 116 to 25 work orders per 


unit 
o Median backlog has improved from 10 to 6 work orders per unit.  


• Darlington has shown backlog improvement from 2013 through 2017. 
• Pickering has shown significant backlog improvement in each of the last three years. 


 
Factors Contributing to Performance 
• Refer to the Factors Contributing to Performance discussed above in the 1 Year On-Line 


Deficient Maintenance Backlog, as the same factors affect both backlog measures. 
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4.0 VALUE FOR MONEY 


Methodology and Sources of Data 
 
The Electric Utility Cost Group (EUCG) database is the source for cost benchmarking data.  Data 
was collected for three-year rolling averages for all financial metrics covering the period from 
2012-2017. All data submitted to and subsequently extracted from EUCG by OPG is presented in 
Canadian dollars.   
 
EUCG automatically applies a purchasing power parity (PPP) factor to adjust all values across 
national borders.  The primary function of the PPP value is to adjust for currency exchange rate 
fluctuations but it also adjusts for additional cross-border factors which may impact purchasing 
power of companies in different jurisdictions.  As a result, cost variations between plants are 
limited, as much as possible, to real differences and not due to advantages of utilizing one currency 
over another. 
 
The benchmarking panel utilized for value for money metrics is made up of all North American 
plants reporting to EUCG.  Bruce Power is the only other CANDU technology plant reporting 
within that panel.  The remaining plants are Boiling Water Reactors or Pressurized Water Reactors.  
For that reason, some of the gaps in performance are associated with technology differences rather 
than comparable performance. 
 
The relationship underlying certain value for money metrics is shown in the illustration below.  
Total Generating Cost per MWh is the sum of Non-Fuel Operating Cost (NFOC), Fuel Cost and 
Capital Cost measured on a per MWh basis for benchmarking purposes.  Given the differences 
between OPG’s nuclear generating stations and most North American plants with respect to both 
fuel costs and the different treatments of non-fuel and capital costs, it is difficult to compare plants 
by using non-fuel operating cost, fuel cost or capital cost metrics separately. 


 
Diagram of Summary Relationship of Value for Money Metrics 


 


 


Beginning in 2017, Darlington’s TGC per MWh and NFOC per MWh performance has been 
normalized for refurbishment. OPG is performing a major mid-life refurbishment at Darlington, 
which involves the replacement of certain life-limiting components. It is necessary to normalize 
these metrics during refurbishment to allow for comparisons to prior site performance and industry 
peers, given reduced generation and no corresponding decline in fixed costs. 
 
OPG engaged ScottMadden Management Consultants (ScottMadden) to develop the methodology 
to normalize TGC per MWh and NFOC per MWh for refurbishment. The new normalization 
methodology allows OPG to adjust the distribution of actual costs to reflect performance of the 
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operating nuclear units while using actual generation in the denominator. The normalization 
methodology, as well as ScottMadden’s review and validation of OPG’s application of that 
methodology, is attached in Appendix 1.  
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3-Year Total Generating Cost per MWh  
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  Observations – 3-Year Total Generating Cost per MWh (All North American Plants) 
 


2017 (3-Year Rolling Average)  
• The best quartile level for Total Generating Cost per MWh (TGC/MWh) among North 


American EUCG participants was $37.78/MWh while the median level was 
$43.66/MWh.  


• Darlington normalized TGC/MWh was $50.54 and non-normalized was $54.40/MWh. 
• Pickering TGC/MWh was $67.22/MWh.  


 
Trend  
• Over the 2012 to the 2017 period the best quartile cost rose by $1.49/MWh while the 


median cost rose by $0.26/MWh. Darlington non-normalized rose by $22.73/MWh 
and Pickering rose by $0.06/MWh.  


• Pickering largely managed cost increases and remained flat over the review period 
with a compound annual growth rate (CAGR) of 0.0% whereas the best and median 
quartile levels increased by a CAGR of 0.8% and 0.1% respectively. 


• Darlington’s costs increased over the review period with a CAGR of 11.4%. 
 


Darlington 
• A major driver of Darlington’s TGC/MWh is the Vacuum Building Outage (VBO). 
• The 3-Year Rolling Average for Darlington (non-normalized) from 2016 to 2017 rose 


$8.77/MWh.  The primary drivers at Darlington are lower generation (8,663 GWh) and 
costs associated with life extension.   


• Planned Outage days at Darlington increased by 34 days for the 2015-2017 period 
versus the 2014-2016 period mainly due to the Darlington Unit 1 Planned Outage in 
2014 being shorter than typical duration. 


• Capital costs increased by 52% at Darlington from 2014 – 2017 (increase of $91M), 
primarily due to life extension. 


• Darlington performed within the best quartile for Fuel Cost per MWh and better than 
median for Capital Cost per MW DER while performing worse than the median for the 
Non-Fuel Operating Cost per MWh.  


• For Non-Fuel Operating Cost, the larger equipment inventory in a CANDU unit 
compared to the pressurized water reactors and boiling water reactors units represents 
a net increase in maintenance and operations workload, which requires additional staff. 
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  Observations – 3-Year Total Generating Cost per MWh (All North American Plants) 
(CON’T) 


 
Pickering 
• A major driver of Pickering’s TGC/MWh is the size of the units, which at 540 MW 


are the smallest size amongst the peers and compare negatively to the average size of 
1,024 MW.  


• The 3-Year Rolling Average for Pickering from 2016 to 2017 decreased by 
$0.84/MWh.  The primary driver at Pickering was higher generation (1,331 GWh). 


• Planned Outage days for Pickering increased by 40 days for the 2015-2017 period 
versus the 2014-2016 period leading to increased outage costs in 2017 versus 2014. 


• Pickering performed within the best quartile for Fuel Cost per MWh and Capital Cost 
per MW DER while performing worse than the median for Non-Fuel Operating Cost 
per MWh. 


• For Non-Fuel Operating Cost, performance gap drivers for Pickering include CANDU 
technology, capability factor, smaller unit sizes, age of the plant, and the fact that 
Pickering was built based on first generation CANDU technology. While OPG’s ten 
nuclear units are all CANDU reactors, they reflect three generations of design 
philosophy and technology which impacts the extent and nature of operations and 
maintenance activity. 
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3-Year Non-Fuel Operating Cost per MWh  
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  Observations – 3-Year Non-Fuel Operating Cost per MWh (All North American Plants)  
 


2017 (3-Year Rolling Average)  
• Best quartile plants had Non-Fuel Operating Costs per MWh (NFOC/MWh) at or below 


$22.35 while the median plant level threshold was $25.55/MWh.  
• Darlington’s non-normalized NFOC per MWh, at $39.62/MWh, was $17.27/MWh higher 


than best quartile and $14.07/MWh higher than the median. Darlington’s normalized 
NFOC per MWh was $36.89MWh  


• Pickering’s NFOC per MWh, at $56.89/MWh, was $34.54/MWh higher than best quartile 
and $31.34/MWh higher than median.  


 
Trend  
• Pickering largely managed cost increases and remained relatively flat over the review 


period with a compound annual growth rate (CAGR) of -0.1% whereas both the best and 
median quartile levels increased by a CAGR 0.5% and 0.7% respectively. 


• Pickering NFOC/MWh decreased slightly from 2012 ($57.21/MWh) to 2017 
($56.89/MWh).     


• Pickering’s annual Non-Fuel Operating Cost over 2012-2017 has been managed through 
the continuous pursuit of efficiency improvements enabled by initiatives such as the 
amalgamation of the Pickering A and Pickering B stations into one Pickering site. The 
company-wide business transformation project launched in 2011 also helped streamline, 
eliminate and reduce work to leverage attrition profiles while sustaining safety and 
reliability performance excellence. 


• Over the 2012-2017 review period, Darlington’s Non-Fuel Operating Cost increased from 
2012 ($24.76/MWh) to 2017 ($39.62/MWh).   


• Darlington’s NFOC/MWh had an annual compound growth rate of 9.9% from 2012 to 
2017 as compared to 0.5% for the best quartile and 0.7% for median levels. The 2017 
increase in Darlington’s NFOC/MWh from 2016 is primarily due to lower generation 
associated with refurbishment. 
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Observations – 3-Year Non-Fuel Operating Cost per MWh (CONT’D)  
 


Factors Contributing to Performance  
o Performance in Non-Fuel Operating Cost per MWh drives the majority of OPG’s 


financial performance. Overall, the biggest drivers include: capability factor, station 
unit size and CANDU technology. The biggest drivers are further expanded below:  
o The ‘capability factor’ driver is related specifically to generation performance of 


the station in relation to the overall potential for the station (results are discussed 
under the Reliability section within the Rolling Average Unit Capability Factor 
metric).  


o The ‘station size’ driver is the combined effect of number of units and size of units 
which can have a significant impact on plant cost performance (refer to the 
Executive Summary section). 


o The ‘CANDU technology’ driver reflects specific cost disadvantages related to the 
overall engineering, maintenance, and inspection costs. OPG undertook a staffing 
study through a third-party consultant which concluded that technology, design and 
regulatory differences exist between CANDU and PWR reactor units and that such 
factors drive staffing differences. The study established that CANDU technology 
was a contributor to explaining higher staffing levels for CANDU versus PWR 
plants, which also contributed to OPG’s performance in Non-Fuel Operating Cost. 
The study also found that labour for CANDU stations is approximately 20% higher 
than in benchmarked PWR stations.  
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3-Year Fuel Cost per MWh 
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* One plant is excluded due to the plant shutdown in 2019 and significant impairment write-
downs on fuel inventory 
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Observations – 3-Year Fuel Cost per MWh (All North American Plants)  
 


2017 (3-Year Rolling Average)  
• Fuel Cost per MWh for all Canadian CANDU plants are better than the best quartile 


threshold ($7.59/MWh) for the panel of North American EUCG plants.  
• The three CANDU plants in the peer panel ranked in the top five lowest fuel cost 


plants in the North American panel.  
 


Trend  
• The best quartile Fuel Cost per MWh has trended lower over 2016 and 2017. 
• Fuel Cost per MWh for all OPG plants decreased in 2017. The decrease in the Fuel 


Cost per MWh is due to a combination of lower input uranium costs offset by general 
escalation in the fuel conversion and fuel fabrication costs.   For 2017, provisions for 
used fuel storage and disposal costs were excluded from total fuel costs resulting in the 
decrease.  The exclusion of used fuel storage and disposal costs by OPG is consistent 
with the reporting by other members of the panel of North American EUCG plants.      
 


Factors Contributing to Performance  
• Fuel costs, primarily driven by the technological differences in CANDU technology, 


are lower for OPG than most North American Pressurized Water Reactors or Boiling 
Water Reactors (PWR/BWR) reactors as CANDUs do not require enriched uranium 
like BWRs and PWRs. This provides a significant advantage for OPG and other 
CANDUs in this cost category.  


 
Best quartile fuel cost performance noted above is due to the following factors:  
• Uranium fuel costs: Raw uranium is processed directly into uranium dioxide to make 


fuel pellets, without the cost and process complexity of enriching the fuel as required 
in light water reactors. The advantage due to fuel costs also includes transportation, 
handling and shipping costs.  


• Reactor core efficiency: CANDU is the most efficient of all reactors in using uranium, 
requiring about 15% less uranium than PWRs for each megawatt hour of electricity.  
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3-Year Capital Cost per MW DER (Design Electrical Rating) 
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* Five plants are excluded as plants are shutting down within 2021 and would be scaling back 
capital investments  
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Observations – 3-Year Capital Cost per MW DER (All North American Plants) 
 


2017 (3-Year Rolling Average) 
• The first quartile threshold for Capital Cost per MW DER across the North American 


EUCG peer panel plants was $50.21k/MW DER. 
• Median cost for the panel was $64.36k/MW DER. 
• Pickering had lower capital cost/MW DER than the first quartile threshold, whereas 


Darlington had a capital cost/MW DER just below the median cost. 
 


Trend 
• The first quartile threshold decreased in 2017 due to reduced spending on Fukushima 


response and sustaining investments offset by increased spending on reliability 
improvements. 


• Darlington’s Capital Cost per MW DER increased in 2017 due to increased spending on 
life extension, performance improvements, sustaining investments, and Fukushima 
response. 


• Pickering’s Capital Cost per MW DER was steady in 2017. 
 


Factors Contributing to Performance 
• Pickering is performing in the first quartile overall for the period.  This performance 


reflects spending on enhancements, information technology, infrastructure, regulatory 
and sustaining investments 


• Darlington is performing in the second quartile for the period.  This performance reflects 
spending on information technology, regulatory investments, enhancements, 
infrastructure, and sustaining investments.  


• Darlington’s ranking reflects investments to support post-refurbishment operations. Non-
power block infrastructure spending at Darlington to support post-refurbishment 
operations continues to be higher than the majority of its peers. 


• Investment in capital spares at both Darlington and Pickering has increased to support 
overhauls of aging equipment and support safe and reliable operations 
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5.0 HUMAN PERFORMANCE 


Methodology and Sources of Data 
 
The Human Performance Error Rate metric is used to benchmark the performance of OPG’s 
Nuclear fleet against other INPO utilities in the area of Human Performance.  This will ensure a 
continued focus on improving Human Performance.  


18-Month Human Performance Error Rate 
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Observations – 18 Month Human Performance Error Rate (INPO North American 
Plants)  
 


2017 (18 Month Rolling Average)   
• The industry 18-month Human Performance Error Rate (HPER) 2017 INPO best 


quartile was 0.0000. The median quartile was 0.0520 in 2017.   
•  Pickering and Darlington 2017 performance was as follows: 


o Pickering station performance was 0.116. 
o Darlington station performance was 0.052. 


Trend  
• The industry HPER has shown improved performance year over year in the INPO top 


quartile performance.  The 2017 INPO best quartile achieved 0.0000 representing 
continued improvement in performance since 2012. The median quartile has decreased 
since 2016 when it was 0.0747, and was 0.0520 in 2017.  The overall trend since 2012 
showed improvement in the median. 


• In 2016, Pickering station’s HPER was at its lowest point but has shown a decline in 
2017 to below the industry median, resulting from five station event free day resets. 
Pickering’s performance showed a significant improvement since 2013 with the lowest 
error rate ever in 2016.   


• Darlington’s performance was trending around the industry median ranking in 2016 
and continues with the same performance at the end of 2017. 
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Observations – 18 Month Human Performance Error Rate (CONT’D) 


 
Factors Contributing to Performance 
• While OPG showed improved HPER performance since 2012, 2017 shows an overall 


decline in performance for OPG Nuclear. Challenges include integrating a large number 
of newly hired workers performing work on units being refurbished, which will continue 
for a number of years.  There has been an increased activity at the sites resulting from 
the refurbishment project at Darlington.  Implementation of key strategic initiatives to 
address behavioural performance is being executed in 2018.  The Human Performance 
Fleet Excellence plan addresses the key opportunities in Human Performance and 
reinforces the need for OPG leadership to remain focused on setting, communicating 
and reinforcing standards and expectations through effective coaching in the field.  
Measures are being taken to ensure vendor partners as well as OPG staff demonstrate 
Nuclear Professional behaviours around safety and Human Performance to reduce 
consequential errors. 


• The Human Performance Fleet Excellence plan is intended to: 
o Strengthen the use of proactive, risk-based approaches to improve Human 


Performance through Pre-job Briefings, proficiency, and performance analysis 
methods. 


o Strengthen performance of Human Performance Managers, Practitioners, 
Advocates, and Human Performance Peer Team. 


o Improve training and proficiency in Human Performance that focuses on 
Nuclear Professional standards, innovation, and industry Human Performance 
best practices. 


o Enhance Facilitative Leadership, Observation & Coaching alignment, and 
communications to promote Human Performance excellence, and event 
prevention. 


o Implement actions to address shortfalls in work practices amongst Vendor 
partners and bring them to the level of OPG staff expectations and standards 
for performing work. 
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Observations – 18 Month Human Performance Error Rate (CONT’D) 
 
Factors Contributing to Performance 
•   A Qualification has been developed and registered in the Training Information 


Management System for all Human Performance practitioners who are responsible for 
the development and implementation of Human Performance initiatives.  
Implementation of the Human Performance job familiarization guide scheduled for 2018 
will serve as a tool to develop the proficiency of Human Performance Managers, 
Practitioners, cross-functional Practitioners, Human Performance Advocates, and 
Human Performance Peer Team.    


• Improved Human Performance governance and training includes: iCare peer to peer 
coaching initiative; alignment and simplification of Site and Department Event Free Day 
Reset criteria and adoption of a standard personnel error rate measure; Observation & 
Coaching instruction and gap training for middle managers in paired observation and 
coaching, and Observation & Coaching for First Line Managers and First Line Manager 
Assistants.  700 leaders have completed the training in 2017.  Observation & Coaching 
remains a focus area in 2018 including completion of the remaining Observation & 
Coaching checkouts with middle managers, improvements to the Observation & 
Coaching database to enable better methods to capture, assess, trend and communicate 
Observation & Coaching results and low-level Human Performance issues.  


• Pre-job Briefing procedure was improved to streamline the requirements for delivery of 
Level 4 Pre-job Briefings.  The new streamlined requirement for the delivery of Level 
4 high hazard radiation work allows for the health physicist or Radiation Protection 
department to deliver the Pre-job Briefing given their expertise and involvement in 
developing the high hazard work plan.  
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Observations – 18 Month Human Performance Error Rate (CONT’D) 


 
Factors Contributing to Performance (continued) 
• Event analysis and communication process has been revised to introduce an improved 


Accountability Analysis Process and the Human Performance learning brief.  The 
benefit is to facilitate and promote a healthy reporting culture where all individuals at 
every level of the organization feel safe reporting errors and mistakes enabling learning 
and improving performance.  A fleet Self Assessment will provide insights into the 
success of the implementation of the process and further actions will be taken to address 
gaps. 


• In 2018, progress is being made on developing, and piloting methods and tools to 
identify early stages of Human Performance decline so that they can be arrested before 
triggering Human Performance events.   


• Human Performance and high Maximum Reasonable Potential for Harm events are 
challenged for the Darlington Refurbishment project and a significant effort is being 
expended in 2018 to help bring vendor partner Human Performance practices up to OPG 
standards, and to provide sufficient coaching and oversight to reduce the risk of 
significant events impacting the project.  OPG is collaborating with Vendor Partners and 
Bruce Power to improve Human Performance training and evaluation opportunities for 
supplemental workers and supervisors. Actions are captured in the Human Fleet 
Excellence Plan, 2018-19. 
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6.0 MAJOR OPERATOR SUMMARY 


Purpose 
 
This section provides a more detailed comparison of the major operators of nuclear plants for three 
key metrics: WANO Nuclear Performance Index (NPI), Unit Capability Factor (UCF), and Total 
Generating Cost (TGC) per MWh.  Although the benchmarking study has been primarily focused 
on operational performance comparison to COG CANDUs, this section of the report compares 
OPG Nuclear’s performance against North American PWR and PHWR operators in addition to 
the international CANDU panel.  Operator level summary results are the average (mean) of the 
results across all plants managed by the given operator.  These comparisons provide additional 
context, but the detailed data in the previous sections provide a more complete picture of plant by 
plant performance.  The WANO NPI and UCF are calculated as the mean of all unit performance 
for a specific operator.  The TGC per MWh is the mean of plant level data because costs are not 
allocated to specific units within the EUCG industry panel. 


WANO Nuclear Performance Index Analysis 
 
The WANO Nuclear Performance Index (NPI) results for the operators in 2017 are illustrated in 
the graph below.  OPG Nuclear performance ranking declined from 2017 shown in Table 3. 
 


 
 
*See Table 8 in the Appendix for listing of operators and plants. 
**OPG Nuclear unit values averaging to a WANO NPI of 78.5 in 2017 are shown below:  
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Unit 2017 WANO NPI 


Pickering 1 65.0 


Pickering 4 65.9 


Pickering 5 85.8 


Pickering 6 97.1 


Pickering 7 69.1 


Pickering 8 77.4 


Darlington 1 76.9 


Darlington 2 N/A 


Darlington 3 77.6 


Darlington 4 91.6 
 


Table 3: Average WANO NPI Rankings 
 


 
Note: Five operators are no longer ranked in 2017 (reason for 28 ranked operators in 2012 vs. 23 in 2017).  These operators 
were removed as a result of plant acquisitions or closures.  All 2012-2016 rankings and numbers are carried over from previous 
Benchmarking reports. 


Operator 2012 2013 2014 2015 2016 2017
22 10 5 5 3 1
10 13 2 4 13 2
12 9 12 16 14 3
18 8 9 2 2 4
7 4 7 10 7 5


11 15 18 21 15 6
6 5 4 6 6 7
5 6 10 8 10 8
3 1 13 9 9 9
1 18 20 20 12 10
8 7 6 17 17 11


23 24 3 15 16 12
2 12 16 1 8 13


24 23 19 7 11 14
13 17 15 12 4 15
17 16 8 3 1 16
15 19 11 11 20 17
27 25 24 24 23 18
20 21 21 22 19 19
4 2 14 13 5 20


19 14 1 14 18 21
21 3 17 19 22 22


Ontario Power Generation 25 22 22 23 21 23
9 20 23 18 NA NA


16 11 NA NA NA NA


14 NA NA NA NA NA
26 NA NA NA NA NA
26 NA NA NA NA NA


OPG ranked 23rd, with an NPI of 78.5.  OPG’s NPI 
performance decreased by 2.4 compared to the 2016 ranking. 
As discussed in Section 3.0 above, NPI has been impacted by 
plant life extension activities (i.e., Pickering Extended 
Operations and Darlington Refurbishment).    
 
The NPI rankings of the major operators from 2012 to 2017 
are listed in Table 3.  The list and ranking of operators has been 
updated to reflect any industry developments if applicable. 
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Unit Capability Factor Analysis 
Unit Capability Factor (UCF) is the ratio of available energy generation over a given time period 
to the reference energy generation of the same time period, expressed as a percentage.  Reference 
energy generation is the energy that could be produced if the unit were operating continuously at 
full power under normal conditions.  Since nuclear generation plants are large fixed assets, the 
extent to which these assets generate reliable power is key to operating and financial performance.   
A comparison of UCF values for major nuclear operators is presented in the graph below. The list 
and ranking of operators has been updated to reflect any industry developments if applicable. UCF 
is expressed as a two-year average for all operators except for OPG Nuclear, which includes a 
three-year average for the Darlington station and a two-year average for Pickering to reflect each 
plant’s respective outage cycle.  OPG Nuclear achieved a rolling average UCF of 79.0% and 
ranked 22 out of 23 operators in the WANO data set.  As discussed in Section 3.0 above, NPI has 
been impacted by plant life extension activities (i.e., Pickering Extended Operations and 
Darlington Refurbishment).  


 
* See Table 8 in the Appendix for listing of operators and plants. 
**OPG unit values averaging to a rolling average UCF of 79.0% in 2017 are shown below:  


Unit 2017 Rolling 
Average UCF 


 
Unit 2017 Rolling 


Average UCF 
Pickering 1 76.0  Darlington 1 77.6 
Pickering 4 71.4  Darlington 2 N/A 
Pickering 5 81.7  Darlington 3 82.7 
Pickering 6 94.9  Darlington 4 86.3 
Pickering 7 72.9  


Pickering 8 67.3 
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Rankings for the major operators for UCF over the past six years are provided in Table 4 below.   
Table 4: Rolling Average Unit Capability Factor Rankings 


 
Note: Four operators are no longer ranked in 2017 (reason for 27 ranked operators in 2012 vs. 23 in 2017).  These operators 
were removed as a result of plant acquisitions or closures.  All 2012-2016 rankings and numbers are carried over from previous 
Benchmarking reports. 


 


 


 


 


 


 


 


 


 
 


 
 


Operator 2012 2013 2014 2015 2016 2017
4 4 1 1 1 1


15 8 8 6 5 2
22 6 2 7 2 3
20 21 20 17 14 4
1 2 6 5 8 5


10 7 4 9 11 6
13 9 10 14 10 7
6 12 13 12 4 8


12 10 7 2 7 9
24 23 16 15 13 10
18 11 12 21 9 11
23 22 23 22 21 12
19 20 18 20 20 13
5 1 5 10 3 14
3 3 9 8 18 15


14 16 11 11 15 16
17 17 15 18 17 17
9 14 17 3 12 18


27 24 22 24 23 19
2 13 19 4 6 20
8 5 14 19 19 21


Ontario Power Generation 21 19 21 23 22 22
16 15 3 13 16 23
26 25 24 16 NA NA
7 18 NA NA NA NA


11 NA NA NA NA NA
25 NA NA NA NA NA
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Total Generating Cost/MWh Analysis  
The 3-year Total Generating Cost/MWh results for the major operators in 2017 are displayed in 
the graph below.  Total Generating Costs are defined as total operating costs plus capital costs and 
fuel costs of all plants that the operator operated in 2015-2017.  This value is divided by the total 
net generation of all plants that the operator operated for the same period and is provided as a 
three-year average.  OPG Nuclear ranked 12th, with a 3-year Total Generation Cost of $60.53 per 
MWh (non-normalized). After normalizing performance for refurbishment, OPG’s TGC per MWh 
is $58.52 per MWh. 


 


 


*OPG plant values of 3-year rolling average TGC per MWh are shown below:  


Unit 2017 3-Year TGC 
Darlington 


(non-
normalized) 


$54.40/MWh 


Darlington 
(normalized) $50.54/MWh 


Pickering  $67.22/MWh 


$37.88 $38.13 $39.88 $40.30 $40.45 $40.46 $40.80 $41.52 $43.14 $45.09


$53.23


$58.52 $60.53 $62.22


$0.00
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2017 - 3 Year Total Generating Costs per MWh
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Table 5:  Three-Year Total Generating Cost per MWh Rankings 


 


Note: Two operators have been removed due to acquisitions by the other operators in the panel (reason for 14 ranked 
operators in 2012 vs. 13 in 2017). 
 


Table 6 shows the relative contribution of Non-Fuel Operating Costs, Fuel Costs and Capital 
Costs to Total Generating Cost and compares OPG’s non-normalized costs to those of all EUCG 
operators. 
 


Table 6:  EUCG Indicator Results Summary (Operator Level) 
 


 


*See Table 9 in the appendix for list of operators included. 


2012 2013 2014 2015 2016 2017


4 1 1 1 2 1


5 4 4 2 1 2
9 10 11 11 9 3
1 2 2 4 5 4
2 6 5 3 3 5


NA 11 7 7 6 6
3 3 3 5 4 7
14 14 12 8 7 8
6 5 8 9 10 9
7 7 6 6 8 10
11 9 9 10 11 11


Ontario Power Generation 10 8 10 12 12 12
13 13 13 13 13 13
12 12 NA NA NA NA
8 NA NA NA NA NA


Value for Money Performance


3-Yr. Non-Fuel Operating Costs per MWh 47.88$        24.37$            23.50$            CAD $/MWh


3-Yr. Fuel Costs per MWh 5.25$          8.30$             7.68$             CAD $/MWh


3-Yr. Capital Costs per MWh 7.41$          8.01$             7.41$             CAD $/MWh


3-Yr. Total Generating Costs per MWh 60.53$        40.80$            40.30$            CAD $/MWh


EUCG Indicator Results Summary OPG 
Average


EUCG Major Operators*
UnitsMedian Best Quartile
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7.0 APPENDIX 
 
Acronyms 


 
Acronym Meaning 


ALARA As Low As Reasonably Achievable 
BWR Boiling Water Reactor 
CANDU CANada Deuterium Uranium (type of PHWR) 
CEA Canadian Electricity Association  
COG CANDU Owners Group 
DER Design Electrical Rating 
EUCG Electric Utility Cost Group  
INPO Institute of Nuclear Power Operators 
OPG Ontario Power Generation 
PHWR Pressurized Heavy Water Reactor  
PWR Pressurized Water Reactor 
WANO World Association of Nuclear Operators  


 
Safety and Reliability Definitions 


The following definitions are summaries extracted from industry peer group databases. 


All Injury Rate is the average number of fatalities, total temporary disabilities, permanent total 
disabilities, permanent partial disabilities and medical attention injuries per 200,000 hours worked. 


Industrial Safety Accident Rate is defined as the number of accidents for all utility personnel 
(permanently or temporarily) assigned to the station, that result in one or more days away from 
work (excluding the day of the accident) or one or more days of restricted work (excluding the day 
of the accident), or fatalities, per 200,000 man-hours worked.  The selection of 200,000 man-hours 
worked or 1,000,000 man-hours worked for the indicator will be made by the country collecting 
the data, and international data will be displayed using both scales.  Contractor personnel are not 
included for this indicator. 


Collective Radiation Exposure, for purposes of this indicator, is the total external and internal 
whole body exposure determined by primary dosimeter (thermoluminescent dosimeter (TLD) or 
film badge), and internal exposure calculations.  All measured exposure should be reported for 
station personnel, contractors, and those personnel visiting the site or station on official utility 
business. 


Visitors, for purposes of this indicator, include only those monitored visitors who are visiting the 
site or station on official utility business.   
 


Airborne Tritium Emissions per Unit: Tritium emissions to air. 
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Fuel Reliability Index is inferred from fission product activities present in the reactor coolant.  
Due to design differences, this indicator is calculated differently for different reactor types.  For 
PHWR’s, the indicator is defined as the steady-state primary coolant iodine-131 activity 
(Becquerels/gram or Microcuries/gram), corrected for the tramp uranium contribution and power 
level, and normalized to a common purification rate. 


Unplanned automatic reactor trips (SCRAMS) is defined as the number of unplanned automatic 
reactor trips (reactor protection system logic actuations) that occur per 7,000 hours of critical 
operation.  The indicator is further defined as follows: 
 


• Unplanned means that the trip was not an anticipated part of a planned test. 
• Trip means the automatic shutdown of the reactor by a rapid insertion of negative 


reactivity (e.g., by control rods, liquid injection shutdown system, etc.) that is caused 
by actuation of the reactor protection system.  The trip signal may have resulted from 
exceeding a set point or may have been spurious. 


• Automatic means that the initial signal that caused actuation of the reactor protection 
system logic was provided from one of the sensors’ monitoring plant parameters and 
conditions, rather than the manual trip switches or, in certain cases described in the 
clarifying notes, manual turbine trip switches (or pushbuttons) provided in the main 
control room. 


• Critical means that, during the steady-state condition of the reactor prior to the trip, the 
effective multiplication factor (keff) was essentially equal to one. 


• The value of 7,000 hours is representative of the critical hours of operation during a 
year for most plants, and provides an indicator value that typically approximates the 
actual number of scrams occurring during the year. 
 


The safety system performance indicators include the following: 
 
 


• Auxiliary boiler feedwater system 
• Emergency AC power  
• High pressure emergency coolant injection system 


 
These systems were selected for the safety system performance indicator based on their importance 
in preventing reactor core damage or extended plant outage.  They include the principal systems 
needed for maintaining reactor coolant inventory following a loss of coolant, for decay heat 
removal following a reactor trip or loss of main feedwater, and for providing emergency AC power 
following a loss of plant off-site power.  (Gas cooled reactors have an additional decay heat 
removal system instead of the coolant inventory maintenance system)   
 
The Nuclear Performance Index Method 4 is an INPO sponsored performance measure, and is a 
weighted composite of ten WANO Performance Indicators related to safety and production 
performance reliability. 
 
 
 


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 2 
Page 100 of 111







OPG Confidential – Internal Use Only   2018 Benchmarking Report 


- 99 - 


 


The Forced Loss Rate (FLR) is defined as the ratio of all unplanned forced energy losses during 
a given period of time to the reference energy generation minus energy generation losses 
corresponding to planned outages and any unplanned outage extensions of planned outages, during 
the same period, expressed as a percentage.   
   
Unplanned energy losses are either unplanned forced energy losses (unplanned energy generation 
losses not resulting from an outage extension) or unplanned outage extension of planned outage 
energy losses.   
 
Unplanned forced energy loss is energy that was not produced because of unplanned shutdowns 
or unplanned load reductions due to causes under plant management control when the unit is 
considered to be at the disposal of the grid dispatcher.  Causes of forced energy losses are 
considered to be unplanned if they are not scheduled at least four weeks in advance.  Causes 
considered to be under plant management control are further defined in the clarifying notes. 
 
Unplanned outage extension energy loss is energy that was not produced because of an extension 
of a planned outage beyond the original planned end date due to originally scheduled work not 
being completed, or because newly scheduled work was added (planned and scheduled) to the 
outage less than four weeks before the scheduled end of the planned outage.  
 
Planned energy losses are those corresponding to outages or power reductions which were planned 
and scheduled at least four weeks in advance (see clarifying notes for exceptions). 
 
Reference energy generation is the energy that could be produced if the unit were operated 
continuously at full power under reference ambient conditions throughout the given period.  
Reference ambient conditions are environmental conditions representative of the annual mean (or 
typical) ambient conditions for the unit. 
 
Unit Capability Factor is defined as the ratio of the available energy generation over a given time 
period to the reference energy generation over the same time period, expressed as a percentage.  
Both of these energy generation terms are determined relative to reference ambient conditions. 
 
Available energy generation is the energy that could have been produced under reference ambient 
conditions considering only limitations within control of plant management, i.e., plant equipment 
and personnel performance, and work control.   
 
Reference energy generation is the energy that could be produced if the unit were operated 
continuously at full power under reference ambient conditions.  
 
Reference ambient conditions are environmental conditions representative of the annual mean (or 
typical) ambient conditions for the unit. 
 
The Chemistry Performance Indicator compares the concentration of selected impurities and 
corrosion products to corresponding limiting values.  Each parameter is divided by its limiting 
value, and the sum of these ratios is normalized to 1.0.  If an impurity concentration is equal to or 
better than the limiting value, the limiting value is used as the concentration.  This prevents 
increased concentrations of one parameter from being masked by better performance in another.  
As a result, if a plant is at or below the limiting value for all parameters, its indicator value would 
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be 1.0, the lowest chemistry indicator value attainable under the indicator definition.  The 
following is used to determine each unit’s chemistry indicator value for PHWRs: 


− *Inconel-600 or Monel tubes 
o Steam generator blowdown chloride 
o Steam generator blowdown sulfate 
o Steam generator blowdown sodium 
o Final feedwater iron 
o Final feedwater copper 
o Final feedwater dissolved oxygen  


− Incoloy-800 tubes 
o Steam generator blowdown chloride 
o Steam generator blowdown sulfate 
o Steam generator blowdown sodium 
o Final feedwater iron 
o Final feedwater dissolved oxygen 


 
• PHWRs on molar ratio control 


− Steam generator blowdown chloride 
− Steam generator blowdown sulfate 
− Final feedwater iron 
− Final feedwater copper 
− Feedwater dissolved oxygen 
− Steam generator molar ratio target range (by reporting the upper and lower range 


limits (as "from" and "to" values) 
− Steam generator actual molar ratio 


 
Online Deficient Maintenance Backlog is the average number of active on-line maintenance 
work orders per operating unit classified as Deficient Critical (DC) or Deficient Non-Critical (DN) 
that can be worked on without requiring the unit shutdown. This metric identifies deficiencies or 
degradation of plant equipment components that need to be remedied, but which do not represent 
a loss of functionality of the component or system. 
 
Online Corrective Maintenance Backlog is the average number of active on-line maintenance 
work orders per operating unit classified as Corrective Critical (CC) or Corrective Non-Critical 
(CN) that can be worked on without requiring the unit shutdown.  This metric identifies 
deficiencies or degradation of components that need to be remedied, and represents a loss of 
functionality of a major component or system. 
 
On-line maintenance is maintenance that will be performed with the main generator connected to 
the grid. 
 
Value for Money Definitions 


The following definition summaries are taken from the January 2018 EUCG Nuclear Committee 
Nuclear Database Instructions.  
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Capital Costs ($) 
All costs associated with improvements and modifications made during the reporting year. These 
costs should include design and installation costs in addition to equipment costs. Other 
miscellaneous capital additions such as facilities, computer equipment, moveable equipment, and 
vehicles should also be included. These costs should be fully burdened with indirect costs, but 
exclude AFUDC (interest and depreciation). 
 
Fuel ($) 
The total cost associated with a load of fuel in the reactor which is burned up in a given year. 
 
Net Generation (Gigawatt Hours) 
The gross electrical output of the unit measured at the output terminals of the turbine-generator 
minus the normal station service loads during the hours of the reporting period, expressed in 
Gigawatt hours (GWh). Negative quantities should not be used. 
 
Design Electrical Rating (DER) 
The nominal net electrical output of a unit, specified by the utility and used for plant design (DER 
net expressed in MWe).  Design Electrical Rating should be the value that the unit was 
certified/designed to produce when constructed.  The value would change if a power uprate was 
completed.  After a power uprate, the value should be the certified or design value resulting from 
the uprate. 
 
Operating Costs ($) 
All relevant costs to operate and maintain nuclear operations.  It includes the cost of labour, 
materials, purchased services and other costs, including administration and general.  
 
Total Generating Costs ($) 
The sum of total operating costs and capital costs. 
 
 
Total Operating Costs ($) 
The sum of operating costs and fuel costs. 
 
Note: Capital costs, fuel costs, operating costs and Total Generating Costs are divided by net 
generation to obtain per MWh results.  Capital costs are also divided by MW DER to obtain MW 
results. 
 
Human Performance Definitions 


The following definition summary is taken from the Institute of Nuclear Power Operations (INPO) 
database. 
 
Human Performance Error Rate (# per ISAR and Contractor Hours) 
The Human Performance Error Rate metric represents the number of site level human performance 
events in an 18-month period per 200,000 ISAR hours worked (including on site supplemental 
personnel).  The formula used is:   


{(# of S-EFDRs) / (Total ISAR Hours + Total Contractor Hours)} x 200,000 Hours  (Calculated 
as an 18-month rolling average) 
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INPO guidelines define non-utility personnel to include contractor, supplemental personnel 
assigned to perform work activities on site or at other buildings that directly support station 
operation.  This includes personnel who deliver and receive equipment, deliver fuel oil, remove 
trash and radioactive waste, and provide building and grounds maintenance within the owner-
controlled areas or facilities that support the station.   
 
INPO defines an event to occur as a result of the following: 
 
An initiating action (error) by an individual or group of individuals (event resulting from an active 
error) or an initiating action (not an error) by an individual or group of individuals during an 
activity conducted as planned (event resulting from a flawed defense or latent organizational 
weakness).  They may be related to Nuclear Safety, Radiological Safety, Industrial Safety, Facility 
Operations or considered to be a Regulatory Event reportable to a regulator or governing agency.  
OPG Nuclear’s criteria for defining station event free day resets have been developed based on 
INPO guidelines.   
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Table 7: Industry Peer Groups 
 


 
Data provided by the World Association of Nuclear Operators (WANO) is the primary source of 
benchmarking data for operational performance (Safety and Reliability) indicators.  Eleven out of 
the twenty benchmarking metrics have been compared to the WANO/COG CANDU panel.  All 
WANO performance indicators are presented at the unit and plant levels except the Industrial 
Safety Accident Rate and Emergency AC Power Unavailability which are only measured at the 
plant level. 
 
Different peer groups were used for a few of the specialized operating metrics which are not 
tracked through WANO.  For maintenance work order backlogs, the peer group consisted of all 
plants participating in the Institute of Nuclear Power Operations (INPO) AP-928 working group.  
For human performance comparisons, data was obtained from INPO. For the All Injury Rate 
metric, the Canadian Electricity Association (CEA) panel was used. 
 
For financial performance comparisons, data compiled by the Electric Utility Cost Group (EUCG) 
was used.  EUCG is a nuclear industry operating group and the recognized source for cost 
benchmark information.  EUCG cost indicators are presented at the plant level and compared on a 
net megawatt hour generated basis  and on a per megawatt (MW) design electrical rating (DER) 
basis.  The only CANDU operators reporting data to EUCG were OPG Nuclear and Bruce Power 
which is not a sufficiently large panel to provide a basis for comparison; hence, the data sets were 
not limited to a CANDU specific panel.  Should more CANDU operators choose to join EUCG in 
the future, comparisons to a CANDU specific panel will be reconsidered. 
 
All data provided by the peer groups (WANO, INPO, CEA, and EUCG) is confidential.  A redacted 
version of this report, which removes individual plant and unit names, is available from Nuclear 
Business Planning and Benchmarking should there be a requirement to publicly release this report. 


WANO / COG 
CANDUs


All North 
American PWR 


and PHWRs 
(WANO)


INPO AP-928 
Workgroup


INPO CEA


EUCG North 
American 


Plants (U.S. 
and Canada)


Safety
All Injury Rate X
Rolling Average Industrial Safety Accident Rate* X
Rolling Average Collective Radiation Exposure* X
Airborne Tritium Emissions per Unit X
Fuel Reliability Index* X
2-Year Reactor Trip Rate* X
3-Year Auxiliary Feedwater System Unavailability* X
3-Year Emergency AC Power Unavailability* X
3-Year High Pressure Safety Injection Unavailability* X


Reliability
WANO NPI X
Rolling Average Forced Loss Rate* X
Rolling Average Unit Capability Factor* X
Rolling Average Chemistry Performance Indicator* X
1-Year On-line Deficient Maintenance Backlog X
1-Year On-line Corrective Maintenance Backlog X


Value for Money
3-Year Total Generating Cost / MWh X
3-Year Non-Fuel Operating Cost (OM&A) / MWh X
3-Year Fuel Cost / MWh X
3-Year Capital Cost / MW DER X


Human Performance
Human Performance Error Rate X


* Sub-indicator of WANO NPI
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Panels 


Table 8:  WANO Panel 
 


Operator Plant  Operator Plant 
Ameren Missouri Callaway  


International CANDU 


Cernavoda 
Embalse 


Qinshan 3 
Wolsong A 
Wolsong B 


American Electric Power 
Co. Cook  


Arizona Public Service Co. Palo Verde  


Bruce Power Bruce A 
Bruce B 


 
 
 Luminant Generation Comanche Peak 
 New Brunswick Power Point Lepreau 


Dominion Generation 
Millstone 


North Anna 
Surry 


 
NextEra Energy 


Resources 
Point Beach 


Seabrook  


 Northern States Power 
Company Prairie Island  


Duke Energy 


Catawba 
Harris 


Mcguire 
Oconee 


Robinson 


 Ontario Power 
Generation 


Darlington 
 Pickering 


 Pacific Gas & Electric Co. Diablo Canyon 


Entergy Nuclear 


Arkansas Nuclear 
One 


Indian Point 
Palisades 
Waterford 


 Public Service Enterprise 
Group Nuclear Salem 


 


 South Carolina Electric & 
Gas Co. V.C. Summer 


 Southern Nuclear 
Operating Co. 


Farley 
Vogtle 


Exelon Generation Co. 


Braidwood 
Byron 


Three Mile Island 
Calvert Cliffs 


Ginna 


 
 


STP Nuclear Operating 
Co. 


 
South Texas 


 
 
 


 Tennessee Valley 
Authority  


Sequoyah 
Watts Bar 


FirstEnergy Nuclear 
Operating Co. 


Beaver Valley 
Davis-Besse 


 
 


Wolf Creek Nuclear 
Operating Corp. Wolf Creek 


Florida Power & Light Co.  St. Lucie 
Turkey Point 
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Table 9:  EUCG Panel 
Major Operator Plant  Major Operator Plant 


Bruce Power Bruce A 
Bruce B 


 Florida Power & Light 
Co.  


St Lucie 
Turkey Point 


Dominion 
Generation 


Millstone 
North Anna 


Surry 


   
 


NextEra Energy 
Resources 


Duane Arnold 
Point Beach 


Seabrook  


 Northern States Power 
Company  


Monticello 
Prairie Island 


 


Ontario Power 
Generation 


Darlington 
Pickering 


 


Duke Energy 


Brunswick 
Catawba 


Harris 
Mcguire 
Oconee 


Robinson 


 


 


Entergy Nuclear 


Arkansas Nuclear One  
Fitzpatrick 
Grand Gulf 
Indian Point 
Palisades 


Pilgrim 
River Bend 
Waterford 


 
 Public Service 


Enterprise Group 
Nuclear 


Hope Creek 
Salem 


 
 
 


Southern Nuclear 
Operating Co. 


Farley 
Hatch 
Vogtle 


 
 


 


Tennessee Valley 
Authority  


Browns Ferry 
Sequoyah 
Watts Bar 


Exelon Generation 
Co. 


Braidwood 
Byron 


Calvert Cliffs 
Clinton 


Dresden 
Lasalle 


Limerick 
Nine Mile 


Oyster Creek 
Peach Bottom 
Quad Cities 


Ginna 
Three Mile Island 


 
 
 
 
 
 


  


 
 
 


 


FirstEnergy Nuclear 
Operating Co. 


Beaver Valley 
David-Besse 


Perry 
 


 


Remaining EUCG Members 


Operator Plant Operator Plant 
AmerenUE Callaway Nebraska Public Power District Cooper 
American Electric Power Co. Inc. Cook Pacific Gas & Co. Diablo Canyon 
Arizona Public Service Co. Palo Verde Talen Energy Susquehanna 


DTE Energy Fermi 
South Carolina Electric & Gas 
Company (SCE&G) 


V.C. Summer 


Energy Northwest Columbia STP Nuclear Operating Co. South Texas 


Luminant Generation 
Comanche 
Peak 


Wolf Creek Nuclear Operations 
Corp. 


Wolf Creek 
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Table 10:  COG CANDUs 
 


Operator Plant 
Bruce Power Bruce A 
  Bruce B 
China (CNNP) Qinshan 3 
NASA Embalse 
Korea (KHNP) Wolsong A 
  Wolsong B 
New Brunswick Power Point Lepreau 
OPG Darlington 
  Pickering 
Romania Cernavoda 


 
Table 11:  CEA Members 


 
Companies  Companies 


AltaLink  Hydro Quebec 
ATCO Electric  Manitoba Hydro 
ATCO Power  Maritime Electric Company 
BC Hydro and Power Authority  Nalcor Energy 
Brookfield Renewable Energy Group  New Brunswick Power 
Capital Power Corporation  Newfoundland Power 
City of Medicine Hat, Electric Utility  Northwest Territories Power Corp. 
Columbia Power Corporation  Nova Scotia Power 
Emera Inc.  Oakville Hydro Corp. 
ENMAX  Ontario Power Generation 
EnWin  PowerStream 
EPCOR  Saint John Energy 
FortisAlberta Inc.  Saskatoon Light & Power 
FortisBC Inc.  SaskPower 
Horizon Utilities Corp  Toronto Hydro Corp. 
Hydro One  TransCanada 
Hydro Ottawa  Yukon Energy Corp. 
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Table 12:  INPO Members for Human Performance Error Rate 
 


Plant 
Arkansas Nuclear One (ANO)                       Monticello                


Beaver Valley             Nine Mile Point           
Braidwood                 North Anna                


Browns Ferry              Oconee                    
Brunswick                 Oyster Creek              


Byron                     Palisades                 
Callaway                  Palo Verde                


Calvert Cliffs            Peach Bottom              
Catawba                   Perry                     
Clinton                   Pilgrim                   


Columbia Gen     Point Beach               
Comanche Peak             Prairie Island            


Cook                      Quad Cities               
Cooper                    River Bend                


Davis-Besse               Robinson                  
Diablo Canyon             Salem                     


Dresden                   Seabrook                  
Duane Arnold              Sequoyah                  


Farley                    South Texas                       
Fermi 2                   St. Lucie                 


Fitzpatrick               Summer                    
Ginna                     Surry                     


Grand Gulf                Susquehanna               
Harris                    Three Mile Island         
Hatch                     Turkey Point              


Hope Creek                Vermont Yankee            
Indian Point Vogtle                    


LaSalle                   Waterford    
Limerick                  Watts Bar                 
McGuire                   Wolf Creek           
Millstone      
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Table 13:  INPO Members for On-Line Maintenance Backlogs 
 


Plant 
Arkansas Nuclear One (ANO)                       Monticello                


Beaver Valley             Nine Mile Point           
Braidwood                 North Anna                


Browns Ferry              Oconee                    
Brunswick                 Oyster Creek              


Byron                     Palisades                 
Callaway                  Palo Verde                


Calvert Cliffs            Peach Bottom              
Catawba                   Perry                     
Clinton                   Pilgrim                   


Columbia Gen     Point Beach               
Comanche Peak             Prairie Island            


Cook                      Quad Cities               
Cooper                    River Bend                


Davis-Besse               Robinson                  
Diablo Canyon             Salem                     


Dresden                   Seabrook                  
Duane Arnold              Sequoyah                  


Farley                    South Texas                       
Fermi 2                   St. Lucie                 


Fitzpatrick               Summer                    
Ginna                     Surry                     


Grand Gulf                Susquehanna               
Harris                    Three Mile Island         
Hatch                     Turkey Point              


Hope Creek                Vermont Yankee            
Indian Point Vogtle                    


LaSalle                   Waterford    
Limerick                  Watts Bar                 
McGuire                   Wolf Creek          
Millstone                  
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Table 14:  NPI Plant Level Performance Summary (North American Panel) 
 


 


 


Indicator NPI Max Best Quartile Median Pickering Darlington


Rolling Average Industrial Safety Accident Rate (#/200k hours 
worked) 0.20 0.00 0.00 0.05 0.04


Rolling Average Collective Radiation Exposure (person-rem per 
unit) 80.00 24.74 36.40 83.96 91.80


Fuel Reliability Index (microcuries per gram) 0.000500 0.000001 0.000005 0.000584 0.000179


2-Year Reactor Trip Rate (# per 7,000 hours) 0.50 0.00 0.21 0.26 0.29


3-Year Auxiliary Feedwater System Unavailability (#) 0.0200 0.0027 0.0042 0.0000 0.0000


3-Year Emergency AC Power Unavailability (#) 0.0250 0.0084 0.0141 0.0030 0.0000


3-Year High Pressure Safety Injection Unavailability (#) 0.0200 0.0015 0.0027 0.0000 0.0000


Rolling Average Forced Loss Rate (%) 1.00 0.62 1.28 5.01 3.47


Rolling Average Unit Capability Factor (%) 92.00 94.29 91.89 77.36 82.17


Rolling Average Chemistry Performance Indicator (Index) 1.01 1.00 1.00 1.02 1.01


WANO NPI (Index) Not Applicable 100.0 97.0 76.7 82.0


2017 Actuals
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1.0 EXECUTIVE SUMMARY 
 
OPG benchmarked favourably relative to its peers in 2018 in a number of key nuclear cornerstone 
areas, while certain metrics were impacted by plant life extension activities (i.e., Pickering 
Extended Operations) and refurbishment at Darlington.  


 
Safety 
 
Under the Safety cornerstone, OPG’s nuclear generating stations continued to achieve strong 
performance in a majority of the safety performance metrics.  Darlington and Pickering continued 


to demonstrate first quartile performance in Total 
Recordable Injury Frequency.    
 
Darlington achieved maximum WANO Nuclear 
Performance Index (NPI) results or best quartile 
performance for six of the seven NPI sub-metrics under 
the Safety cornerstone. Pickering continued to show 


maximum WANO NPI results or top quartile performance for five NPI sub-metrics under the 
Safety cornerstone.   
 
Pickering’s Collective Radiation Exposure (CRE) improved to the second quartile and 
Darlington’s CRE improved to the third quartile due to effectiveness of mitigation measures and 
initiatives being implemented to reduce identified sources of radiological hazards and human 
performance during execution of radiological tasks.   
 
Airborne Tritium Emissions at Pickering remained in the third quartile and showed improvement 
largely due to efforts to drive tritium reduction activities, which include dedicated teams to ensure 
daily emissions monitoring, sustaining and improving dryer performance, heavy water leak 
minimization, tritium program development and innovations.  Darlington tritium emissions 
performance moved from first quartile to median quartile mainly due to dryer performance issues 
in Unit 3. 
 
Pickering’s Fuel Reliability Index (FRI) remained in the fourth quartile resulting from two fuel 
defects. Management continues to focus on a number of corrective actions to improve FRI 
performance including improving the methods of surveillance and elimination of the possibility of 
foreign materials entrance into the Heat Transport System due to Fuel Handling and Outage 
practices.  Darlington’s FRI performance achieves maximum NPI points. 
 
 
 
 
 
 
 
 
 


 


OPG Nuclear Stations continue 
to lead in Safety 
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Reliability 
 
OPG's nuclear facilities are transitioning through a refurbishment and life extension which has 
impacted OPG’s performance under the Reliability cornerstone.  
 
To facilitate extended operations, OPG is experiencing 
a significant number of planned outage days. Despite 
the higher planned outage days, Pickering’s 
performance metrics improved compared to 2017 such 
as the Unit Capability Factor (UCF). On-line Deficient 
Maintenance Backlogs, and On-line Corrective 
Maintenance Backlogs also improved. At Pickering, the 
most significant improvement was the On-line Deficient 
Critical Maintenance Backlogs performing better by a 
78% reduction compared to 2017, which was largely 
attributed to a deliberate focus on scheduling deficient critical maintenance. 
 
Pickering’s NPI performance and Forced Loss Rate (FLR) have improved considerably since 2013 
as the station continues to drive plant reliability improvements via the system health improvement 
process and recovery actions and the station has seen significant improvements in completion of 
critical preventive maintenance work. 
 
Certain Darlington reliability metrics showed sustained or improved performance (e.g., WANO 
NPI, FLR, UCF, On-line Corrective Critical Maintenance Backlogs). Equipment reliability 
improvements at Darlington has been the main driver for the favourable improvement in FLR and 
UCF performance. Darlington improved their On-line Corrective Maintenance Backlogs by 
reducing the number of work orders per unit relative to 2017 as a result of continued station focus, 
overall maintenance efficiency and improved schedule quality.  On-Line Deficient Maintenance 
Backlogs experienced a slight decline in performance as OPG prioritized execution of Corrective 
Critical Maintenance Backlogs, which has a greater effect on the safe and reliable operation of the 
plant than the deficient items. The fleet initiative Right Work Right Time and Right Value’s 
implementation of Value Based Maintenance (VBM), the use of the cross-functional Fix It Now 
(FIN) team to tackle emergent station work, along with other initiatives to drive maintenance 
productivity, are expected to improve station backlog measures.  
 
Darlington’s CPI performance experienced challenges in 2018 due to chronic Unit 3 condenser 
tube leaks causing increased boiler conductivity, as well as increased Feed Water iron levels during 
startups following the unit outages.  A Corrosion Product Transport (CPT) reduction plan is in 
place, which includes: condenser cleaning following maintenance, condenser hot well flushing 
prior to restart and placing condensate filtration unit in service during startup.  
 
 
 
 
 
 
 


OPG Nuclear Stations have 
significantly improved in reducing 
maintenance backlogs.  Corrective 


Critical backlogs are at 0 at 
Darlington and Pickering 
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Value for Money 
 
Darlington’s TGC per MWh performance was in second quartile in 2018 after normalizing1 for 
refurbishment as well as CANDU technology (including outage duration) and age-related impacts. 
Before normalization, Darlington was in the fourth quartile, driven largely by cost impacts for life 
post-refurbishment and reduced generation associated with refurbishment work. Darlington 
sustained top quartile performance in Fuel Cost per MWh. 
 
Pickering’s Total Generating Cost (TGC) per MWh performance in 2018 was comparable to 2017. 


Normalizing Pickering’s TGC per MWh for CANDU 
technology (including outage duration) and age-related 
impacts improved its ranking by eight positions within 
the fourth quartile. Pickering largely managed cost 
pressures and TGC per MWh remained relatively flat 
over the 2013-2018 period with a compound growth rate 
of 0.17%.  Pickering maintained best quartile 
performance in Fuel Cost per MWh and Capital Cost per 


MW DER.    
 
Site capacity (reflecting unit size) as well as outage durations required to extend operations 
continued to contribute to Pickering’s TGC per MWh. Pickering units are the smallest in the peer 
group with total unit capacity of 540 MW compared to the peer group average of 1,026 MW.  The 
majority of the generating units in the peer group fall within the 900 to 1,299 MW range.   
 
Pickering’s TGC per generating unit demonstrated strong performance with Pickering placing 
among the best in the peer group. 
 
 
Human Performance 
 
In the area of Human Performance, Darlington improved their human performance error rate and 
remained in the median quartile.  However, Pickering declined to the fourth quartile in 2018, 
resulting from two station event free day resets.  The Human Performance Fleet Excellence plan 
is targeting the following areas to address the key drivers and drive continuous improvements. The 
focus areas are: Nuclear Professionals/Human Performance (HU) integration, improve vendor HU 
proficiency, HU training improvements, innovations to improve HU trending and early 
identification and simplify event evaluation tools.  


                                                           
1 See section 4.0 for a description of the TGC/MWh normalization methodology. 


TGC/MWh was impacted by life 
extension and refurbishment.  
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Benchmarking Results – Plant Level Summary  


Table 1 provides a summary of OPG Nuclear’s 2018 performance compared to benchmark 
results.  


Table 1: Plant Level Performance Summary 
 


  


Metric NPI Max Best Quartile Median Pickering Darlington


Safety
Total Recordable Injury Frequency (#/200k 
hours worked) 0.76 N/A1 0.16 0.32


Rolling Average2 Industrial Safety Accident 
Rate (#/200k hours worked)


0.20 0.00 0.02 0.05 0.04


Rolling Average2 Collective Radiation Exposure 
(Person-rem per unit)


80.00 38.93 81.65 81.65 85.43


Airborne Tritium Emissions (Curies) per Unit3 972 2,173 2,772 982


Fuel Reliability Index (microcuries per gram) 0.000500 0.000001 0.000006 0.000837 0.000187


2-Year Reactor Trip Rate (# per 7,000 hours) 0.50 0.00 0.00 0.33 0.15


3-Year Auxiliary Feedwater System 
Unavailability (#) 0.0200 0.0000 0.0000 0.0039 0.0000


3-Year Emergency AC Power Unavailability (#) 0.0250 0.0005 0.0024 0.0000 0.0026


3-Year High Pressure Safety Injection 
Unavailability (#) 0.0200 0.0000 0.0000 0.0000 0.0000


Reliability
WANO NPI (Index) 93.0 90.7 74.9 90.7


Rolling Average2 Forced Loss Rate (%) 1.00 1.03 1.46 5.20 1.94


Rolling Average2 Unit Capability Factor (%) 92.00 89.42 86.93 79.55 86.89


Rolling Average2 Chemistry Performance 
Indicator (Index) 1.01 1.00 1.01 1.02 1.03


1-Year On-line Deficient Maintenance Backlog 
(work orders per unit) 41 59 279 124


1-Year On-line Deficient Critical Maintenance 
Backlog (work orders per unit) 0 2 9 9


1-Year On-line Corrective Maintenance 
Backlog (work orders per unit) 2 4 17 6


1-Year On-line Corrective Critical Maintenance 
Backlog (work orders per unit) 0 0 0 0


Value for Money
3-Year Total Generating Cost per MWh ($ per 
Net MWh) 35.59 43.41 67.76 59.06


Normalized 3-Year Total Generating Cost per 
MWh ($ per Net MWh) 33.14 37.75 49.29 37.65


3-Year Total Generating Cost per Unit (M $ per 
Unit) 288.06 324.52 234.18 384.74


Normalized 3-Year Total Generating Cost per 
Unit (M $ per Unit) 257.48 307.10 183.77 257.65


3-Year Non-Fuel Operating Cost per MWh ($ 
per Net MWh) 21.67 25.03 57.92 42.14


Normalized 3-Year Non-Fuel Operating Cost 
per MWh ($ per Net MWh) 21.67 24.84 N/A 36.37


3-Year Fuel Cost per MWh ($ per Net MWh) 6.84 7.97 4.86 4.92


3-Year Capital Cost per MW DER (k$ per MW) 41.03 58.98 33.39 89.03


Normalized 3-Year Capital Cost per MW DER 
(k$ per MW) 41.03 58.98 N/A 73.46


Human Performance
18-Month Human Performance Error Rate (# 
per 200k ISAR and contractor hours) 0.0310 0.0595 0.1431 0.0510


Notes


2018 Actuals


1. No median benchmark available.
2. Indicates a 2-Year Rolling Average for Pickering and a 3-Year Rolling Average for Darlington.
3. 2017 Industry data is used because 2018 results were unavailable at the time of benchmarking.


Green  =  maximum NPI results achieved or best quartile performance 


White  =  2nd quartile performance


Yellow  =  3rd quartile performance


Red  =  4th quartile performance
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Background 


This report presents a comparison of OPG Nuclear’s performance to that of nuclear industry peer 
groups both in Canada and worldwide.  The results of this report are used during business planning 
to drive top-down target setting with business improvement as the objective. 
 
Performance Indicators 


Good performance indicators used for benchmarking are metrics with standard definitions, reliable 
data sources, and utilization across a representative portion of the industry.  Good indicators allow 
for benchmarking to be repeated year after year in order to track performance and improvement.  
Additionally, when selecting an appropriate and relevant set of metrics, a balanced approach 
covering all key areas of the business is essential.  In accordance with these criteria, key 
performance indicators have been selected for comparison to provide a balanced view of 
performance and for which consistent, comparable data is available.  These indicators are listed in 
Table 6 of Section 7.0 and are divided into four categories aligned with OPG Nuclear’s four 
cornerstones of safety, reliability, value for money, and human performance. 
 
Industry Peer Groups 


Peer groups were selected based on performance indicators widely utilized within the nuclear 
industry.  Overall, six different peer groups were used as illustrated in Table 6 of Section 7.0 and 
panel members are detailed in Tables 7 to 12 of Section 7.0.  
 


Report Structure 


Sections 2.0 to 5.0 of the report focus on the four OPG Nuclear cornerstone areas, with detailed 
comparisons at the plant, and where applicable, unit level.   
 
Section 6.0 of the report provides an operator level summary across a few key metrics.  The 
operator level analysis looks at fleet operators, primarily across North America, utilizing a simple 
average of the results (mean) from each of their units/plants.  Operations related (WANO NPI and 
UCF) results were averaged at the unit level and cost related (TGC per MWh) results were 
averaged at the plant level.  While the operator level summary can be informative, it is more 
appropriate to look at OPG’s two nuclear facilities individually given that they are at different 
stages of their lifecycle, have different sized units and reflect different generations of CANDU 
technology. The detailed data in sections 2.0 to 5.0 of the report provide a more complete picture 
of plant by plant performance. 
 
Section 7.0 provides an appendix of supporting information, including common acronyms, 
definitions, panel composition details and a WANO NPI plant level performance summary of OPG 
nuclear stations against the North American panel.   
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2.0 SAFETY 
Methodology and Sources of Data 
The majority of safety metrics were calculated using data from WANO.  Data labelled as invalid 
by WANO were excluded from all calculations.  Indicator values of zero are not plotted or included 
in calculations except in cases where zero is a valid result.  Current data are obtained and 
consolidated with previous benchmarking data.  The Embalse plant has been excluded since it was 
taken offline since December 31, 2015 for refurbishment. 
 
The Total Recordable Injury Frequency (TRIF) was calculated using data from the Canadian 
Electricity Association (CEA).  Median information and individual company information are not 
available for this metric. Therefore, only trend and best quartile information have been presented.  
The peer group for this metric is limited to Group I members of CEA (Section 7.0, Table 10). 
 
Airborne Tritium Emissions per unit data were collected from the CANDU Owners Group (COG) 
as displayed in the historical trend line chart.  The peer group for this metric is all CANDUs who 
are a member of COG.  
 
Nine metrics are included in this benchmarking report to reflect safety performance, including 
seven of the ten metrics which comprise the WANO Nuclear Performance Index:  Industrial Safety 
Accident Rate, Collective Radiation Exposure, Fuel Reliability Index, Automatic Reactor Trips, 
Auxiliary Feedwater Safety System Unavailability, Emergency AC Power Safety System 
Unavailability, and High Pressure Safety Injection Unavailability.  The remaining WANO NPI 
metrics are included in Section 3.0 under the Reliability cornerstone.  In addition to the WANO 
sub-indicators listed above, the CEA Total Recordable Injury Frequency and the COG Airborne 
Tritium Emissions per unit are included in this section of the report. 
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Total Recordable Injury Frequency 
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Observations – Total Recordable Injury Frequency (TRIF) (Canadian Electricity 
Association - CEA) 
 


2018 (Annual Value) 
 The Total Recordable Injury Frequency (TRIF) (All Injury Rate (AIR) was used in 


previous benchmarking reports) incorporates all lost time and medically treated injuries 
incurred by OPG employees working on site. 


 Pickering, Darlington, and OPG Nuclear as a fleet all performed better than the CEA 
top quartile value of 0.76.  


 Darlington’s TRIF improved performance compared to 2017 from 0.40 to 0.32 in 2018  
 Pickering’s TRIF has seen an increase from 0.06 in 2017 to 0.16 in 2018.   
 OPG benchmarks against CEA Group 1 (a sub-set of all CEA members), which 


incorporates approximately 11 organizations with more than 1500 employees, 
including most provincial utilities. 


 In 2018, OPG was the top performer of all Group 1 members.  
 


Trend 
 While the industry Best Quartile has improved from last year, Darlington, Pickering 


and OPG Nuclear have consistently performed significantly better than the benchmark 
value over the past five years.   


 Darlington, Pickering and OPG Nuclear TRIF performance has remained relatively 
stable from 2017 to 2018.  


 Darlington Nuclear had a successful WANO evaluation in 2018, resulting in zero areas 
for improvement in Industrial Safety 


 
Factors Contributing to Performance 
 Conventional Safety performance trends are monitored such that action plans to support 


continuous improvement can be implemented. These actions plans incorporate Human 
Performance based objectives, which are aimed at positively improving employee’s 
risk based decision making process.   


 OPG encourages a proactive reporting culture that seeks to identify and address hazards 
before they lead to employee injuries. Proactive reporting is tracked, trended and 
managed via the Station Condition Record process.   


 In 2019, OPG has introduced a leading indicator safety metric called Timely 
Completion of Safety Corrective Actions (TCSCA).  This new metric tracks the 
corrective actions, arising from safety events, for completion on or before the targeted 
due date.  It aims to encourage positive behaviors and outcomes in our employees and 
work programs and demonstrates OPG’s commitment to prioritize safety related 
actions.   


 To further improve safety performance, OPG is making efforts to move the company 
beyond a ‘compliance-based’ mindset to a ‘value-based’ mindset.  Multiple initiatives 
continue to be underway from 2018 and 2019 which include: ‘iCare’ branding and tone 
in training forums, safety communications, and in-field safety observations via an iCare 
Snapshot program. 
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Rolling Average Industrial Safety Accident Rate 
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Observations – Rolling Average Industrial Safety Accident Rate (ISAR) (World 
Association of Nuclear Operators - WANO) 
 


2018 (Rolling 2 Year Average Pickering, Rolling 3 Year Average Darlington) 
 The Industrial Safety Accident Rate (ISAR) incorporates all lost time injuries and 


restricted work injuries incurred by OPG employees working on the site.  
 For reporting the ISAR, a 2-year rolling average was used for all panel members with the 


exception of the Darlington station which follows a 3-year outage cycle. This is consistent 
with the World Association of Nuclear Operators (WANO) Nuclear Performance Index 
(NPI) reporting guidelines.  


 WANO top quartile in 2018 remained unchanged from 2017 at 0.00 (i.e. zero ISAR 
events). Median performance was 0.02, which was an increase from 0.00 in 2017. 


 Both Pickering and Darlington achieved maximum NPI points for the ISAR in 2018.  
 Pickering ISAR performance remains steady from 2017 to 2018 (0.05 to 0.05).  
 Darlington ISAR performance remains steady from 2017 to 2018 (0.04 to 0.04).  
 
Trend 
 Darlington’s ISAR rolling average has maintained its performance from 2017 of 0.04 and 


continues to show an overall improved performance over the past five years.  
 Pickering’s ISAR rolling average has shown a generally stable performance over the past 


five years.  
 The ISAR median has seen a slight increase in 2018 to 0.02 but shows a steady 


performance over the past five years.  The industry best quartile has remained at zero for 
the past five years.  


 While the ISAR median has increased in 2018, Pickering and Darlington ISAR have 
sustained at the same level 


 
Factors Contributing to Performance 
 ISAR is a measure of “permanent utility personnel” and does not include contractors. 


Many of the utilities in the benchmarking group utilize contractors to a greater extent than 
OPG Nuclear for higher risk work activities (e.g. outages). This can negatively impact 
OPG Nuclear’s ISAR in comparison to the reported industry benchmark quartile and 
median.  


 OPG Nuclear continues to monitor performance trends in the area of conventional safety 
and implements timely and specific action plans to support continuous improvement. 
These actions plans incorporate Human Performance based objectives, which are aimed at 
positively improving employees risk based decision making process.  


 One major continued focus for OPG Nuclear in 2018 and 2019 is to move the company 
beyond a ‘compliance-based’ mindset to a ‘value-based’ mindset.  OPG Nuclear is 
investing efforts to incorporate tactics that trigger personal reasons why everyone must 
choose to work safely.  An ‘iCare’ branding and tone is being applied in multiple training 
forums, safety communications, and in safety observations in the field.  With the ‘iCare’ 
principle, OPG aims to address safety as a value beyond compliance.  
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Observations – Rolling Average Collective Radiation Exposure (CANDU) 
 


2018 (Rolling 2 Year Average Pickering, Rolling 3 Year Average Darlington) 


 Collective Radiation Exposure (CRE) is an industry composite indicator encompassing 
external and internal collective whole body radiation dose.  


 The planned outage cycles for each unit at Pickering Nuclear Generating Station (PNGS) 
and Darlington Nuclear Generating Station (DNGS) are two-year and three-year, 
respectively. Rolling average CRE for each unit at both stations is derived based on these 
outage cycles. 


 The number of planned outages, work scope and as well as outage duration significantly 
contributed to plant level and unit rolling average CRE performance. Historically, Pickering 
has 3.0 major planned outages per year; Darlington averages 1.3 outages per year over the 
three year outage cycle.  


 The CRE reflects total work scope performed during the year and it varies year by year. 
Therefore, the increase in the rolling average CRE may be attributable to larger work scope, 
not necessarily deficiencies in Radiation Protection program and dose reduction initiatives. 


 Darlington Unit 2 began a long-term refurbishment outage on October 15, 2016. Dosage 
associated with Refurbishment activities has been excluded.  


 The best quartile for CANDU Units in 2018 was lower than 2017, while the median value 
was higher than in 2017. The best quartile and median values (person-rem/unit) in 2018 vs. 
2017 were 38.93 vs. 42.77 and 81.65 vs. 63.16, respectively. The benchmark value was 80 
person-rem/unit. Full NPI Points were obtained at 80 person-rem/unit or less; no points were 
earned at 140 person-rem/unit or more.  


 At the plant level, PNGS dose performance was 81.65 person-rem/unit which met the 
CANDU plant-level median value of 81.65 person-rem/unit. 


 At the unit-level, PNGS  dose performance value of 15.59 person-rem/unit for Unit 7 and of 
79.14 person-rem/unit for Unit 8 were better than the maximum NPI points of 80.0 person-
rem/unit, as well as the median value of 79.97 person-rem/unit.  Unit 7 dose performance 
was also better than the best quartile value of 33.94.  The performance of other four units 
were above the maximum NPI point value and the median value.  


 In 2018 at PNGS, there were three planned outages (Unit 4, 6, 8), five forced outages (Unit 
4, 6 and three on Unit 8) and two sudden outages. In addition, Unit 1 planned outage was 
completed January 3, 2018. 


 At the plant level, DNGS dose performance was 85.43 person-rem/unit which was above the 
CANDU plant-level median value of 81.65 person-rem/unit.  


 At the unit-level, DNGS dose performance value of 84.70 person-rem/unit for Unit 1, and of 
93.93 person-rem/unit for Unit 4 was above the maximum NPI points of 80.0 person-
rem/unit, as well as the median value of 79.97 person-rem/unit. Unit 3 dose performance 
value of 77.65 person-rem/unit was better than the maximum NPI and the median values.  


 In 2018 at DNGS, there were 2 planned outages (Unit 3 and Unit 4). 
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Trend 


 Overall, Pickering plant-level performance has improved since 2013, approaching toward the 
maximum NPI value of 80 person-rem/unit. The rolling average is impacted by scope 
increases during outages and longer outage duration. 


 Pickering unit-level performance improved from 2017 in Units 4, 7, and 8. Units 7 and 8 were 
better than the median value of 79.97 person-rem/unit. While Unit 4 performance improved 
significantly from 2017, Units 1, 4, 5, and 6 were above the median value of 79.97 person-
rem/unit. 


 Overall, the Darlington plant-level collective dose is above the median value since 2017, due 
to plant aging, increased outage scope and duration and to accommodate a single fuel channel 
replacement. Plant-level collective dose has decreased from 2017 and is approaching median 
values in 2018. 


 Darlington unit-level performance has improved compared to last year, particularly Unit 3. In 
2017, Unit 1, 3, and 4 were above the median value of 79.02 person-rem/unit. In 2018, the 
collective dose for all Darlington 3 units have decreased and Unit 3 was below the 2018 
median value of 79.97 person-rem/unit. 


Factors Contributing to Performance Rolling Average Collective Radiation Exposure 
(CANDU) 


 The following factors play a significant role in the CANDU reactors’ CRE performance: 
planned outage scope and outage duration, tritiated ambient air in accessible and access 
controlled areas, effectiveness of mitigation measures and initiatives being implemented to 
reduce identified sources of radiological hazards, and human performance during execution of 
radiological tasks.  


 The following list represents common practices that demonstrate continuous improvement 
and help maintain good CRE performance for CANDU type reactors: 


o Robust Site As Low as Reasonably Achievable (ALARA) Committee, chaired by 
Facility Senior Vice President.  


o Reactor face shielding to reduce dose rates.  
o Use of custom vault platforms to improve workflow.     
o Teledosimetry.  
o Process fluid detritiation.  
o Use of Munters driers to enhance existing measures to minimize ambient airborne 


tritium levels.  
o Optimization of Fuelling Machine purification using Ion Exchange with annual resin 


replacement and/or sub-micron filters.  
o Sub-micron filtration in the Primary Heat Transport system.  
o Use of independent radiological oversight for higher risk work to improve human 


performance during execution of radiological tasks.  
o Daily accounting of dose, and work group focus on Radiation Protection 


Fundamentals.  
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 OPG establishes internal administrative dose limits to ensure that dose to each exposed 
individual is managed and maintained well below individual regulatory limits. 


 Implementation of Dose Goal Reporting and Monitoring where individuals take ownership 
of their dose and strive to maintain ALARA exposure. 


 OPG Nuclear fleet-wide and site specific initiatives have been implemented to incorporate 
the industry best practices noted above. 


 Specific key initiatives are described below. 
 


Pickering 
 Implementation of Lanxess Dose Reducing Resin in Units 1 and 4, contributing to a 20% 


reduction in reactor face dose rates. 
 Leveraging technology to avert dose using robotic equipment and remote monitoring of 


systems 
 Deployment of CZT (Cadmium Zinc Telluride) Gamma Cameras and Gamma 


Spectrometers for enhanced source term monitoring.   
 Source term reduction, including improvements to process fluid filtration and detritiation.  
 Source term mitigation, including optimization of shielding for reactor face work, 


improvements to the shielding canopy for reactor face work, and dryer system health 
management for improved performance and reliability.  


 Human performance involvement and oversight by Radiation Protection (RP) staff in 
respect of work with elevated radiation risk.  


 Focus on dose to the individual through implementation of daily dose goals.  
 Improving RP worker practices by driving individual accountability.  
 Work Group specific dose reduction plans are being developed and implemented.  
 Use of Dynamic Learning Activities for focused program areas to permit mentoring of 


‘what excellence looks like’ in realistic work environments with simulated radiological 
conditions.  


 Implementation of an extensive network of remote reading radiation instrumentation and 
other tools to provide real-time information on radiological conditions and minimize time 
and therefore dose in radioactive work areas.  


 Use of portable gamma spectrometers to improve source term characterization.  
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Darlington 
 Implementation of specialized magnetic shielding on Emergency Coolant Injection 


piping to effectively reduce hazard levels from hot spots.  
 Development of performance guidelines for radiation protection oversight in order to 


prevent, escalate, or intervene when safety trends begin to decline. 
 Optimization of breathing air management strategy with identification and tracking of 


defective units and use of short air hoses at breathing air headers to reduce the number 
of times workers need to connect and disconnect from the manifold, which causes 
excessive wear. 


 Implementation of dose reducing resin in PHT Ion Exchange Columns to reduce dose 
rates due its higher retention of significant radionuclides.  


 Planned contingency steps to manage jobs which involve a potential risk of wetting by 
tritiated heavy water.  


 Initiated improvements in pre-job briefings to include discussion of expected dose 
(dose goals) that may be accumulated based on thorough understanding of work scope 
and hazard levels.   


 Employed high definitions cameras to accurately identify leaking closure plugs during 
unit outages to minimize airborne tritium in the vault atmosphere. 


 Developed and implemented a reactor face shielding strategy to reduce dose while at 
the same time minimize the risks of personnel injury during shielding installation.  


 Implemented an improved feeder ice jacket including the application of long handled 
tools for jacket installation and remote data acquisition.  


 Effectively utilized Teledosimetry to reduce Radiation Protection Coordinator dose. 
Utilized Teledosimetry as a coaching tool to improve worker radiation protection 
practices and reduce dose.  


 Tritium mitigation strategies have been developed and implemented to reduce 
airborne tritium concentrations inside containment and confinement rooms.  


 Developed and implemented X-ray Fluorescence (XRF) spectroscopy to identify 
cobalt residues in an effort to reduce cobalt deposits in the moderator system during 
valve overhaul activities thus reducing overall radiation dose.  


 Work Group specific dose reduction initiatives have been developed and 
implemented. 
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Airborne Tritium Emissions per In Service Unit 
 


 
 
Notes:  


 Median and Best Quartiles are plotted till 2017 as the 2018 results were unavailable at the time 
of benchmarking. 


 Darlington values exclude Tritium Removal Facilities emissions consistent with COG 
benchmarking results. 
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* Industry data based on 2017 as it is the best available information at the time.  Pickering and 
Darlington results are 2018. 
†Excludes emissions from Tritium Removal Facility. 
Notes:  


 Two plants are excluded as one plant’s 2017 data is unavailable and another plant was taken 
offline since December 31, 2015 for refurbishment.  
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  Observations – Airborne Tritium Emissions (Curies) per In Service Unit 
 


2018 (Annual Value)  
 The 2017 industry results collected by the CANDU Owners Group (COG) are included 


in this report as the most up-to-date figures available for benchmarking performance. 
As of 2013, tritium emissions from the Tritium Removal Facility (TRF) are no longer 
included in COG benchmarking results for Darlington. 


 Airborne tritium emissions from OPG facilities for 2018 are compared per in service 
reactor unit. As such, emissions from Darlington Unit 2 are not included in this 
benchmarking report due to the shutdown of Unit 2 in October 2016 for refurbishment. 


 Curies per in service unit at best quartile CANDU plants was 972 or lower. 
 Darlington performed at 982 curies per in service unit which is slightly above the best 


quartile threshold of 972 curies per in service unit, placing it in the median quartile of 
the in service units. 


 Pickering’s performance remained in the third quartile in 2018 with 2,772 curies per in 
service unit, higher than the industry median threshold of 2,173 curies per in service 
unit. 


 
Trend 
 Darlington and Pickering tritium emissions to air continue to be less than one per cent 


of the regulatory limits. 
 Performance at Pickering improved in 2018, mainly due to effort by the High Impact 


Team (HIT) to drive tritium reduction activities.   Increased emissions in 2016 and 
2017 were primarily due to tritiated water in the Fuel Transfer Conveyor Tunnel being 
vented to monitored stacks, leaks and dryer performance issues.  


 Performance at Darlington in 2018 is slightly higher than that in 2017, mainly due to 
dryer performance issues in Unit 3. 


 The industry trend line graph shows that industry best quartile performance has been 
decreasing since 2014. 
 


Factors Contributing to Performance 
 Key factors affecting performance at Darlington and Pickering include the following: 


o Leaks from various equipment or systems, 
o Declining vapour recovery dryer performance, 
o Increased unit source term (e.g., higher moderator tritium concentrations), 
o Station focus on tritium emission reduction initiatives include dedicated teams 


to ensure daily emissions monitoring, sustaining and improving dryer 
performance, heavy water leak minimization, tritium program development and 
innovations 


o Other improvement initiatives include OPG’s ongoing participation in COG 
environmental benchmarking of participating CANDU stations to determine 
best environmental practices. 
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Fuel Reliability Index 
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Observations – Fuel Reliability Index (CANDU - FRI) 
 


2018 (Most Recent Operating Quarter) 
 The best quartile and median values for Fuel Reliability Index (FRI) performance for 


CANDU plants were 0.000001 μCi/g and the median value was 0.000006 μCi/g. 
 The average Pickering plant level FRI performance at 0.000837 μCi/g in 2018 and was 


worse than the CANDU plant median. 
 The average Darlington plant level FRI performance at 0.000187 μCi/g in 2018 was 


worse than the CANDU plant median. 
 Post-discharge fuel inspections for Pickering indicated that the overall condition of fuel 


inspected was acceptable and consistent with previous years. Fuel inspections for 
Pickering confirmed two fuel defects in 2018. No fuel issues of significance arose at 
Pickering in 2018. 


 Post-discharge fuel inspections for Darlington indicated that the overall condition of fuel 
inspected was acceptable and consistent with previous years. Fuel inspections for 
Darlington confirmed one fuel defect occurred in 2018. No fuel issues of significance 
arose at Darlington in 2018. 


 
Trend 
 The best quartile for CANDU plants remained relatively consistent at 0.000001 from 


2014. The median values for CANDU plants has generally improved from 2013 and 
remains quite low at 0.000006 in 2018. 


 The Pickering station FRI performance has generally declined since 2013 with an 
exception of an improved performance from 2014 to 2016. 


 The Darlington station FRI performance has generally improved since 2013. FRI 
performance is due to the low incident rate for fuel defects in recent years. 


 
Factors Contributing to Performance 
Two defects were confirmed at the Pickering station in 2018. A team was formed to 
investigate the fuel defects incidents and the cause was found to be primarily due to debris 
fretting.  
The steps being taken to improve FRI performance and prevent the potential of fuel defects 
are the following: 


 Improving the methods of surveillance and elimination of the possibility of foreign 
materials entrance into the Heat Transport System (HTS) due to Fuel Handling and 
Outage practices, 


 Developing a fuel defect guideline for Pickering, 
 Increasing scope of HTS grab sampling and analysis, 
 Assessing and comparing Units 1, 4 and 5 to 8 power ramps, 
 Assessing impact of adjuster burn-out during operation, 
 Assessing impact of pressure tube creep on fuel performance, 
 Fuel bundle manufacturing assessment, 
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2-Year Unplanned Automatic Reactor Trips 
  


  


 3rd party examinations of unirradiated Pickering fuel bundles, 
 Irradiated fuel inspections and examinations, 
 Improving capability of detecting the defected fuel bundles during the discharge from the 


fuelling machines, and 
 Improving the capability of the in-bay inspection of the suspected fuel bundles to be 


defected. 
 


Darlington had only one suspect fuel defect in 2018. The steps being taken to improve FRI 
performance and prevent the potential of fuel defects are the following: 
 New fuel with tighter tolerances for mass was received and is currently being used, 
 Installed a new fuel inspection facility and completed inspections in East Fuelling Facility 


Auxiliary Area; confirmed defects in all suspect bundles and all fuel defects originated 
from one batch of 2786 bundles, 


 OPG-supplier co-operation resulted in installation of an automatic loader of fuel pellets 
complete with a “go/no go” pellet diameter monitor, 


 Close monitoring of existing fuel bundle inventory and core load, and 
 Projects in progress on Gaseous Fission Products (GFP) and feeder scanners to improve 


ability to locate defects on power and during outages. 
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0.000


0.100


0.200


0.300


0.400


0.500


0.600


2013 2014 2015 2016 2017 2018


# 
p


e
r 


7
,0


0
0


 H
o


u
rs


 C
ri


ti
ca


l
2-Year Unplanned Automatic Reactor Trips


CANDU Plant Level Benchmarking


DN Median Best Quartile Max. NPI PN


0.00


0.20


0.40


0.60


0.80


1.00


1.20


1.40


2013 2014 2015 2016 2017 2018


# 
p


e
r 


7
,0


0
0


 H
o


u
rs


 C
ri


ti
ca


l


2-Year Unplanned Automatic Reactor Trips
CANDU Unit Level Benchmarking


Darlington 1 Darlington 2 Darlington 3


Darlington 4 Pickering 1 Pickering 4


Pickering 5 Pickering 6 Pickering 7


Pickering 8 Median Best Quartile


Max. NPI


Good 


Good 


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 3 
Page 28 of 111







OPG Confidential – Internal Use Only   2019 Benchmarking Report 


- 27 - 


 


 


  


Pickering


Darlington


Median: 0.000


Best Quartile: 0.000


0.000 0.250 0.500 0.750 1.000 1.250 1.500


# per 7,000 Hours Critical


2018 2-Year Unplanned Automatic Reactor Trips
CANDU Plant Level Benchmarking


Max. NPI 


Threshold = 0.5 


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 3 
Page 29 of 111







OPG Confidential – Internal Use Only   2019 Benchmarking Report 


- 28 - 


 


 


 


Pickering 8


Pickering 4


Pickering 1


Pickering 6


Darlington 1


Median: 0.000


Best Quartile: 0.000


Pickering 5


Pickering 7


Darlington 4


Darlington 3


0.000 0.250 0.500 0.750 1.000 1.250 1.500


# per 7,000 Hours Critical


2018 2-Year Unplanned Automatic Reactor Trips
CANDU Unit Level Benchmarking


Max. NPI 


Threshold = 0.5 


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 3 
Page 30 of 111







OPG Confidential – Internal Use Only   2019 Benchmarking Report 


- 29 - 


 


 


Good 


Observations – 2-Year Unplanned Automatic Reactor Trips (CANDU) 
 


2018 (2-Year Rolling Average) 
 The 2-year rolling average unplanned automatic reactor trip best quartile for CANDU 


plants was zero with a median of 0.00. For individual CANDU units, the best quartile 
and median values for unplanned reactor trip were zero. 


 At the plant level, Pickering’s trip rate of 0.34 was better than the maximum NPI 
threshold value of 0.50. On an individual unit basis, Units 5 and 7 with trip rate of zero, 
were at best quartile. Units 1 and 4 with the rate of 0.50, Unit 6 with the trip rate of 0.49 
and Unit 8 with trip rate of 0.52, were worse than the third quartile threshold of 0.47 
and better than the maximum value of 0.90. 


 At the plant level Darlington’s trip rate of 0.15 was below the maximum NPI threshold 
value of 0.50.  On an individual unit basis, Unit 3 and Unit 4, with a trip rate of zero, 
performed at the best quartile level. Unit 1 with a trip rate of 0.46, slightly better than 
the third quartile threshold of 0.47, is much better than the maximum value of 0.90. 
Unit 2 performance is excluded due to refurbishment. 


 
Trend 
 The unplanned automatic reactor trip best quartile for CANDU plants has been zero 


since 2013. The median value improved in 2014 from 2013, then slightly declined in 
2015, and further deteriorated in 2016 and 2017. The median value in 2018 was zero. 
On an individual unit basis, the industry best quartile and median has remained at zero 
since 2013.  


 At the plant level, Pickering station performance improved each year from 2013 to 
2015, but declined each year from 2016 to 2018. On an individual unit basis, Unit 1 
performance declined from 2013 to 2014 and improved in 2015. After reaching a zero 
trip rate in 2016, performance declined in 2017 and 2018. Unit 4 performance has 
significantly improved from 2013 and achieved the best results in 2014 and 2015 with 
a zero trip rate, but decreased in 2016, 2017, and 2018. Unit 5 performance has been 
trending better since 2015, achieving a zero trip rate from 2015 to 2018. Unit 6 has 
performed at a zero trip rate in 2013 and 2014, but performance declined in 2015 and 
2016. It reached a zero trip rate in 2017 again, but declined in 2018. Unit 7 performance 
improved from 2013, achieved the best performance in 2014 and 2015 with a zero trip 
rate, decreased in 2016 and 2017, but improved again in 2018 with a zero trip rate. Unit 
8 performance decreased in 2014 from 2013, the best performance with a zero trip rate 
was achieved in 2015, 2016, and 2017, but declined in 2018 again.  


 At the plant level, Darlington station performance improved from 2013, achieving the 
best result of a zero trip rate in 2014, but decreased each year from 2015 to 2017 and 
improved again in 2018. On an individual unit basis, Unit 1 has performed at a zero trip 
rate in 2013 and 2014, but the performance declined in 2015, improved in 2016, and 
slightly declined in 2017 and 2018. Unit 2 performance significantly improved in 2014, 
2015, and 2016 to a zero trip rate compared to 2013 (performance of Unit 2 in 2017 and 
2018 is excluded due to refurbishment). Unit 3 has consistently performed at a zero trip 
rate in 2013, 2014, and 2015, but declined in 2016, improved in 2017 and reached a 
zero trip rate in 2018 again. Unit 4 has consistently performed at a zero trip rate from 
2013 to 2018.  
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Factors Contributing to Performance 
 Key performance drivers for this metric include: general equipment reliability, material 


condition, and human performance. 
 In 2018, Pickering had 3 unplanned automatic reactor trips (1 on Unit 4, 1 on Unit 6, 


and 1 on Unit 8).  
 In 2018, Darlington had no unplanned automatic reactor trip.  
 On-going due diligence by Station Operations, Engineering, and Maintenance 


organizations. Operating Experience (OPEX) from each event has been shared at 
Pickering, Darlington and at the external summits.  


 Training material and technical procedures have been revised based on OPEX. 
 Like-for-like parts replacement has taken place to improve equipment reliability. 


System health teams are involved in obsolescence issues.  
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3-Year Emergency AC Power Safety Unavailability 
  


Observations – 3-Year Auxiliary Feedwater System (CANDU) 
 


2018 (3-Year Rolling Average) 
 Auxiliary feedwater (AFW) safety system performance at best quartile for CANDU 


plants was zero with a median value of 0.0000. For individual CANDU units, the best 
quartile was zero with the median value of 0.0012. 


 At the plant level, Pickering station, with an unavailability of 0.0039, is below the 
maximum NPI threshold value of 0.02. On an individual unit basis, all units achieved 
maximum NPI points for AFW unavailability.  


 Darlington station achieved best quartile performance of zero unavailability at both the 
station and unit levels in 2018. Performance of Unit 2 at Darlington is excluded due to 
refurbishment. 


 
Trend 
 The 3-Year Auxiliary Feedwater unavailability best quartile performance of CANDU 


plants maintained zero unavailability from 2013 to 2018. The plant level industry 
median value has fluctuated slightly over the review period but has remained below the 
NPI maximum threshold. At the unit level, the industry best quartile has remained at 
zero over the review period and the median value is at or close to zero over the review 
period except in 2018 when it increased but has remained below the NPI maximum 
threshold. 


 At the plant level, Pickering station performance approached the NPI maximum 
threshold in 2013 and 2014, but improved thereafter and achieved zero unavailability 
in 2017, but declined in 2018. On an individual unit basis, Unit 6 has consistently 
performed at zero unavailability over the review period except in 2018. Unit 1 
performance declined in 2014, improved thereafter and achieved an unavailability of 
zero in 2017, but declined in 2018. Unit 4 performance was at an unavailability of 
0.0090 and 0.0091 in 2013 and 2014, respectively and improved to zero unavailability 
from 2015 to 2018. Unit 5 performance improved from 2013 and reached zero 
unavailability in the period of 2016 to 2018. Unit 7 performed at zero unavailability in 
2013, declined in 2014, improved in 2015, deteriorated in 2016. In 2017 and 2018, 
performance improved to zero unavailability. Unit 8 performance declined in 2014 
from 2013. The performance in 2015 and 2016 is better than 2014 and reached zero 
unavailability in 2017 and 2018. 


 Darlington station and unit performance have been at zero unavailability since 2013.  
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Factors Contributing to Performance  
 Key performance drivers for this metric include: general equipment reliability, material 


condition, and human performance. 
 Quarter 1 – 2018, Pickering Unit 1 event: During execution of the routine test NA44-


SRS-P-007, Unit 1 Auxiliary Condensate Extraction Pump 1-43210-P4 tripped when 
selected back to ‘Auto’. A field inspection found the power supply breaker for the pump 
tripped causing it to be declared unavailable to start from Main Control Room (MCR). 
This resulted in ‘System Does Not Meet Design Intent’ Impairment of Auxiliary Boiler 
Feedwater System. Following pump motor megger and breaker inspection the cause of 
the pump trip was traced to a defective MCR panel hand switch. The hand switch was 
replaced, P-007 testing was successfully completed and the impairment was lifted. The 
routine test NA44-SRS-P-007 is performed every 4 weeks and it is designed to identify 
and correct hidden failures form affecting unit operation. 


 Quarter 2 – 2018, Pickering Unit 6 event - During the performance of the routine test 
NK30-SRS-P-023, it was discovered that Auxiliary Boiler Feedwater pump 6-43230-
P5 was not providing the required flow of 23 kg/s. “System Does Not Meet Design 
Intent” impairment was declared. The setpoint adjustment on pump pressure controller 
6-64323-PC206 was performed. Pump test was repeated and passed, impairment 
removed Extent of condition review analysis of routine tests NA44-SRS-P-001 / NK30-
SRS-P-023 were performed, and no adverse flow rate trends related to Auxiliary Boiler 
Feedwater system were identified. 
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Observations – 3-Year Emergency AC Power Safety System (CANDU) 
 


2018 (3-Year Rolling Average) 
 3-Year Emergency AC Power Safety System performance at best quartile for CANDU 


plants was 0.0005. The industry median value was 0.0024. 
 At the plant level, Pickering station is one of the best performing stations in the CANDU 


peer group, achieving an unavailability of 0.000. 
 Darlington station had an unavailability of 0.0026, below the maximum NPI threshold 


of 0.025.  
 


Trend 
 The 3-year Emergency AC Power Safety System unavailability industry best quartile 


for CANDU plants improved in 2014 from 2013, declined each year from 2015 to 2017 
and improved in 2018. The industry median value improved in 2014 from 2013, 
followed by a decline in 2015. Performance improved in 2016 and remained unchanged 
in 2017 with further improvement in 2018. 


 Pickering station performance has improved over the review period, reaching its best 
performance in 2014 and 2018, achieving zero unavailability, but station performance 
declined in 2015 and then remained unchanged in 2016 and 2017. 


 Darlington station performance achieved zero unavailability over the review period of 
2013 to 2017 and declined in 2018.  


 
Factors Contributing to Performance  
 Key performance drivers for this metric include: general equipment reliability, material 


condition, and human performance. 
 Quarter 2 – 2018, Darlington 0-49100-SG3 event - During the execution of Section 14.2 


“ECI Injection Valve Logic Initiated” of Abnormal Incident Manual NK38-OM-
09013G, a spurious Loss of Coolant Accident (LOCA) injection signal was received 
from Unit 2. This caused the Standby Generators (SGs) 0-49100-SG2, SG3, and SG4 to 
receive a start signal. 0- 49100-SG1 was on maintenance outage. Standby Generator 0-
49100-SG3 tripped on start up when the starter motor supply breaker tripped. This was 
due to a failure of the SG3 starter motor contactor that had contacts stuck closed. When 
SG3 tripped, while SG1 was on planned outage, this resulted in reduction of SG 
redundancy for Class III power supply. Mitigating actions included creation of an 
operating memo for actions to perform after each SG shutdown including SG starter 
motor contactor checks and installing original arc suppressors for SG1 to SG3. 
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  Observations – 3-Year High Pressure Safety Injection Unavailability (CANDU) 
 


2018 (3-Year Rolling Average) 
 The best quartile and median values for the 3-Year High Pressure Safety Injection 


Unavailability performance for CANDU plants were zero. For individual CANDU 
units, both the best quartile and median value were zero.  


 Pickering achieved best quartile performance of zero unavailability at the station level 
in 2018. 


 Darlington achieved best quartile performance of zero unavailability at both the station 
and unit levels in 2018. Performance of Unit 2 is excluded due to refurbishment. 


 
Trend 
 The 3-Year High Pressure Safety Injection unavailability best quartile performance of 


CANDU plants has been zero since 2013. The plant level industry median performance 
improved from 2013 and achieved zero unavailability from 2014 to 2018. At the unit 
level, the industry best quartile and median value have remained at zero over the review 
period.  


 At the plant level, Pickering station performance has consistently improved over the 
review period, achieving zero unavailability from 2014 to 2018. On an individual unit 
basis, Units 5, 6, 7, and 8 have been at the best quartile value of zero since 2013. Units 
1 and 4 performance improved from 2013 achieving zero unavailability from 2014 to 
2017, but slightly declined in 2018.  


 At the plant level, Darlington station performance has maintained a best quartile value 
of zero from 2013 to 2018. On an individual unit basis, Units 1, 3, and 4 have been at 
the best quartile value of zero since 2013. Performance of Unit 2 at Darlington is 
excluded due to refurbishment. 


 
Factors Contributing to Performance  
 Key performance drivers for this metric include: general equipment reliability, material 


condition, and human performance. 
 Quarter 1 – 2018, Pickering 058-33350-HTR16-3-TS3, HTR26-3-TS1, and HTR40-3-


TS2 - During routine panel monitoring, ECI heat trace alarm ("B" alarm for piping < 
6°C) was received. Per operating procedure NK30-OM-5-33350-05.13.04.01, HPECI 
pump 058-33350-P5 was placed in service in recirculation mode to mitigate the low 
piping temperature and prevent the freezing in the pipeline. As a result of warm water 
circulating in the HPECI piping, the low temperature alarm cleared. The impairment 
was removed and the HPECI pump P5 was shutdown. This leads to Level 2 impairment 
of ECI as per operating procedure NK30-AIM-058-09013-3.2, applicable to Units 1, 4, 
and 5 to 8 given that the water temperature in the HPECI piping was detected to be less 
than 6°C.  
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 Quarter 3 – 2018, Pickering Units 1 and 4 Emergency Cooling Injection (ECI) system 


- A lake debris run resulted in multiple Unit shutdowns for Pickering B. As a result of 
this Pickering Unit 1 and 4 experienced ECI Level 1 impairment due to normal Site 
Electrical System (SES) unavailable to 2-54120-BUB MCC18/MCC19 and 3-54120-
BUA MCC18/MCC19, which was reduced to Level 3 impairment by running standby 
generators 012-SG3 and 034-SG3, respectively. This leads to Unit 1 and 4 ECI system 
unavailability. 


 
To improve the system performance at Pickering station the following actions were 
taken: 
 
1) Investigated failure of primary heater to alarm and calibrate ECI heaters temperature 


switches. 
2) A memo documenting the probabilistic and deterministic safety assessment on 


running 014-SGs to supply Interstation Transfer Power Supply Buses (ISTB) once 
Pickering 058 supply to ISTB becomes unavailable was prepared. 


3) Document Change Request (DCR) against Operating Policy and Principle (OP&P) 
54.4 regarding standard configuration of ISTB submitted. 


4) DCR against ISTB Operating Safety Requirements (OSR) to align with OP&P 
submitted. 
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3.0 RELIABILITY 


Methodology and Sources of Data 
 
The majority of reliability metrics were calculated using data from WANO.  Any data labelled as 
invalid by WANO was excluded from all calculations.  Indicator values of zero are not plotted or 
included in calculations except in cases where zero is a valid result.  Complete data for the review 
period was obtained and averages are as provided by WANO.  The Embalse plant is excluded since 
it was taken offline since December 31, 2015 for refurbishment. 
 
Two backlog metrics, On-line Deficient and Corrective maintenance, are also included within this 
section and the data comes from an industry sponsored INPO AP-928 subcommittee.  The On-line 
Deficient and Corrective maintenance backlog industry data was collected from INPO for 2018.  
Data points benchmarked on backlogs are a single point in time, not a rolling average.  All of the 
data is self-reported.   
 
The primary metric within the reliability section is the WANO Nuclear Performance Index (NPI).  
A maximum score of 100 is possible. The WANO NPI is an operational performance indicator 
comprised of 10 metrics, three of which are analyzed in this section: Forced Loss Rate, Unit 
Capability Factor, and Chemistry Performance Indicator.  The remainder of the WANO NPI 
components are analyzed in the safety section (Section 2.0). 
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Observations – WANO Nuclear Performance Index (NPI) (CANDU) 
 
2018  
 The 2018 best quartile of the CANDU plant comparison panel for WANO NPI is 93.00. 


This represents a 6.3 points increase when compared with the 2017 best quartile. 
 The median of the CANDU plant comparison panel increased 5.74 points, compared to 


last year, to 90.74 in 2018.   
 At the plant level, Darlington scored at the median NPI while Pickering scored below 


median NPI performance in 2018. 
 In 2018, Darlington had one unit in the best quartile one in the second quartile and one 


in the third quartile. Pickering had two units in the third quartile and four units in the 
bottom quartile. 


 
Trend 
 The best quartile of the CANDU plant comparison panel trended positive in the low 


90’s from 2013 to 2016. In 2017 the best quartile performance trended down and 
recovered in 2018. 


 The median value of the CANDU plant comparison panel trended positive from 2013 
to 2015. It declined slightly in 2016 and 2017. This performance recovered in 2018. 


 A positive trend at Pickering began in 2014 and continued in 2015, 2016, and 2017 with 
a slight decline in 2018. This trend was due in part to improvements in the Forced Loss 
Rate (FLR) results in 2016, 2017, and 2018. 


 Darlington achieved best quartile performance over the majority of the review period, 
ranking at or just below top quartile until 2014. Performance declined in 2015 due to 
the station vacuum building containment outage for planned regulatory maintenance 
and higher FLR. The declining trend continued in 2016 due to Primary Heat Transport 
pump motor replacements affecting FLR and higher radiation dose from nuclear safety 
improvements projects. In October 2016, Darlington Unit 2 entered refurbishment. The 
same trend continued in 2017 due to unbudgeted outages affecting unit capability factor 
and FLR. In 2018, the trend improved due to lower number of unbudgeted and forced 
outages. 
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Factors Contributing to Performance 
 The WANO NPI is a composite index reflecting the weighted sum of scores of 10 


separate performance measures. A maximum score of 100 is possible. All of the sub-
indicators in this index are reviewed separately in this benchmarking report. 


 
Pickering 


 For 2018, Pickering achieved maximum scores or majority points for 8 out of 10 NPI 
sub-indicators. 


 For the key safety system related metrics of Reactor trip rate, High pressure injection, 
Auxiliary feedwater and Emergency alternating current (AC) power, the station received 
10 out of 10 points.  


 Pickering has also achieved a perfect score for Industrial safety accident rate (5 out of 
5).  


 Pickering earned 8.7 points for Fuel reliability. 
 Pickering achieved 4.8 points out of 5 for Chemistry performance and 7.9 out of 10 for 


Collective radiation exposure. 
 Pickering’s NPI performance is impacted by the need for long outages to accommodate 


fuel channel inspection programs, planned outages extension and forced outages that 
are affecting the unit capability factor, forced loss rate and collective radiation exposure 
metrics  


 Pickering received 2.5 out of 15 points for unit capability factor and 6.0 out of 15 for 
forced loss rate. 
 
Darlington 


 Darlington’s NPI performance has been impacted by higher forced loss rate and by a 
lower unit capability factor due to forced outages, planned outages and unbudgeted 
planned outages. 


 For 2018, Darlington has achieved maximum points for 6 out of 10 NPI sub-indicators. 
 For the key safety system related metrics of Reactor trip rate, High pressure injection, 


Auxiliary feedwater and Emergency alternating current (AC) power, the station received 
10 out of 10 points. 


 Darlington has also achieved a perfect score for Industrial safety accident rate (5 out of 
5) and Fuel reliability (10 out of 10).   


 Darlington earned 4.4 out of 5 points for Chemistry performance and 9 out of 10 points 
for Collective radiation exposure. 


 Darlington achieved 8.9 out of 15 points for unit capability factor and 13.5 out of 15 
points for forced loss rate. 
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Observations – Rolling Average Forced Loss Rate (CANDU) 
 


2018 (Rolling 2 Year Average, Pickering %; Rolling 3 Year Average, Darlington %) 
 The industry plant level best quartile was 1.03 and the industry median was 1.46. 
 Pickering Forced Loss Rate (FLR) had a slight decline in performance, increasing from 


5.01 in 2017 to 5.20 in 2018. 
 Darlington FLR performance improved from 3.47 in 2017 to 1.94 in 2018.  Unit 2 was 


excluded in both of these years due to refurbishment. 
 


Trend 
 Industry plant median FLR trend improved from 2.46 in 2017 to 1.46 in 2018. 
 Pickering’s overall trend over the review period, has shown considerable improvement, 


having been as high as 10.08 in 2014.  Although there was a slight decline in 
performance from 2017 to 2018, the 2018 FLR still remains well below the average of 
6.57 over the review period.  


 Over the review period, there has also been an improvement in FLR performance at 
Darlington. The 2018 FLR was well below the average FLR over the trending period of 
2.92.  


 Equipment reliability improvements at both Pickering and Darlington have been the 
main drivers for the favourable improvement in FLR performance.  


 
Factors Contributing to Performance 
 At Pickering, the causes for 2018 forced losses were varied, including: 


o Unit 8 inspection and refurbishment of fuelling machine D20 supply control 
valves


o Unit 1 turbine trip due to low stator cooling flow


o Unit 4 high condenser back pressure
o Unit 6 loss of power to class III bus during emergency transfer scheme testing 


(P-006) following loss of Class IV


 At Darlington, the causes for 2018 forced losses were also varied, including:  
o Unit 1 turbine trip circuit pressure switch failure  
o Unit 4 failed power supply for DCC 
o Unit 3 temporary loss of Class II bus 


 Both Pickering and Darlington continues reducing corrective and deficient work order 
backlogs through a reduction of incoming emergent work orders by proactive 
equipment replacements and minor modifications to improve/correct system and 
equipment performance.  


 Pickering and Darlington continues to drive plant reliability improvements via the 
system health improvement process and recovery actions. The Plant Reliability List of 
important work orders are implemented to improve system health.  


 Both Pickering and Darlington have seen significant improvements in completion of 
critical preventive maintenance work. 
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 There is currently a fleet initiative to implement Value Based Maintenance (VBM).  
Although it is still early in the process, the intent of this initiative is to ensure that the 
sites complete the right work at the right time. 


 The definition of critical components was aligned with industry standards which has 
allowed the organization to better focus the station equipment reliability processes 
and resources on the most critical components to improve overall equipment 
reliability and safety. 


 
 
 


 


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 3 
Page 56 of 111







OPG Confidential – Internal Use Only   2019 Benchmarking Report 


- 55 - 


 


Rolling Average Unit Capability Factor  


 


  


0.00


10.00


20.00


30.00


40.00


50.00


60.00


70.00


80.00


90.00


100.00


2013 2014 2015 2016 2017 2018


%
Rolling Average Unit Capability Factor


CANDU Plant Level Benchmarking


DN Median Best Quartile Max. NPI PN


0.00


10.00


20.00


30.00


40.00


50.00


60.00


70.00


80.00


90.00


100.00


2013 2014 2015 2016 2017 2018


%


Rolling Average Unit Capability Factor
CANDU Unit Level Benchmarking


Darlington 1 Darlington 2 Darlington 3


Darlington 4 Pickering 1 Pickering 4


Pickering 5 Pickering 6 Pickering 7


Pickering 8 Median Best Quartile


Max. NPI


Good 


Good 


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 3 
Page 57 of 111







OPG Confidential – Internal Use Only   2019 Benchmarking Report 


- 56 - 


 


 


Pickering


Darlington


Median: 86.93


Best Quartile: 89.42


0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00


%


2018 Rolling Average Unit Capability Factor
CANDU Plant Level Benchmarking


Max. NPI 
Threshold = 92 


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 3 
Page 58 of 111







OPG Confidential – Internal Use Only   2019 Benchmarking Report 


- 57 - 


 


  


 


Pickering 8                   


Pickering 4                   


Pickering 1                   


Pickering 6                   


Pickering 5                   


Darlington 1                  


Darlington 3                  


Median: 86.93


Darlington 4                  


Best Quartile: 90.99


Pickering 7                   


0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00


%


2018 Rolling Average Unit Capability Factor
CANDU Unit Level Benchmarking


Max. NPI 
Threshold = 92 


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 3 
Page 59 of 111







OPG Confidential – Internal Use Only   2019 Benchmarking Report 


- 58 - 


 


  
  


 


  


Observations – Rolling Average Unit Capability Factor-UCF (CANDU) 
 


2018 (Rolling 2 Year Average, Pickering %; Rolling 3 Year Average, Darlington %) 
 The industry best quartile was 89.42 and the industry median was 86.93.  
 Pickering UCF performance improved from 77.36 in 2017 to 79.55 in 2018.  
 Darlington UCF performance also improved from 82.17 in 2017 to 86.89 in 2018. It 


should be noted that Darlington Unit 2 began a long-term refurbishment outage on 
October 15, 2016 and data points associated with Refurbishment have been excluded 
with respect to UCF.  


 
Trend 
 Pickering’s UCF has been relatively stable over the past 3 years and improved in 


2018.  The overall trend of Pickering’s UCF demonstrates continuous improvement.  
 Darlington’s UCF has shown an overall downward trend over the past 4 years as units 


approach refurbishment but has seen significant improvement in 2018.  
 Equipment reliability improvements at both Pickering and Darlington have been the 


main drivers for the favourable improvement in UCF performance over the past year.   
 Industry plant median and best quartile UCF benchmarks both increased in 2018.  


 
Factors Contributing to Performance 
 Higher number of planned outage days contributes to lower UCF when compared to 


CANDU peers.  
 FLR performance challenges also negatively impact UCF. Significant improvements 


in equipment reliability have correlated with improved FLR and UCF performance 
and are expected to continue to do so going forward.  


 Pickering and Darlington continues to drive plant reliability improvements via the 
system health improvement process and recovery actions. The Plant Reliability List of 
important work orders are implemented to improve system health.  


 Both Pickering and Darlington have seen significant improvements in completion of 
critical preventive maintenance work. 
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Rolling Average Chemistry Performance Indicator 
 


  


 


1.00


1.05


1.10


1.15


1.20


1.25


2013 2014 2015 2016 2017 2018


In
d


ic
at


o
r


Rolling Average Chemistry Performance (CPI)
CANDU Plant Level Benchmarking


DN Median Best Quartile Max. NPI PN


1.00


1.05


1.10


1.15


1.20


1.25


1.30


1.35


1.40


2013 2014 2015 2016 2017 2018


In
d


ic
at


o
r


Rolling Average Chemistry Performance Indicator
CANDU Unit Level Benchmarking


Darlington 1 Darlington 2 Darlington 3


Darlington 4 Pickering 1 Pickering 4


Pickering 5 Pickering 6 Pickering 7


Pickering 8 Median Best Quartile


Max. NPI


Good 


Good 


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 3 
Page 61 of 111







OPG Confidential – Internal Use Only   2019 Benchmarking Report 


- 60 - 


 


 


 


Darlington


Pickering


Median: 1.01


Best Quartile: 1.00


0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75


Indicator


2018 Rolling Average Chemistry Performance Indicator
CANDU Plant Level Benchmarking


Max. NPI 


Threshold = 1.01 


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 3 
Page 62 of 111







OPG Confidential – Internal Use Only   2019 Benchmarking Report 


- 61 - 


 


 


 


 


Darlington 3                  


Pickering 6                   


Pickering 5                   


Darlington 1                  


Pickering 8                   


Pickering 7                   


Pickering 1                   


Median: 1.00


Best Quartile: 1.00


Pickering 4                   


Darlington 4                  


0.00 0.50 1.00 1.50 2.00


Indicator


2018 Rolling Average Chemistry Performance Indicator
CANDU Unit Level Benchmarking


Max. NPI 


Threshold = 1.01 


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 3 
Page 63 of 111







OPG Confidential – Internal Use Only   2019 Benchmarking Report 


- 62 - 


 


 


 


 


 


 


 


 


 


 


 


 


  


Observations – Rolling Average Chemistry Performance Indicator (CANDU) 
 


2018 (Rolling 2 Year Average Pickering, Rolling 3 Year Average Darlington) 
 CANDU plant median and best quartile values are 1.01 and 1.00, respectively. 
 CANDU unit median and best quartile values are both 1.00. 
 Pickering station CPI performance has maintained the same 1.02 in 2018 compared to 


2017.  
 Darlington station CPI performance has declined to 1.03 in 2018 from 1.01 in 2017. 


 
Trend 
 Overall Pickering station CPI performance has trended the same 1.02 per target in 


2018 compared to 2017.  
 Darlington station CPI overall performance has declined to 1.03 in 2018 from 1.01 in 


2017.  
 


Factors Contributing to Performance 
 Contributing factors for continuous chemistry performance improvement at Pickering 


include: improved outage Foreign Materials Exclusion (FME) practices, improved 
Water Treatment Plant (WTP) output quality controls, adherence to blowdown 
frequency, timely support from the Operations and Maintenance departments and 
improved advocacy at all levels. 


 Darlington performance declined in 2018 due to chronic Unit 3 condenser tube leaks 
causing increased boiler conductivity, as well as increased Feed Water iron levels during 
startups following the unit outages.  A Corrosion Product Transport (CPT) reduction 
plan is in place, which includes: condenser cleaning following maintenance, condenser 
hot well flushing prior to restart and placing condensate filtration unit in service during 
startup. All condenser tube leaks on Unit 3 have been isolated.  Tube plugging is in 
progress. 


 Best practices among top performing plants include: 
• Improved  boiler layup practices during the planned outages; 
• Hot/cold soaks being performed to drive out impurities from the boilers.  Boiler 


secondary side deposit minimization strategy (i.e. minimize impurity hideout and 
returns prior to start-up to normal operation in the boilers). 


• Timely condenser inspections and hot well cleaning to remove source of corrosion 
product transport (CPT) to boilers during start-up. 


• Timely reporting and clearing the action levels to stay within the specifications. 
• Organizational support to protect nuclear assets; elevate and escalate issues to bring 


back chemistry in the specification as soon as possible. 
• Condensate filtration to minimize CPT to boilers during the startup after the planned 


outage 
• Increased boiler blow downs to bring back/maintain boiler ions in the specification. 
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Chemistry initiatives in place to further improve CPI to best quartile: 
 
 Boiler blowdown piping (buried section) improvement project at Pickering to 


support system reliability and availability to Station end-of-life.  
 Condenser hot well cleaning during planned outages. 
 EPRI Smart Chemistry online analyser demonstration at Darlington, which allows 


for early identification of degrading conditions. 
 Implementation of post welding cleanliness instructions. 
 Ongoing use of local portable feedwater dissolved oxygen analyzer carts at 


Pickering to ensure representative feed water dissolved oxygen monitoring. 
 Ongoing oversight of Water Treatment Plant (WTP) product water quality to meet 


boiler make-up water specifications. 
 Condensate Filtration for the control of corrosion product transport at Darlington 


during startup after planned outages. 
 Qualification of Film Forming Amine (FFA) at Darlington for application as a 


planned outage pre-requisite to minimize corrosion and limit corrosion product to 
the boilers on startup. 


 Procurement of a new WTP at Darlington for improved makeup water quality. 
 Leveraging emergent work processes, utilizing cross-functional resolution teams, 


and advocacy forums to ensure a coordinated effort is timely to mitigate chemistry 
excursions.  
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Observations – On-Line Deficient Maintenance Backlog (AP-928 Working Group) 
 
2018 (Annual Value) 
 The industry Best Quartile and Median Thresholds were 41 and 59 work orders per unit 


respectively for On-Line Deficient Maintenance (DM) backlog. 
 Darlington DM backlogs were at 124 Work Orders per unit and deficient critical (DC) 


backlogs were at 9 work orders per unit 
 Pickering DM backlogs were at 279 Work Orders per unit and deficient critical backlogs 


were at 9 work orders per unit 
 
Trend 
 In comparison to the 2017 data: 


o Darlington DM performance in 2018 has declined from 119 to 124 work orders per unit 
 Darlington DC performance improved from 15 to 9 work orders per unit 


o Pickering performance in 2018 improved from 383 to 279 work orders per unit 
 Pickering DC performance improved significantly from 41 to 9 work orders 


per unit 
o Median backlog has improved from 89 to 59 work orders per unit. 


 
Factors Contributing to Performance 
 At Darlington, the increase in deficient maintenance backlog is due, in part, to a deliberate 


focus on planning and scheduling corrective maintenance. Reducing the corrective backlog 
has a greater effect on the safe and reliable operation of the plant than the deficient items. 


 At both stations, the focus has been to reduce on-line deficient critical and corrective critical 
backlogs, which has resulted in the corrective critical backlogs being at zero for Pickering 
and one for Darlington. 


 To improve performance there are two fleet wide plans under Right Work, Right Time, Right 
Value initiative: 


o 1. Station Productivity: 
 Working Efficiently – to do more work without increasing resources 
 Assessing Optimization – to reduce resources required to plan work 
 Enhancing Fix It Now Teams – to complete more work without detailed planning 
 Resourcing Strategy – to optimize the focus of specialty crews; use of purchased 


services agreement to get non-core work done through contracting 
 Management & Leadership – to develop business acumen; foster an innovation 


culture; improve performance oversight and reporting 
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Factors Contributing to Performance (continued) 


o 2. Value Based Maintenance: 
 Preventative Maintenance Program Reduction – to match the program to 


available resources and support condition based maintenance 
 Work Management & Resource Strategy – to align with supporting processes and 


maintenance strategy 
 Monitoring & Diagnostic Centre – to leverage technology to support value based 


and condition based maintenance strategies 
 Data Analytics and Reporting – to identify opportunities for improvement 
 Culture Shift – to adopt value based and condition based maintenance 
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  Observations – On-Line Corrective Maintenance Backlog (AP-928 Working Group) 


 
2018 (Annual Value) 
 The industry Best Quartile and Median Thresholds were 2 and 4 work orders per unit respectively 


for On-Line Corrective Maintenance (CM) backlog. 
o Darlington CM backlogs were at 6 Work Orders per unit and corrective critical backlogs 


were at 0 work order per unit 
o Pickering CM backlogs were at 17 Work Orders per unit and corrective critical backlogs 


were at 0 work orders per unit 
 
Trend 
 In comparison to the 2017 data: 


o Darlington performance in 2018 has improved from 13 to 6 work orders per unit 
o Pickering performance in 2018 has improved from 25 to 17 work orders per unit 
o Median backlog has improved from 6 to 4 work orders per unit.  


 Darlington has shown backlog improvement from 2013 through 2018. 
 Pickering has shown significant backlog improvement in each of the last four years. 


 
Factors Contributing to Performance 
 Refer to the Factors Contributing to Performance discussed above in the 1 Year On-Line 


Deficient Maintenance Backlog, as the same factors affect both backlog measures. 
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4.0 VALUE FOR MONEY 


Methodology and Sources of Data 
 
The Electric Utility Cost Group (EUCG) database is the source for cost benchmarking data.  Data 
was collected for three-year rolling averages for all financial metrics covering the period from 
2013-2018. All data submitted to and subsequently extracted from EUCG by OPG is presented in 
Canadian dollars.   
 
EUCG automatically applies a purchasing power parity (PPP) factor to adjust all values across 
national borders.  The primary function of the PPP value is to adjust for currency exchange rate 
fluctuations but it also adjusts for additional cross-border factors which may impact purchasing 
power of companies in different jurisdictions.  As a result, cost variations between plants are 
limited, as much as possible, to real differences and not due to advantages of utilizing one currency 
over another. 
 
The benchmarking panel utilized for value for money metrics is made up of all North American 
plants reporting to EUCG.  Bruce Power is the only other CANDU technology plant reporting 
within that panel.  The remaining plants are Boiling Water Reactors or Pressurized Water Reactors.  
For that reason, some of the gaps in performance are associated with technology differences rather 
than comparable performance. As a result, beginning in 2018, Pickering and Darlington’s TGC 
per MWh performance has been normalized for CANDU technology (including outage duration) 
and age-related impacts. 
 
Darlington’s TGC per MWh, NFOC per MWh and Capital Cost per MW DER performance have 
also been normalized for refurbishment. The refurbishment normalization methodology allows 
OPG to adjust the distribution of actual operating and capital costs to reflect Darlington as a three-
unit site rather than a four-unit site. OPG is performing a mid-life refurbishment at Darlington, 
which involves the replacement of certain life-limiting components. It is necessary to normalize 
these metrics during refurbishment to allow for comparisons to prior site performance and industry 
peers, given reduced generation and no corresponding decline in fixed costs. 
 
OPG engaged ScottMadden Management Consultants (ScottMadden) to develop the 
normalization methodologies2. The combined normalization allows for a more comparable 
assessment of performance between peers. 
 
 
 
 
 
 
   


                                                           
2 Two ScottMadden normalization reports provide details on the normalization methodologies: 1) A Study of 


Factors Impacting TGC/MWh Performance with Normalizing Adjustments to Facilitate Closer Comparison and 2) 


OPG Nuclear Cost Performance Benchmarking Methodology to Adjust for Refurbishment and Validation of 


Implementation 
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The relationship underlying certain value for money metrics is shown in the illustration below.  
Total Generating Cost per MWh is the sum of Non-Fuel Operating Cost (NFOC), Fuel Cost and 
Capital Cost measured on a per MWh basis for benchmarking purposes.  Given the differences 
between OPG’s nuclear generating stations and most North American plants with respect to both 
fuel costs and the different treatments of non-fuel and capital costs, it is difficult to compare plants 
by using non-fuel operating cost, fuel cost or capital cost metrics separately. 


 
Diagram of Summary Relationship of Value for 
Money Metrics: 


 
 


 
 
  


Total Generating 
Cost per MWh
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Observations – 3-Year Total Generating Cost per MWh (All North American Plants) 
 


2018 (3-Year Rolling Average)  
 The best quartile level for Total Generating Cost per MWh (TGC/MWh) among North 


American EUCG participants was $35.59/MWh while the median level was 
$43.41/MWh.  


 Darlington normalized TGC/MWh was $37.65 and non-normalized was $59.06/MWh.  
 Pickering normalized TGC/MWh was $49.29 and non-normalized was $67.76/MWh. 


 
Trend  
 Over the 2013 to the 2018 period the best quartile cost has improved by $3.20/MWh 


while the median cost improved by $1.48/MWh. Darlington non-normalized rose by 
$24.63/MWh and Pickering non-normalized rose by $0.58/MWh.  


 Darlington’s non-normalized costs increased over the review period with a compound 
annual growth rate (CAGR) of 11.4%.  


 Pickering largely managed cost increases and remained flat over the review period 
with a CAGR of 0.2% whereas the best and median quartile levels had a CAGR of         
-1.7% and -0.7% respectively.  
 


Factors Contributing to Performance 
 


Darlington 
 3-Year Rolling Average for Darlington (non-normalized) from 2017 to 2018 rose 


$4.66/MWh. Primary drivers being lower generation (3,109 GWh) as well as 
approximately 20% increase in Capital from 2015 – 2018,  an investment that will 
serve the station in its life post-refurbishment. 


 Unit 2 being in Refurbishment significantly reduces generation. This lost generation 
was partially offset by the decrease in Planned Outage days by 157 days for the 2016-
2018 period versus the 2015-2017 period mainly due to the Vacuum Building Outage 
(VBO) in 2015.  


 Darlington performed within the best quartile for Fuel Cost per MWh while 
performing worse than the median for the Capital per MWh DER and Non-Fuel 
Operating Cost per MWh.  


 For Non-Fuel Operating Cost, the larger equipment inventory in a CANDU unit 
compared to the pressurized water reactors and boiling water reactors units represents 
a net increase in maintenance and operations workload, which requires additional staff. 
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Pickering 
 3-Year Rolling Average for Pickering (non-normalized) from 2017 to 2018 rose by 


$0.53/MWh. Primary drivers being lower generation (379 GWh) and labour escalation 
& other inflationary impacts, which is mainly offset by improved Fuel Costs per 
MWh. 


 Planned Outage days were essentially the same for years 2015-2017 and 2016-2018 
 Pickering performed within the best quartile for Fuel Cost per MWh and Capital Cost 


per MW DER while performing worse than the median for Non-Fuel Operating Cost 
per MWh.  


 For Non-Fuel Operating Cost, performance gap drivers for Pickering include 
capability factor, site capacity reflecting unit size, age of the plant, and the fact that 
Pickering was built based on first generation CANDU technology. While OPG’s ten 
nuclear units are all CANDU reactors, they reflect three generations of design 
philosophy and technology which impacts the extent and nature of operations and 
maintenance activity. 
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  Observations – 3-Year Non-Fuel Operating Cost per MWh (All North American Plants)  
 


2018 (3-Year Rolling Average)  
 Best quartile plants had Non-Fuel Operating Costs per MWh (NFOC/MWh) at or below 


$21.67 while the median plant level threshold was $25.03/MWh.  
 Darlington’s non-normalized NFOC per MWh, at $42.14/MWh, was $20.47/MWh higher 


than best quartile and $17.11/MWh higher than the median. Darlington’s normalized 
NFOC per MWh was $36.37/MWh  


 Pickering’s NFOC per MWh, at $57.92/MWh, was $36.25/MWh higher than best quartile 
and $32.89/MWh higher than median.  
 


Trend 
 Over the 2013-2018 review period the best quartile cost decreased by $1.09/MWh and the 


median also decreased by $0.80/MWh. Darlington non-normalized rose by $15.45/MWh 
and Pickering rose slightly by $0.77/MWh.    


 Darlington’s non-normalized NFOC/MWh had an annual compound growth rate (CAGR) 
of 9.6% from 2013 to 2018 as compared to -1.0% for the best quartile and -0.6% for 
median levels. The 2018 increase in Darlington’s NFOC/MWh from 2017 is primarily 
due to lower generation associated with refurbishment. 


 Pickering largely managed cost increases and remained relatively flat over the review 
period with a CAGR of 0.3% whereas both the best and median quartile levels had a 
CAGR of -1.0% and -0.6% respectively.  
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Factors Contributing to Performance  
 3-Year Rolling Average for Darlington (non-normalized) from 2017 to 2018 rose 


$2.52/MWh. Primary drivers is lower generation (3,109 GWh) associated with 
Darlington Refurbishment.  


 Darlington’s Planned Outage days decreased by 157 days for the 2016-2018 period 
versus the 2015-2017 period mainly due to the Vacuum Building Outage (VBO) in 
2015.   


 3-Year Rolling Average for Pickering from 2017 to 2018 rose by $1.03/MWh. The 
primary drivers are lower generation (379 GWh) and labour escalation & other 
inflationary impacts. 


 Pickering’s Planned Outage days were essentially the same for years 2015-2017 and 
2016-2018 


 Performance in Non-Fuel Operating Cost per MWh drives the majority of OPG’s 
financial performance. Overall, the biggest drivers include: capability factor, site 
capacity reflecting unit size and CANDU technology. The biggest drivers are further 
expanded below:  
o The ‘capability factor’ driver is related specifically to generation performance of 


the station in relation to the overall potential for the station (results are discussed 
under the Reliability section within the Rolling Average Unit Capability Factor 
metric).  


o The site capacity driver is the combined effect of number of units and size of units 
which can have a significant impact on performance. 


o The ‘CANDU technology’ driver reflects specific cost requirements related to the 
overall engineering, maintenance, and inspection costs. OPG undertook a staffing 
study through a third-party consultant which concluded that technology, design and 
regulatory differences exist between CANDU and PWR reactor units and that such 
factors drive staffing differences. The study established that CANDU technology 
was a contributor to explaining higher staffing levels for CANDU versus PWR 
plants, which also contributed to OPG’s performance in Non-Fuel Operating Cost. 
The study also found that labour for CANDU stations is approximately 20% higher 
than in benchmarked PWR stations.  
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3-Year Fuel Cost per MWh 
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Observations – 3-Year Fuel Cost per MWh (All North American Plants)  
 


2018 (3-Year Rolling Average)  
 Fuel Cost per MWh for all Canadian CANDU plants are better than the best quartile 


threshold ($6.84/MWh) for the panel of North American EUCG plants.  
 The three CANDU plants in the peer panel ranked in the top six lowest fuel cost plants 


in the North American panel.  
 


Trend  
 The best quartile Fuel Cost per MWh has trended lower over 2017 and 2018.  
 Fuel Cost per MWh for all OPG plants decreased in 2018. The decrease in the Fuel 


Cost per MWh is due to a combination of lower input uranium costs offset by general 
escalation in the fuel conversion and fuel fabrication costs.  
 


Factors Contributing to Performance  
 Fuel costs, primarily driven by the technological differences in CANDU technology, 


are lower for OPG than most North American Pressurized Water Reactors or Boiling 
Water Reactors (PWR/BWR) reactors as CANDUs do not require enriched uranium 
like BWRs and PWRs. This provides a significant advantage for OPG and other 
CANDUs in this cost category.  


 
Best quartile fuel cost performance noted above is due to the following factors:  
 Uranium fuel costs: Raw uranium is processed directly into uranium dioxide to make 


fuel pellets, without the cost and process complexity of enriching the fuel as required 
in light water reactors. The advantage due to fuel costs also includes transportation, 
handling and shipping costs.  


 Reactor core efficiency: CANDU is the most efficient of all reactors in using uranium, 
requiring about 15% less uranium than PWRs for each megawatt hour of electricity.  
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3-Year Capital Cost per MW DER (Design Electrical Rating) 
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Observations – 3-Year Capital Cost per MW DER (All North American Plants) 
 


2018 (3-Year Rolling Average) 
 The first quartile threshold for Capital Cost per MW DER across US and Canadian EUCG 


peer plants was $41.03 k/MW DER. 
 Median cost for the panel was $58.98 k/MW DER. 
 Pickering was lower than the first quartile threshold at $33.39 k/MW DER, whereas 


Darlington is in the third quartile at $89.03 k/MW DER.  Darlington normalized is  
$73.46 k/MW DER. 


 
Trend 
 The first quartile and median thresholds decreased in 2018 due primarily to reduced 


regulatory spending on Fukushima response and NFPA 805 implementation as well as 
reduced sustaining spending, partially offset by increased spending on reliability 
improvements, information technology and infrastructure. 


 Pickering’s Capital Cost per MW DER declined marginally in 2018. 
 Darlington’s Capital Cost per MW DER increased to make necessary capital investments 


for Darlington’s post-Refurbishment life, performance improvements, sustaining 
investments, capital spares and Fukushima response. 


 
Factors Contributing to Performance 
 Pickering is performing in the first quartile for the period.  This reflects steady spending 


to maintain reliable operations in the period leading up to the end of commercial 
operations. 


 Darlington is performing in the third quartile for the period.  This reflects increased 
spending on enhancements, regulatory projects (including Fukushima response), 
sustaining investments, and capital spares to support post-refurbishment operations. 
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5.0 HUMAN PERFORMANCE 


Methodology and Sources of Data 
 
The Human Performance Error Rate metric is used to benchmark the performance of OPG’s 
Nuclear fleet against other INPO utilities in the area of Human Performance.  This will ensure a 
continued focus on improving Human Performance.  
 
18-Month Human Performance Error Rate 
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* The 2016 and 2017 Darlington values have been updated to reflect the exclusion of 


Refurbishment hours and the 2016 Pickering value has also been corrected.  
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  Observations – 18 Month Human Performance Error Rate (INPO North American 


Plants)  
 


2018 (18 Month Rolling Average)   
 The industry 18-month Human Performance Error Rate (HPER) has shown a decline in 


performance in the INPO top quartile performance.  The 2018 INPO best quartile is 
0.0310 compared to 0.000 in 2017 representing a decline in performance which was 
steadily improving from 2015 to 2017, reaching 0.000.  The median quartile has also 
increased since 2017 when it was 0.0520 and currently at 0.0595 representing an overall 
slight decline in performance in 2018.  However, the overall trend since 2012 is showing 
improvement in the median. 


 Compared to the INPO peer group OPGN performance for Pickering and Darlington 
performance is as follows: 


o Pickering station performance has declined with the HPER at the end of 2018 of 
0.1431, compared to 0.117 in 2017, and compared to the best industry quartile 
of 0.0310, and the industry median of 0.0595. 


o Darlington station performance continues to show improvement with the HPER 
at the end of 2018 at 0.051, compared to 0.0738 in 2017, and 0.07498 in 2016.  
It is worse than the best quartile performance of 0.0310, and better than the 
median of 0.0595.  


 
Trend  
 The industry 18-month Human Performance Error Rate (HPER) has shown improved 


performance year over year in the INPO top quartile performance.  The 2017 INPO best 
quartile achieved 0.0000 representing continued improvement in performance since 
2012. However, at the end of 2018 the Top Quartile result has risen to 0.031 indicating 
a decline in Human Performance (HU).   


 The median quartile increased in 2018 from 0.052 in 2017 to currently 0.059 also 
showing a decline in performance.   The overall trend since 2012 was showing 
improvement in the top quartile and median performance for 5 years, however in 2018, 
both rates are showing a decline in performance. 


 Pickering was showing improvement in HU since 2013 to 2016 when it had reached its’ 
lowest rate of 0.0575 at the end of 2016, below the industry median.  However, in 2017 
and 2018 the performance has declined to 0.117 and 0.1431 respectively showing a 
declining trend. 


 Darlington performance since 2013 has shown an improving trend, with a slight increase 
in rate in 2016 to 0.07498 followed by 0.0738 in 2017, and 0.051 in 2018 which is better 
than the Median rate of 0.0595.  The overall trend is in the positive direction. 


 The fleet (Pickering and Darlington) target for Site Event Free Day Resets (S-EFDRs) 
for 2018 was four and five S-EFDRs occurred. One S-EFDR occurred at Refurbishment 
against a target of 2. 


  Note: Refurbishment S-EFDRs are not included in overall fleet S-EFDR targets. 
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Factors Contributing to Performance 
 The top 3 gaps to industry excellence in Human Performance are: 


o Proficiency in application of technical fundamentals across line organizations 
(Operations, Maintenance, Radiation Protection, etc).  Line organizations are 
addressing these gaps through targeted training, and Observation and Coaching 
(O&Cs).  The new Pre Job Brief/Safe Work Plan/Post Job Debrief 
(PJB/SWP/PJD) process includes enhanced focus on application of technical 
fundamentals during PJBs. 


o Consistent, robust application of Procedure Use and Adherence (PU&A) 
practices and inconsistent focus on rapid revision process and quality of 
procedures.  Targeted O&Cs are being used to monitor PU&A practices and 
provide reinforcing and coaching to strengthen PU&A behaviours.  The HU 
Advocates are being trained in delivering O&Cs to provide additional peer-to-
peer coaching. 


o Consistent, robust application of verification practices.  A verification practices 
fleet Self Assessment was completed and an improvement plan is being 
implemented that includes Dynamic Learning Activities (DLAs), targeted 
O&Cs, and industry benchmarking. 


 
 The 2019-2021 HU Fleet Excellence Plan is being implemented and is on-track. It 


promotes a continuous learning culture fostered by a collaboration between a high 
performing HU Peer Team and line organizations that drives continuous improvement 
in targeted focus areas across the fleet.  The site HU plans are aligned with the fleet HU 
Excellence Plans such that the key strategic initiatives to improve fleet performance are 
reinforced. 


 The action plan is on track.  The 2019-2021 HU Excellence Plan targets five areas of 
strategic focus: 


o Nuclear Professionals (NPs) Driving Business Results (NP/HU integration, 
PJB improvements) 


o One Team with Vendor Partners (Improve vendor HU proficiency) 
o People Powering the Future (HU training improvements) 
o Innovation for the Future (Innovation to improve HU trending) 
o Right Work, Right Time, Right Value (Simplify event evaluation tools) 
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Key improvement areas in 2018: 
 Self assessments results have been used to develop strategic actions to drive improvements 


in HU areas such as verification practices, HU advocates, HU training, pre-CNSC Type II 
Inspection, HU Event Communication and Analysis, O&Cs, error rates, Accountability 
Analysis, and Operational Decision-making. 


 The Pre Job Brief/Safe Work Plan/Post Job Debrief (PJB/SWP/PJD) governance was 
revised to strengthen risk awareness and mitigation, streamline and improve the process, 
and engage key stakeholders in developing improvements. 


 The HU Event Communication and Analysis governance was revised and produced 
several enhancements to the Accountability Analysis Tool. This process is contributing 
positively toward a learning culture as recognized by WANO, NSRB, and One OPG 
Culture Survey. 


 HU Advocate Program improvements include enhanced selection and training, and it was 
recognized as a good practice during a Pickering Organizational Effectiveness WANO 
visit to strengthen peer-to-peer coaching and engagement.   


 The HU Vulnerability Index has been implemented as a proactive tool to identify early 
stages of HU decline, and several proactive interventions have been used to prevent station 
events. 


 A Flight Simulator is being assembled onsite to provide an innovative training tool to 
strengthen Nuclear Professional (NP) and HU behaviours. 


 An iConnect O&C mobile application has been implemented across most of the fleet to 
document and trend O&C results in efficiently. It includes Power BI trending functions for 
analysis and trending. 


 
Careful change management and acknowledgement of vulnerability periods with appropriate 
mitigation strategies are needed by line managers. 
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6.0 MAJOR OPERATOR SUMMARY 


Purpose 
 
This section provides a more detailed comparison of the major operators of nuclear plants for three 
key metrics: WANO Nuclear Performance Index (NPI), Unit Capability Factor (UCF), and Total 
Generating Cost (TGC) per MWh.  Although the benchmarking study has been primarily focused 
on operational performance comparison to COG CANDUs, this section of the report compares 
OPG Nuclear’s performance against North American PWR and PHWR operators in addition to 
the international CANDU panel.  Operator level summary results are the average (mean) of the 
results across all plants managed by the given operator.  These comparisons provide additional 
context, but the detailed data in the previous sections provide a more complete picture of plant by 
plant performance.  The WANO NPI and UCF are calculated as the mean of all unit performance 
for a specific operator.  The TGC per MWh is the mean of plant level data. 


WANO Nuclear Performance Index Analysis 
 
The WANO Nuclear Performance Index (NPI) results for the operators in 2018 are illustrated in 
the graph below.  OPG Nuclear performance ranking remained the same from 2017 shown in Table 
2. 
 


 
 
*See Table 7 in the Appendix for listing of operators and plants. 
**OPG Nuclear unit values averaging to a WANO NPI of 80.1 in 2018 are shown below:  
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Unit 2018 WANO NPI 


Pickering 1 68.4 


Pickering 4 73.5 


Pickering 5 82.6 


Pickering 6 68.6 


Pickering 7 85.0 


Pickering 8 71.1 


Darlington 1 91.3 


Darlington 2 N/A 


Darlington 3 87.4 


Darlington 4 93.5 
 


Table 2: Average WANO NPI Rankings 
 


 
Note: Two operators are no longer ranked in 2018 (reason for 25 ranked operators in 2013 vs. 23 in 2018).  These operators 
were removed as a result of plant acquisitions or closures.  All 2013-2017 rankings and numbers are carried over from previous 
Benchmarking reports. 


 
  


Operator 2013 2014 2015 2016 2017 2018


10 5 5 3 1 1


13 2 4 13 2 2


15 18 21 15 6 3


5 4 6 6 7 4


4 7 10 7 5 5


1 13 9 9 9 6


23 19 7 11 14 7


6 10 8 10 8 8


9 12 16 14 3 9


8 9 2 2 4 10


24 3 15 16 12 11


18 20 20 12 10 12


12 16 1 8 13 13


3 17 19 22 22 14


7 6 17 17 11 15


17 15 12 4 15 16


25 24 24 23 18 17


16 8 3 1 16 18


21 21 22 19 19 19


14 1 14 18 21 20


19 11 11 20 17 21


2 14 13 5 20 22


Ontario Power Generation 22 22 23 21 23 23


20 23 18 NA NA NA


11 NA NA NA NA NA


OPG ranked 23rd, with an NPI of 80.1.  OPG’s NPI 
performance increased by 1.6 compared to the 2017 ranking.  
 
The NPI rankings of the major operators from 2013 to 2018 
are listed in Table 2.  The list and ranking of operators has been 
updated to reflect any industry developments if applicable. 
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Unit Capability Factor Analysis 
Unit Capability Factor (UCF) is the ratio of available energy generation over a given time period 
to the reference energy generation of the same time period, expressed as a percentage.  Reference 
energy generation is the energy that could be produced if the unit were operating continuously at 
full power under normal conditions.  Since nuclear generation plants are large fixed assets, the 
extent to which these assets generate reliable power is key to operating and financial performance.   
A comparison of UCF values for major nuclear operators is presented in the graph below. The list 
and ranking of operators has been updated to reflect any industry developments if applicable. UCF 
is expressed as a two-year average for all operators except for OPG Nuclear, which includes a 
three-year average for the Darlington station and a two-year average for Pickering to reflect each 
plant’s respective outage cycle.  OPG Nuclear achieved a rolling average UCF of 82.0% and 
ranked 23 out of 23 operators in the WANO data set.   


 
* See Table 7 in the Appendix for listing of operators and plants. 
**OPG unit values averaging to a rolling average UCF of 82.0% in 2018 are shown below:  


Unit 2018 Rolling 
Average UCF 


 
Unit 2018 Rolling 


Average UCF 
Pickering 1 76.2  Darlington 1 86.1 
Pickering 4 75.7  Darlington 2 N/A 
Pickering 5 81.2  Darlington 3 86.2 
Pickering 6 80.0  Darlington 4 88.4 
Pickering 7 91.0  


Pickering 8 73.1 
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Rankings for the major operators for UCF over the past six years are provided in Table 3 below.   
Table 3: Rolling Average Unit Capability Factor Rankings 


 
Note: Two operators are no longer ranked in 2018 (reason for 25 ranked operators in 2013 vs. 23 in 2018).  These operators 
were removed as a result of plant acquisitions or closures.  All 2013-2017 rankings and numbers are carried over from previous 
Benchmarking reports. 


  


Operator 2013 2014 2015 2016 2017 2018


4 1 1 1 1 1


2 6 5 8 5 2


9 10 14 10 7 3


20 18 20 20 13 4


6 2 7 2 3 5


22 23 22 21 12 6


8 8 6 5 2 7


7 4 9 11 6 8


12 13 12 4 8 9


21 20 17 14 4 10


23 16 15 13 10 11


10 7 2 7 9 12


5 14 19 19 21 13


3 9 8 18 15 14


13 19 4 6 20 15


17 15 18 17 17 16


1 5 10 3 14 17


24 22 24 23 19 18


14 17 3 12 18 19


16 11 11 15 16 20


15 3 13 16 23 21


11 12 21 9 11 22


Ontario Power Generation 19 21 23 22 22 23


25 24 16 NA NA NA


18 NA NA NA NA NA
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Total Generating Cost/MWh Analysis  
The 3-year Total Generating Cost/MWh results for the major operators in 2018 are displayed in 
the graph below.  Total Generating Costs are defined as total operating costs plus capital costs and 
fuel costs of all plants that the operator operated in 2016-2018.  This value is divided by the total 
net generation of all plants that the operator operated for the same period and is provided as a 
three-year average.  OPG Nuclear ranked 10th, with a 3-year Total Generation Cost of $43.41 per 
MWh (normalized).  


  


*OPG plant values of 3-year rolling average TGC per MWh are shown below:  


Unit 2018 3-Year TGC 
Darlington 


(non-
normalized) 


$59.06/MWh 


Darlington 
(normalized) $37.65/MWh 


Pickering 
(non-


normalized) 
$67.76/MWh 


Pickering 
(normalized)  $49.29/MWh 


$35.63 $37.37 $38.03 $38.22 $38.30 $38.53 $39.56 $40.60 $41.06
$43.41


$47.23


$55.34 $55.93


$63.31
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Table 4:  Three-Year Total Generating Cost per MWh (Non-Normalized) Rankings 


 


Note: One operator has been removed due to acquisition by another operator in the panel (reason for 14 ranked operators in 
2013 vs. 13 in 2018). 
 


Table 5 shows the relative contribution of Non-Fuel Operating Costs, Fuel Costs and Capital 
Costs to Total Generating Cost and compares OPG’s non-normalized costs to those of all EUCG 
operators. 
 


Table 5:  EUCG Indicator Results Summary (Operator Level) 
 


 


*See Table 8 in the appendix for list of operators included. 


2013 2014 2015 2016 2017 2018
10 11 11 9 3 1


4 4 2 1 2 2


1 1 1 2 1 3


2 2 4 5 4 4


14 12 8 7 8 5


11 7 7 6 6 6


3 3 5 4 7 7


6 5 3 3 5 8


5 8 9 10 9 9


7 6 6 8 10 10


9 9 10 11 11 11


13 13 13 13 13 12


Ontario Power Generation 8 10 12 12 12 13


12 NA NA NA NA NA


Value for Money Performance


3-Yr. Non-Fuel Operating Costs per MWh 49.85$        24.43$            23.30$            CAD $/MWh


3-Yr. Fuel Costs per MWh 4.89$          7.53$             6.95$             CAD $/MWh


3-Yr. Capital Costs per MWh 8.57$          8.57$             6.17$             CAD $/MWh


3-Yr. Total Generating Costs per MWh 63.31$        39.56$            38.22$            CAD $/MWh


EUCG Indicator Results Summary OPG 
Average


EUCG Major Operators*
UnitsMedian Best Quartile


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 3 
Page 98 of 111







OPG Confidential – Internal Use Only   2019 Benchmarking Report 


- 97 - 


 


7.0 APPENDIX 
 


Acronyms 


 
Acronym Meaning 


ALARA As Low As Reasonably Achievable 
BWR Boiling Water Reactor 
CANDU CANada Deuterium Uranium (type of PHWR) 
CEA Canadian Electricity Association  
COG CANDU Owners Group 
DER Design Electrical Rating 
EUCG Electric Utility Cost Group  
INPO Institute of Nuclear Power Operators 
OPG Ontario Power Generation 
PHWR Pressurized Heavy Water Reactor  
PWR Pressurized Water Reactor 
WANO World Association of Nuclear Operators  


 
Safety and Reliability Definitions 


The following definitions are summaries extracted from industry peer group databases. 


Total Recordable Injury Frequency is the average number of fatalities, lost time injuries, 
medical treatment injuries and restricted work injuries per 200,000 hours worked. 


Industrial Safety Accident Rate is defined as the number of accidents for all utility personnel 
(permanently or temporarily) assigned to the station, that result in one or more days away from 
work (excluding the day of the accident) or one or more days of restricted work (excluding the day 
of the accident), or fatalities, per 200,000 man-hours worked.  The selection of 200,000 man-hours 
worked or 1,000,000 man-hours worked for the indicator will be made by the country collecting 
the data, and international data will be displayed using both scales.  Contractor personnel are not 
included for this indicator. 


Collective Radiation Exposure, for purposes of this indicator, is the total external and internal 
whole body exposure determined by primary dosimeter (thermoluminescent dosimeter (TLD) or 
film badge), and internal exposure calculations.  All measured exposure should be reported for 
station personnel, contractors, and those personnel visiting the site or station on official utility 
business. 


Visitors, for purposes of this indicator, include only those monitored visitors who are visiting the 
site or station on official utility business.   
 


Airborne Tritium Emissions per Unit: Tritium emissions to air. 
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Fuel Reliability Index is inferred from fission product activities present in the reactor coolant.  
Due to design differences, this indicator is calculated differently for different reactor types.  For 
PHWR’s, the indicator is defined as the steady-state primary coolant iodine-131 activity 
(Becquerels/gram or Microcuries/gram), corrected for the tramp uranium contribution and power 
level, and normalized to a common purification rate. 


Unplanned automatic reactor trips (SCRAMS) is defined as the number of unplanned automatic 
reactor trips (reactor protection system logic actuations) that occur per 7,000 hours of critical 
operation.  The indicator is further defined as follows: 
 


 Unplanned means that the trip was not an anticipated part of a planned test. 
 Trip means the automatic shutdown of the reactor by a rapid insertion of negative 


reactivity (e.g., by control rods, liquid injection shutdown system, etc.) that is caused 
by actuation of the reactor protection system.  The trip signal may have resulted from 
exceeding a set point or may have been spurious. 


 Automatic means that the initial signal that caused actuation of the reactor protection 
system logic was provided from one of the sensors’ monitoring plant parameters and 
conditions, rather than the manual trip switches or, in certain cases described in the 
clarifying notes, manual turbine trip switches (or pushbuttons) provided in the main 
control room. 


 Critical means that, during the steady-state condition of the reactor prior to the trip, the 
effective multiplication factor (keff) was essentially equal to one. 


 The value of 7,000 hours is representative of the critical hours of operation during a 
year for most plants, and provides an indicator value that typically approximates the 
actual number of scrams occurring during the year. 
 


The safety system performance indicators include the following: 
 
 


 Auxiliary boiler feedwater system 
 Emergency AC power  
 High pressure emergency coolant injection system 


 
These systems were selected for the safety system performance indicator based on their importance 
in preventing reactor core damage or extended plant outage.  They include the principal systems 
needed for maintaining reactor coolant inventory following a loss of coolant, for decay heat 
removal following a reactor trip or loss of main feedwater, and for providing emergency AC power 
following a loss of plant off-site power.  (Gas cooled reactors have an additional decay heat 
removal system instead of the coolant inventory maintenance system)   
 
The Nuclear Performance Index Method 4 is an INPO sponsored performance measure, and is a 
weighted composite of ten WANO Performance Indicators related to safety and production 
performance reliability. 
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The Forced Loss Rate (FLR) is defined as the ratio of all unplanned forced energy losses during 
a given period of time to the reference energy generation minus energy generation losses 
corresponding to planned outages and any unplanned outage extensions of planned outages, during 
the same period, expressed as a percentage.   
   
Unplanned energy losses are either unplanned forced energy losses (unplanned energy generation 
losses not resulting from an outage extension) or unplanned outage extension of planned outage 
energy losses.   
 
Unplanned forced energy loss is energy that was not produced because of unplanned shutdowns 
or unplanned load reductions due to causes under plant management control when the unit is 
considered to be at the disposal of the grid dispatcher.  Causes of forced energy losses are 
considered to be unplanned if they are not scheduled at least four weeks in advance.  Causes 
considered to be under plant management control are further defined in the clarifying notes. 
 
Unplanned outage extension energy loss is energy that was not produced because of an extension 
of a planned outage beyond the original planned end date due to originally scheduled work not 
being completed, or because newly scheduled work was added (planned and scheduled) to the 
outage less than four weeks before the scheduled end of the planned outage.  
 
Planned energy losses are those corresponding to outages or power reductions which were planned 
and scheduled at least four weeks in advance (see clarifying notes for exceptions). 
 
Reference energy generation is the energy that could be produced if the unit were operated 
continuously at full power under reference ambient conditions throughout the given period.  
Reference ambient conditions are environmental conditions representative of the annual mean (or 
typical) ambient conditions for the unit. 
 
Unit Capability Factor is defined as the ratio of the available energy generation over a given time 
period to the reference energy generation over the same time period, expressed as a percentage.  
Both of these energy generation terms are determined relative to reference ambient conditions. 
 
Available energy generation is the energy that could have been produced under reference ambient 
conditions considering only limitations within control of plant management, i.e., plant equipment 
and personnel performance, and work control.   
 
Reference energy generation is the energy that could be produced if the unit were operated 
continuously at full power under reference ambient conditions.  
 
Reference ambient conditions are environmental conditions representative of the annual mean (or 
typical) ambient conditions for the unit. 
 
The Chemistry Performance Indicator compares the concentration of selected impurities and 
corrosion products to corresponding limiting values.  Each parameter is divided by its limiting 
value, and the sum of these ratios is normalized to 1.0.  If an impurity concentration is equal to or 
better than the limiting value, the limiting value is used as the concentration.  This prevents 
increased concentrations of one parameter from being masked by better performance in another.  
As a result, if a plant is at or below the limiting value for all parameters, its indicator value would 
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be 1.0, the lowest chemistry indicator value attainable under the indicator definition.  The 
following is used to determine each unit’s chemistry indicator value for PHWRs: 


 *Inconel-600 or Monel tubes 
o Steam generator blowdown chloride 
o Steam generator blowdown sulfate 
o Steam generator blowdown sodium 
o Final feedwater iron 
o Final feedwater copper 
o Final feedwater dissolved oxygen  


 Incoloy-800 tubes 
o Steam generator blowdown chloride 
o Steam generator blowdown sulfate 
o Steam generator blowdown sodium 
o Final feedwater iron 
o Final feedwater dissolved oxygen 


 
 PHWRs on molar ratio control 


 Steam generator blowdown chloride 
 Steam generator blowdown sulfate 
 Final feedwater iron 
 Final feedwater copper 
 Feedwater dissolved oxygen 
 Steam generator molar ratio target range (by reporting the upper and lower range 


limits (as "from" and "to" values) 
 Steam generator actual molar ratio 


 
Online Deficient Maintenance Backlog is the average number of active on-line maintenance 
work orders per operating unit classified as Deficient Critical (DC) or Deficient Non-Critical (DN) 
that can be worked on without requiring the unit shutdown. This metric identifies deficiencies or 
degradation of plant equipment components that need to be remedied, but which do not represent 
a loss of functionality of the component or system. 
 
Online Corrective Maintenance Backlog is the average number of active on-line maintenance 
work orders per operating unit classified as Corrective Critical (CC) or Corrective Non-Critical 
(CN) that can be worked on without requiring the unit shutdown.  This metric identifies 
deficiencies or degradation of components that need to be remedied, and represents a loss of 
functionality of a major component or system. 
 
On-line maintenance is maintenance that will be performed with the main generator connected to 
the grid. 
 
Value for Money Definitions 


The following definition summaries are taken from the January 2019 EUCG Nuclear Committee 
Nuclear Database Instructions.  
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Capital Costs ($) 
All costs associated with improvements and modifications made during the reporting year. These 
costs should include design and installation costs in addition to equipment costs. Other 
miscellaneous capital additions such as facilities, computer equipment, moveable equipment, and 
vehicles should also be included. These costs should be fully burdened with indirect costs, but 
exclude AFUDC (interest and depreciation). 
 
Fuel ($) 
The total cost associated with a load of fuel in the reactor which is burned up in a given year. 
 
Net Generation (Gigawatt Hours) 
The gross electrical output of the unit measured at the output terminals of the turbine-generator 
minus the normal station service loads during the hours of the reporting period, expressed in 
Gigawatt hours (GWh). Negative quantities should not be used. 
 
Design Electrical Rating (DER) 
The nominal net electrical output of a unit, specified by the utility and used for plant design (DER 
net expressed in MWe).  Design Electrical Rating should be the value that the unit was 
certified/designed to produce when constructed.  The value would change if a power uprate was 
completed.  After a power uprate, the value should be the certified or design value resulting from 
the uprate. 
 
Operating Costs ($) 
All relevant costs to operate and maintain nuclear operations.  It includes the cost of labour, 
materials, purchased services and other costs, including administration and general.  
 
Total Generating Costs ($) 
The sum of total operating costs and capital costs. 
 
 
Total Operating Costs ($) 
The sum of operating costs and fuel costs. 
 
Note: Capital costs, fuel costs, operating costs and Total Generating Costs are divided by net 
generation to obtain per MWh results.  Capital costs are also divided by MW DER to obtain MW 
results. 
 


Human Performance Definitions 


The following definition summary is taken from the Institute of Nuclear Power Operations (INPO) 
database. 
 
Human Performance Error Rate (# per ISAR and Contractor Hours) 
The Human Performance Error Rate metric represents the number of site level human performance 
events in an 18-month period per 200,000 ISAR hours worked (including on site supplemental 
personnel).  The formula used is:   


{(# of S-EFDRs) / (Total ISAR Hours + Total Contractor Hours)} x 200,000 Hours (Calculated 
as an 18-month rolling average) 
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INPO guidelines define non-utility personnel to include contractor, supplemental personnel 
assigned to perform work activities on site or at other buildings that directly support station 
operation.  This includes personnel who deliver and receive equipment, deliver fuel oil, remove 
trash and radioactive waste, and provide building and grounds maintenance within the owner-
controlled areas or facilities that support the station.   
 
INPO defines an event to occur as a result of the following: 
 
An initiating action (error) by an individual or group of individuals (event resulting from an active 
error) or an initiating action (not an error) by an individual or group of individuals during an 
activity conducted as planned (event resulting from a flawed defense or latent organizational 
weakness).  They may be related to Nuclear Safety, Radiological Safety, Industrial Safety, Facility 
Operations or considered to be a Regulatory Event reportable to a regulator or governing agency.  
OPG Nuclear’s criteria for defining station event free day resets have been developed based on 
INPO guidelines.   
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Table 6: Industry Peer Groups 
 


 
Data provided by the World Association of Nuclear Operators (WANO) is the primary source of 
benchmarking data for operational performance (Safety and Reliability) indicators.  Eleven out of 
the twenty benchmarking metrics have been compared to the WANO/COG CANDU panel.  All 
WANO performance indicators are presented at the unit and plant levels except the Industrial 
Safety Accident Rate and Emergency AC Power Unavailability which are only measured at the 
plant level. 
 
Different peer groups were used for a few of the specialized operating metrics which are not 
tracked through WANO.  For maintenance work order backlogs, the peer group consisted of all 
plants participating in the Institute of Nuclear Power Operations (INPO) AP-928 working group.  
For human performance comparisons, data was obtained from INPO. For the Total Recordable 
Injury Frequency metric, the Canadian Electricity Association (CEA) panel was used. 
 
For financial performance comparisons, data compiled by the Electric Utility Cost Group (EUCG) 
was used.  EUCG is a nuclear industry operating group and the recognized source for cost 
benchmark information.  EUCG cost indicators are presented at the plant level and compared on a 
net megawatt hour generated basis and on a per megawatt (MW) design electrical rating (DER) 
basis.  The only CANDU operators reporting data to EUCG were OPG Nuclear and Bruce Power 
which is not a sufficiently large panel to provide a basis for comparison; hence, the data sets were 
not limited to a CANDU specific panel.  Should more CANDU operators choose to join EUCG in 
the future, comparisons to a CANDU specific panel will be reconsidered. 
 
All data provided by the peer groups (WANO, INPO, CEA, and EUCG) is confidential.  A redacted 
version of this report, which removes individual plant and unit names, is available from Nuclear 
Business Planning and Benchmarking should there be a requirement to publicly release this report. 


WANO/COG 
CANDUs


All North 
American PWR 


and PHWRs 
(WANO)


INPO AP-928 
Workgroup


INPO CEA


EUCG North 
American 


Plants (US and 
Canada)


Safety
Total Recordable Injury Frequency X
Rolling Average Industrial Safety Accident Rate* X
Rolling Average Collective Radiation Exposure* X
Airborne Tritium Emissions per Unit X
Fuel Reliability Index* X
2-Year Reactor Trip Rate* X
3-Year Auxiliary Feedwater System Unavailability* X
3-Year Emergency AC Power Unavailability* X
3-Year High Pressure Safety Injection Unavailability* X


Reliability
WANO NPI X
Rolling Average Forced Loss Rate* X
Rolling Average Unit Capability Factor* X
Rolling Average Chemistry Performance Indicator* X
1-Year On-line Deficient Maintenance Backlog X
1-Year On-line Corrective Maintenance Backlog X


Value for Money
3-Year Total Generating Costs / MWh X
3-Year Non-Fuel Operating Costs (OM&A) / MWh X
3-Year Fuel Costs / MWh X
3-Year Capital Costs / MW DER X


Human Performance
Human Performance Error Rate X


* Sub-indicator of WANO NPI
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Panels 


Table 7:  WANO Panel 
 


Operator Plant  Operator Plant 
Ameren Missouri Callaway  


International CANDU 


Cernavoda 
Embalse 


Qinshan 3 
Wolsong A 
Wolsong B 


American Electric Power 
Co. Cook  


Arizona Public Service Co. Palo Verde  


Bruce Power Bruce A 
Bruce B 


 
 
 Luminant Generation Comanche Peak 
 New Brunswick Power Point Lepreau 


Dominion Generation 
Millstone 


North Anna 
Surry 


 
NextEra Energy 


Resources 
Point Beach 


Seabrook  


 Northern States Power 
Company Prairie Island  


Duke Energy 


Catawba 
Harris 


Mcguire 
Oconee 


Robinson 


 Ontario Power 
Generation 


Darlington 
 Pickering 


 Pacific Gas & Electric Co. Diablo Canyon 


Entergy Nuclear 


Arkansas Nuclear 
One 


Indian Point 
Palisades 
Waterford 


 Public Service Enterprise 
Group Nuclear Salem 


 


 South Carolina Electric & 
Gas Co. V.C. Summer 


 Southern Nuclear 
Operating Co. 


Farley 
Vogtle 


Exelon Generation Co. 


Braidwood 
Byron 


Three Mile Island 
Calvert Cliffs 


Ginna 


 
 


STP Nuclear Operating 
Co. 


 
South Texas 


 
 
 


 Tennessee Valley 
Authority  


Sequoyah 
Watts Bar 


FirstEnergy Nuclear 
Operating Co. 


Beaver Valley 
Davis-Besse 


 
 


Wolf Creek Nuclear 
Operating Corp. Wolf Creek 


Florida Power & Light Co.  St. Lucie 
Turkey Point 
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Table 8:  EUCG Panel 
Major Operator Plant  Major Operator Plant 


Bruce Power Bruce A 
Bruce B 


 Florida Power & Light 
Co.  


St Lucie 
Turkey Point 


Dominion 
Generation 


Millstone 
North Anna 


Surry 


   
 


NextEra Energy 
Resources 


Duane Arnold 
Point Beach 


Seabrook  


 Northern States Power 
Company  


Monticello 
Prairie Island 


 


Ontario Power 
Generation 


Darlington 
Pickering 


 


Duke Energy 


Brunswick 
Catawba 


Harris 
Mcguire 
Oconee 


Robinson 


 


 


Entergy Nuclear 


Arkansas Nuclear One  
Fitzpatrick 
Grand Gulf 
Indian Point 
Palisades 


Pilgrim 
River Bend 
Waterford 


 
 Public Service 


Enterprise Group 
Nuclear 


Hope Creek 
Salem 


 
 
 


Southern Nuclear 
Operating Co. 


Farley 
Hatch 
Vogtle 


 
 


 


Tennessee Valley 
Authority  


Browns Ferry 
Sequoyah 
Watts Bar 


Exelon Generation 
Co. 


Braidwood 
Byron 


Calvert Cliffs 
Clinton 


Dresden 
Lasalle 


Limerick 
Nine Mile 


Oyster Creek 
Peach Bottom 
Quad Cities 


Ginna 
Three Mile Island 


 
 
 
 
 
 


  


 
 
 


 


FirstEnergy Nuclear 
Operating Co. 


Beaver Valley 
David-Besse 


Perry 
 


 


Remaining EUCG Members 


Operator Plant Operator Plant 
AmerenUE Callaway Nebraska Public Power District Cooper 
American Electric Power Co. Inc. Cook Pacific Gas & Co. Diablo Canyon 
Arizona Public Service Co. Palo Verde Talen Energy Susquehanna 


DTE Energy Fermi 
South Carolina Electric & Gas 
Company (SCE&G) 


V.C. Summer 


Energy Northwest Columbia STP Nuclear Operating Co. South Texas 


Luminant Generation 
Comanche 
Peak 


Wolf Creek Nuclear Operations 
Corp. 


Wolf Creek 
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Table 9:  COG CANDUs 
 


Operator Plant 
Bruce Power Bruce A 
  Bruce B 
China (CNNP) Qinshan 3 
NASA Embalse 
Korea (KHNP) Wolsong A 
  Wolsong B 
New Brunswick Power Point Lepreau 
OPG Darlington 
  Pickering 
Romania Cernavoda 


 
Table 10:  CEA Members 


 
Companies  Companies 


Alectra Inc.  Manitoba Hydro 
AltaLink  Maritime Electric Company 
ATCO Electric  Nalcor Energy 
ATCO Power  New Brunswick Power 
BC Hydro and Power Authority  Newfoundland Power 
Brookfield Renewable Energy Group  Northwest Territories Power Corp. 
Capital Power Corporation  Nova Scotia Power 
City of Medicine Hat, Electric Utility  Oakville Hydro Corp. 
ENMAX  Ontario Power Generation 
EPCOR  Saint John Energy 
FortisAlberta Inc.  Saskatoon Light & Power 
FortisBC Inc.  SaskPower 
Hydro One  Toronto Hydro Corp. 
Hydro Ottawa  TransCanada 
Hydro Quebec  Yukon Energy Corp. 


 
  
 
  


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 3 
Page 108 of 111







OPG Confidential – Internal Use Only   2019 Benchmarking Report 


- 107 - 


 


Table 11:  INPO Members for Human Performance Error Rate 
 


Plant 
Arkansas Nuclear One (ANO)                       Monticello                


Beaver Valley             Nine Mile Point           
Braidwood                 North Anna                


Browns Ferry              Oconee                    
Brunswick                 Oyster Creek              


Byron                     Palisades                 
Callaway                  Palo Verde                


Calvert Cliffs            Peach Bottom              
Catawba                   Perry                     
Clinton                   Pilgrim                   


Columbia Gen     Point Beach               
Comanche Peak             Prairie Island            


Cook                      Quad Cities               
Cooper                    River Bend                


Davis-Besse               Robinson                  
Diablo Canyon             Salem                     


Dresden                   Seabrook                  
Duane Arnold              Sequoyah                  


Farley                    South Texas                       
Fermi 2                   St. Lucie                 


Fitzpatrick               Summer                    
Ginna                     Surry                     


Grand Gulf                Susquehanna               
Harris                    Three Mile Island         
Hatch                     Turkey Point              


Hope Creek                Vermont Yankee            
Indian Point Vogtle                    


LaSalle                   Waterford    
Limerick                  Watts Bar                 
McGuire                   Wolf Creek           
Millstone      


 
  


Filed: 2021-04-19 
EB-2019-0290 


Exhibit L 
F2-01-SEC-121 


Attachment 3 
Page 109 of 111







OPG Confidential – Internal Use Only   2019 Benchmarking Report 


- 108 - 


 


Table 12:  INPO Members for On-Line Maintenance Backlogs 
 


Plant 
Arkansas Nuclear One (ANO)                       Monticello                


Beaver Valley             Nine Mile Point           
Braidwood                 North Anna                


Browns Ferry              Oconee                    
Brunswick                 Oyster Creek              


Byron                     Palisades                 
Callaway                  Palo Verde                


Calvert Cliffs            Peach Bottom              
Catawba                   Perry                     
Clinton                   Pilgrim                   


Columbia Gen     Point Beach               
Comanche Peak             Prairie Island            


Cook                      Quad Cities               
Cooper                    River Bend                


Davis-Besse               Robinson                  
Diablo Canyon             Salem                     


Dresden                   Seabrook                  
Duane Arnold              Sequoyah                  


Farley                    South Texas                       
Fermi 2                   St. Lucie                 


Fitzpatrick               Summer                    
Ginna                     Surry                     


Grand Gulf                Susquehanna               
Harris                    Three Mile Island         
Hatch                     Turkey Point              


Hope Creek                Vermont Yankee            
Indian Point Vogtle                    


LaSalle                   Waterford    
Limerick                  Watts Bar                 
McGuire                   Wolf Creek          
Millstone                  
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Table 13:  NPI Plant Level Performance Summary (North American Panel) 
 


 


 


Indicator NPI Max Best Quartile Median Pickering Darlington


Rolling Average Industrial Safety Accident Rate (#/200k hours 
worked) 0.20 0.00 0.02 0.05 0.04


Rolling Average Collective Radiation Exposure (person-rem per 
unit) 80.00 27.95 35.98 81.65 85.43


Fuel Reliability Index (microcuries per gram) 0.000500 0.000001 0.000003 0.000837 0.000187


2-Year Reactor Trip Rate (# per 7,000 hours) 0.50 0.00 0.00 0.33 0.15


3-Year Auxiliary Feedwater System Unavailability (#) 0.0200 0.0023 0.0039 0.0039 0.0000


3-Year Emergency AC Power Unavailability (#) 0.0250 0.0071 0.0121 0.0000 0.0026


3-Year High Pressure Safety Injection Unavailability (#) 0.0200 0.0015 0.0027 0.0000 0.0000


Rolling Average Forced Loss Rate (%) 1.00 0.34 0.99 5.20 1.94


Rolling Average Unit Capability Factor (%) 92.00 93.74 91.60 79.55 86.89


Rolling Average Chemistry Performance Indicator (Index) 1.01 1.00 1.00 1.02 1.03


WANO NPI (Index) Not Applicable 100.0 95.8 74.9 90.7


2018 Actuals
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Witness Panel: Nuclear Operations & Nuclear Projects 


SEC Interrogatory #122 1 
 2 
Interrogatory 3 
 4 
Reference: F2-1-1, Attachment 4 5 
 6 
With respect to the ScottMadden, Methodology to Adjust For Refurbishment and 7 
Validation of Implementation Report, please confirm that Scenario 4 assumes that the 8 
costs scale in a linear fashion with the number of Operating Units. If confirmed, please 9 
explain why this is appropriate and how ScottMadden validated this approach.  10 
 11 
 12 
Response 13 
 14 
The following response has been provided by ScottMadden: 15 
 16 
In order to provide a methodology to adjust for Refurbishment, ScottMadden 17 
developed an understanding of current cost attribution methods employed by OPG as 18 
part of an overall cost allocation methodology previously accepted by the Ontario 19 
Energy Board (“OEB”). Under Scenario 4, the OPG methodology attributes certain 20 
costs to DNGS and PNGS at 40% and 60% based on the number of operating units 21 
between the two stations. Given this allocation approach is based on the number of 22 
operating units, the methodology to adjust for Refurbishment follows the same logic by 23 
directing that DNGS costs can be reduced by “(number of operating units in 24 
Refurbishment) divided by (total number of operating units at DNGS).” ScottMadden 25 
confirms that this implies scaling in a linear fashion.  26 
 27 
The scope of ScottMadden’s support did not include evaluation of the design or 28 
application of OPG’s cost allocation methodology. Rather, the cost allocation 29 
methodology was considered in developing the basis for reducing costs by removing 30 
them or reallocating away from unit(s) in Refurbishment. ScottMadden does not imply 31 
the performance of any additional, specific research beyond what is described in the 32 
document.  33 
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Witness Panel: Nuclear Operations & Nuclear Projects 


SEC Interrogatory #123 1 
 2 
Interrogatory 3 
 4 
Reference: F2-1-1, Attachment 5 5 
 6 
With respect to the ScottMadden, A Study of Factors Impacting TGC / MWh 7 
Performance with Normalizing Adjustments to Facilitate Closer Comparison Report: 8 
a. Has ScottMadden undertaken a similar econometric analysis for nuclear facilities 9 


before? If so, please provide details.  10 
b. With respect to each of the charts contained on pages 4, 10 and 13: 11 


i.  Please provide the information tabular format in Excel.   12 
ii.  Please breakdown the information for each of 2015, 2016 and 2017, and 13 


provide the information in the same format as request in part (i).  14 
iii. Please provide updated information for each of 2018 and 2019, and provide 15 


the information in the same format as request in part(i).  16 
 17 
 18 
Response 19 
 20 
a) The following response has been provided by ScottMadden: 21 
 22 


No. ScottMadden has performed many performance benchmarking engagements 23 
and many econometric analyses over the years, each adapted to the specific 24 
circumstances of its clients.  Similarly, the study for OPG is adapted to OPG’s 25 
specific circumstances.  26 
 27 


b) The information requested in parts i.), ii.) and iii.) are provided in Attachment 1.1 28 
Attachment 1 has been provided in Excel format and filed separately on RESS as 29 
‘L-F2-01-SEC-123_Attachment 1.xlsx’. 30 


                                                 
1 In Attachment 1, Oyster Creek’s data has been included in the quartile performance data but has not been 
included in the plant level data as that plant shut down in 2018. Worksheet labelled “Non-Norm p4” is in reference 
to chart p. 4; worksheet labelled “Econometric p 10” is in reference to chart p. 10 and worksheet labelled “Full 
Normalization p13” is in reference to chart p. 13.  
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Witness Panel: Nuclear Operations & Nuclear Projects 


SEC Interrogatory #124 1 
 2 
Interrogatory 3 
 4 
Reference: F2-1-1, Attachment 6 5 
 6 
With respect to the Goodnight Consulting, 2019 Nuclear Staffing Benchmarking 7 
Analysis Report:  8 
a) What is the date of the information from OPG and the benchmark peer group? 9 
b) Please provide a table that shows the peer group used in each of the 2011, 2013, 10 


2014 and 2019 reports.  11 
c) [p.16] The Report notes that information management was not benchmarked as it 12 


was done via a different method external to the study. Was this a decision made 13 
by Goodnight or OPG? 14 


d) [p.19] Please revise the table to show ‘Total OPG FTE’ and ‘2019 Benchmarks’ 15 
broken by i) Darlington, ii) Pickering 1-4, and iii) Pickering 5-8. Please provide the 16 
response in Excel format.   17 


e) [p.20] Please provide OPG’s views on what are the likely drivers for the functions 18 
with the largest variances from the benchmark (both positive and negative). 19 


f) [p.20] For each function, please indicate if the numbers of the FTE have changed 20 
as a result of the DRP (i.e. less FTEs are required in 2019 as a result of Unit 2 21 
being out of service).  22 


g) [p.36] How was the PWR to CANDU adjustment determine and has that 23 
adjustment changed since the previous benchmarking study. If it has changed, 24 
please provide details.  25 


h) [p.42] What would the benchmark total for each of Darlington, Pickering 1-4 and 26 
Pickering 5-8, if no 35-hour work week adjustment was made.  27 


i) Please provide a copy of the questionnaire that Goodnight provided to the peer 28 
group.  29 


 30 
 31 
Response 32 
 33 
a) OPG’s nuclear staffing data was as of August 31, 2019 and Goodnight Consulting 34 


has advised OPG that the benchmark peer group data was obtained in the middle 35 
of 2018. 36 
 37 


b) Goodnight Consulting has provided the following response: 38 
 39 
The peer group has remained the same throughout each study and includes the 40 
following large two-unit PWR sites: Arkansas Nuclear One, Beaver Valley, 41 
Braidwood, Byron, Calvert Cliffs, Comanche Peak, DC Cook, Diablo Canyon, 42 
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Farley, Hatch, Indian Point, Millstone, North Anna, Seqoyah, St. Lucie, South 1 
Texas, Vogtle. 2 
 3 


c) OPG advised Goodnight Consulting that Information Management is benchmarked 4 
separately (Ex. F3-1-1, Attachment 2) and Goodnight Consulting excluded 5 
Information Management from the benchmarking analysis. This treatment is 6 
consistent with the 2014 Goodnight Staffing Benchmarking Study (EB-2016-0152 7 
Ex. F2-1-1, Attachment 2, p. 14). 8 
 9 


d) OPG cannot provide the requested information as the Goodnight nuclear staffing 10 
benchmarking methodology compares OPG Nuclear as a whole to the benchmark. 11 
As the Goodnight methodology compares a 2-unit PWR station to a 2-unit CANDU, 12 
this requires technical and scaled adjustments to the benchmark by reference to 13 
the 4-unit Darlington, 2-unit Pickering 1-4 and 4-unit Pickering 5-8 (see part h 14 
below). The Goodnight methodology does not however compare Pickering and 15 
Darlington to the benchmark separately as this would require allocation of OPG 16 
staff between Darlington, Pickering 1-4 and Pickering 5-8. Additionally, Pickering 17 
has operated as an amalgamated station since 2012. 18 
 19 


e) Goodnight Consulting identified its views on what are the likely drivers for the 20 
functions with the largest variances from the benchmark (both positive and 21 
negative) and OPG accepts these views (Ex. F2-1-1, Attachment 6, pp. 23-28).  22 
 23 


f) There is no direct impact to the number of full-time equivalent (“FTE”) staff working 24 
on Darlington ongoing operations as a result of the Darlington Refurbishment 25 
Program because the level of FTE staff is largely fixed and does not scale up and 26 
down proportionally with how much electricity the Darlington units generate. This is 27 
consistent with the premise of the ScottMadden total generating cost per megawatt-28 
hour (“TGC/MWh”) methodology to normalize for refurbishment (Ex. F2-1-1, 29 
Attachment 4, p. 4). Operations and maintenance FTEs supporting Darlington Unit 30 
2 cyclical outages1 have been included in the OPG FTE staff compared to 31 
benchmark.  32 
 33 


g) The PWR to CANDU benchmark staffing adjustments were determined by 34 
Goodnight’s technical experts following meetings with OPG technical staff.  The 2-35 
unit raw adjustments were the same for each function compared to the previous 36 
Goodnight study, with the exception of one function that was amalgamated with 37 
Radiation Protection Support. The rationale for the previous study’s adjustments 38 
was presented in EB-2016-0152, Ex. F2-1-1, Attachment 2, p. 22.  39 


                                                 
1 Cyclical outages are described at Ex. F2-4-1. 
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h) The following response has been provided by Goodnight Consulting: 1 
 2 
The following is an estimate in response to this question, rather than a detailed 3 
model. The results below reflect removal of the 52 FTEs for the 35-hour work week 4 
adjustment (Ex. F2-1-1, Attachment 6, p. 42), as well as reductions to the overall 5 
scaling, followed by a recalculation of the “Management” function to reflect a slightly 6 
smaller total staff benchmark.  Consequently, the estimated benchmark totals 7 
would be: 8 
 9 
Pickering 1-4:  1101 10 
Pickering 5-8:  1952 11 
Darlington:   1952 12 
Total:   5005 13 
 14 


i) See OPG’s response to Ex. L-F2-01-Staff-220, part a).  15 
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SEC Interrogatory #125 1 
 2 
Interrogatory 3 
 4 
Reference: F2-1-1 5 
 6 
Please update the following tables for 2020 (as applicable), and provide in Excel 7 
format: Tables 1 and 2. 8 
 9 
 10 
Response 11 
 12 
Tables 1 and 2 have been updated for 2020 and provided in L-A1-2-Staff-002, 13 
Attachment 1, Tables 16 and 17. Excel formats have been provided within the Excel 14 
file, filed on RESS, titled ‘OPG Excel Requested Tables’, in tabs beginning with prefix 15 
‘SEC125’.    16 
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Society Interrogatory #14 1 
Interrogatory 2 
 3 
Reference:  4 
Exhibit F2-01-01: Business Planning p10 ln 6-10. 5 
 6 
The main conclusions of the 2019 Goodnight Nuclear Staffing Study are as follows 7 
… The analysis showed that OPG, as of August 2019, is 239 Full-Time Equivalents   8 
(“FTEs”) (4.5%) below the total North America nuclear operator benchmark of 5,255 9 
FTEs. 10 
 11 
a) Please explain why OPG has understaffed its nuclear facilities by 4.5% as 12 


compared to its US counterparts. 13 
b) Has this understaffing affected plant safety in any way? 14 
c) Does the understaffing indicate that OPG staff are more productive and efficient 15 


than the North America nuclear operator benchmark staff? 16 
 17 
 18 
Response 19 
 20 
a) OPG has not understaffed its nuclear facilities. Rather, based on the 2019 21 


Goodnight nuclear staffing analysis, OPG has been able to maintain safe, reliable 22 
operations with 4.5% less staff compared to the benchmark. 23 


 24 
b) As noted in Ex. F2-1-1, p. 12, OPG’s nuclear generating stations continued to 25 


demonstrate strong safety performance. Darlington and Pickering continued to 26 
demonstrate first quartile performance in Total Recordable Injury Frequency 27 
(“TRIF”), with OPG achieving its lowest TRIF in the history of the company in 2019. 28 
OPG was the top TRIF performer in 2019 compared to its peer group. Darlington 29 
achieved maximum Nuclear Performance Index (“NPI”) results or best quartile 30 
performance for six of seven NPI safety sub-metrics, while Pickering achieved 31 
similar results on seven of seven safety sub-metrics.   32 


 33 
c) As discussed in part a), OPG’s facilities are not understaffed. OPG has invested in 34 


training and skills development, which increases the productivity and efficiency of 35 
its workforce. OPG has no basis to opine on the relative productivity and efficiency 36 
of its staff in comparison to that of other North American nuclear operators. 37 
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Society Interrogatory #15 1 


Interrogatory 2 


 3 


Reference:  4 


Exhibit F2-01-01: Business Planning p21 ln12 – p22 ln30 5 


 6 


The Right Work, Right Time, Right Value (“RWRTRV”) initiative focusses 7 


[sic] on improving plant reliability by improving maintenance productivity. 8 


Another key area of focus is on improving work management performance 9 


by transitioning to the use of digital work management tools and artificial 10 


intelligence in work management and outage planning processes. Key 11 


improvement actions and anticipated results for this initiative are …. 12 


Utilizing the Monitoring and Diagnostic Center (“M&D Center”) to develop 13 


predictive failure models and transitioning components of its time-based 14 


maintenance program to condition- based maintenance. The objective of 15 


condition-based maintenance is to establish continuous equipment 16 


condition monitoring through the use of high performance diagnostic tools 17 


that can combine the power of on-line process and equipment 18 


performance data acquisition with advanced diagnostic methodologies, 19 


including advanced pattern recognition technology (a form of artificial 20 


intelligence (“AI”)), to avoid operations and 4 maintenance costs and 21 


improve plant performance. … Along with the AI modelling in the M&D 22 


Centre, OPG will continue to explore opportunities for using AI to improve 23 


work management. The use of AI for work management is a new concept 24 


for the nuclear industry and is enabling both Pickering and Darlington to 25 


continually drive improvements to their work management programs. 26 


OPG is leveraging new technologies and processes as they are adopted 27 


in the nuclear industry and applying successes to future work. This 28 


includes using AI to maximize maintenance resources by effectively 29 


coordinating on-line and outage shift schedules, assisting in the 30 


assessment of work packages, and logging and monitoring of foreign 31 


material exclusion. OPG has already realized improvements in the outage 32 


scoping process with batch work assessing capabilities that reduce 33 


human performance issues as errors are automatically corrected. OPG 34 


will continue to seek further opportunities to apply AI to support planning 35 


of outage scope and the efficient execution of outage work. 36 


 37 


a) With the increase in digitization how does OPG propose to increase its 38 


cybersecurity systems and what impact will that have on cost and staff numbers? 39 


 40 


b) OPG is replacing human decision makers with AI within its nuclear stations. Explain 41 


how doing so does not jeopardize the safe operation of the plant. 42 


 43 
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Response 1 


 2 


a) Cyber security is a key focus area for OPG. Investments in the cyber security 3 


portfolio are currently allocated over $40M of the Chief Information Office overall 4 


portfolio spend during 2022-2026, with the CSA N290.7 program expected to be 5 


one of the largest such investments (see Ex. D2-1-2 Table 1(b); Ex. L-D3-01-SEC-6 


113). In addition, all IT projects have a cyber security component to ensure 7 


compliance with OPG’s cyber security standards. OPG has also established a 8 


centralized Cyber Security office, with the goal of delivering services and solutions 9 


that reduce cyber risk and promote cyber awareness across the company. 10 


 11 


During the IR term, the Cyber Security office has a total forecasted headcount of 12 


18 staff.  The resource requirements to sustain the cybersecurity program and the 13 


security portfolio requirements are continuously reviewed to ensure OPG is able to 14 


respond to external or internal threats, as well as manage changes to cyber security 15 


regulations.  Where possible, OPG will also prioritize investing in automation and 16 


Artificial Intelligence (AI) to proactively counter threats and reduce manual effort. 17 


 18 


b) Artificial Intelligence does not replace human decision making. Use of AI is focused 19 


on automating data gathering and analysis to ensure that human decision makers 20 


have enhanced insights into the data, facilitating better-informed decisions with a 21 


view to ultimately improve operations and safety. Additionally, OPG’s AI solutions 22 


are being built such that appropriate human oversight and intervention is 23 


incorporated through a review of AI output data and in the final selection and 24 


approval of that data’s use for work in the plants. OPG also plans to incorporate 25 


industry best practices by establishing company-wide policies for responsible use 26 


of AI and defining standards related to data and analytics across the company. 27 
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Board Staff Interrogatory #193 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Ref: Exhibit F2 / Tab 1 / Schedule 1 / p. 4 6 
 7 
Question(s): 8 


a) Please comment on OPG’s reliability performance when evaluated using 9 
measures of Critical Deficiencies (i.e. 1-year On-Line Deficient Critical 10 
Maintenance Backlogs and 1-year On-Line Corrective Maintenance Backlogs). 11 
In the response, please discuss whether OPG achieves a better performance 12 
when considering measures of Critical Deficiencies exclusively. 13 


 14 
 15 
Response 16 
 17 
OPG notes that it has incorrectly identified the names of the new metrics on page 4 of 18 
Ex. F2-1-1. The correct term is “1-Year On-Line Deficient Critical Backlogs” and “1-19 
Year On-Line Corrective Critical Backlogs” (i.e., no reference to maintenance). 20 
 21 
In 2017, OPG started benchmarking 1-Year On-Line Deficient Critical Backlogs and 1-22 
Year On-Line Corrective Critical Backlogs to focus on the backlog of critical work 23 
orders, as opposed to non-critical work orders. Critical work orders have a more 24 
significant impact on reliability. OPG continues to benchmark 1-Year On-Line Deficient 25 
Maintenance Backlogs and 1-Year Corrective Maintenance Backlogs, which reflect the 26 
sum of critical and non-critical work orders. ScottMadden’s evaluation of 2019 OPG 27 
Nuclear Benchmarking concluded that OPG’s suite of benchmarked metrics provided 28 
a sufficiently robust view of OPG’s nuclear performance (Ex. F2-1-1, Attachment 3, p. 29 
3). 30 
 31 
As shown in Tables 1 and 2 below, both stations’ backlogs have improved for all 32 
backlog metrics, with the critical backlogs showing a more favourable rate of reduction 33 
between 2017 and 2019. The one exception was Pickering’s 1-Year On-Line 34 
Corrective Critical Backlog in 2019 due to standby generator and fueling machine 35 
repair work orders, which were completed in January of 2020 (Ex. F2-1-1, Attachment 36 
2, p. 4). 37 
 38 
See Charts 1 and 2 below summarizing the performance at both stations from 2017-39 
2019. 40 
 41 
The deficient maintenance backlog and deficient critical backlog metrics showed the 42 
same quartile performance in 2019 at both stations.  43 
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The corrective maintenance backlog and corrective critical backlog metrics showed the 1 
same quartile performance in 2019 at Pickering. At Darlington in 2019, the corrective 2 
maintenance backlog metric was in the third quartile while the corrective critical 3 
backlog metric was in the first quartile.   4 
 5 


Chart 1: Pickering Backlog Benchmarking Performance 2017-2019 6 
 7 


 8 
 9 


Chart 2: Darlington Backlog Benchmarking Performance 2017-2019 10 
 11 


 12 


Metric 2017 2018 2019


1-Year On-line Deficient Maintenance Backlog 
(work orders per unit) 383 279 114


1-Year On-line Deficient Critical Backlog (work 
orders per unit) 41 9 5


1-Year On-line Corrective Maintenance Backlog 
(work orders per unit) 25 17 9


1-Year On-line Corrective Critical Backlog (work 
orders per unit) 0 0 1


Pickering Actuals


Metric 2017 2018 2019


1-Year On-line Deficient Maintenance Backlog 
(work orders per unit) 119 124 110


1-Year On-line Deficient Critical Backlog (work 
orders per unit) 15 9 3


1-Year On-line Corrective Maintenance Backlog 
(work orders per unit) 13 6 4


1-Year On-line Corrective Critical Backlog (work 
orders per unit) 1 0 0


Darlington Actuals
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Board Staff Interrogatory #194 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / p. 5 6 
 7 
Preamble:  8 
 9 
OPG noted that it has included several normalization adjustments to the value for 10 
money metrics. These adjustments normalize for Darlington NGS refurbishment costs, 11 
CANDU technology and age-related impacts.   12 
 13 
Question(s):  14 
 15 


a) Please discuss whether OPG expects to continue applying any of the noted 16 
normalization adjustments in 2027 after the completion of the Pickering NGS 17 
shutdown and the DRP.  18 


 19 
 20 
Response 21 
 22 
a)  OPG will not apply ScottMadden’s methodology to normalize Darlington’s total 23 


generating cost per megawatt-hour (“TGC/MWh”) for refurbishment (Ex. F2-1-24 
1, Attachment 4) once Darlington refurbishment has been completed. 25 
 26 
OPG expects to continue to apply all of ScottMadden’s other recommended 27 
normalization methodologies after Pickering has shut down and Darlington 28 
refurbishment has been completed in order to maintain the usefulness of the 29 
benchmarking results and address the benchmarking limitations as described 30 
in Ex. F2-1-1, p. 6. 31 
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Board Staff Interrogatory #195 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / p. 9 / Chart 1 6 
 7 
Preamble:  8 
 9 
OPG provided the following chart that highlights the impact of the normalizations 10 
applied to the value for money metrics.  11 
 12 
 13 


   Indicator Non-
Normalized 


Refurbishment 
Normalization 


CANDU and 
age-related 


Normalization 
Combined 


Normalization 


3-year Total 
Generation Cost per 
MWh 


PN: $62.39 
DN: $67.00 


PN: N/A 
DN: $54.18 


PN: $44.85 
DN: $50.99 


PN: $44.85 
DN:$38.84 


3-year Total 
Generating Cost per 
Unit 


PN: $228.27 
DN: $442.14 


PN: N/A 
DN: $357.53 


PN: $176.31 
DN: $355.07 


PN: $176.31 
DN: $270.46 


3-Year Non-Fuel 
Operating Cost per 
MWh 


PN: $53.85 
DN: $47.10 


PN: N/A 
DN: $37.85 N/A N/A 


3-year Capital Cost 
per MW DER 


PN: $30.66 
DN: $116.67 


PN: N/A 
DN: $89.78 N/A N/A 


 14 
Question(s):  15 
 16 
a) Please confirm that there are three adjustments that form part of the CANDU and 17 


age-related normalization (technology, age and outages). 18 
 19 


b) Please expand Chart 1 at Exhibit F2 / Tab 1 / Schedule 1 / p. 9 to include the impact 20 
of each of the three CANDU and age-related normalization on three-year TGC / 21 
MWh shown separately.  22 
 23 


c) Please file alternative versions of Chart 1 at Exhibit F2 / Tab 1 / Schedule 1 / p. 9 24 
that show the impact of each normalization (refurbishment and each of the CANDU 25 
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and age-related normalizations) on the first, second and third quartile performance 1 
indicators.1  2 


 3 
d) Please provide the same expanded chart as requested in parts (b) and (c) for 2017 4 


and 2018.  5 
 6 
 7 
Response 8 
 9 
a) Confirmed. 10 


 11 
b) and c) Chart 1 below has been expanded to show the impact of technology, age 12 


and outage adjustments separately on 2019 Value for Money metrics.  The impact 13 
on the first, second and third quartiles is also shown in Chart 1 below. 14 
 15 


Chart 1: Expanded Summary of Normalization Methodology Adjustments to 16 
Value for Money Metrics (2019 Three-Year Metrics) 17 


 18 


 19 
 20 


d) Chart 2 and Chart 3 below show the same expanded summary as Chart 1 for 2018 21 
and 2017, respectively.  22 


                                                 
1 The referenced quartile-based performance indicators are shown in Ex. F2-1-1, Attachment 5 / p. 4 (as an 
example).  


Indicator Non-Normalized
Refurbishment 
Normalization


Technology, Age-
related & Outage 


Normalization


Combined 
Normalization


Technology 
Only ($)


Age Related 
Only ($)


Outage Duration 
Only (MWh)


3-Year Total Generating 
Cost per MWh


PN: $62.39
DN: $67.00


PN: N/A
DN: $54.18


PN: $44.85
DN: $50.99


PN: $44.85
DN: $38.84


PN: $49.23
DN: $52.41


PN: $61.35
DN: $68.40


PN: $58.07
DN: $63.49


3-Year Total Generating 
Cost per Unit


PN: $228.27
DN: $442.14


PN: N/A
DN: $357.53


PN: $176.31
DN: $355.07


PN: $176.31
DN: $270.46


PN: $180.13
DN: $345.86


PN: $224.45
DN: $451.34


N/A


3-Year Non-Fuel 
Operating Cost per MWh


PN: $53.85
DN: $47.10


PN: N/A
DN: $37.85


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


3-Year Capital Cost per 
MW DER


PN: $30.66
DN: $116.67


PN: N/A
DN: $89.78


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


1st Quartile $34.63 $34.63 $30.83 $30.83 $32.96 $32.31 $34.21 
2nd Quartile $41.85 $41.85 $36.12 $36.12 $39.59 $37.80 $40.83 
3rd Quartile $51.01 $51.01 $44.84 $44.84 $47.95 $48.41 $50.25 


TGC/MWh Quartiles
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Chart 2: Expanded Summary of Normalization Methodology Adjustments to 1 
Value for Money Metrics (2018 Three-Year Metrics) 2 


 3 


 4 
 5 
 6 


Chart 3: Expanded Summary of Normalization Methodology Adjustments to 7 
Value for Money Metrics (2017 Three-Year Metrics) 8 


 9 


 10 


Indicator Non-Normalized
Refurbishment 
Normalization


Technology, Age-
related & Outage 


Normalization


Combined 
Normalization


Technology 
Only ($)


Age Related 
Only ($)


Outage Duration 
Only (MWh)


3-Year Total Generating 
Cost per MWh


PN: $67.76
DN: $59.06


PN: N/A
DN: $51.19


PN: $49.29
DN: $45.14


PN: $49.29
DN: $37.65


PN: $54.06
DN: $45.98


PN: $66.87
DN: $60.50


PN: $62.81
DN: $56.22


3-Year Total Generating 
Cost per Unit


PN: $234.18
DN: $384.74


PN: N/A
DN: $333.47


PN: $183.78
DN: $308.93


PN: $183.78
DN: $257.66


PN: $186.84
DN: $299.53


PN: $231.11
DN: $394.14


N/A


3-Year Non-Fuel 
Operating Cost per MWh


PN: $57.92
DN: $42.14


PN: N/A
DN: $36.37


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


3-Year Capital Cost per 
MW DER


PN: $33.39
DN: $89.03


PN: N/A
DN: $73.46


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


1st Quartile $35.59 $35.59 $33.14 $33.14 $35.26 $34.62 $35.48 
2nd Quartile $43.41 $43.41 $37.75 $37.75 $41.33 $40.67 $42.77 
3rd Quartile $53.95 $53.95 $46.80 $46.80 $50.07 $50.30 $53.55 


TGC/MWh Quartiles


Indicator Non-Normalized
Refurbishment 
Normalization


Technology, Age-
related & Outage 


Normalization


Combined 
Normalization


Technology 
Only ($)


Age Related 
Only ($)


Outage Duration 
Only (MWh)


3-Year Total Generating 
Cost per MWh


PN: $67.22
DN: $54.40


PN: N/A
DN: $50.54


PN: $49.26
DN: $41.62


PN: $49.26
DN: $37.94


PN: $53.80
DN: $42.09


PN: $66.55
DN: $55.94


PN: $62.34
DN: $51.90


3-Year Total Generating 
Cost per Unit


PN: $233.75
DN: $337.56


PN: N/A
DN: $313.62


PN: $184.74
DN: $270.73


PN: $184.74
DN: $246.79


PN: $187.07
DN: $261.17


PN: $231.41
DN: $347.10


N/A


3-Year Non-Fuel 
Operating Cost per MWh


PN: $56.89
DN: $39.62


PN: N/A
DN: $36.89


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


3-Year Capital Cost per 
MW DER


PN: $33.89
DN: $67.75


PN: N/A
DN: $59.81


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


1st Quartile $37.78 $37.78 $34.78 $34.78 $36.27 $36.38 $37.24 
2nd Quartile $43.66 $43.66 $39.52 $39.52 $41.03 $41.94 $42.39 
3rd Quartile $54.26 $54.26 $49.35 $49.35 $51.66 $52.95 $53.55 


TGC/MWh Quartiles
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Board Staff Interrogatory #196 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / pp. 16-17 6 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 2 / p. 6 7 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 3 / p. 10 8 
 9 
Preamble:  10 
 11 
OPG provided annual operational and financial targets for Pickering and Darlington in 12 
Charts 3 and 4 at Exhibit F2 / Tab 1 / Schedule 1 / pp. 16-17.  13 
 14 
The ScottMadden Evaluation of 2019 OPG Nuclear Benchmarking states that OPG 15 
has informed ScottMadden that during the 2020 business planning cycle, OPG plans 16 
to use three-year rolling average targets and normalized three-year rolling average 17 
targets for value for money metrics. The change is intended to better align with the 18 
metrics themselves, which are calculated as three-year rolling averages, and to reduce 19 
year-to-year volatility associated with refurbishment operations. OPG will also continue 20 
to set one-year targets. 21 
 22 
Question(s):  23 
 24 
a) Please further explain the statement in Note 4 at Exhibit F2 / Tab 1 / Schedule 1 / 25 


pp. 16-17 that the value for money targets are indicative and will be updated for 26 
final cost allocations reflected in the application.  27 
 28 


b) Please advise whether the 2020-2026 targets provided in Charts 3 and 4 at Exhibit 29 
F2 / Tab 1 / Schedule 1 / pp. 16-17 are three-year rolling average targets or annual 30 
targets.  31 
 32 


c) Please provide the same information as provided in Charts 3 and 4 at Exhibit F2 / 33 
Tab 1 / Schedule 1 / pp. 16-17 for the period 2013-2020. Please include both the 34 
actuals and targets for each year of the 2013-2020 period. Please specify the basis 35 
of the information provided in response (i.e. annual actuals and annual targets or 36 
rolling average actuals and rolling average targets, or some other basis).  37 


 38 
 39 


Response 40 
 41 
a) Consistent with past practice, the 2020-2026 Value for Money targets in Chart 3 42 


and Chart 4 at Ex. F2-1-1, pp. 16-17 are based on support cost allocations 43 
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determined as part of the previous year’s business planning process. While the cost 1 
allocations based on the approved 2020-2026 Business Plan were subsequently 2 
finalized in accordance with OPG’s cost allocation methodology (Ex. F3-1-4), the 3 
metrics included in the pre-filed evidence did not reflect this update, as noted. The 4 
update to the metrics was anticipated in OPG’s 2020-2026 Business Plan 5 
document, which indicated that the Value for Money targets were “indicative and 6 
will be updated once cost allocations and assumptions are finalized” (Ex. A2-2-1, 7 
Attachment 1, p. 50, footnote 4). Chart 3 and Chart 4 in response to part c) below 8 
provide the updated 2021-2026 Value for Money targets, which do not materially 9 
differ from the initial metrics. 10 


 11 
b)  The 2020-2026 Value for Money targets provided in Charts 3 and 4 of Ex. F2-1-1, 12 


pp. 16-17 are annual targets. Prior to finalizing those targets, OPG considered 13 
setting the targets based on three-year rolling averages and communicated this to 14 
ScottMadden. OPG ultimately decided not to change the Value for Money targets 15 
to three-year rolling averages for business planning to maintain consistency with 16 
prior years’ Value for Money targets and OPG’s operational targets.  17 


 18 
c) Chart 1 and Chart 2 below show 2013-2020 annual targets and annual actual 19 


results for Pickering and Darlington, respectively.  20 
 21 


For completeness, OPG is also providing Chart 3 below, which shows 2021-2025 22 
annual operational targets (Ex. F2-1-1, p. 16) and 2021-2025 annual financial 23 
targets for Pickering and Chart 4, which shows 2021-2026 annual operational 24 
targets (Ex. F2-1-1, p. 17) and 2021-2026 annual financial targets for Darlington. 25 
The financial targets in Chart 3 and Chart 4 below have been updated as described 26 
in OPG’s response to part a) above. 27 
 28 
The basis of the information provided in Charts 1 to 4 is annual with the exception 29 
of the Nuclear Performance Index (“NPI”), consistent with the NPI methodology that 30 
uses rolling averages.  31 
  32 
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Chart 1: Pickering Annual Actuals and Annual Targets 2013-2020 1 


 2 
 3 
 4 
 5 


Actual Target Actual Target Actual Target Actual Target Actual Target Actual Target Actual Target Actual Target


Total Recordable Injury 
Frequency(#/200k hours 


worked) (1)
0.37 0.89 0.22 0.89 0.44 0.69 0.49 0.24 0.06 0.24 0.16 0.22 0.11 0.20 0.19 0.20


Industrial Safety Accident 
Rate (#/200k hours worked) 0.00 0.15 0.10 0.15 0.04 0.15 0.03 0.10 0.07 0.10 0.04 0.10 0.00 0.10 0.00 0.10


Collective Radiation 
Exposure (person-rem per 


unit)
69.93 101.95 94.55 100.95 100.90 124.40 93.56 111.50 74.37 126.90 88.94 110.30 51.70 92.3 107.41 121.7


Airborne Tritium Emissions 
(Curies) per Unit 1,915 2,350 2,390 1,900 2,409 2,410 3,067 2,333 3,103 2,917 2,772 2,666 2,517 2,500 2,918 2,333


Fuel Reliability (microcuries 
per gram) 0.000254 0.0005 0.001870 0.0005 0.000419 0.0005 0.000261 0.0005 0.000615 0.000500 0.000834 0.000500 0.000186 0.0005 0.000137 0.0005


Reactor Trip Rate (# per 
7,000 hours) 0.63 0.5 0.36 0.50 0.19 0.50 0.44 0.50 0.22 0.50 0.60 0.50 0.00 0.50 0.00 0.5


Auxiliary Feedwater System 
Unavailability (#) 0.0167 0.02 0.023 0.02 0.00 0.02 0.00 0.02 0.00 0.02 0.014 0.02 0.0002 0.02 0.0118 0.02


Emergency AC Power 
Unavailability (#) 0.0000 0.025 0.000 0.025 0.009 0.025 0.0001 0.025 0.000 0.025 0.000 0.025 0.0008 0.025 0.000 0.025


High Pressure Safety 
Injection Unavailability (#) 0.0000 0.02 0.0000 0.02 0.0000 0.02 0.0000 0.02 0.0000 0.02 0.0000 0.02 0.00022 0.02 0.0000 0.02


Rolling Average WANO NPI 
(Index)(2) 67.5 66.0 64.3 72.0 68.5 66.5 76.3 72.3 76.7 69.7 74.9 75.5 82.5 74.3 82.5 77.6


Forced Loss Rate (%) 9.73 8.09 10.72 7.76 2.89 5.50 4.08 5.00 5.18 5.00 5.31 3.50 1.60 3.50 2.65 3.50


Unit Capability Factor (%) 73.70 79.20 75.28 79.90 79.35 79.85 75.24 77.63 80.00 71.50 79.09 74.60 87.55 80.56 76.25 76.0
Chemistry Performance 


Indicator (Index) 1.04 1.06 1.05 1.05 1.06 1.04 1.02 1.03 1.02 1.03 1.01 1.02 1.03 1.03 1.06 1.02


On-line Deficient Mtce 
Backlog (work orders/unit) 215 207 276 197 251 196 350 196 383 196 279 153 114 133 88 115


On-line Deficient Critical 
Mtce Backlog (work 


orders/unit)
-- -- -- -- -- -- -- -- 41 71 9 15 5 9 1 7


On-Line Corrective Mtce 
Backlog (work orders/unit) 124 104 160 85 125 78 116 55 25 28 17 20 9 12 3 10


On-Line Corrective Critical 
Mtce Backlog (work 


orders/unit)
-- -- -- -- -- -- -- -- 0 10 0 0 1 0 0 0


Normalized Total Generating 
Cost per MWh ($/MWh)**(3) -- -- -- -- 46.81 -- 52.72 -- 48.47 -- 46.83 -- 39.78 -- 47.94 50.37


Total Generating Cost per 


MWh ($/MWh)**
69.62 65.99 67.63 66.08 63.91 63.62 71.75 71.79 66.29 78.83 65.44 73.17 56.17 64.89 67.87 70.57


Normalized Total Generating 
Cost per Unit (M$ per 


Unit)**(3)
-- -- -- -- 178.31 -- 189.74 -- 186.18 -- 175.42 -- 167.34 -- 177.15 183.79


Total Generating Cost per 
Unit (M$ per Unit)**


227.93 -- 226.35 -- 226.02 -- 238.68 -- 236.56 250.47 227.29 243.03 220.97 232.93 232.32 238.30


Normalized Non-Fuel 
Operating Cost per MWh 


($/MWh) **(3)
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A


Non-Fuel Operating Cost per 


MWh ($/MWh) **
58.54 55.83 57.18 55.71 53.95 53.58 60.45 60.10 56.49 68.04 56.96 64.75 48.70 56.67 59.97 63.02


Fuel Cost per MWh ($/ 
MWh) 5.81 6.04 4.50 6.02 5.68 5.69 5.93 5.78 4.36 5.85 4.33 5.59 4.00 4.12 3.89 4.02


Normalized Capital Cost per 
MW DER (k$/MW) ***(3) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A


Capital Cost per MW DER 
(k$/MW) ***


33.53 28.05 38.62 29.98 29.39 29.98 34.65 39.70 37.65 30.40 27.88 26.22 26.46 28.55 26.59 23.10


Human Performance Error 
Rate (# per 200k ISAR hours) 


(4)
0.21 0.10 0.18 0.08 0.11 0.12 0.06 0.06 0.12 0.06 0.14 0.06 0.02 0.08 0.02 0.06


*** Design Electrical Rating (DER)


Note 1:  In 2018, Total Recordable Injury Frequency replaced All Injury Rate.  Data prior to 2018 are All Injury Rate figures.
Note 2:  Indicates a 2-Year Rolling Average for Pickering and a 3-Year Rolling Average for Darlington. 
Note 3: Normalization methodologies are applied as described in Ex. F2-1-1 section 3.2.1
Note 4:  In 2017, the 18-month Human Performance Error Rate transitioned from 10k to 200k hours.  2013-2016 figures have been restated from 10k to 200k ISAR and contractor hours. 


Pickering Annual Actuals and Targets


** TGC/MWh and Non-Fuel Operating Cost per MWh exclude OPEB, Pension and Corporate Asset Service Fees to align with the industry standard.


Benchmarking 
Indicators


Safety


Reliability


Value for Money


Human Performance


2019 20202013 2014 2015 2016 2017 2018
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Chart 2: Darlington Annual Actuals and Annual Targets 2013-2020 1 
 2 


 3 
 4 
 5 


Benchmarking 
Indicators


Actual Target Actual Target Actual Target Actual Target Actual Target Actual Target Actual Target Actual Target


Total Recordable Injury 
Frequency(#/200k hours 


worked) (1)
0.21 0.89 0.31 0.89 0.22 0.69 0.23 0.24 0.40 0.24 0.32 0.22 0.00 0.20 0.25 0.20


Industrial Safety Accident 
Rate (#/200k hours worked) 0.08 0.15 0.05 0.15 0.09 0.15 0.04 0.10 0.04 0.10 0.08 0.10 0.00 0.10 0.00 0.10


Collective Radiation 
Exposure (person-rem per 


unit)
110.74 96.73 54.45 56 73.72 73.8 82.7 65 93.56 111.9 71.13 79.8 83.14 80 29.97 30.63


Airborne Tritium Emissions 
(Curies) per Unit 1,067 1,000 1,276 1,000 1,313 1,200 846 1,014 875 900 982 800 1,213 900 879 970


Fuel Reliability (microcuries 
per gram) 0.00225 0.0005 0.000156 0.0005 0.000109 0.0005 0.000147 0.00050 0.000146 0.00050 0.000139 0.00050 0.000216 0.0005 0.003504 0.0005


Reactor Trip Rate (# per 
7,000 hours) 0 0.5 0 0.5 0.25 0.5 0.23 0.5 0.29 0.5 0 0.5 0 0.5 0 0.5


Auxiliary Feedwater System 
Unavailability (#) 0 0.02 0 0.02 0 0.02 0 0.02 0 0.02 0 0.02 0 0.02 0 0.02


Emergency AC Power 
Unavailability (#) 0 0.025 0 0.025 0 0.025 0 0.025 0 0.025 0.0078 0.025 0 0.025 0 0.025


High Pressure Safety 
Injection Unavailability (#) 0 0.02 0 0.02 0 0.02 0 0.02 0 0.02 0 0.02 0 0.02 0 0.02


Rolling Average WANO NPI 
(Index)(2) 90.8 97.7 92.1 97.9 83.7 88.8 87.8 87.3 82 83.1 90.7 91.3 88.9 92.1 93.6 93.7


Forced Loss Rate (%) 4.84 1.50 1.50 1.25 4.86 1.00 2.34 1.00 1.72 1.00 1.13 1.00 4.80 1.00 1.54 2.85


Unit Capability Factor (%) 82.92 88.80 92.09 93.50 76.87 82.35 89.49 91.10 85.17 85.10 88.57 86.00 87.44 89.00 93.05 91.06
Chemistry Performance 


Indicator (Index) 1.00 1.01 1.00 1.01 1.00 1.01 1.00 1.01 1.03 1.01 1.06 1.01 1.00 1.10 1.01 1.02


On-line Deficient Mtce 
Backlog (work orders/unit) 184 200 176 190 174 180 170 175 119 159 124 134 110 115 96 101


On-line Deficient Critical 
Mtce Backlog (work 


orders/unit)
-- -- -- -- -- -- -- -- 15 40 9 29 3 6 1 2


On-Line Corrective Mtce 
Backlog (work orders/unit) 32 50 20 29 24 25 14 20 13 15 6 7 4 4 2 2


On-Line Corrective Critical 
Mtce Backlog (work 


orders/unit)
-- -- -- -- -- -- -- -- 1 2 0 2 0 0 0 0


Normalized Total Generating 
Cost per MWh ($/MWh)**(3) -- -- -- -- 40.21 -- 35.06 -- 39.01 49.75 39.60 51.66 37.90 53.61 32.23 39.05


Total Generating Cost per 


MWh ($/MWh)**
42.31 40.25 39.63 36.21 52.31 49.18 46.11 48.09 67.91 67.56 67.00 70.26 66.12 65.24 54.30 62.16


Normalized Total Generating 
Cost per Unit (M$ per 


Unit)**(3)
-- -- -- -- 245.35 -- 234.16 -- 265.55 333.11 281.10 347.34 264.72 356.60 241.83 274.78


Total Generating Cost per 
Unit (M$ per Unit)**


264.99 -- 277.31 -- 304.81 -- 295.34 -- 437.53 429.32 451.16 451.54 437.74 433.95 389.17 416.40


Normalized Non-Fuel 
Operating Cost per MWh 


($/MWh) **(3)
-- -- -- -- -- -- -- -- 39.97 35.42 37.18 35.13 36.48 36.77 31.33 34.52


Non-Fuel Operating Cost per 


MWh ($/MWh) **
33.61 31.76 28.33 27.21 38.59 35.46 33.01 33.84 49.62 49.76 46.56 49.01 45.19 45.30 36.91 40.51


Fuel Cost per MWh ($/ 
MWh) 5.21 5.39 5.05 5.36 5.31 5.22 5.60 5.41 4.52 5.84 4.43 5.92 4.20 4.51 4.22 4.74


Normalized Capital Cost per 
MW DER (k$/MW) ***(3) N/A N/A N/A N/A N/A N/A N/A N/A 71.91 N/A 100.00 N/A 97.42 N/A 82.96 109.68


Capital Cost per MW DER 
(k$/MW) ***


24.88 23.76 49.86 29.48 55.82 59.84 54.72 65.54 101.04 64.90 122.76 91.11 126.22 87.65 107.55 129.03


Human Performance Error 
Rate (# per 200k ISAR hours) 


(4)
0.134 0.08 0.124 0.08 0.062 0.08 0.075 0.060 0.074 0.04 0.051 0.06 0.036 0.04 0.020 0.033


** TGC/MWh and Non-Fuel Operating Cost per MWh exclude OPEB, Pension and Corporate Asset Service Fees to align with the industry standard.
*** Design Electrical Rating (DER)


Note 1:  In 2018, Total Recordable Injury Frequency replaced All Injury Rate.  Data prior to 2018 are All Injury Rate figures.
Note 2:  Indicates a 2-Year Rolling Average for Pickering and a 3-Year Rolling Average for Darlington. 
Note 3: Normalization methodologies are applied as described in Ex. F2-1-1 section 3.2.1
Note 4:  In 2017, the 18-month Human Performance Error Rate transitioned from 10k to 200k hours.  2013-2016 figures have been restated from 10k to 200k ISAR and contractor hours. 


2013 2014 2015 2016 2017 2018 2019 2020


Darlington – Annual Actuals and Targets


Human Performance


Value for Money


Reliability


Safety
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Chart 3: 2021-2025 Annual Operational Targets and Updated Annual Financial 1 
Targets for Pickering  2 


 3 


 4 
  5 


WANO 
Max NPI


Best 
Quartile 


Median 
Quartile 


 2021 2022 2023 2024 2025


Total Recordable Injury Frequency(#/200k hours worked) 0.81 N/A 0.13 0.1 0.09 0.09 0.08
Industrial Safety Accident Rate (#/200k hours worked) 0.20 0.00 0.01 0.10 0.10 0.10 0.10 0.10
Collective Radiation Exposure (person-rem per unit) 80.00 38.54 70.32 94.5 101 99.5 72.7 19.5


Airborne Tritium Emissions (Curies) per Unit 982 2,772 2,250 2,200 2,200 2,070 2,000
Fuel Reliability (microcuries per gram) 0.000500 0.000001 0.000007 0.0005 0.0005 0.0005 0.0005 0.0005
Reactor Trip Rate (# per 7,000 hours) 0.50 0.00 0.00 0.5 0.5 0.5 0.5 0.5


Auxiliary Feedwater System Unavailability (#) 0.02 0.0000 0.0000 0.02 0.02 0.02 0.02 0.02
Emergency AC Power Unavailability (#) 0.025 0.0008 0.0016 0.025 0.025 0.025 0.025 0.025


High Pressure Safety Injection Unavailability (#) 0.02 0.00000 0.00000 0.02 0.02 0.02 0.02 0.02


Rolling Average WANO NPI (Index)(1) 92.7 87.6 74.7 76.9 75.7 80.3 85.6
Forced Loss Rate (%) 1.00 1.08 2.43 3.50 3.50 3.50 3.50 3.50


Unit Capability Factor (%) 92.0 87.06 86.14 80.0 74.1 79.4 83.3 93.2
Chemistry Performance Indicator (Index) 1.01 1.00 1.00 1.01 1.03 1.01 1.01 1.00


On-line Deficient Mtce Backlog (work orders/unit) 30 39 57 52 46 39 39
On-line Deficient Critical Mtce Backlog (work orders/unit) 0 0 0 0 0 0 0


On-Line Corrective Mtce Backlog (work orders/unit) 2 3 2 2 2 2 2
On-Line Corrective Critical Mtce Backlog (work orders/unit) 0 0 0 0 0 0 0


Normalized Total Generating Cost per MWh ($/MWh)**(2) 30.83 36.12     45.31     47.49     42.12     37.62     23.48 


Total Generating Cost per MWh ($/MWh)** 34.63 41.85     64.50     68.72     61.76     57.02     46.61 


Normalized Total Generating Cost per Unit (M$ per Unit)**(2) 239.49 290.39    173.85    169.43    160.43    144.39     69.39 
Total Generating Cost per Unit (M$ per Unit)** 275.21 310.29    229.93    226.44    218.38    203.31    129.29 


Non-Fuel Operating Cost per MWh ($/MWh) ** 20.84 24.65     57.18     62.09     55.77     51.06     40.96 


Fuel Cost per MWh ($/MWh) 7.03 7.69       3.83       3.90       4.01       4.17       4.52 
Capital Cost per MW DER (k$/MW) *** 38.82 53.64     24.10     17.45     13.54     12.33       6.07 


Human Performance Error Rate (# per 200k ISAR hours) 0.0000 0.0530 0.066 0.066 0.04 0.04 0.04


*** Design Electrical Rating (DER)


Note 1:  Indicates a 2-Year Rolling Average for Pickering and a 3-Year Rolling Average for Darlington. 
Note 2: Normalization methodologies are applied as described in Ex. F2-1-1 section 3.2.1


** TGC/MWh and Non-Fuel Operating Cost per MWh exclude OPEB, Pension and Corporate Asset Service Fees to align with the industry standard.


Benchmarking Indicators Pickering Annual Targets


Safety


Reliability


Value for Money


Human Performance
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Chart 4: 2021-2026 Annual Operational Targets and Updated Annual Financial 1 
Targets for Darlington  2 


 3 


 4 


Benchmarking Indicators WANO 
Max NPI


Best 
Quartile 


Median 
Quartile 


 2021 2022 2023 2024 2025 2026


Total Recordable Injury Frequency(#/200k hours worked) 0.81 N/A 0.17 0.10 0.09 0.09 0.08 0.08
Industrial Safety Accident Rate (#/200k hours worked) 0.20 0.00 0.01 0.10 0.10 0.10 0.10 0.10 0.10
Collective Radiation Exposure (person-rem per unit) 80.00 38.54 70.32 126.2 21.1 73.9 40 78.2 31.8


Airborne Tritium Emissions (Curies) per Unit 982 2,772 970 970 970 970 970 970
Fuel Reliability (microcuries per gram) 0.000500 0.000001 0.000007 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
Reactor Trip Rate (# per 7,000 hours) 0.50 0.00 0.00 0.5 0.5 0.5 0.5 0.5 0.5


Auxiliary Feedwater System Unavailability (#) 0.02 0.0000 0.0000 0.02 0.02 0.02 0.02 0.02 0.02
Emergency AC Power Unavailability (#) 0.025 0.0008 0.0016 0.025 0.025 0.025 0.025 0.025 0.025


High Pressure Safety Injection Unavailability (#) 0.02 0.00000 0.00000 0.02 0.02 0.02 0.02 0.02 0.02


Rolling Average WANO NPI (Index)(1) 92.7 87.6 84.3 93.1 77.54 86.9 84.75 85
Forced Loss Rate (%) 1.00 1.08 2.43 3.79 2.12 1.20 5.99 6.42 4.27


Unit Capability Factor (%) 92.0 87.06 86.14 76.0 85.8 78.1 81.8 68.2 89.4
Chemistry Performance Indicator (Index) 1.01 1.00 1.00 1.01 1.01 1.01 1.01 1.01 1.01


On-line Deficient Mtce Backlog (work orders/unit) 30 39 90 75 65 60 41 30
On-line Deficient Critical Mtce Backlog (work orders/unit) 0 0 0 0 0 0 0 0


On-Line Corrective Mtce Backlog (work orders/unit) 2 3 2 2 2 2 2 2
On-Line Corrective Critical Mtce Backlog (work orders/unit) 0 0 0 0 0 0 0 0


Normalized Total Generating Cost per MWh ($/MWh)**(2) 30.83 36.12      58.15     45.83     60.24     42.92     59.81     40.75 


Total Generating Cost per MWh ($/MWh)** 34.63 41.85      94.47    105.67    153.08    115.22    109.04     66.11 


Normalized Total Generating Cost per Unit (M$ per Unit)**(2) 239.49 290.39     348.94    313.25    377.55    280.05    323.34    287.13 
Total Generating Cost per Unit (M$ per Unit)** 275.21 310.29     532.35    667.78    861.14    688.64    545.31    443.25 


Normalized Non-Fuel Operating Cost per MWh ($/MWh) **(2) 20.84 24.65      55.93     47.51     71.30     52.78     63.53     41.92 


Non-Fuel Operating Cost per MWh ($/MWh) ** 20.84 24.65      66.89     70.02    109.38     80.61     79.78     49.11 


Fuel Cost per MWh ($/MWh) 7.03 7.69        4.08       4.10       4.35       5.16       5.11       4.89 
Normalized Capital Cost per MW DER (k$/MW) ***(2) 38.82 53.64     119.86    139.75    140.56    170.48    102.52     77.14 


Capital Cost per MW DER (k$/MW) *** 38.82 53.64     150.87    227.16    252.11    276.82    135.48     90.86 


Human Performance Error Rate (# per 200k ISAR hours) 0.0000 0.0530 0.039 0.039 0.019 0.019 0.019 0.019


*** Design Electrical Rating (DER)


Note 1:  Indicates a 2-Year Rolling Average for Pickering and a 3-Year Rolling Average for Darlington. 
Note 2:  Normalization methodologies are applied as described in section 3.2.1 and summarized in Chart 1


** TGC/MWh and Non-Fuel Operating Cost per MWh exclude OPEB, Pension and Corporate Asset Service Fees to align with the industry standard.


Darlington – Annual Targets


Safety


Reliability


Value for Money


Human Performance
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Board Staff Interrogatory #197 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 2 / p. 6 6 
 7 
Question(s):  8 
 9 
a) Please file Table 1 at Exhibit F2 / Tab 1 / Schedule 1 / Attachment 2 / p. 6 for each 10 


year 2008-2019 (as available). If targets were set on a rolling average basis for 11 
those years (which are comparable to the actuals that are presented), please also 12 
provide the relevant targets.  13 


 14 
 15 
Response 16 
 17 
Targets are set on an annual basis, while benchmarking results for most metrics are 18 
presented on a rolling average basis.  19 
 20 
The corresponding tables containing benchmarking results for each year are found 21 
as follows: 22 
 23 


• 2008-2015: Provided below 24 
• 2016-2018: Ex. L-F2-01-SEC-121, Attachment 1, p. 9 (2016), Attachment 2, p. 25 


6 (2017) and Attachment 3, p. 6 (2018)  26 
• 2019: Ex. F2-1-1, Attachment 2, p. 6, Table 1 27 
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2008 Benchmarking Results 1 


2 
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Board Staff Interrogatory #198 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 2 / pp. 65, 97 6 
 7 
Preamble: 8 
 9 
The Electric Utility Cost Group (EUCG) database is the source for the cost 10 
benchmarking data used for the value for money metrics. 11 
 12 
Question(s):  13 
 14 
a) Please advise whether the peers in the EUCG database include both the EUCG 15 


Panel in Table 8 and the remaining EUCG members in the table below Table 8 at 16 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 2 / p. 97.  17 
 18 


b) Please confirm that the TGC / MWh metric is the most comprehensive value for 19 
money metric that is benchmarked by OPG.   20 
 21 


c) Please provide the rank (i.e. # / total comparators) for each of Pickering NGS and 22 
Darlington NGS for the TGC / MWh metric on both a normalized and non-23 
normalized basis.  24 
 25 


 26 
Response 27 
 28 
a) The EUCG peers listed in Table 8 at Ex. F2-1-1, Attachment 2, p. 97 as well as the 29 


remaining EUCG peers listed in the following table at Ex. F2-1-1, Attachment 2, p. 30 
97 are included in the EUCG database. 31 
  32 


b) Confirmed. 33 
 34 


c) In 2019, the total generating cost per megawatt-hour performance rankings were 35 
as follows (Ex. F2-1-1, Attachment 2, pp. 68-69): 36 
 37 
Darlington Normalized – 35 of 62 38 
Pickering Normalized – 48 of 62 39 
 40 
Darlington Non-normalized – 59 of 62 41 
Pickering Non-normalized – 56 of 62 42 
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Board Staff Interrogatory #199 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 2 / p. 70 6 
 7 
Question(s):  8 
 9 
a) The terms ‘site capacity’ and ‘unit capacity’ appear to be used interchangeably. 10 


Please provide the definition for both ‘site capacity’ and ‘unit capacity’. In the 11 
response, please clarify if the two different terms are being used to discuss the 12 
same concept or two separate concepts. 13 
 14 


b) Please provide a detailed explanation for third quartile performance for Darlington 15 
NGS and fourth quartile performance for Pickering NGS even with the 16 
normalizations applied.  17 


 18 
 19 
Response 20 
 21 
a) The terms ‘site capacity’ and ‘unit capacity’ are being utilized to discuss two 22 


separate concepts. 23 
 24 
Site capacity: Total megawatts (“MW”) across all units at a particular site  25 
Unit capacity: MW for each individual unit. 26 
 27 


b) As discussed in Ex. F2-1-1, the use of the normalizations as recommended by 28 
ScottMadden provides for a closer comparison of OPG’s performance to peers. 29 
 30 
Darlington’s normalized total generating cost per megawatt-hour (“TGC/MWh”) 31 
performance was in the third quartile in 2019, which reflects increased capital 32 
investment necessary to prepare the station for ‘second life’ operations post 33 
refurbishment (Ex. D2-1-2, pp. 3-4; Ex. F2-1-1, Attachment 2, p. 70). Once the 34 
decision to refurbish Darlington and extend end of life was made, OPG began an 35 
extensive program to replace obsolete and/or life-expired plant equipment. This can 36 
be seen from the benchmarking of OPG’s capital expenditures against industry 37 
peers, which showed that OPG’s average capital cost per MW Design Electrical 38 
Rating (“DER”) prior to beginning the extensive replacement program was lower 39 
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than that of the comparators, placing OPG at or below first quartile.1 Darlington’s 1 
three-year average capital cost per MW DER is now higher than most comparators 2 
such that OPG currently places in the fourth quartile. Therefore, Darlington’s 2019 3 
TGC/MWh performance in large part reflects the timing of lifecycle investments and 4 
pursuit of life extension for Darlington relative to peers. Additional details regarding 5 
the factors contributing to Darlington’s 2019 TGC/MWh performance are available 6 
at Ex. F2-1-1, Attachment 2, pp. 70, 74, 77, 80. 7 
 8 
Pickering’s normalized TGC/MWh performance was in the fourth quartile in 2019. 9 
Pickering’s performance was partly impacted by requirements for Pickering 10 
Extended Operations. Pickering units are the smallest in the peer group with a 11 
capacity of 540 MW per unit compared to the peer group average of 1,026 MW (Ex. 12 
F2-1-1, p. 14), a factor for which TGC/MWh results have not been normalized. 13 
Additional details regarding the factors contributing to Pickering’s 2019 TGC/MWh 14 
performance are available at Ex. F2-1-1, Attachment 2, pp. 71, 74, 77, 80. 15 


                                                 
1 The 2020 Benchmarking Report (Ex. F2-1-1, Attachment 2) shows that for the period 2014-2016, the three year 
average capital costs per MW DER was at or well below first quartile. Similar results were reported in the 2012 
Benchmarking Report (EB-2013-0321, Ex. F2-1-1, Attachment 1) and the 2015 Benchmarking Report (EB-2016-
0152, Ex. F2-1-1, Attachment 1). 
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Board Staff Interrogatory #200 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 2 / pp. 84, 88-89 6 
 7 
Preamble: 8 
 9 
OPG provided a comparison of its performance on three key metrics (WANO Nuclear 10 
Performance Index, Unit Capability Factor, TGC / MWh) relative to certain peers at the 11 
major operator level.  12 
 13 
Question(s):  14 
 15 
a) Please reference which peer group(s) are used for each of the above noted metrics. 16 


Please provide specific references to the “panel” tables provided starting at p. 96 17 
of Exhibit F2 / Tab 1 / Schedule 1 / Attachment 2.  18 
 19 


b) Please provide a detailed discussion of OPG’s performance (11 out of 13 on a 20 
normalized basis and 13 out of 13 on a non-normalized basis) at the major operator 21 
level.  22 
 23 


c) Please provide a discussion of the decline in performance relative to the peer group 24 
from 12 out of 13 to 13 out of 13 between 2017 and 2019.  25 
 26 


 27 
Response 28 
 29 
a) The peer group for the WANO Nuclear Performance Index and Unit Capability 30 


Factor metrics at the major operator level is listed in Table 7 at Ex. F2-1-1, 31 
Attachment 2, p. 96. The peer group for total generating cost per megawatt-hour 32 
(“TGC/MWh”) at the major operator level is listed in Table 8 at Ex. F2-1-1, 33 
Attachment 2, p. 97.   34 
 35 


b) Operator level summary results are the average of the results across all plants 36 
managed by a given operator. While the operator level summary can be 37 
informative, it is more appropriate to look at OPG’s two nuclear facilities individually 38 
given that they are at different stages of their lifecycle, have different sized units 39 
and reflect different generations of CANDU technology (Ex. F2-1-1, Attachment 2, 40 
p. 7). This view is consistent with ScottMadden’s Evaluation of 2019 OPG Nuclear 41 
Benchmarking, in which ScottMadden recommended that OPG focus on site-level 42 
comparisons of performance for Pickering and Darlington rather than operator-level 43 
comparisons (Ex. F2-1-1, Attachment 3, p. 3). 44 
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An explanation of Darlington and Pickering’s 2019 normalized TGC/MWh 1 
performance is provided at Ex. L-F2-01-Staff-199, part b). The explanation for 2 
Pickering’s 2019 normalized TGC/MWh performance also applies to its 2019 non-3 
normalized performance. 4 
 5 
Darlington’s 2019 non-normalized TGC/MWh performance was driven largely by 6 
significant capital expenditures, which are necessary for reliable post-refurbishment 7 
operation and by reduced generation during Darlington refurbishment (Ex. F2-1-1, 8 
pp. 13-14). 9 
 10 


c) Consistent with OPG’s response to part b), Darlington’s non-normalized TGC/MWh 11 
performance during the 2017 to 2019 period was impacted by increased capital 12 
spending supporting continued preparation for Darlington second life operations as 13 
well as by reduced generation as a result of ongoing refurbishment activities.    14 
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Board Staff Interrogatory #201 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 3 / p. 1 6 
 7 
Preamble: 8 
 9 
ScottMadden recommended that OPG focus on site-level comparisons of performance 10 
for Pickering NGS and Darlington NGS rather than operator-level comparisons in the 11 
future. This represents an evolution in ScottMadden’s guidance from 2009. 12 
 13 
Question(s):  14 
 15 
a) Please provide the excerpt of ScottMadden’s guidance from 2009 with respect to 16 


the issue of operator-level and site-level comparisons (including a reference to the 17 
application in which this guidance was filed).  18 
 19 


 20 
Response 21 
 22 
In 2009, OPG undertook a major new nuclear benchmarking initiative in conjunction 23 
with the development of its 2010-2014 nuclear business plan. This initiative was 24 
undertaken by OPG Nuclear, with the assistance of ScottMadden. ScottMadden 25 
prepared a 2009 Benchmarking Study (EB-2010-0008, Ex. F5-1-1) which is the basis 26 
on which OPG has prepared subsequent benchmarking studies. 27 
 28 
The first section of the 2009 Benchmarking Study included detailed site and in some 29 
cases unit comparisons to industry peers.  The last section of the 2009 Benchmarking 30 
Study (Section 5) provided an operator level summary across a few high-level metrics 31 
(EB-2010-0008, Ex. F5-1-1, Phase 1, p. 10).  ScottMadden noted in Section 5 of the 32 
2009 Benchmarking Study that the major operator summary was provided to 33 
supplement the site comparisons as the operator comparisons “provide additional 34 
context but all of the detail data in the previous sections provide the more complete 35 
picture of plant by plant performance” (EB-2010-0008, Ex. F5-1-1, p. 140). 36 
 37 
ScottMadden’s recommendation now (Ex. F2-1-1, Attachment 3, p. 1)  that OPG focus 38 
on site level comparisons rather than operator level comparisons is based on their 39 
observation that site level comparisons provide a more complete picture of 40 
performance, and further reflects an evolution in their expert opinion that the 41 
usefulness of operator level comparisons have declined for the reasons set out  below:  42 







Filed: 2021-04-19 
EB-2020-0290 


Exhibit L 
F2-01-Staff-201 


Page 2 of 2 
 


Witness Panel: Nuclear Operations & Nuclear Projects 


Operator-level comparisons include companies of significantly 1 
different scales, particularly given consolidation in the industry 2 
over the last decade, and comprise many fewer data points.  3 
Variance in scale from one site to the next, while still significant, is 4 
less prominent than from one operator to the next.  Site-to-site 5 
comparisons provide a larger data set resulting in a more robust 6 
and accurate view of OPG performance relative to the industry, 7 
which better informs the target-setting process (Ex. F2-1-1, 8 
Attachment 3, p. 3). 9 
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Board Staff Interrogatory #202 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 3 / pp. 9, 13 6 
 7 
Preamble: 8 
 9 
OPG provided the following normalization summary for the TGC / MWh metric.  10 
 11 


Normalization Summary - TGC/MWh 
3-Year (2016-2018) Darlington Pickering 


TGC/MWh - Non-Normalized 59.06 67.76 


Total Generating Costs [TGC] (C $K)   
Non-Normalized TGC 3,847,416 4,215,170 
Refurbishment Adjustment (512,734) - 
Reactor Type Adjustment (852,100) (852,100) 
Unit Age Adjustment 93,935 (55,131) 
Normalized TGC 2,576,517 3,307,938 
   


Generation (GWh)   
Non-Normalized Generation 65,147 62,210 
Outage Adjustment 3,287 4,901 
Normalized Generation 68,434 67,111 
   


TGC/MWh - Fully Normalized 37.65 49.29 


 12 
Question(s):  13 
 14 
a) Please confirm that the above normalization summary is based on 2018 information 15 


(three-year rolling average - 2016-2018).  16 
 17 


b) Please provide a normalization summary for each year 2017, 2018 and 2019 (using 18 
annual information as opposed to a rolling average).  19 
 20 


c) Please provide a normalization summary for 2017 and 2019 on a rolling average 21 
basis (similar to the 2018 normalization summary reproduced above).  22 
 23 


d) Please provide a normalization summary for 2017, 2018 and 2019 on a rolling 24 
average basis (similar to the 2018 normalization summary reproduced above) 25 
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showing the impact of the normalizations on the indicator for first, second and third 1 
quartile performance.   2 
 3 


e) Please provide the refurbishment adjustment breakdown as shown in Table 3 of 4 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 3 for 2017 and 2019.  5 
 6 


f) Please identify whether ScottMadden has completed a normalization analysis for 7 
any of the other nuclear operators that have contracted its services in the past. In 8 
the response, please identify whether normalization is standard practice when 9 
benchmarking nuclear operators. 10 


 11 
 12 
Response 13 
 14 
a) Confirmed. 15 


 16 
b), c) and d)  17 
 18 
 Chart 1 (Darlington) and Chart 2 (Pickering) below have been expanded to show 19 


the 2017, 2018 and 2019 total generating cost per megawatt-hour (“TGC/MWh”) 20 
normalized summary on a rolling average basis as well as the normalization 21 
summary for each of the annual years reflected in the 2017, 2018 and 2019 rolling 22 
average summary. The normalization summary for the first, second and third 23 
quartiles for 2017 to 2019 on a rolling average basis are also shown in Chart 1 and 24 
Chart 2 below. 25 


  26 
e) Chart 3 shows the Darlington TGC/MWh refurbishment normalization adjustment 27 


breakdown for 2017, 2018 and 2019. 28 
 29 
f)  The following response has been provided by ScottMadden: 30 
 31 


ScottMadden has supported many other nuclear operator clients in adjusting 32 
benchmark data to increase comparability. While not a standard practice, 33 
normalization is helpful and appropriate in cases where circumstances (e.g., 34 
Refurbishment) make comparison difficult. The ScottMadden normalization 35 
methodology has been prepared for OPG to normalize for OPG’s circumstances.   36 
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Chart 1: Expanded TGC/MWh Normalization Summary for 2017, 2018 & 2019 1 
Rolling Average Basis – Darlington 2 


 3 


 4 
 5 


 6 
Chart 2: Expanded TGC/MWh Normalization Summary for 2017, 2018 & 2019 7 


Rolling Average Basis – Pickering 8 
 9 


  10 


2015-2017 2016-2018 2017-2019 2015 2016 2017 2018 2019


TGC/MWh - Non-Normalized 54.40 59.06 67.00 52.31 46.11 67.91 67.00 66.12


Total Generating Costs [TGC]    (C $K)
Non-Normalized TGC 3,713,194        3,847,416       3,979,262             1,219,245 1,181,369 1,312,580 1,353,467 1,313,215 
Refurbishment Adjustment (263,342)          (512,734)         (761,492)               -              -              (263,342)   (249,392)   (248,758)   
Reactor Type Adjustment (840,323)          (852,100)         (866,494)               (276,618)   (279,759)   (283,946)   (288,395)   (294,152)   
Unit Age Adjustment 104,956           93,935             82,828                   38,638       34,974       31,344       27,617       23,866       
Normalized TGC 2,714,485        2,576,517       2,434,103             981,265     936,584     796,636     843,297     794,171     


Generation (GWh)
Non-Normalized Generation 68,256              65,147             59,388                   23,310       25,619       19,327       20,201       19,860       
Outage Adjustment 3,287                3,287               3,287                     1,096          1,096          1,096          1,096          1,096          
Normalized Generation 71,543              68,434             62,675                   24,406       26,715       20,423       21,297       20,956       


TGC/MWh - Fully Normalized 37.94 37.65 38.84 40.21 35.06 39.01 39.60 37.90


1st Quartile $34.78 $33.14 $30.83 
2nd Quartile $39.52 $37.75 $36.12 
3rd Quartile $49.35 $46.80 $44.84 


3-Year Rolling Annual


TGC/MWh Quartiles - Normalized


2015-2017 2016-2018 2017-2019 2015 2016 2017 2018 2019


TGC/MWh - Non-Normalized 67.22                67.76               62.39                     63.91          71.75          66.29          65.44          56.17          


Total Generating Costs [TGC]    (C $K)
Non-Normalized TGC 4,207,516        4,215,170       4,108,897             1,356,104 1,432,077 1,419,335 1,363,758 1,325,804 
Reactor Type Adjustment (840,323)          (852,100)         (866,494)               (276,618)   (279,759)   (283,946)   (288,395)   (294,152)   
Unit Age Adjustment (42,050)            (55,131)           (68,757)                 (9,754)        (13,967)      (18,329)      (22,835)      (27,593)      
Normalized TGC 3,325,142        3,307,939       3,173,646             1,069,732 1,138,351 1,117,060 1,052,528 1,004,059 


Generation (GWh)
Non-Normalized Generation 62,589              62,210             65,857                   21,220       19,958       21,411       20,841       23,605       
Outage Adjustment 4,901                4,901               4,901                     1,634          1,634          1,634          1,634          1,634          
Normalized Generation 67,490              67,111             70,758                   22,854       21,592       23,045       22,475       25,239       


TGC/MWh - Fully Normalized 49.27                49.29               44.85                     46.81          52.72          48.47          46.83          39.78          


1st Quartile $34.78 $33.14 $30.83 
2nd Quartile $39.52 $37.75 $36.12 
3rd Quartile $49.35 $46.80 $44.84 


3-Year Rolling Annual


TGC/MWh Quartiles - Normalized
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Chart 3: Breakdown of 2017-2019 Refurbishment Normalization Adjustments 1 
The 2017 amounts shown in Chart 3 are also shown at Ex. F2-1-1, Attachment 4, pp. 13-14. 2 


 3 


 4 
 5 


Group OPG Method of Cost Attribution to DNGS 2017 2018 2019


Nuclear Station & Support
OM&A costs assigned to DNGS that are reasonably attributable to the unit(s) in 
Refurbishment should be removed: Cyclical Outage Costs


(57,894)             (63,768)          (50,633)            


Chief Administrative Office (18,304)             (20,826)          (21,544)            


Scenario 1: Management Assignment or Proportionate Support Allocation (685)                   (629)                (968)                  
Scenario 2: Full-Time Equivalents (881)                  
Scenario 3: OM&A & Capital Blend (629)                   (856)                (512)                  
Scenario 1: Management Assignment or Proportionate Support Allocation (590)                   (478)                (414)                  
Scenario 2: Full-Time Equivalents (108)                  
Scenario 3: OM&A & Capital Blend (1,531)                (2,072)             (2,021)              
Scenario 1: Management Assignment or Proportionate Support Allocation (8,552)                (9,929)             (9,790)              
Scenario 3: OM&A & Capital Blend (320)                   (68)                   (90)                    
Scenario 1: Management Assignment or Proportionate Support Allocation (262)                   (235)                (462)                  
Scenario 3: OM&A & Capital Blend (51)                      (55)                   (218)                  


Scenario 1: Management Assignment or Proportionate Support Allocation (5,012)                (5,474)             (5,464)              


Scenario 3: OM&A & Capital Blend (673)                   (850)                (619)                  


SVP & OPG 2025 Scenario 3: OM&A & Capital Blend (180)                
Corporate Office (4,036)                (3,643)             (3,897)              


Scenario 1: Management Assignment or Proportionate Support Allocation (1,837)                (1,568)             (1,669)              


Scenario 3: OM&A & Capital Blend (1,734)                (1,926)             (2,087)              


Executive Office Scenario 3: OM&A & Capital Blend (465)                   (149)                (141)                  
Finance (9,561)                (10,141)          (10,125)            


Scenario 1: Management Assignment or Proportionate Support Allocation (290)                   (326)                (252)                  
Scenario 3: OM&A & Capital Blend (683)                   (775)                (797)                  
Scenario 1: Management Assignment or Proportionate Support Allocation (95)                      (48)                   (14)                    
Scenario 3: OM&A & Capital Blend (866)                   (1,081)             (1,095)              


Fund Management Scenario 3: OM&A & Capital Blend (256)                   (283)                (305)                  
Scenario 1: Management Assignment or Proportionate Support Allocation (2,036)                (2,229)             (2,378)              
Scenario 3: OM&A & Capital Blend (519)                   (537)                (500)                  


Scenario 1: Management Assignment or Proportionate Support Allocation (81)                      (96)                   (52)                    


Scenario 3: OM&A & Capital Blend (1,233)                (1,319)             (1,289)              
External Reporting & Policy Scenario 3: OM&A & Capital Blend (959)                   (1,107)             (1,026)              


Scenario 1: Management Assignment or Proportionate Support Allocation (70)                   
Scenario 3: OM&A & Capital Blend (533)                   (383)                (506)                  
Scenario 1: Management Assignment or Proportionate Support Allocation (1,344)                (1,144)             (592)                  
Scenario 3: OM&A & Capital Blend (510)                   (496)                (1,224)              


SVP Office & Chief Controller Office Scenario 1: Management Assignment or Proportionate Support Allocation (158)                   (246)                (94)                    
Chief Information Office (19,373)             (19,051)          (18,921)            


Scenario 1: Management Assignment or Proportionate Support Allocation (13,241)             (14,534)          (16,450)            
Scenario 3: OM&A & Capital Blend (6,132)                (4,517)             (2,471)              


People & Culture (13,964)             (9,034)             (3,443)              
Scenario 1: Management Assignment or Proportionate Support Allocation (9,423)                (5,821)             (1,648)              
Scenario 2: Full-Time Equivalents (4,541)                (3,213)             (1,794)              


Nuclear Support (63,463)             (62,969)          (64,270)            


Direct Report Scenario 4: Number of Operating Units (746)                   (2,821)             (1,972)              


Fleet Ops Maintenance Scenario 4: Number of Operating Units (6,679)                (5,159)             (5,004)              


Inspection & Reactor Innovation Scenario 4: Number of Operating Units (4,363)                (3,462)             (4,146)              


Nuclear Engineering Scenario 4: Number of Operating Units (25,041)             (23,418)          (21,453)            


Nuclear Oversight Scenario 4: Number of Operating Units (532)                   (565)                (582)                  
Nuclear Reg Affairs & Stakeholder Scenario 4: Number of Operating Units (3,772)                (4,424)             (4,842)              
Nuclear Training Scenario 4: Number of Operating Units (3,597)             (6,578)              


Nuclear Waste Management Scenario 4: Number of Operating Units (121)                   (157)                (182)                  


Projects & Modifications and Enterprise Projects Scenario 4: Number of Operating Units (12,291)             (9,489)             (9,150)              


Scenario 3: OM&A & Capital Blend (141)                   (143)                (27)                    


Scenario 4: Number of Operating Units (9,776)                (9,733)             (10,334)            
Nuclear Station (76,748)             (59,960)          (75,926)            
PNGS Scenario 4: Number of Operating Units (5)                        (15)                   (62)                    
Nuclear Sustaining Capital Cost Sustaining Capital Cost Common to All Units at DNGS (76,743)             (59,945)          (75,863)            
Grand Total (263,342)           (249,392)        (248,758)          
* Due to reorganizations, People & Culture is now combined into one line item


Environment


Legal, Ethics & Compliance (Less Enviro & Reg Affairs)


Nuclear & Corporate Finance


People & Culture *


CIO


Security & Emergency Services


Corporate Affairs


Assurance & Enterprise Risk Mgmt


Corp Business Development & Strategy


Treasury


Business Planning & Reporting


Income Tax


Real Estate & Services


Regulatory Affairs


Supply Chain
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Board Staff Interrogatory #203 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 4 / pp. 6-11 6 
 7 
Question(s): 8 
 9 
a) Please confirm whether ScottMadden was given raw accounting data or data pre-10 


filtered by OPG for their validation of the OPG Darlington NGS refurbishment 11 
adjustment and normalization. 12 
 13 


b) Please discuss the controls in place to ensure that cost attribution based on 14 
management assignments (i.e. Scenario 1: Management Assignment or 15 
Proportionate Support Allocation) are not subjective. 16 
 17 


c) Depending on the specific OPG division / group, different adjustment amounts 18 
could be calculated depending on the cost attribution scenario used. Please 19 
comment on the efficacy of the current adjustment strategy given the above. 20 
 21 


 22 
Response 23 
 24 
a)  ScottMadden was given raw data by OPG for their validation of OPG’s application 25 


of ScottMadden’s methodology to normalize Darlington’s total generating cost per 26 
MWh (“TGC/MWh”) for refurbishment. 27 


 28 
b)  The reference to Management Assignment under Scenario 1 reflects the use of 29 


management estimates as part of OPG’s overall cost allocation methodology, 30 
which is used to derive amounts attributed to Darlington before the application of 31 
the normalization methodology. OPG’s use of estimates as part of cost allocation 32 
has been validated by external cost allocation experts and applied consistently in 33 
past payment amounts proceedings (see Ex. F3-1-4, Attachment 1).  Controls over 34 
cost allocations at OPG include the use of dedicated resources to maintain, 35 
administer and review results of the methodology, direct involvement of line leaders 36 
in developing management estimates, and financial reporting oversight over the 37 
company’s segmented results. 38 


  39 
 With respect to the application of the normalization methodology, all costs subject 40 


to Scenario 1: Management Assignment or Proportionate Support Allocation that 41 
are excluded from normalized total generating cost (“TGC”) have been determined 42 
based on proportionate support allocation. While the methodology set out by 43 
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ScottMadden allows for management assignment, no costs have been excluded 1 
from the 2019 TGC/MWh (Ex. F2-1-1, Chart 1) or 2020-2026 targets (Ex. F2-1-1, 2 
Chart 4) based on management assignment. As a result, controls related to 3 
management assignments are not applicable to the normalization methodology.  4 


 5 
c)  The normalization methodology established by ScottMadden is effective as it allows 6 


OPG to normalize Darlington’s TGC/MWh for refurbishment by appropriately 7 
excluding certain costs from Darlington’s TGC. 8 


 9 
In accordance with the ScottMadden methodology, OPG allocated support costs to 10 
Darlington units undergoing refurbishment in a manner consistent with OPG's cost 11 
allocation methodology (Ex. F3-1-4). Both cost allocation methodologies 12 
appropriately allow for different ways of allocating each OPG support 13 
division/group’s costs based on their respective cost drivers. In addition, each OPG 14 
support division/group’s have different cost profiles driven by their work programs. 15 
Consequently, it was expected that OPG’s application of ScottMadden’s 16 
normalization methodology would result in different adjustment amounts for each 17 
OPG support division/group. 18 
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Board Staff Interrogatory #204 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 4 / p. 7  6 
Exhibit A1 / Tab 3 / Schedule 1 / pp. 6-7 7 
 8 
Preamble: 9 
 10 
OPG provided a table highlighting the cost attribution scenarios used for the various 11 
category of costs. OPG noted that the cost attribution scenarios are based on OPG’s 12 
2017 organizational structure. OPG underwent a major corporate realignment in 2020.  13 
 14 
Question(s): 15 
 16 


a) Please discuss whether this organizational change impacts the manner in which 17 
the normalization methodology will be applied in 2020. Please describe in detail.   18 


 19 
 20 
Response 21 


 22 
a) The interrogatory references the various cost attribution scenarios by which 23 


ScottMadden’s total generating cost per megawatt-hour (“TGC/MWh”) 24 
normalization methodology identifies how each type of cost should be removed 25 
from normalized TGC/MWh for the purposes of normalizing Darlington for 26 
refurbishment. OPG’s organizational realignment did not impact the manner in 27 
which ScottMadden’s normalization methodology for refurbishment has been 28 
applied to 2020 normalized TGC/MWh results. ScottMadden’s refurbishment 29 
normalization methodology did not change as the nature of the costs being 30 
attributed to the Darlington units undergoing refurbishment did not change and the 31 
methods for attributing such costs to the nuclear business under OPG’s cost 32 
allocation methodology did not change materially in 2020 (Ex. F3-1-4, Attachment 33 
1, pp. 20-24).  34 
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Board Staff Interrogatory #205 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 5 / pp. 3, 7-10  6 
 7 
Question(s): 8 
a) Please identify whether any of OPG’s peers in the EUCG normalize their TGC using 9 


the same factors that are used by OPG for any benchmarking they may do. Please 10 
identify whether any of OPG’s peers in the EUCG normalize their TGCs by other 11 
factors not used by OPG for any benchmarking they may do. 12 
 13 


b) Please provide the analysis of variance (ANOVA) results from the multiple linear 14 
regression used to quantify the relationship between variables for the predictive 15 
TGC model. Specifically, please comment on the statistical significance of the 16 
results. 17 
 18 


c) The multiple linear regression used to develop the mathematical model for TGC 19 
included variables for reactor type, site capacity, and unit age. However, site 20 
capacity was not used when calculating Pickering NGS and Darlington NGS’s 21 
normalized TGC. Please comment as to why this variable was not included in the 22 
regression for normalized TGC and how the results would have differed had it been 23 
included. In the response, please elaborate further on why an adjustment to station 24 
MWhs produced would be required if site capacity were considered in the results. 25 
 26 


d) Please provide a directional indication of benchmarking results for each of 27 
Pickering NGS and Darlington NGS (i.e. does it result in a higher or lower ranking) 28 
due to the application of a normalization to TGC / MWh on the basis of site capacity.  29 
 30 


e) Please provide how much above / below the median each of Darlington NGS and 31 
Pickering NGS are relative to the median age (used to determine the age-related 32 
adjustment).  33 
 34 


f) ScottMadden stated that “we were unable to develop a sufficiently predictive model 35 
for cost performance (TGC / MWh)” (Exhibit F2 / Tab 1 / Schedule 1 / Attachment 36 
5 / p. 7). However, a comparative figure of adjusted TGC / MWh for the EUCG 37 
panel, including Pickering NGS and Darlington NGS, is provided on page 10 at 38 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 5. Considering this, please explain 39 
how the noted figure was produced. 40 


 41 
 42 
 43 







Filed: 2021-04-19 
EB-2020-0290 


Exhibit L 
F2-01-Staff-205 


Page 2 of 3 
 


Witness Panel: Nuclear Operations & Nuclear Projects  


Response 1 
 2 
a) OPG does not have knowledge of the benchmarking normalization of its EUCG 3 


peers and whether they normalize or adjust their total generating cost (“TGC”) 4 
either using the same factors that are used by OPG or any other factors for any 5 
benchmarking they may do. See Ex. L-F2-01-Staff 202(f). 6 


 7 
b) The following response has been provided by ScottMadden:  8 
 9 


 10 


c) The following response has been provided by ScottMadden: 11 
 12 


We do not adjust costs for differences in site capacity, despite this being a 13 
significant driver of cost, since this would also have required a complex adjustment 14 
to generation. Adjusting for site capacity would follow the logic of other adjustments 15 
to cost. In this model, that would mean adjusting costs by ~C$261k per MW per 16 
year for each site by a multiple of (median capacity in MW across all sites minus 17 
the capacity of the specific site in MW). However, such an adjustment for site 18 
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capacity would also require that we adjust the MWhs produced by the site in kind. 1 
This adjustment would require determination of, for example, the capacity factor to 2 
use when determining the change in MWh, further complicating the adjustment and 3 
magnifying differences across sites in certain periods. ScottMadden thus felt it more 4 
conservative and intuitive to adjust only for technology and age of equipment. The 5 
ScottMadden response to subpart “d” addresses the question of how the results 6 
would have differed had the adjustment included site capacity. 7 


 8 
d) The following response has been provided by ScottMadden: 9 
 10 


ScottMadden did not perform an adjustment for site capacity due to the reasons 11 
stated in subpart c. However, we can comment on the range of site capacities in 12 
the dataset and compare those to site capacities for OPG. In the dataset, 25% of 13 
the sites had 1,041 or fewer MWe of capacity, 50% had 1,737 MWe or fewer, 75% 14 
had 2,250 MWe or fewer, and 6,381 MWe represented the maximum site capacity. 15 
PNGS and DNGS had 3,094 MWe and 3,512 MWe of site capacity, respectively. 16 
Higher site capacities are related to higher costs, raising TGC/MWh, but higher site 17 
capacities also allow for greater MWh of generation, lowering TGC/MWh. The 18 
amount of additional MWh of generation produced depends on how consistently 19 
the plant operates and at what percentage of capacity. 20 


 21 
e) The median age (used to determine the age-related normalization adjustment) was 22 


396.5 months.  Darlington’s age was 305.9 months (90.6 months below median).  23 
Pickering’s age was 449.5 months (53 months above median). 24 


 25 
f) Following ScottMadden’s statement that they “were unable to develop a sufficiently 26 


predictive model for cost performance (TGC/MWh)”, ScottMadden goes on to state 27 
that they “were able to develop a powerful predictive model for site costs (TGC)” 28 
(Ex. F2-1-1, Attachment 5, p. 8). Based on that model, ScottMadden established a 29 
normalization methodology that included cost adjustments related to reactor type 30 
and unit age. ScottMadden then divided these adjusted costs by the actual MWh of 31 
production to arrive at the figure shown at Ex. F2-1-1, Attachment 5, p. 10.  32 
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Board Staff Interrogatory #206 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 5 / pp. 8, 10  6 
 7 
Question(s): 8 
 9 


a) Please comment on the overall benchmarking performance of both Pickering 10 
NGS and Darlington NGS when compared to the other Canadian CANDU 11 
utilities (i.e., Bruce Power, NB Power) in those areas where comparable data 12 
is available. 13 
 14 


b) Please further elaborate on the rationale for focusing only on North American 15 
nuclear stations for the benchmarking studies completed. 16 


 17 
 18 
Response 19 
 20 
a) OPG’s total generating cost per megawatt-hour (“TGC/MWh”) benchmarking 21 
performance is based on Electric Utility Cost Group (“EUCG”) data. NB Power is not a 22 
member of EUCG. Therefore, OPG cannot comment on performance in relation to NB 23 
Power. In 2019, Bruce Power’s benchmarking performance was favourable compared 24 
to OPG in respect of non-normalized TGC/MWh at the major operator level (Ex. F2-1-25 
1, Attachment 2, p. 88).  26 
 27 
b) OPG uses EUCG for nuclear cost benchmarking, as EUCG is a nuclear industry 28 
operating group and the recognized source for cost benchmark information (Ex. F2-1-29 
1, Attachment 2, p. 95). The EUCG peer group is comprised of only North American 30 
nuclear stations (Ex. F2-1-1, Attachment 2, p. 97).  31 
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Board Staff Interrogatory #207 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 5 / pp. 11-13  6 
 7 
Question(s): 8 
 9 
a) ScottMadden stated that only nine nuclear operators responded to the survey for 10 


the Custom Nuclear Outage Benchmarking Study. The report then states that 19 11 
CANDU plants, 19 Pressurized Water Reactor (PWR) plants, and 9 Boiling Water 12 
Reactor plants participated in the study. Please confirm that all 47 nuclear plants 13 
are operated by one of the nine that participated in the study. 14 
 15 


b) Considering this sample size in relation to the number of members in the EUCG 16 
Nuclear Committee, please comment on the appropriateness of using a sample 17 
size of nine nuclear operators for the Custom Nuclear Outage Benchmarking Study. 18 


 19 
 20 
Response 21 
 22 
The following responses were provided by ScottMadden: 23 
 24 
a) ScottMadden can confirm that the nine nuclear operators who participated in the 25 


study operate all 47 nuclear plants (units). 26 
 27 


b) ScottMadden recognizes that significant variability exists across nuclear operators 28 
in maintenance outage planning and execution. The responses to the Customer 29 
Nuclear Outage Benchmarking Study, which included three or more operators for 30 
each of the three technology types (BWR, CANDU, and PWR), nine (9) different 31 
operators, and 47 nuclear plants (units) in total, were sufficient and appropriate for 32 
the study.   33 
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Board Staff Interrogatory #209 1 


 2 


Interrogatory 3 


 4 


Reference: 5 


Exhibit F2 / Tab 1 / Schedule 1 / p. 25 6 


Exhibit F4 / Tab 1 / Schedule 1 / p. 9 7 


 8 


Preamble:  9 


 10 


OPG noted that the application reflects its plan to safely optimize the shutdown of 11 


Pickering NGS by operating all six units until September 2024, five of the six units 12 


through 2024, and the remaining four units until December 2025, as per the 2020-2026 13 


Business Plan. 14 


 15 


In other areas of the application, OPG describes the accounting EOL date as 16 


December 31, 2022 for Pickering NGS Units 1 and 4 and December 31, 2024 for 17 


Pickering NGS Units 5-8 (for example, see Exhibit F4 / Tab 1 / Schedule 1 / p. 9).  18 


 19 


Question(s): 20 


 21 


a) Please provide a table that sets out for each area of the application (e.g. rate 22 


base (including working capital), OM&A, compensation (including pensions + 23 


OPEBs), depreciation, production forecast, etc.), whether the accounting EOL 24 


date applies or the Pickering Optimized Shutdown date applies.   25 


 26 


b) Please advise whether, throughout the application, OPG has used the 27 


language: (i) “accounting EOL” to describe Units 1 and 4 closure at December 28 


31, 2022 and Units 5-8 closure at December 31, 2024; and (ii) “Pickering 29 


Shutdown” to describe the updated closure dates of September 2024 and 30 


December 2024 for Units 1 and 4 and December 2025 for Units 5-8.  31 


 32 


 33 


Response 34 


 35 


a) and b) 36 


Accounting EOL date refers to a generating station’s end of life assumption used for 37 


accounting purposes in accordance with US GAAP, which in turn affects depreciation 38 


and amortization expense and nuclear liabilities estimates set out in the application. 39 


OPG confirms that, as discussed in Ex. F4-1-1, the requested revenue requirement is 40 


based on the accounting EOL dates of December 31, 2022 for Units 1 and 4 and 41 


December 31, 2024 for Units 5-8 of Pickering NGS (“Accounting EOL dates”). 42 
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OPG also confirms that for all operational and other planning purposes, the forecasts 1 


in the application are based on the Pickering Optimized Shutdown plan, with Unit 1 2 


operating until September 2024, Unit 4 until December 2024 and Units 5-8 until the 3 


end of 2025, subject to required approvals by the Canadian Nuclear Safety 4 


Commission (“Pickering Optimized Shutdown dates”). 5 


 6 


The requested chart is provided below: 7 


Chart 1: 8 


Application Area Pickering Assumption 


Rate Base Based on corresponding inputs from 
other revenue requirement elements 


Working Capital Pickering Optimized Shutdown dates 


Nuclear Liabilities Accounting EOL dates 


Capital Expenditures and In-Service 
Amounts 


Pickering Optimized Shutdown dates 


Production Forecast Pickering Optimized Shutdown dates 


OM&A Expenses Pickering Optimized Shutdown dates 


Nuclear Fuel Expense Pickering Optimized Shutdown dates 


Asset Service Fees Pickering Optimized Shutdown dates 


Compensation (incl. pension & OPEB) Pickering Optimized Shutdown dates 


Depreciation and Amortization Expenses Accounting EOL dates 


Income Tax Based on corresponding inputs from 
other revenue requirement elements 


Property Tax Pickering Optimized Shutdown dates 


Nuclear Non-Energy Revenues Pickering Optimized Shutdown dates 


 9 


The above approach reflects OPG’s 2020-2026 Business Plan that underpins this 10 


application, and is the approach accepted by the OEB in analogous circumstances in 11 


EB-2016-0152. 12 
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Board Staff Interrogatory #210 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / p. 25 6 
Exhibit B1 / Tab 1 / Schedule 1   7 
  8 
Question(s): 9 
 10 


a) Please provide an itemized listing and pertinent details of all in-service additions 11 
allocated to Pickering NGS over the Custom IR term. In the response, please 12 
identify the amount of in-service additions allocated to Pickering NGS that OPG 13 
is seeking approval for in the current application. Please use the tabular format 14 
outlined below when providing the response. 15 


 16 
In-


Service 
Addition 


Name 


In-
Service 
Addition 
Details 


2022 
($M) 


2023 
($M) 


2024 
($M) 


2025 
($M) 


2026 
($M) 


IR Term In-
Service 


Additions 


  
(a) (b) (c) (d) (e) Sum of (a) 


thru (e) 


 17 
 18 
Response 19 
 20 
Chart 1 below itemizes the capital in-service additions attributed to Pickering NGS over 21 
the Custom IR term. All of these in-service additions are included in the rate base and 22 
revenue requirement amounts for which OPG seeks approval in this application.  23 
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Chart 1 1 
 2 


In-Service 
Addition Name In-Service Addition Details 


2022  
($M) 
(a) 


2023 
($M) 
(b) 


2024 
($M) 
(c) 


2025 
($M) 
(d) 


2026 
($M) 
(e) 


IR Term 
In-


Service 
Additio


ns 


Operations and Project Support       


Advanced Non 
Destructive 
Examination 


(ANDE) 
Reliability 


Improvements 


A project to address known 
issues related to the 
Advanced Non Destructive 
Examination (ANDE) 
inspection system to ensure 
reliability and the capability 
of meeting critical path 
inspection requirements 


1.4 0.0 0.0 0.0 0.0 1.4 


Circumferential 
Wet Scrape Tool 


(CWEST) 
Enhancements 


A project to enhance the 
CWEST tool which seeks to 
remedy design deficiencies, 
enhance system design and 
build an Off-UDM facility to 
allow testing and training at 
OPG  


2.4 0.0 0.0 0.0 0.0 2.4 


Steam 
Generator 


Manipulator & 
Automated Tube 


Plug 


A project to address the 
sustainability of the IRI’s SG 
and HX inspection and 
maintenance programs by 
keeping the technical 
capability of performing 
them in-house, using the 
ATPS and SG Manipulators.  


 


3.5 0.1 0.0 0.0 0.0 3.6 


Total Operations & Project Support1 
 7.4 0.1 0 0 0 7.5 


Corporate Support       


Pickering HVAC 
System R22 
Replacement 


A project to replace aging 
HVAC system to support 
reliable operation  


3.0 0.0 0.0 0.0 0.0 3.0 


Pickering 
Station & 
Pickering 


A project to repair eroded 
roadway and parking lots at 
Pickering station and 
Pickering Learning Centre 


0.4 2.0 0.4 0.4 0.0 3.2 


                                                 
1 Amounts included within Ex. B3-3-1, Table 2, lines 5, 13, 21, 29 and 37 
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Learning Centre 
Paving 


Pickering 
Administration 
Building 
Workplace 
Transformation2 


A project to refurbish the 
Pickering Administration 
Building to accommodate 
personnel leading up and 
through safe storage  


8.0 0.0 0.0 0.0 0.0 8.0 


Pickering Site  
Buildings 
Workplace 
Transformations  


A project to modify space at 
other buildings located on 
the Pickering site  


0.6 0.0 0.0 0.0 0.0 0.6 


Total Corporate Support3 
 12.0 2.0 0.4 0.4 0.0 14.8 


Total 
 


19.4 2.1 0.4 0.4 0.0 22.3 


 1 


                                                 
2 As shown at Ex. D3-1-2, Table 2d, line 40 
3 Amounts reflected at Ex. B3-3-1, Table 2, lines 4, 12, 20, 28 and 36 
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Board Staff Interrogatory #211 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / p. 25 6 
Exhibit B1 / Tab 1 / Schedule 1   7 
 8 
Question(s): 9 
 10 


a) Using the tabular format below, please provide Cash Working Capital, Fuel 11 
Inventory, and Materials & Supplies balances for Pickering on an annual basis 12 
from 2016 to 2026. Please provide actual balances for historical years and 13 
forecast balances for future years. 14 
 15 


($M) 2016 
Actual 


2017 
Actual 


2018 
Actual 


2019 
Actual 


2020 
Actual 


2021 
Forecast 


2022 
Forecast 


2023 
Forecast 


2024 
Forecast 


2025 
Forecast 


2026 
Forecast 


Cash 
Working 
Capital  


           


Fuel 
Inventory  


           


Materials 
& 
Supplies  


           


 16 
 17 
Response 18 
 19 
The requested balances for Pickering NGS are provided in the chart below, as of each 20 
corresponding year-end, with the exception of cash working capital. Cash working 21 
capital is determined on an overall basis for the nuclear business and, given the nature 22 
of the calculations and inputs, is not attributable to specific stations. This includes the 23 
fact that a single payment amount is used to derive electricity generation revenue from 24 
both stations. As described at Ex. B1-1-2, p. 2, the nuclear cash working capital 25 
requirement for 2022-2026 has been set by applying net lag days to actual financial 26 
results for the prescribed nuclear assets as a whole for 2019.  27 
  28 


Chart 1 29 
 30 


($M) 2016 
Actual 


2017 
Actual 


2018 
Actual 


2019 
Actual 


2020 
Actual 


2021 
Forecast 


2022 
Forecast 


2023 
Forecast 


2024 
Forecast 


2025 
Forecast 


2026 
Forecast 


Fuel 
Inventory  


103.8 90.8 72.5 59.3 57.9 61.4 74.0 71.9 45.1 0.0 0.0 


Materials & 
Supplies  


197.8 191.6 189.5 180.1 157.1 144.7 132.2 102.2 68.1 0.0 0.0 


 31 
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Board Staff Interrogatory #212 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / pp. 25, 27 6 
Exhibit H1 / Tab 1 / Schedule 1 / p. 38 7 
 8 
Preamble:  9 
 10 
OPG proposed $50 million of enabling costs to support the Pickering Optimized 11 
Shutdown. These enabling costs are reflected in nuclear base, outage and project 12 
OM&A.  13 
 14 
OPG also proposed the establishment of the Pickering Closure Costs Deferral Account 15 
in accordance with Section 5.6 2 of O. Reg. 53/05. This account will record any 16 
employment-related costs, and non-capital costs related to third party service providers 17 
incurred by OPG that arise from any Pickering closure activities.   18 
 19 
OPG noted that O. Reg 53/05 specifies that Pickering NGS closure costs can be 20 
incurred before or after the closure of a Pickering NGS unit, but does not include costs 21 
that are eligible for reimbursement to OPG under the ONFA. 22 
 23 
Question(s): 24 
 25 


a) Please confirm that the requested $50 million in enabling costs in support of 26 
Pickering Optimized Shutdown are intended solely for ensuring continued 27 
operations of Pickering NGS until 2025 and that no costs associated with 28 
closure and decommissioning are included in these enabling costs. If there are 29 
costs associated with closure and decommissioning that are included in the 30 
enabling costs, please identify and provide the respective cost. 31 
 32 


b) Please confirm that OPG intends to record all Pickering NGS closure-related 33 
costs in the proposed Pickering Closure Costs Deferral Account (and no 34 
Pickering NGS closure-related costs are reflected elsewhere in the proposed 35 
revenue requirement).  36 
 37 


c) Please provide a detailed listing of the types of closure-related costs that OPG 38 
expects to incur (e.g. severance, training, etc.). Please also provide a high-level 39 
estimate of the closure-related costs (by cost type) that OPG expects to incur. 40 
Please discuss how OPG intends to minimize these closure costs.  41 
 42 
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d) Please provide a draft accounting order for the Pickering Closure Cost Deferral 1 
Account. 2 
 3 


e) Please provide the period over which OPG expects that it will seek to dispose 4 
of any balance in the Pickering Closure Cost Deferral Account. 5 
 6 


f) Please advise whether an estimate of the Pickering NGS closure-related costs 7 
has been considered as part of OPG’s rate smoothing proposal. If not, please 8 
explain why. 9 
 10 


g) Please identify where the Pickering NGS decommissioning costs are reflected 11 
in OPG’s revenue requirement and confirm that none of these costs are 12 
reflected in the enabling costs or will be recorded in in the Pickering Closure 13 
Costs Deferral Account. 14 
 15 


h) Please confirm that OPG intends to record any variances between the proposed 16 
$50 million of Pickering NGS enabling costs and the actual costs in the CRVA.  17 
 18 


i) Using the template provided below, please provide an itemized listing and brief 19 
description of all material initiatives (capital and non-capital) included as part of 20 
the requested $50 million of Pickering Optimized Shutdown enabling costs.  21 
 22 


Initiative Name Initiative Description Total Cost ($) 
   


 23 
 24 
Response 25 
 26 
a) Confirmed.   27 


 28 
b) Confirmed. 29 
 30 
c) OPG does not yet have a detailed listing or forecast of the types of costs that it 31 


expects to record in the Pickering Closure Costs Deferral Account. OPG will record 32 
such costs in compliance with the requirements of O. Reg. 53/05, Section 5.6.  33 


 34 
For financial planning purposes, OPG’s business plan identifies an order-of-35 
magnitude total estimate of the downsizing costs. However, as noted in the plan, 36 
this figure will continue to evolve over time as detailed estimates are developed and 37 
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remains subject to a range of uncertainties and OPG’s ongoing planning and 1 
mitigation efforts.1  2 


 3 
OPG is proactively working to minimize the disruption and financial liability 4 
associated with the downsizing. Such measures currently include:  5 
 6 
• Employment of PWU Term employees and Society Extended Temporary 7 


Employees (“ETEs”) in place of regular staff in circumstances where the 8 
position is likely to be eliminated as a result of the Pickering shutdown. As noted 9 
at Ex. F4-3-1, Term employees and ETEs reduce regular hiring and 10 
consequently the overall costs associated with future severance and 11 
redeployment impacts.  The estimated savings associated with the use of these 12 
classifications are identified at Ex. L-F4-3-1-Staff-276.    13 


• Proactive transfer of employees from Pickering to Darlington. Any staff transfers 14 
in advance of Pickering shutdown are done within operational constraints and 15 
collective agreement provisions.  16 


• Identifying opportunities to leverage attrition-based headcount reductions and 17 
optimize resources to achieve cost reduction targets over the business plan 18 
period. 19 
 20 


d) See Attachment 1. 21 
 22 


e) OPG will seek to dispose of the balance of the Pickering Closure Costs Deferral 23 
Account in a manner that accords to s. 5.6 of O. Reg. 53/05, which requires 24 
recovery over a period not to exceed ten years following the end of electricity 25 
generation at the Pickering NGS. OPG has not otherwise identified the period over 26 
which it expects that it will seek to dispose of any account balance. 27 


 28 
f) An estimate of the Pickering NGS closure-related costs has not been considered 29 


as part of OPG’s rate smoothing proposal. As noted at Ex. I1-3-2, Section 3.0, and 30 
as required by O. Reg. 53/05, the OEB must approve nuclear revenue requirements 31 
and a portion of such revenue requirements to defer in the Rate Smoothing Deferral 32 
Account with a view to making more stable the year-over-year changes in the OPG 33 
weighted average payment amount over each calculation period. Pickering NGS 34 
closure-related costs are not included in the 2022-2026 nuclear revenue 35 
requirements and, thus, have not been considered in the evaluation of the rate 36 
smoothing proposal and rate smoothing alternatives in this application. 37 


 38 
g) Recovery of costs associated with the decommissioning of OPG’s nuclear stations 39 


in the revenue requirement is discussed and set out at Ex. C2-1-1. OPG confirms 40 
that these costs are not included in the scope of the Pickering Optimized Shutdown 41 


                                                 
1 See Ex. A2-2-1, Attachment 1, pp. 28-29. OPG has requested confidential treatment for this financial information 
and has not reproduced it in this response. 
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initiative and associated enabling costs. OPG also confirms that decommissioning 1 
costs for the Pickering NGS will be not be recorded in the Pickering Closure Costs 2 
Deferral Account in accordance with O. Reg. 53/05, subsection 5.6(2).  3 


 4 
h) Confirmed.  5 


 6 
i) Please see Chart 1 below for an itemized listing and brief description of all material 7 


initiatives included as part of the requested $50 million for Pickering Optimized 8 
Shutdown enabling costs. All of these costs are expected to be non-capital in 9 
nature. 10 


 11 
Chart 1 12 


 13 


Initiative Name Initiative Description Total 
Cost ($M) 


Program 
Management & 
Licencing 


This initiative is composed of the PSR2-
A to identify Gaps and resolutions, its 
management and interface submission 
to the Canadian Nuclear Safety 
Commission (“CNSC”) for the Pickering 
licence amendment for an extra year of 
commercial operations. 


5.6 


IIP Actions As per part (a), the PSR2A is 
underway; the IIP is targeted for 
completion by 2022. The funds will be 
used to complete the IIP actions 
identified and accepted by the CNSC as 
part of this process.  


13.6 


Unit 1 Elongation 
Phase II 


This initiative will shift the fuel channels 
for continued operations of Unit 1 on 
bearings through 2024. 


8.9 


Boiler Tubes In-
Situ Pressure Test 
 


This initiative will provide the capability 
to pressure test Pickering Steam 
Generators and confirm fitness for 
service. 


1.5 


Unit 5 to Unit 8 
Incremental 
Inspections 


Incremental inspections will ensure 
Major components such as Fuel 
Channels, Feeders and steam 
Generators are fit for service until the 
end of 2025. 


20.5 


Total  50.0 
 14 
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Board Staff Interrogatory #213 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / pp. 25-28 6 
 7 
Preamble:  8 
 9 
OPG noted that for the Pickering NGS Units 5-8 to operate beyond 2024, OPG is 10 
required to complete a reassessment of the continued validity of the Periodic Safety 11 
Review (PSR), revise the Integrated Implementation Plan (IIP) actions as required, and 12 
notify the CNSC of the results of both by December 31, 2022, in support of an 13 
application for a licence amendment. In addition to the PSR reassessment, OPG noted 14 
that it will execute its Fuel Channel Life Cycle Management Plan and complete 15 
Component Condition Assessments to ensure that Pickering NGS components can be 16 
safely operated to 2025. OPG stated that it will continue, leading up to the CNSC 17 
submission, to validate technical analysis to support CNSC approval to operate 18 
Pickering NGS units to 2025. 19 
 20 
Question(s):  21 
 22 
a) What type of description / criteria does OPG use to define what constitutes an IIP-23 


type action? Please provide relevant materials, such as charters, business cases 24 
or internal documentation, that define / establish such criteria. 25 
 26 


b) Please identify whether efforts toward the PSR reassessment and IIP action 27 
revision have begun. If so, please comment on the status of these efforts. In the 28 
response, please identify all anticipated IIP actions that will be undertaken during 29 
the 2022 to 2026 period. 30 
 31 


c) Using the tabular format outlined below, please provide the details and costs 32 
associated with all IIP actions started or completed since January 1, 2018. 33 


 34 
IIP Action Name IIP Action 


Description Year Started Year 
Completed Cost ($M) 


     
 35 
d) Please identify whether any of the completed or planned IIP activities directly or in-36 


directly support the actual shutdown of Pickering NGS. If so, please identify the 37 
activities and their associated costs. 38 
 39 


e) Please identify whether the CNSC had any concerns with the PSR submitted as 40 
part of Pickering NGS’s re-licensing in 2018. In the response, please identify 41 
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specific CNSC concerns that were raised, if any, and detail if OPG is addressing 1 
such concerns in this iteration of the PSR. If applicable, please clearly identify the 2 
actions being undertaken and their associated costs. 3 
 4 


f) Please provide an update on the status of the CNSC approval that is required to 5 
operate Pickering NGS Units 5-8 past 2024. If there are any developments that 6 
may impact the Pickering Optimized Shutdown, please advise. 7 
 8 


g) Please confirm that if OPG were to not receive the license amendment from the 9 
CNSC the result would be that Units 5-8 would be shutdown by the end of 2024 10 
(along with Units 1 and 4).  11 
 12 


h) Please outline OPG’s preferred contingent approach to either changing payment 13 
amounts or recording balances should any Pickering NGS unit not be allowed to 14 
operate until the targeted shutdown date at the end of 2025. 15 
 16 


i) Please identify whether OPG has evaluated de-rating any of the Pickering NGS 17 
units to ensure its continued operation to 2025. In the response, please identify 18 
whether OPG has conclusively decided to de-rate or plans to evaluate de-rating 19 
any of the Pickering NGS units between 2021 and 2025. 20 
 21 


j) Please identify all planned component replacements or refurbishments with a 22 
material total cost (capital, and non-capital) that will be undertaken because of a 23 
Component Condition Assessment. 24 
 25 


k) Please advise whether OPG has any ongoing preliminary contingencies involving 26 
the operation of any Pickering NGS units past the current 2025 target of the 27 
Pickering Optimized Shutdown. If so, please discuss those contingencies, provide 28 
the associated costs of such contingencies, and describe whether any costs are 29 
recorded in the proposed 2022-2026 revenue requirement or any of OPG’s DVAs. 30 
 31 


l) Based on the current outage frequency, please identify the year that each Pickering 32 
NGS unit will achieve 295,000 EFPH. As applicable, please provide commentary 33 
for any Pickering NGS unit that achieves this threshold prior to, or subsequent to, 34 
2025. 35 
 36 


 37 
Response 38 
 39 
a) OPG uses the criteria set out by the Canadian Nuclear Safety Commission 40 


(“CNSC”) to define what constitutes an IIP action.  See REGDOC-2.3.3, Periodic 41 
Safety Reviews Report, which outlines the specific criteria (Ex. A1-6-1, Attachment 42 
4, Section 6). 43 
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b) Efforts towards assessment of PSR and IIP action have began. Please refer to 1 
Chart 1 below for details. 2 


 3 
Chart 1 4 


 5 


Activity   Target 
Completion Date* 


Global Issue (GI) Assessment report prepared   August 2021 
Global Assessment Report (GAR) submitted for 
CNSC review   January 2022 


GAR revision completed   February 2022 
IIP submitted for CNSC review   June 2022 
IIP acceptance by CNSC   August 2022** 
* Proposed target dates from OPG; expected to be confirmed by the CNSC in 2021.   6 
** IIP Document will list the corrective actions and safety improvements that will address all 7 
gaps identified in the PSR, and findings. The document will also specify the schedule for 8 
implementing the corrective actions and safety improvements.  9 


 10 
c) Please see Chart 2 below for IIP actions completed since January 1, 2018. 11 


These actions relate to Pickering Extended Operations only (i.e. extending the life 12 
of Pickering Units 1 and 4 to 2022 and Pickering Units 5 to 8 to 2024).  13 
 14 
No IIP actions have commenced for the Optimization of Pickering’s Shutdown (i.e. 15 
operating Pickering Units 1 and 4 to 2024 and Pickering Units 5 to 8 to 2025). As 16 
mentioned in part (b) of this response, the acceptance of the IIP related to the 17 
Optimization of Pickering Shutdown from the CNSC is targeted for August 2022. 18 
IIP actions will commence following the acceptance.  19 
 20 


Chart 2 21 
 22 


IIP Action 
Name  IIP Action Description  Year 


Started 
Year 


Completed 
Cost 
($M) 


GI-27: 
Pickering 1,4 
Probabilistic 
Safety 
Assessment 
 
 
 
 
 


Investigate and implement 
additional practicable design, 
operational and/or analytical 
enhancements to further 
improve Pickering Units 1 and 
4 Severe Core Damage 
Frequency and Large Release 
Frequency (e.g., alternative 
emergency cooling water 
makeup). 
 


2017 2020 11.1 
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GI-48: 
Compliance 
with CSA 
N293-12 Fire 
Protection of 
Nuclear Power 
Plants 


In order to meet the safety 
intent of CSA N293-12 Clause 
7.3.2.2 (d), OPG to provide, as 
required, design and/or 
operational changes and 
commissioning/testing to 
facilitate the required 
interconnection of Pickering 
Units 1 and 4 and Pickering 
Units 5-8 Fire Protection 
System water supplies  
 


GI-40: 
Accident 
Management 


Complete the planned Phase 2 
Emergency Mitigating 
Equipment (EME) 
implementation. This includes 
supplying cooling water, and 
power to essential loads via 
EME generators, to allow for 
operation of Air Cooling Units 
(ACUs) and Hydrogen Igniters. 
 


2018 2019 0.5 


IIP Project 
Management 


Manage the IIP  
 
 


2019 2021 2.1 


GI-08: 
Completion / 
Updating of 
the Condition 
Assessments 


Complete and update 
Condition Assessments (CA) 
for the piping systems and 
commodity groups in PSR2 
scope for the extended 
operating period (i.e. Units 1 
and 4 to 2022; units 5 to 8 to 
2024) 
 


2019 2019 0.0050 


GI-19: 
FFS of 
Containment 
for the 
Extended 
Operating 
Period 


Demonstrate the Fitness for 
Service (FFS) of the 
foundation steel H-piles for the 
Pickering A Reactor Building, 
Vacuum Building, and 
Pressure Relief Duct at the 
Pickering site for the extended 
operating period (i.e. Units 1 


2018 2019 0.8 
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and 4 to 2022; Units 5-8 to 
2024) 
 


GI-43 (Partial) 
(Safety-
Related 
Structures 
(Non-
Containment) 
for Nuclear 
Power Plants) 


Prepare Condition 
Assessments as appropriate 
for safety-significant civil 
structures for the extended 
operating period (i.e. Units 1 
and 4 to 2022; Units 5-8 to 
2024). Recommendations from 
these Condition Assessments 
will be tracked and reported 
along with those related to GI-
08. This applies to non-
Containment Safety-Related 
Civil Structures. 
 


2019 2019 1.5 


GI-12 EQA 
Revision 


Complete Environmental 
Qualification Assessments re-
assessments to support the 
extended operating period. 
 


2019 2019 1.1 


Re-screening 
Rationalization 
Work 


Re-screening Rationalization 
Work 


2019 2019 0.5 


 1 
The costs above are related directly to the management and execution of the IIP.  2 
These actions relate to Pickering Extended Operations only (i.e. extending the life 3 
of Pickering Units 1 and 4 to 2022 and Pickering Units 5 to 8 to 2024).  4 


 5 
d) As per question (b), the PSR2A is underway; the GAR and IIP will become available 6 


at the end of 2022.  Upon completion of the IIP, OPG will be in the position to 7 
identify whether any of the completed or planned IIP activities directly or in-directly 8 
support the actual shutdown of Pickering NGS. 9 
 10 


e) The CNSC did not identify any concerns with the PSR submitted as a part of 11 
Pickering NGS’s re-licensing in 2018.  12 
 13 


f) OPG is currently tracking to submit by December 31, 2022 a notification of intent to 14 
operate Pickering Units 5-8 until the end of December 2025 as required by the 15 
CNSC. 16 
 17 


g) Confirmed.  18 
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h) If the CNSC were not to permit any Pickering NGS unit to operate until its targeted 1 
shutdown date, OPG would notify and consult with the OEB and OEB staff, as 2 
appropriate, with respect to the circumstances and, further to such consultation, 3 
OPG would file for and the OEB would decide upon the appropriate regulatory 4 
treatment. 5 


 6 
i) OPG has not evaluated and does not intend to derate any Pickering NGS units to 7 


ensure its continued operation to 2025.   8 
 9 


j) OPG is currently completing its Component Condition Assessment to enable safe 10 
operations beyond 2024. The assessment is targeted for completion in 2021. Upon 11 
completion, the cost of replacing and refurbishing components can then be 12 
confirmed.  13 
 14 


k) OPG’s plan is to operate all six units to 2024 with four units continuing to operate 15 
in 2025. OPG does not have contingencies involving the operation of Pickering’s 16 
units past December 2025. 17 


 18 
l) OPG interprets “current outage frequency” to be OPG’s current production forecast. 19 


Chart 3 below provides the year in which each Pickering unit is projected to achieve 20 
295,000 Equivalent Full Power Hours (“EFPH”). 21 
 22 


Chart 3 23 
 24 


Unit Year to Reach 295,000 EFPH 
Pickering 1 2037 
Pickering 4 2040 
Pickering 5 2026 
Pickering 6 2025 
Pickering 7 2026 
Pickering 8 2028 


 25 
Based on current forecasts, all of the Pickering units reach 295,000 EFPH after 26 
their planned shutdown dates. Pickering Unit 6 is projected to reach 295,000 EFPH 27 
in Q4 2025. 28 
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Board Staff Interrogatory #214 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 6  6 
Exhibit F2 / Tab 1 / Schedule 1 / Table 2  7 
Exhibit A1 / Tab 3 / Schedule 1 / pp. 6-7 8 
 9 
Question(s): 10 
 11 
a) Please confirm that Goodnight Consulting’s (Goodnight) staffing benchmarking 12 


study (the Goodnight Study) was drafted before OPG made the organizational 13 
change described at Exhibit A1 / Tab 3 / Schedule 1 / pp. 6-7. 14 
 15 


b) Please confirm that the Pickering Optimized Shutdown was not considered by 16 
Goodnight in its study.  17 


 18 
 19 
Response 20 
 21 
a) Confirmed. The data in the Goodnight Study is as of August 2019, before the OPG 22 


organizational change, which occurred later in 2020. 23 
 24 
b) Pickering Optimized Shutdown was not considered by Goodnight as it commenced 25 


subsequent to the study date. 26 
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Privileged and confidential. Prepared in contemplation of litigation. 


Board Staff Interrogatory #216 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 6 / p. 13  6 
 7 
Question(s): 8 
 9 
a) Please explain how the 1,890 hours / year = 1 FTE figure was derived. Please 10 


provide rationale supporting the appropriateness of this figure.  11 
 12 


 13 
Response 14 
 15 
a) Beginning in the 2011 nuclear staffing benchmarking study, 1,890 billed hours per 16 


year has been used as a proxy for one contractor full time equivalent (“FTE”) and 17 
this assumption has been used for each subsequent nuclear staffing benchmarking 18 
study. Based upon a 40 hour work week, this represents an estimate of 47.25 19 
weeks of billable time per year, with the remaining 4.75 weeks attributed to 20 
vacation, statutory holidays and other non-billable time. 21 
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Board Staff Interrogatory #217 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 6 / p. 15  6 
 7 
Question(s): 8 
 9 
a) Please explain why the staffing data from other non-OPG CANDU reactors was 10 


not sufficient to develop realistic benchmarks for OPG.  11 
 12 


 13 
Response 14 
 15 
a) The following response has been provided by Goodnight Consulting: 16 


 17 
Most other CANDU operators were unwilling to share their data with Goodnight 18 
Consulting and OPG despite direct requests from OPG senior management to 19 
participate in the study.  20 
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Board Staff Interrogatory #218 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 6 / p. 21  6 
 7 
Question(s): 8 
 9 
a) Please discuss whether OPG has reviewed the 13 functional areas that have the 10 


largest functional variances from the benchmarks as part of its reorganization effort 11 
that took place in 2020. If so, please discuss the outcome of that review.  12 
 13 


 14 
Response 15 
 16 
As discussed in Ex. A2-2-1, the organizational realignment involved an overall 17 
redesign and consolidation of a number of operations and other groups, such as 18 
engineering and major project execution, to facilitate increased collaboration, 19 
efficiencies and overall progress towards the company’s post-Pickering targets. As 20 
such, it did not directly focus on the 13 nuclear staffing functional areas that have the 21 
largest variance from the benchmarks identified in Goodnight Consulting’s 2019 22 
Nuclear Staffing Benchmarking Analysis.  23 
 24 
However, elements of the organizational change did indirectly take into account certain 25 
functional areas where staff levels were above benchmark such as operations and 26 
maintenance support and project management. For example, within the newly formed 27 
Enterprise Operations, an Integrated Fleet Management team was established that 28 
consolidated operations and maintenance support functions required for both the 29 
Nuclear and Renewable Generation fleets in the areas of work protection, work 30 
management, maintenance program optimization and performance improvement. In 31 
addition, the centralization of project execution functions within Enterprise Projects will 32 
strengthen staff proficiency, leverage expertise and facilitate consistent application of 33 
project-related processes.1   34 
 35 
With respect to the 13 functional areas specifically, these were considered as part of 36 
OPG’s business planning process, with a view to reducing the variances for those 37 
functional areas above benchmark where possible, subject to OPG’s collective 38 
agreements and other constraints such as the ones highlighted in Goodnight 39 
Consulting’s study (Ex. F2-1-1, Attachment 6, pp. 23-28). The outcome is reflected in 40 
OPG’s 2020-2026 Business Plan, which underpins this application. 41 


                                                 
1 See Ex. L-D2-01-Staff-098 part (a) for additional detail. 
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Board Staff Interrogatory #219 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 6 / p. 28  6 
 7 
Preamble:  8 
 9 
Goodnight excluded 629 individuals due to their dedication on the DRP. At the 10 
completion of these individuals’ DRP assignments, OPG will need to determine their 11 
roles in the organization relative to overall staffing and organization goals.  12 
 13 
 14 
Question(s): 15 
 16 
a) Please confirm that the referenced 629 individuals were fully dedicated to the DRP 17 


and did no other work.  18 
 19 


b) Please provide a breakdown of the 629 employees by employment type. 20 
Specifically, please discuss how many of these employees are regular full-time 21 
employees that would have worked at OPG in 2019 regardless of the DRP. 22 
Specifically, please discuss how many of these 629 employees were already 23 
employed by OPG prior to the DRP. Please explain why the regular full-time 24 
employees should not be included in the benchmarking.  25 


 26 
 27 
Response 28 
 29 
a) The referenced 629 individuals that have been excluded from benchmarking in 30 


accordance with the Goodnight staffing benchmarking methodology were 31 
dedicated to the DRP. Given the nature of OPG’s operations, some of these 32 
individuals may have worked for a very small portion of their time on non-33 
refurbishment activities. Similarly, some of the staff working on Darlington non-34 
refurbishment operations that were included in the benchmarking may have worked 35 
for a very small portion of their time on refurbishment activities. 36 


 37 
b) The 629 employees are regular full-time employees. OPG cannot speculate as to 38 


how many of these employees would have worked at OPG in 2019 regardless of 39 
the DRP (and if so, which activities they would have worked on).  40 


 41 
Of the 629 employees, 408 of the employees were previously employed by OPG, 42 
with 132 of those working on DRP planning at the time of the previous Goodnight 43 
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study in March 2014. The remaining 221 employees currently working on the DRP 1 
were hired since that time. 2 


 3 
The regular full-time employees working on the DRP are appropriately excluded 4 
from benchmarking in accordance with the Goodnight staffing benchmarking 5 
methodology, which excludes “Major Projects/One-time initiatives” (Ex. F2-1-1, 6 
Attachment 6, p. 16). Goodnight only benchmarks staff working on steady state 7 
operations to facilitate comparison between peers. The costs of the employees 8 
working on the DRP are included as a cost of the DRP.  9 
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Board Staff Interrogatory #220 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 6 / p. 31  6 
 7 
Question(s): 8 
 9 
a) Please explain how Goodnight confirmed that the information provided by the 10 


companies to which OPG is benchmarked remove all short-term and outage 11 
contractors and personnel working on major initiatives. Specifically, please discuss 12 
whether Goodnight audits the information provided by the utilities in the peer group 13 
to ensure comparability.  14 
 15 


b) Please advise whether different companies have different definitions for major 16 
initiatives. 17 


 18 
 19 
Response 20 
 21 
The following responses have been provided by Goodnight Consulting: 22 
 23 
a) Goodnight Consulting has conducted surveys and onsite data collection since 2001 24 


(see Figure 1 below for a copy of the questionnaire provided to the peer group). 25 
Short term and outage contractors and personnel working on major initiatives have 26 
always been excluded from the data. All data received is audited by Goodnight 27 
Consulting to ensure data quality. Additionally, our consultants’ expertise in this 28 
field facilitated the identification of any anomalies and worked with the data 29 
providers to make corrections.  30 
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Process Area Nuclear Work Function Employees Baseline Contractors  Contact Information
Personnel Services Admin Name
Administrative Services Budget/Accounting Company
Operations Chemistry Plant
Administrative Services Communications Email
Supply Chain Contracts/Purchasing Phone
Radiation Protection Decon/Radwaste
Configuration Management Design/Drafting
Administrative Services Document Control/Records Mgmt.
Loss Prevention Emergency Preparedness
Equipment Reliability Engineering - Computer
Configuration Management Engineering - Mods
Equipment Reliability Engineering - Plant
Supply Chain Engineering - Procurement
Equipment Reliability Engineering - Reactor
Equipment Reliability Engineering - Technical
Operations Environmental
Plant Maintenance Facilities
Personnel Services Human Resources
Personnel Services Information Technology
Loss Prevention Licensing/Regulatory Affairs
Plant Maintenance Maintenance - Construction
Plant Maintenance Maintenance - Electrical
Plant Maintenance Maintenance - I&C
Plant Maintenance Maintenance - Mechanical
Plant Maintenance Maintenance - Support
Work Management Maintenance Planning
Personnel Services Management
Configuration Management Nuclear Fuels
Operations Operations
Operations Operations Pipeline
Operations Operations Support
Work Management Outage Planning/Scheduling
Work Management Project Management
Loss Prevention QA
Equipment Reliability QC/NDE
Radiation Protection RP Applied
Radiation Protection RP Support
Loss Prevention Safety Programs
Work Management Scheduling
Security Security Ops
Security Security Support
Personnel Services Training
Supply Chain Warehouse
Total 0 0


Below the Line Fire Department
Below the Line Management Support


Please provide the relvant information in columns C,D 
and G. Fleet respondants: please use one sheet per 
plant and one for corporate nuclear staff.


Hover over each 
function to review 
the applicable 


Figure 1: Goodnight Nuclear Staffing Benchmarking Questionnaire 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
 29 
 30 
 31 
 32 
 33 
 34 
 35 


b) Yes, different companies can have different definitions for major initiatives, but our 36 
categorization methodology adjusts for the differences in order to benchmark 37 
steady-state operations.  Specifically, we exclude all large-scale, once-in-a-lifetime 38 
type projects.  For example, Steam Generator Replacements at PWRs, Fukushima-39 
based modifications, Vessel Head Replacements, etc. 40 
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Board Staff Interrogatory #221 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 6 / pp. 36-38  6 
 7 
Preamble:  8 
 9 
Goodnight noted that technical adjustments were utilized to derive the 2-Unit CANDU 10 
staffing benchmark from the PWR. 11 
 12 
Goodnight further applied a scaling factor of 1.8 (for most functions) to adjust from a 13 
2-unit plant to a 4-unit plant.  14 
 15 
Question(s): 16 
 17 
a) Please provide the raw adjustments made in Goodnight’s previous staffing study 18 


for OPG.  19 
 20 


b) Please provide detailed rationale supporting the appropriateness of the technical 21 
adjustments made to the following staffing functions at Exhibit F2 / Tab 1 / Schedule 22 
1 / Attachment 6 / p. 36:  23 


 24 
i. Admin 25 
ii. Budget / Accounting 26 
iii. Engineering – Reactor 27 
iv. Human Resources 28 


 29 
c) Please provide the scaling factor used in Goodnight’s previous staffing study for 30 


OPG to adjust from a 2-unit plant to a 4-unit plant.  31 
 32 


d) Please provide the methodology used to derive the 1.8 scaling factor and provide 33 
detailed rationale supporting the 1.8 scaling factor at Exhibit F2 / Tab 1 / Schedule 34 
1 / Attachment 6 / p. 38.  35 
 36 


e) Please confirm that an escalator of 1.14x was applied to all of the staffing functions 37 
marked with a “1” to scale from a 35-hour work week to a 40-hour work week at 38 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 6 / p. 38.  39 
 40 


f) Please explain all of the “ratio” adjustments made to the various job functions at 41 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 6 / p. 38. 42 


 43 
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Response 1 
 2 
a) “Raw adjustments” account for technical differences between pressurized water 3 


reactors (“PWR”) and CANDU plants (Ex. F2-1-1, Attachment 6, p. 35). Goodnight 4 
Consulting used the following raw adjustments in the previous study (EB-2016-5 
0152, Ex. F2-1-1, Attachment 2, p. 22). 6 
 7 


Figure 1 8 
 9 


 10 
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 1 
In the current Goodnight study, comparable raw adjustments totaled 78 (Ex. F2-1-2 
1, Attachment 6, p. 36) 3 
 4 


b) The technical adjustments resulted from Goodnight’s conversations with OPG 5 
senior staff as well as a detailed review of OPG’s technical specifications, design 6 
and operating environment.  The specific rationales are provided at Ex. F2-1-1, 7 
Attachment 6, p. 36 for each functional area. 8 


 9 
Figure 2 10 


 11 


 12 
 13 
c) Goodnight Consulting used the following scaling factors in the previous nuclear 14 


staffing benchmarking study, as submitted in EB-2016-0152, Ex. F2-1-1, 15 
Attachment 2, p. 24, column 5.  16 


Staffing Function


Raw 
Adjustments 


2019 Rationale


Admin 3 Approximately 1 additional admin/clerical person is needed for 
each additional 25 staff


Budget/Accounting 1 1 FTE additional functional staff needed to support the added 
personnel due to CANDU technology differences


Engineering - Reactor 5 Adjusted to 2-unit equivalent of OPG CANDU stated 
requirements


Human Resources 1 1 FTE additional functional staff needed to support the added 
personnel due to CANDU technology differences
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Figure 3 1 
 2 


 3 
 4 
d) The following responses have been provided by Goodnight Consulting:  5 


 6 
The initial analysis was based on some degree of efficiency that should be realized 7 
when scaling up from 2 to 4 units, specifically meaning that staffing would not be 8 
doubled in most cases, and therefore that a scaling factor of less than 2 would be 9 
appropriate.  This was based on real-world operating experience from European 10 
sites with 4 reactor units.  The 1.8 scaling factor was based on the judgement of 11 
our experts after a detailed review of OPG’s nuclear assets. This included many 12 
conversations with OPG senior staff as well as a detailed review of OPG’s technical 13 
specifications, design and operating environment. 14 
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e) Goodnight Consulting confirmed that all staffing functions marked with a “1” were 1 
scaled from a 40 hour work week (US model) to a 35 hour work week (Canadian 2 
model) using the 1.14x escalator. 3 
 4 


f) “Ratio” adjustments were used to scale the Admin, Budget/Accounting, Human 5 
Resources and Safety Programs functions from 2 to 4 units.  These functions were 6 
adjusted with a ratio scaling factor, calculated by the average number of people 7 
performing this function compared to the average total staffing contingent. 8 
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Board Staff Interrogatory #222 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 6 / p. 41 6 
 7 
Question(s): 8 
 9 
a) Please provide the management ratio used in Goodnight’s previous staffing study 10 


for OPG.  11 
 12 


b) Please provide detailed rationale supporting the 3.9% management ratio.  13 
 14 
 15 
Response 16 
 17 
a) The Management ratio was 3.1% in the previous nuclear staffing study (EB-2016-18 


0152, Ex. F2-1-1, Attachment 2, p. 27). 19 
 20 


b) The following response has been provided by Goodnight Consulting: 21 
 22 
The Management function is one of several that Goodnight Consulting uses a ratio 23 
for calculating benchmarks – this ratio is developed by identifying the average 24 
number of people performing this function to the average total staffing contingent; 25 
in the 2019 staffing database, that ratio was 3.9%. 26 
 27 
U.S. Nuclear plant operators adjusted organizational models during the 2014-2019 28 
period, resulting in more “management” functional personnel relative to “line” 29 
personnel, increasing the management function ratio to 3.9%. 30 
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Board Staff Interrogatory #223 1 
 2 


Interrogatory 3 
 4 
Reference: 5 
Exhibit F2 / Tab 1 / Schedule 1 / Attachment 6 / p. 42  6 
 7 
Preamble:  8 
 9 
The full scaling factor to adjust from a two-unit plant to a four-unit plant appears to have 10 
been applied to Darlington NGS. 11 
 12 
OEB staff understands that Darlington NGS Unit 2 was offline for all of 2019 (and OPG 13 
personnel that are working on the DRP are not included in the benchmarking analysis). 14 
 15 
Question(s): 16 


 17 
a) Please explain why Darlington NGS has been applied the full scaling factor to 18 


reflect the adjustment from a two-unit plant to four-unit plant.  19 
 20 


b) Please provide the benchmark results if Darlington NGS was scaled to a three-unit 21 
plant (instead of a four-unit plant).  22 
 23 


 24 
Response 25 
 26 
The following responses have been provided by Goodnight Consulting: 27 
 28 
a) Although Darlington was in refurbishment in 2019, the benchmarks were developed 29 


for a 4-unit steady-state condition.  Specifically, all of the steady-state Darlington 30 
personnel remained present at the site, albeit with some operations and 31 
maintenance staff loaned to the Refurbishment organization.  Consequently, it was 32 
appropriate to include all of them in the OPG headcounts, and to have a 4-unit 33 
benchmark comparison.  These steady-state operational staff at Darlington were 34 
included in the study, and were used for comparison with the fully scaled 35 
benchmarks. However, the personnel performing refurbishment capital work were 36 
excluded in the benchmarking analysis. 37 


 38 
b) We did not develop a 3-unit model for Darlington NGS. This would not have counted 39 


all of the OPG personnel at the site, nor compared the OPG personnel described 40 
above.  Additionally, DNGS will be a 4-unit operational site after the refurbishment 41 
project is complete, and benchmarks for the full 4-unit configuration were needed 42 
for planning purposes. 43 
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VECC Interrogatory #23 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
Exhibit F2-01-02, Attachment 1 Prior Initiatives 6 


 7 
a) For the six initiatives described in attachment 1 please provide the estimated 8 


annual savings for each year 2017 to 2020 and the annual projected savings for 9 
2021 through 2026. 10 


  11 
 12 
Response 13 
 14 
See Ex. L-F2-01-Staff-208. 15 
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VECC Interrogatory #24 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
Exhibit F2-01-01, Table 1, Operating Costs Summary 6 


 7 
a) Please revise Table 1 to both actual and Board approved amounts for the period 8 


2017 to 2021. 9 
  10 


 11 
Response 12 
 13 
a) Table 1 provides the Board approved amounts for 2017-2021 for all cost items set 14 


out in Ex F2-1-1, mapped to OPG’s current organizational structure, as referenced 15 
in Ex. A1-03-01, Attachment 1, Chart 2. 16 


 17 


 18 
Note 1: For Darlington New Nuclear OM&A (line 6): In addition there are allocated corporate costs for 19 
Darlington New Nuclear of $0.8M in 2016, $1.1M in 2017, $0.2M in 2018, $0.5M in 2019, $0.5M in 2020 and 20 
$0.5M in 2021.   21 


  22 


Line
No. Cost Item 2017 2018 2019 2020 2021


OM&A:
  Nuclear Operations OM&A


1     Base OM&A 1,226.7 1,250.9 1,268.4 1,284.7 1,297.3
2     Project OM&A 113.7 109.1 100.1 100.2 86.9
3     Outage OM&A 394.6 393.8 415.3 394.4 308.5
4 Subtotal Nuclear Operations OM&A 1,734.9 1,753.8 1,783.8 1,779.3 1,692.7


5   Darlington Refurbishment OM&A 46.3 16.4 7.4 53.7 25.9
6   Darlington New Nuclear OM&A 1.2 1.2 1.2 1.3 1.3
7   Allocation of Corporate Costs 337.8 329.8 330.9 332.8 340.3
8   Allocation of Centrally Held Costs 94.1 118.9 153.7 164.3 153.7
9   Asset Service Fees 27.9 27.9 28.3 22.9 20.8
10 Subtotal Other OM&A 507.3 494.2 521.6 574.9 541.9


11 Total OM&A 2,242.2 2,248.0 2,305.4 2,354.2 2,234.6 


12 Nuclear Fuel Costs 205.2 207.0 217.1 211.9 196.8


Other Operating Cost Items:
13   Depreciation and Amortization 340.4 385.0 403.7 575.1 286.0
14   Income Tax (18.4) (18.4) (18.4) (18.4) (18.4)
15   Property Tax 14.6 14.9 15.3 15.7 17.0


16 Total Operating Costs 2,784.0 2,836.4 2,923.0 3,138.5 2,716.1


OEB Approved per Current Structure


Table 1
Operating Costs Summary - Nuclear ($M)
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Table 2 provides actual amounts for 2017-2020 (updated for 2020 actual) and 2021 1 
Budget for all cost items set out in Ex F2-1-1, Table 1, mapped to OPG’s current 2 
organizational structure, as referenced in Ex. A1-03-01, Attachment 1, Chart 2. 3 
 4 


 5 
 6 


Line 2017 2018 2019 2020 2021
No. Cost Item Actual Actual Actual Actual Budget


OM&A:
  Nuclear Operations OM&A


1     Base OM&A 1,301.1 1,255.5 1,265.6 1,296.8 1,311.3
2     Project OM&A 122.7 119.1 106.1 99.6 122.3
3     Outage OM&A 317.4 344.9 264.3 293.9 431.2
4 Subtotal Nuclear Operations OM&A 1,741.3 1,719.4 1,636.0 1,690.2 1,864.8


5   Darlington Refurbishment OM&A 36.1 31.3 1.7 19.0 42.9
6   Darlington New Nuclear OM&A 0.7 2.4 5.0 13.1 206.0
7   Allocation of Corporate Costs 377.0 368.6 361.7 370.1 396.1
8   Allocation of Centrally Held Costs 242.9 256.2 238.6 215.6 197.2
9   Asset Service Fees 35.6 37.0 47.8 55.6 54.6


10 Subtotal Other OM&A 692.3 695.6 654.8 673.4 896.8


11 Total OM&A 2,433.6 2,415.0 2,290.8 2,363.6 2,761.5


12 Nuclear Fuel Costs 225.2 231.6 244.5 234.9 202.5


Other Operating Cost Items:
13   Depreciation and Amortization 366.1 324.1 333.0 452.9 545.2
14   Income Tax (27.7) (4.2) 33.1 72.5 (17.6)
15   Property Tax 13.0 12.7 12.5 12.0 12.6


16 Total Operating Costs 3,010.2 2,979.2 2,913.9 3,135.8 3,504.2


Operating Costs Summary - Nuclear ($M)
Table 2








Filed: 2021-04-19 
EB-2020-0290 


Exhibit L 
F2-01-VECC-025 


Page 1 of 1 
 


Witness Panel: Nuclear Operations & Nuclear Projects 


VECC Interrogatory #25 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
Exhibit F2-03-01, p.3 6 


 7 
a) Is the Fuel Channel Life Extension project required by the CNSC?  If yes, please 8 


describe the requirement that must met for the Pickering plant to operate over the 9 
next 4 years and the estimated budget for that project.  10 


b) Was the amount built into the previous budget (i.e., as presented in EB-2016-11 
0152) for Pickering Extended Operations the same as the $307M now being 12 
projected for this project in 2021? If not what is the new projected total cost? 13 


  14 
 15 
Response 16 
 17 
a) Yes, the activities within the Fuel Channel Life Extension project are required by 18 


the CNSC. OPG needs to continually update degradation mechanism assessments 19 
of fuel channels (“FC”) to ensure fitness-for-service (“FFS”) as part of safe operation 20 
of the Pickering and Darlington units as per CSA Standard requirements. CNSC 21 
requires OPG to demonstrate adequate margins exist on FC FFS assessments as 22 
part of their approval for FC life extension and continue operation of the Pickering 23 
units to their planned end of life and, in the case of Darlington units, to their planned 24 
refurbishment dates. The FCLE project performs focused research and 25 
development on critical areas such as fracture toughness of pressure tube, to 26 
demonstrate the required margins are maintained and to address CNSC’s 27 
comments on fuel channel FFS assessments.  The project also developed 28 
innovative assessment methodologies in order to comply with current CSA 29 
Standards. The estimated total budget for this project is $69.4M, as shown at Ex. 30 
F2-3-1, Table 1, line 3 (see Ex. L-F2-03-AMPCO-151). 31 


 32 
b) The total budget for the Pickering Extended Operation initiative at EB-2016-0152 is 33 


the same as the $307M now being projected for this work at completion (see Ex. 34 
F2-2-1, p. 3; Ex. L-F2-02-Staff-229).  For clarity, the Fuel Channel Life Extension 35 
project is not included in the Pickering Extended Operations initiative, either at EB-36 
2016-0152 or currently.   37 
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VECC Interrogatory #26 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
Exhibit F2-04-01, Table 1 6 


 7 
a) OPG makes the point that “[O]utage OM&A costs will vary year over year 8 


depending on the number and scope of outages and therefore cannot be 9 
trended over time.” However, a review of Table 1a appears to show that with 10 
two exceptions (Pickering in 2018 and 2020 Budget) OPG overestimated the 11 
annual cost of outage OM&A costs.  Please explain what changes have been 12 
made to OPG’s forecasting methodologies which would suggest a more 13 
accurate forecast over the new plan term. 14 
  15 


 16 
Response 17 
 18 
a) As discussed below, OPG is not overestimating annual outage costs and current 19 


forecasting methodologies remain appropriate to produce accurate forecasts. OPG 20 
provided an appropriate forecast of outage OM&A costs in EB-2016-0152. 21 


 22 
As further discussed in Ex. F2-4-2 and Ex. L-F2-04-Staff-238, Pickering outage 23 
OM&A variances were primarily due to a change in the outage cycle from 24 24 
months to 30 months, Pickering Unit 6 outage deferral due to resource constraints 25 
and moving the Vacuum Building Outage (VBO) from 2021 to 2022. The change in 26 
the outage cycle resulted in two fewer regular planned outages a reduction at 27 
Pickering planned over the 2017-2021 Custom IR term.  The actual average outage 28 
OM&A costs per regular planned outage at Pickering over the period were $60M, 29 
compared to the EB-2016-0152 plan of $57M, and therefore were not 30 
overestimated. 31 


 32 
Additionally, Pickering Extended Operations Enabling planned outage costs are 33 
lower primarily due to further definition of Pickering Extended Operations scope, 34 
resulting in a decrease in Outage OM&A offset in Base OM&A and Capital. As 35 
discussed in Ex. F2-2-2 and Ex. L-F2-02-Staff-229, the overall Pickering Extended 36 
Operations initiative remains on budget of $307M as set out in EB-2016-0152. 37 


 38 
The Darlington outage program was impacted by adjustments to the Darlington 39 
Refurbishment Program (“DRP”) schedule in response to COVID-19, with one 40 
regular planned outage moved from 2020 to 2021 and another added to 2021.  Fuel 41 
Channel Life Extension Ongoing planned outage costs were higher due to added 42 
scope for Single Fuel Channel Replacement, Waterlancing, Scrape Sample 43 
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Analysis and inspection in line with work required to demonstrate continued major 1 
component fitness for service. 2 
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VECC Interrogatory #27 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
Exhibit F2-08-01, New Nuclear 6 


 7 
a) Please provide the shareholder directive authorizing OPG to begin work on a 8 


SMR project. 9 
b) Please provide the Board of Director approval for this project. 10 
c) Has OPG provided a 5- year budget for this project in this proceding? If so please 11 


provide that reference, if not please provide the budget? 12 
 13 


 14 
Response 15 
 16 
a) See Ex. L-F2-8-AMPCO-152, part e).  17 


 18 
b) and c)  19 


 20 
See Ex. L-F2-8-AMPCO-152, part b). 21 
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VECC Interrogatory #28 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
Exhibit F2-01-01, Attachment 2, p.6, Table 1 Plant Level Performance Summary 6 


 7 
a) Please update Table 1 to show 2020 results. 8 
b) Please provide the historical amounts for 2017 and 2018. 9 


 10 
 11 
Response 12 
 13 
a) OPG is unable to update the table as the benchmark quartile results are not 14 


available until later in the year. In accordance with the OEB’s EB-2016-0152 15 
Decision and Order (p. 151), OPG will submit this information to the OEB by 16 
November 30th. 17 


 18 
b) For the benchmarking results for 2017 and 2018, see Ex. L-F2-01-SEC-121 19 


Attachment 2, p. 4 and Attachment 3, p. 4, respectively.  20 
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AMPCO Interrogatory #143 1 
 2 
Interrogatory 3 
 4 
Reference: Ex F2 T1 S1 Table 1 5 
 6 
OPG forecasts Total Operating Costs of $3,504.2M in 2021. 7 
 8 
Ref: EB-2016-0152 Final Draft Payment Amounts Order Appendix A Table 5 9 
 10 
The OEB approved Total Operating Costs of $2,734.5M in 2021. 11 
 12 
Please explain the $769.7M increase in forecast Total Operating Costs in 2021 since 13 
EB-2016-0152. 14 
 15 
 16 
Response 17 
 18 
The interrogatory references OEB approved Total Operating Costs of $2,734.5M for 19 
2021.  However, including Income Tax of -$18.4M, the overall total is $2,716.1M.  The 20 
OPG forecast of Total Operating Costs of $3,504.2M cited includes Income Tax of  21 
-$17.6M.  22 
 23 
Excluding New Nuclear OM&A of $206M related to the preliminary planning and 24 
preparation expenditures for an SMR generating facility at Darlington (Ex. F2-8-1), the 25 
comparable figure is $3,298.2M and the variance is therefore $582.1M. As discussed 26 
below, the variance is primarily due to timing of expenses, response to COVID-19 and 27 
non-discretionary costs. 28 
 29 
The main drivers of the difference are as discussed below and as presented in Chart 30 
1 below: 31 
 32 
• Depreciation and Amortization Expenses ($259.2M) – primarily due to the 33 


extension of Pickering end-of-life dates for accounting purposes, effective 34 
December 31, 2017, beyond December 31, 2020 reflected in EB-2016-0152; 35 
inclusion in proposed rate base of the D2O Storage Project; and overall higher 36 
capital in-service amounts over the 2017-2021 period (Ex. F4-1-1; Ex. D2-2-10; Ex. 37 
D2-1-3). The higher depreciation and amortization expense related to the Pickering 38 
EOL date extension in 2021 is offset by correspondingly lower depreciation and 39 
amortization expenses for the 2018-2020 period that are recorded in the Impact 40 
Resulting from Changes to Pickering Station End-of-Life Dates (December 31, 41 
2017) Deferral Account. 42 
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• Outage OM&A ($122.6M) – primarily due to shifting of regular planned outages at 1 
Darlington from 2020 into 2021 and a new regular planned outage in 2021 as a 2 
result of adjustments to the Darlington Refurbishment Program Schedule in 3 
response to COVID-19, and timing of expenditures on Pickering Extended 4 
Operations due to shifting work from 2020 to 2021, partly offset by the shift of the 5 
Pickering VBO from 2021 to 2022 and the impact on outage schedule of moving to 6 
a 30-month outage cycle at Pickering (Ex. F2-4-2).  7 


• Corporate Costs ($55.8M) – primarily due to lower net reductions in functional costs 8 
than the OEB directed disallowance of $45.0M. While OPG has implemented a 9 
number of efficiencies across corporate support costs, such as reduced staffing 10 
levels in Supply Chain, Finance and Environment, Health & Safety, and savings in 11 
real estate footprint costs through workplace transformation, these are partially 12 
offset by incremental IT project and software maintenance costs in support of the 13 
company’s digital strategy and expenditures related to the COVID-19 response (Ex. 14 
F3-2-2; Ex. D3-1-2). 15 


• Centrally-Held Costs ($43.5M) – mainly due to higher IESO non-energy charges 16 
reflecting higher than forecasted Global Adjustment rates (Ex. F4-4-1).  17 
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Chart 1 1 
 2 


 3 
 4 


Line


No. Cost Item Budget OEB 
Approved Variance Evidence 


Reference


OM&A:
  Nuclear Operations OM&A


1     Base OM&A 1,311.3 1,353.5 (42.3) F2-02-02
    OEB Disallowance (56.2) 56.2


Base OM&A including Disallowance 1,311.3 1,297.3 14.0
2     Project OM&A 122.3 86.9 35.4 F2-03-02
3     Outage OM&A 431.2 308.5 122.6 F2-04-02
4 Subtotal Nuclear Operations OM&A 1,864.8 1,692.7 172.0


5   Darlington Refurbishment OM&A 42.9 25.9 17.0 F2-07-01
6   Darlington New Nuclear OM&A 206.0 1.3 204.7 F2-08-01
7   Allocation of Corporate Costs 396.1 385.3 10.8 F3-01-02


   OEB Disallowance (45.0) 45.0
Corporate Costs including Disallowance 396.1 340.3 55.8


8   Allocation of Centrally Held Costs 197.2 153.7 43.5 F4-04-01
9   Asset Service Fees 54.6 20.8 33.9 F3-02-02


10 Subtotal Other OM&A 896.8 541.9 354.9


11 Total OM&A 2,761.5 2,234.7 526.9


12 Nuclear Fuel Costs 202.5 196.8 5.7 F2-05-02


Other Operating Cost Items:
13   Depreciation and Amortization 545.2 286.0 259.2 F4-01-01
14   Income Tax (17.6) (18.4) 0.8 F4-02-01
15   Property Tax 12.6 17.0 (4.4) F4-02-01


16 Total Operating Costs 3,504.2 2,716.1 788.1


2021


 
Operating Costs Summary - Nuclear ($M)
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CME Interrogatory #14 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
Exhibit F2, Tab 1, Schedule 1, Attachment 3 6 
 7 
ScottMadden stated in its Evaluation that “OPG has significantly increased its analysis 8 
of value for money performance since our 2015 review.” 9 
 10 
(a) What additional analysis of value for money performance has OPG 11 


implemented? 12 
(b) Please provide all documentation related to the analysis (or analyses) 13 


undertaken by OPG with respect to value for money that is not already part of 14 
the pre-filed evidence. 15 


 16 
 17 
Response 18 
 19 
a) Based on ScottMadden’s Evaluation of 2019 OPG Nuclear Benchmarking, 20 


ScottMadden summarized the additional analysis of value for money 21 
performance that OPG has implemented as follows (Ex. F2-1-1 Att. 3, p. 7): 22 


   23 
OPG has added Total Generating Cost per Unit (TGC per Unit) 24 
and Normalized TGC per Unit to a plant level performance 25 
summary table located in the executive summary of the 2019 26 
benchmarking report. Added to the same table are Normalized 27 
Total Generating Cost per Megawatt-Hour (TGC per MWh) 28 
and Normalized Non-Fuel Operating Cost per MWh (NFOC per 29 
MWh). These latter two measures, along with Normalized 30 
Capital Cost per Megawatt Design Electrical Rating (Capital 31 
Cost per MW DER), are also included in the graphs and 32 
analysis for TGC per MWh, NFOC per MWh, and Capital Cost 33 
per MWh, respectively, located in the value for money section 34 
of the benchmarking report. 35 


 36 
b) There are no additional documents related to the analysis undertaken by OPG 37 


with respect to value for money that are not already part of the pre-filed 38 
evidence.  39 





		(a) What additional analysis of value for money performance has OPG implemented?

		(b) Please provide all documentation related to the analysis (or analyses) undertaken by OPG with respect to value for money that is not already part of the pre-filed evidence.
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CME Interrogatory #15 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
Exhibit F2, Tab 1, Schedule 1, Attachment 5 6 
 7 
ScottMadden stated in its econometric analysis that it analyzed EUCG data to 8 
understand and quantify the impacts of site characteristics on the total generating cost 9 
and cost performance. Specifically, it used 63 nuclear sites and 567 data points broken 10 
down into three different types of reactor, with 37 PWRs, 23 BWRs and 3 CANDU 11 
sites. 12 
 13 
(a) Please confirm that the three CANDU sites used in this analysis were Pickering, 14 


Darlington and Bruce. 15 
 16 
(b) Did ScottMadden attempt to reach out to the 19 CANDU plants that were 17 


contacted with respect to the outage benchmarking study for information related 18 
to the total generating cost and cost performance? If so, please provide their 19 
response. If not, why not? 20 


 21 
 22 
Response 23 
 24 
(a) Confirmed (Ex. F2-1-1, Attachment 5, p. 7). 25 
 26 
(b) The following response has been provided by ScottMadden:  27 


 28 
The 19 CANDU plants that were part of the outage benchmarking study included 29 
Pickering and Darlington. ScottMadden did not contact any of the plants 30 
included in the outage benchmarking study, including the non-OPG CANDU 31 
plants, for information related to total generating cost and cost performance. 32 
The outage benchmarking survey scope did not request information on total 33 
generating cost and cost performance, as it was unlikely to provide superior 34 
information on cost performance compared to the EUCG dataset already 35 
available to OPG. The ScottMadden custom nuclear outage benchmarking 36 
study focused only on quantifying and adjusting for the impact of regularly 37 
recurring, planned maintenance outages on power generation by understanding 38 
how outage work differs across reactor technologies (BWR, CANDU, and PWR) 39 
and operators.  40 





		(a) Please confirm that the three CANDU sites used in this analysis were Pickering, Darlington and Bruce.

		(b) Did ScottMadden attempt to reach out to the 19 CANDU plants that were contacted with respect to the outage benchmarking study for information related to the total generating cost and cost performance? If so, please provide their response. If not, ...

		(a) Confirmed (Ex. F2-1-1, Attachment 5, p. 7).

		(b) The following response has been provided by ScottMadden:

		The 19 CANDU plants that were part of the outage benchmarking study included Pickering and Darlington. ScottMadden did not contact any of the plants included in the outage benchmarking study, including the non-OPG CANDU plants, for information related...
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CME Interrogatory #16 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
Exhibit F2, Tab 1, Schedule 1, Attachment 5 6 
 7 
As CME understands it, ScottMadden’s econometric analysis reviewed the impact of 8 
site conditions on total generating costs. In the normalization adjustments however, 9 
not only does ScottMadden adjust the total generating cost metric, but it also adjusts 10 
the non-fuel operating cost per MWh and the capital cost per MW DER. 11 
 12 
(a) Please describe the impact, if any, of this methodology being used to adjust 13 


non-fuel operating costs and capital costs, but not fuel costs per MWh. 14 
 15 
 16 
Response 17 
 18 
a) The ScottMadden normalization methodology for reactor type and age-related 19 
factors does not apply to non-fuel operating cost per megawatt-hour (“NFOC per 20 
MWh”) or capital cost per megawatt design electrical rating (“MW DER”) metrics. 21 
Rather, normalized NFOC per MWh and normalized capital cost per MW DER 22 
incorporate ScottMadden’s normalization methodology for refurbishment costs only.   23 
A summary of the normalization methodology adjustments to  the 2019 value for money 24 
metrics is set out in Ex. F2-1-1, Chart 1. 25 
 26 
As ScottMadden stated in its Evaluation of 2019 OPG Nuclear Benchmarking (Ex. F2-27 
1-1, Attachment 3, p. 7): 28 
 29 


OPG calculates Normalized NFOC per MWh and Normalized Capital 30 
Cost per MW DER consistent with the ScottMadden Methodology to 31 
Adjust for Refurbishment, which excludes costs which can reasonably 32 
be attributed to Darlington unit(s) in Refurbishment. As noted above, 33 
these two metrics are not adjusted for the outage study or the 34 
econometric analysis because the analytical methodology used to 35 
quantify the normalizing adjustments was not performed for NFOC or 36 
Capital Cost. 37 


 38 
Similarly, the analytical methodology that ScottMadden used to quantify the 39 
normalizing adjustments for reactor type and age-related factors was also not 40 
performed for the fuel cost per MWh metric.  41 





		(a) Please describe the impact, if any, of this methodology being used to adjust non-fuel operating costs and capital costs, but not fuel costs per MWh.
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Energy Probe Interrogatory #53 1 
Interrogatory 2 
 3 
Reference: 4 
Exhibit F2, Tab1, Schedule 1, Attachment 5, Scott Madden Benchmarking Report 5 
 6 
a) Please Confirm the Normalized 2017 PNGS and DGS Benchmarks TGC/MWh. 7 


 8 
b) Please provide the average for the Peer Group. 9 


 10 
c) Please provide a Schedule that shows the calculation of the PNG and DGS Stretch 11 


factors based on the Scott Madden Benchmarks. 12 
 13 


d) Is there a Trend variable in the Scot Madden Econometric Model? If so, what is the 14 
predicted 2021 difference between PGNS and DGS and the peer group. If there is 15 
no Trend Variable why not? 16 
 17 


e) Using the Scot Madden Benchmarks, provide the calculations for the combined 18 
Stretch Factor for the 2021-2026 period. 19 


 20 
  21 
Response 22 
 23 
a) The 2017 normalized three-year total generating cost per megawatt-hour 24 


(“TGC/MWh”) amounts are $49.26/MWh for Pickering and $37.94/MWh for 25 
Darlington (Ex. F2-1-1, Attachment 5, p. 13). 26 
 27 


b) The average 2017 normalized three-year TGC/MWh for the peer group is 28 
$42.43/MWh. 29 
 30 


c) Please see OPG’s response to Ex. L-A1-3-Staff-006, part a). 31 
 32 


d) The following response has been provided by ScottMadden: 33 
 34 


While the ScottMadden econometric analysis used nine years of data, it did not 35 
treat this data as a time series and thus did not derive a trend variable. Instead, 36 
before performing the analysis, ScottMadden adjusted dollar values for inflation to 37 
ensure that the analysis could establish mathematical relationships that persisted 38 
across the nine-year dataset.  39 


 40 
e) The combined stretch factor as proposed in this application for 2023-2026 is 41 


calculated using the normalized TGC/MWh benchmarking performance as set out 42 
in the 2020 Nuclear Benchmarking Report, consistent with the methodology 43 







Filed: 2021-04-19 
EB-2020-0290 


Exhibit L 
F2-01-Energy Probe-053 


Page 2 of 2 
 


Witness Panel: Nuclear Operations & Nuclear Projects 


developed by ScottMadden. The derivation of the proposed combined stretch factor 1 
for 2023-2026, based on the ScottMadden benchmarking methodology, is set out 2 
in Ex. A1-3-2, Sections. 2.2.1. 3 


 4 
The 0.6% stretch factor applicable to OPG’s nuclear revenue requirement in 2021 5 
was determined in EB-2016-0152 based on the nuclear benchmarking performance 6 
filed in that application and is outside the scope of this application. 7 
 8 
Like the Custom IR approach approved by the OEB for the 2017-2021 period, the 9 
Custom IR approach proposed in this application does not include a stretch factor 10 
for year 1 (2022) of the IR Term, since is not reasonable to expect OPG to achieve 11 
incremental “stretch” cost efficiencies between the OEB’s decision in this 12 
proceeding and the execution of the company’s work program next year. This 13 
approach is consistent with the rate-setting approaches in the Renewed Regulatory 14 
Framework.  15 
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Energy Probe Interrogatory #54 1 
Interrogatory 2 
 3 
Reference: 4 
Exhibit F2, Tab 1, Schedule 1, 2019 Nuclear Benchmarking Report 5 
 6 
a) Please provide a schedule, similar to Pages 70/71 in the 2019 report, showing 7 


2020 Costs and 3 year averages. 8 
 9 
b) Update the EUCG Benchmarking Charts for the 2020 Total Generating cost per 10 


MWh normalized and non-normalised.  11 
 12 


c) Why are Capital costs per MW DER for Darlington (Page 78 of 2019 Report) so 13 
high? Please provide the 2020 Capital Costs per DER and comment on the 14 
changes. 15 


 16 
 17 
Response 18 
 19 
a) Exhibit F2-1-1, Attachment 2, pp. 70-71 does not appear to show a schedule. 20 


Darlington’s 2020 three-year rolling average total generating cost per megawatt-21 
hour (“TGC/MWh”) was $36.37/MWh on a normalized basis ($62.06/MWh on a 22 
non-normalized basis). Pickering’s 2020 three-year rolling average TGC/MWh was 23 
$44.64/MWh on a normalized basis ($62.84/MWh on a non-normalized basis).    24 
 25 


b) OPG is unable to provide the benchmarking charts for 2020 normalized and non-26 
normalized total generating cost per megawatt-hour TGC/MWh as the peer results 27 
are not available until later this year. In accordance with the OEB’s EB-2016-0152 28 
Decision (p. 151), OPG will submit this information to the OEB by November 30, 29 
2021. See OPG’s response to part a) for OPG’s 2020 three-year rolling average 30 
normalized and non-normalized TGC/MWh results. 31 


 32 
c) The 2020 three-year rolling average normalized capital cost per megawatt design 33 


electrical rating (“MW DER”) for Darlington was $93.18k/MW DER ($118.54 on a 34 
non-normalized basis.  35 
 36 
Once the decision to refurbish Darlington and extend end its life was made, OPG 37 
began an extensive program to replace obsolete and/or life-expired plant 38 
equipment. Prior to beginning the extensive replacement program, benchmarking 39 
of OPG’s capital expenditures against industry peers showed that Darlington’s 40 
capital cost per MW DER was lower than that of the comparators, which placed 41 
OPG at or below first quartile (Ex. F2-1-1, Attachment 2, p. 78).  Darlington’s 42 
current capital cost per MW DER is now higher than most comparators such that 43 
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OPG currently places in the fourth quartile. This change in benchmarking results 1 
reflects the impact of the higher project-related investments to replace obsolete 2 
and/or life-expired plant equipment that are necessary to prepare for ‘second-life’ 3 
operations (Ex. D2-1-2, pp. 3-4). 4 
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Environmental Defence Interrogatory #9 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
Reference: Exhibit F2, Tab 1, Schedule 1 6 
 7 
Preamble: The benchmarking indicates “3-Year Total Generating Costs per MWh 8 
($ per Net MWh)” of $62.39 for Pickering 9 
 10 
Questions: 11 
 12 
(a) For each of the past 5 years, please provide a table showing Ontario’s 40 highest 13 


electricity demand hours, in order, and for each of those hours indicate: (i) whether 14 
Pickering was in service; (ii) its output; (iii) if it was not in-service, in whole or in 15 
part, whether that was planned or unplanned; and (iv) which units were out-of-16 
service. 17 


(b) For each of the past 5 years, please provide the number of hours in which Pickering 18 
was not fully in-service due to: (i) a planned outage; and (ii) an unplanned outage. 19 


(c) If Pickering is out-of-service due to an unplanned outage at the time of peak 20 
electricity demand in Ontario, how is that deficit in electricity supply made up? 21 


(d) If Pickering is out-of-service due to a planned outage at the time of peak electricity 22 
demand in Ontario, how is that deficit in electricity supply made up? 23 


(e) For the purpose of estimating resource adequacy, what percent of the time is 24 
Pickering assumed to be in service? 25 


(f) For the purpose of estimating resource adequacy, is Pickering’s capacity assumed 26 
to be available at 100% or a lesser amount? 27 
 28 


 29 
Response 30 
 31 
(a) (c) (d) (e) and (f) 32 


 33 
OPG declines to respond on the basis of relevance.  The questions seek system 34 
planning information that is not relevant to deciding any issue before the OEB in this 35 
application. See Ex. L-F2-01-Environmental Defence-10 c). 36 
 37 
(b) Refer to Chart 1.  38 
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 1 
Chart 1 - Pickering Not-in-Service Hours 2016-2020 
   


  Planned Outage (hrs) Unplanned Outage (hrs) 
2016 8,864 2,904 
2017 7,789 1,645 
2018 8,333 1,703 
2019 5,600 300 
2020 10,799 910 


  2 
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Environmental Defence Interrogatory #10 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
Exhibit F2, Tab 1, Schedule 1, Page 24-25 6 
 7 
Preamble:  8 
 9 


“In EB-2016-0152, OPG presented the Pickering Extended Operations initiative 10 
aimed at operating Pickering Units 1 and 4 to 2022 and Pickering Units 5-8 to 11 
2024 (EB-2016-0152, Ex. F2-2-3). OPG expects this initiative will be completed 12 
by 2021 at a total cost of $307M, consistent with the forecast presented in EB-13 
2016-0152. 14 
 15 
This application reflects OPG’s plans to safely optimize the shutdown 1 of 16 
Pickering by operating all six units until September 2024, five of the six units 17 
through 2024 and the remaining four units until December 2025, as per the 18 
2020-2026 Business Plan (“Optimization”). OPG will require CNSC approval to 19 
operate the remaining four units past 2024 until December 2025.” 20 


 21 
Questions: 22 
 23 


(a) Please complete the following table: 24 
 25 
Planned Further Life Extension of Pickering Units 
 Shut Down Date 


per EB-2016-0152 
Shut Down Date per 
Current Proposals 


Duration of 
Proposed 
Extension 


Unit 1    
Unit 4    
Unit 5    
Unit 6    
Unit 7    
Unit 8    


 26 
(b) Please provide another version of the above table with additional columns 27 


showing the previous shut-down dates that had been set in the past and 28 
changed per previous OPG plans and previous payment amounts applications.  29 


(c) In EB-2016-0152, OPG filed analysis from the IESO regarding the cost-30 
effectiveness of Pickering Extended Operations. Please file any IESO analysis 31 
relating to the life extension proposed in the current application. If no such IESO 32 
analysis is available, please explain why. 33 
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(d) Please provide the Total Generating Costs per MWh forecast for Pickering for 1 
each year until the end of its life, including allocated overheads. Please provide 2 
this for the station as a whole and broken out by unit (which is necessary as 3 
some units are being shut down earlier). 4 


(e) Please provide all assumptions underlying these figures in (c), including the 5 
assumed generation for each year and the forecast days out-of-service. Please 6 
compare those assumptions in a table to the 5-year after generation amount 7 
and days out-of-service. Please provide this for the station as a whole and 8 
broken out by unit (which is necessary as some units are being shut down 9 
earlier). 10 


(f) With respect to (c), please indicate if any costs relating to Pickering or that could 11 
be allocated to Pickering have not been included, itemize those, and provide 12 
values for each.  13 


 14 
 15 
Response 16 
 17 
(a) Refer to Chart 1: 18 
 19 


Chart 1 20 
 21 


 Shut Down Date 
per EB-2016-0152 


Shut Down Date 
per Current 
Proposals 


Duration of 
Proposed 
Extension 


Unit 1 December 2022 September 2024 21 months 
Unit 4 December 2022 December 2024 24 months 
Unit 5 December 2024 December 2025 12 months 
Unit 6 December 2024 December 2025 12 months 
Unit 7 December 2024 December 2025 12 months 
Unit 8 December 2024 December 2025 12 months 


 22 
(b) Refer to Chart 2: 23 


Chart 2 24 
 25 


 Shut Down Date 
per EB-2013-0321 


Shut Down Date 
per EB-2016-0152 


Shut Down Date 
per EB-2020-0290 


Unit 1 December 2020 December 2022 September 2024 
Unit 4 December 2020 December 2022 December 2024 
Unit 5 December 2020 December 2024 December 2025 
Unit 6 December 2020 December 2024 December 2025 
Unit 7 December 2020 December 2024 December 2025 
Unit 8 December 2020 December 2024 December 2025 


 26 
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(c) OPG declines to respond this question on the basis of relevance. As the OEB has 1 
determined in the past four OPG payment amount applications, generation 2 
planning is not within the scope of OPG’s payment amounts proceedings. As the 3 
OEB concluded in deciding OPG’s last payment amounts application: “Consistent 4 
with previous proceedings and the OEB’s findings on the Environmental Defence 5 
motion, the OEB finds that generation planning, including the economics related to 6 
generation planning, is not within the scope of this payment amounts proceeding.” 7 
(EB-2016-0152, Decision with Reasons, December 28, 2017, p. 63 (footnotes 8 
omitted)). Based on this determination and similar determinations in prior payment 9 
amounts applications, it is clear that the IESO analysis is not relevant to any issue 10 
within the scope of this proceeding. 11 
 12 


(d) For the station’s Total Generating Costs (“TGC”) per MWh, refer to Ex. L2-F2-01-13 
Staff-196. OPG does not calculate a unitized TGC per MWh. The impact on the 14 
metric of Units 1 and 4 ending commercial operations in 2024 can be seen with 15 
the decline of TGC per MWh in 2025.  16 


 17 
(e) Refer to part (c) of this response.   18 


 19 
(f) Refer to part (c) of this response. 20 
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Environmental Defence Interrogatory #11 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
Exhibit F2, Tab 1, Schedule 1, Page 24-25 6 
 7 
Questions: 8 
 9 
If Pickering’s life were not to be extended as planned by OPG: 10 


 11 
(a) Please provide the best estimate of Ontario’s incremental peaking requirements 12 


(MW), if any, to achieve compliance with the NPCC resource adequacy criterion in 13 
each year from 2021 to 2026 inclusive; 14 


(b) Please provide the best estimate of Ontario’s potential to meet its incremental 15 
peaking requirements by electricity imports from neighbouring jurisdictions for each 16 
year from 2021 to 2026 inclusive; and 17 


(c) Please provide the best estimate of Ontario’s potential to meet its incremental 18 
peaking requirements by demand response resources for each year from 2021 to 19 
2026 inclusive. 20 


  21 
Please obtain this information from the IESO if necessary.  22 
 23 
 24 
Response 25 
 26 
(a) – (c)  27 


 28 
OPG declines to respond on the basis of relevance. The questions seek system 29 
planning information that is not relevant to deciding any issue before the OEB in this 30 
application. See Ex. L-F2-01-Environmental Defence-10 c). 31 
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Environmental Defence Interrogatory #12 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
Reference: Exhibit F2, Tab 1, Schedule 1, Page 24-25 6 
 7 
Preamble:  8 
 9 


“In EB-2016-0152, OPG presented the Pickering Extended Operations initiative 10 
aimed at operating Pickering Units 1 and 4 to 2022 and Pickering Units 5-8 to 11 
2024 (EB-2016-0152, Ex. F2-2-3). OPG expects this initiative will be completed 12 
by 2021 at a total cost of $307M, consistent with the forecast presented in EB-13 
2016-0152. 14 
 15 
This application reflects OPG’s plans to safely optimize the shutdown 1 of 16 
Pickering by operating all six units until September 2024, five of the six units 17 
through 2024 and the remaining four units until December 2025, as per the 18 
2020-2026 Business Plan (“Optimization”). OPG will require CNSC approval to 19 
operate the remaining four units past 2024 until December 2025.” 20 


 21 
Questions: 22 
 23 


(a) Please provide the total cost per MWh forecast for Pickering for each year until 24 
the end of its life, excluding any sunk capital costs. Please provide this for the 25 
station as a whole and broken out by unit (which is necessary as some units are 26 
being shut down earlier). 27 


(b) Please provide all assumptions underlying these figures in (c), including the 28 
assumed generation for each year and the forecast days out-of-service. Please 29 
compare those assumptions in a table to the 5-year after generation amount 30 
and days out-of-service. Please provide this for the station as a whole and 31 
broken out by unit (which is necessary as some units are being shut down 32 
earlier). 33 


(c) With respect to (a), please indicate if any costs relating to Pickering or that could 34 
be allocated to Pickering have not been included, itemize those, and provide 35 
values for each.  36 


 37 
 38 
Response 39 
 40 
(a) The forecast Total Generating Costs (“TGC”) per MWh for Pickering over the period 41 


2020-2025 are set out in Ex. L-F2-01-Staff-196. The derivation of TGC/MWh 42 
excludes sunk costs.  OPG does not derive TGC/MWh per unit. 43 
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(b) The request in this question is unclear. OPG’s generation forecast for Pickering, 1 
including generation, FLR and planned outage days is described in Ex. E2-1-1 and 2 
Ex. E2-1-2, Table 1.  Details on OPG’s OM&A forecast (base, outage and project 3 
OM&A) are found at Ex. F2-1-2, Ex. F2-3-1 and Ex. F2-4-1.    4 
 5 


(c) OPG does not allocate the excluded costs as TGC/MWh is reported in compliance 6 
with the Electric Utility Cost Group Benchmarking Governance. In order to comply 7 
with this industry standard and benchmark against other utility companies, OPG 8 
does not include the following OM&A and spent fuel costs in its calculation of TGC: 9 


 10 
• Centrally held pension and OPEB costs 11 
• Asset service fees 12 
• Used fuel disposal & storage expenses 13 
• IESO non-energy charges 14 
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Environmental Defence Interrogatory #13 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
Reference: Exhibit F2, Tab 1, Schedule 1, Page 24-25 6 
 7 
Preamble:  8 
 9 


“In EB-2016-0152, OPG presented the Pickering Extended Operations initiative 10 
aimed at operating Pickering Units 1 and 4 to 2022 and Pickering Units 5-8 to 11 
2024 (EB-2016-0152, Ex. F2-2-3). OPG expects this initiative will be completed 12 
by 2021 at a total cost of $307M, consistent with the forecast presented in EB-13 
2016-0152. 14 
 15 
This application reflects OPG’s plans to safely optimize the shutdown 1 of 16 
Pickering by operating all six units until September 2024, five of the six units 17 
through 2024 and the remaining four units until December 2025, as per the 18 
2020-2026 Business Plan (“Optimization”). OPG will require CNSC approval to 19 
operate the remaining four units past 2024 until December 2025.” 20 


 21 
Questions: 22 
 23 
(a) Please explain the prudence and reasonableness of extending the life of Pickering 24 


as outlined above. Please specifically address the impact on electricity prices in 25 
comparison to the originally-planned closure date. Please include all calculations 26 
and assumptions. 27 


(b) Please provide all internal OPG analysis showing the prudence and 28 
reasonableness of extending the life of Pickering, including any reports to the OPG 29 
Board of Directors on the subject and internal cost-benefit analyses. 30 


(c) Will the power produced by Pickering in its extended life be less expensive than 31 
alternatives? Please explain OPG’s answer with detailed calculations and sources. 32 


(d) If OPG cannot establish that the price of power from Pickering will be less 33 
expensive than alternatives, does it take the position that is should still be able to 34 
recoup the full cost of operating Pickering? If yes, why? 35 


 36 
 37 
Response 38 
 39 
a) OPG provides the attached Business Case Summary (Attachment 1) that supports 40 


the incremental work and related costs to enable the planned Pickering Optimized 41 
Shutdown requested in this application. 42 
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It was on the basis of this Business Case Summary that OPG management 1 
determined to recommend, and the OPG Board of Directors approved, extending 2 
Pickering’s operation as a reasonable and prudent course of action. The 3 
information on which this determination was based is contained in Attachment 1. 4 
As explained in Ex. F2-1-1, p. 25, the Province of Ontario has endorsed OPG’s 5 
decision to extend Pickering’s operation and the IESO’s 2020 Annual Planning 6 
Outlook reflects OPG’s proposed shutdown dates.   7 
 8 


b) OPG declines to produce the requested information on the basis of relevance. Part 9 
a) to this response presents the information on which OPG’s Board of Directors 10 
approved the extended shutdown dates for Pickering. Documents memorializing 11 
the communications between OPG’s Management and its Board of Directors or 12 
within the Board of Directors itself are not relevant to the determination of any issue 13 
before the OEB in this application. As the OEB said in EB-2010-0008 when 14 
rejecting a similar request for Board of Directors material: 15 
 16 


The Board has decided not to order production of the materials 17 
sought in the CME and CCC motions. In the Board's view, these 18 
materials are not relevant to the determination of the issues before 19 
the Board in this proceeding. The Board will make its decision on the 20 
application and supporting materials filed by the applicant and the 21 
evidence of intervenors, all of which is subject to cross-examination. 22 
(EB-2010-0008, Tr. Vol. 1, p. 113). 23 


 24 
c) OPG declines to respond this question on the basis of relevance. As the OEB has 25 


determined in the past four OPG payment amount applications, generation 26 
planning is not within the scope of OPG’s payment amounts proceedings. As the 27 
OEB concluded in deciding OPG’s last payment amounts application: “Consistent 28 
with previous proceedings and the OEB’s findings on the Environmental Defence 29 
motion, the OEB finds that generation planning, including the economics related to 30 
generation planning, is not within the scope of this payment amounts proceeding.” 31 
(EB-2016-0152, Decision with Reasons, December 28, 2017, p. 63 (footnotes 32 
omitted)). 33 
 34 


d) See response to part c). 35 
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EXECUTIVE SUMMARY: 


 
Background: 
 
OPG assesses the projected safe operating lives of its nuclear units as part of normal work program.  
These routine assessments focus on the fitness-for-service of major life-limiting components such as 
fuel channels, feeders and steam generators, and provide assurance to Management and the CNSC 
that the units will remain fit-for-service until the forecasted end-of-commercial operations dates.  
These on-going life cycle management and aging management programs have progressed OPG’s 
understanding of the key degradation mechanisms on the major components.  
 
The 2019 to 2021 Business Plan assumed Pickering Units 1 & 4 would shutdown at the end of 2022 
and Pickering Units 5 to 8 would shutdown at the end of 2024. However, as a result of the life cycle 
management and aging management assessments, an opportunity to further optimize the 
operational lives of the Pickering units has been identified. 
 
In addition, with the extensive refurbishment program on both the Bruce and Darlington units 
combined with the planned shutdown of Pickering Units in 2022 and 2024, the IESO is projecting a 
significant and growing capacity deficit on the Ontario system beginning in 2023.  The IESO’s Fall 
2018 Outlook showed summer peak capacity deficits of approximately 1400 MW, 1700 MW, 3700 
MW and 3100 MW in 2023, 2024, 2025 and 2026 respectively.  Optimizing the Pickering units’ end-
of-commercial operation dates can help to partially address these projected capacity deficits. 
 
As the opportunity to optimize Pickering’s end-of-commercial operation dates beyond 2022 and 2024 
was identified, OPG completed a preliminary technical and economic assessment of multiple 
alternatives for operation beyond those assumed shutdown dates.  These alternatives are listed in 
Table E1. 
 
Table E1: Alternative Cases Assessed for Pickering End-of-Commercial Operations 
 


Case 
Description 


P1 P4 P5-8 
Base Case End 2022 End 2022 End 2024 
Case 1 End 2023 End 2023 End 2024 
Case 2 Sept 2024 Dec 2024 End 2024 
Case 3 Sept 2024 Dec 2024 End 2025 
Case 4 Sept 2024 Dec 2024 End 2026 


 
 
Data on these alternatives was provided to the Independent Electricity System Operator (IESO) to 
facilitate their independent assessment of the value to the Ontario system.  The results of the IESO’s 
assessment were presented to OPG in June of 2019 and are summarized below. 
 
Preferred Alternative and Summary Assessment: 
 
OPG’s preliminary technical and economic assessment demonstrate that optimizing the life of the 
Pickering units is technically feasible and would have economic and qualitative benefits to the 
province and to OPG.  Based on results of the assessments, the Preferred Alternative is Case 3: 


1. Continue to operate Pickering Units 1 & 4 until September 2024 and December 2024 
respectively, and  


2. To assume a shutdown date for Pickering Units 5 to 8 of December 2025.   
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The planned changes to Pickering’s end-of-commercial operations dates per the Preferred 
Alternative are expected to: 


a. Optimize generation and asset value by providing 29.8 TWh of incremental generation over
the period 2023 to 2025.


b. Yield a value to ratepayers in the range of $177 million to $328 million (2019PV$), and as
high as $576 million (2019 PV$) if a value of $50/tonne were placed on the avoided CO2
emissions


c. Yield additional net income to OPG and higher returns to the Shareholder over the 2023 to
2025 period


d. Enable OPG to submit a rate application for the 2022 – 2026 period with overall lower
nuclear rates than had been previously forecast.


e. Require an incremental work program at an estimated cost of $50M to enable the
optimization of Pickering’s end-of-commercial operations dates


f. Provide “insurance value” to the electricity system during a period of significant uncertainty
and change due to the nuclear refurbishment activities.  Optimization of Pickering’s end-of-
commercial operations will provide the IESO with a short lead-time and an easily
implemented option to meet a portion of Ontario’s system capacity needs during this time.


g. Result in a reduction of CO2 emissions of approximately 6.8 million tonnes
h. Reduce levels of business disruption and more closely align closure of Pickering to the target


completion dates for Darlington Refurbishment
i. Defer the loss of a significant number of highly skilled jobs in Durham region by 1 to 2 years
j. Defer the incurrence of severance and related costs associated with the end of commercial


operations and provide additional opportunities to minimize these costs
k. Defer the incurrence of expenditures for safe-storing and dismantling of the units


The estimated Levelized Unit Energy Cost (LUEC) for the incremental 29.8 TWh of generation is 4.7 
¢/kWh (2019), which is very competitive with other potential generation sources. 


Based on data OPG provided in February and March of 2019, the IESO completed its assessment of 
the four alternative cases shown in Table E1 above.  The IESO concluded that, of the four 
alternatives presented, Case 3 was preferred from an economic standpoint.  The IESO concurred 
with OPG’s assessment and noted the following for the Preferred Alternative:  


a. Result is characterized by the IESO as “breakeven” within an electricity system in Ontario 
that has a value in excess of $20 billion annually.  The IESO also made it clear that certain 
economic factors, namely the benefit of delaying decommissioning expenditures, and any 
implicit or assumed societal value of carbon free generation was not included in the 
economic analysis they performed.  OPG’s analysis does take these factors into account 
especially since a price for carbon is needed to ensure a fulsome analysis for the future.  In 
addition,,OPG’s analysis reflects a different discount rate, capacity value and replacement 
energy value as compared to the IESO.


b. Would provide operational benefits by supporting outage management and managing 
transmission constraints resulting in a forecast of less frequent congestion on the 
transmission system at two key interfaces.


c. Would reduce production from gas-fired generators, reduce electricity imports and increase 
electricity exports


d. Would increase baseload generation according to the IESO’s definition of surplus, which is 
calculated on a closed system (without imports and exports). 


In conclusion, the IESO communicated to OPG that it is in favour of the optimized Pickering 
operational lives, given that it is breakeven from a system cost perspective, provides the system 
operational benefits and there are other qualitative and non-quantified benefits. 
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The Business Plan for 2020 to 2026, to be approved in November 2019, is expected to incorporate 
the end-of-commercial operations dates consistent with the Preferred Alternative, subject to approval 
of this Business Case.  Upon Board approval, OPG will seek CNSC approval of the Preferred 
Alternative.  


Recommendations 


1. Plan to safely and reliably operate Pickering Units 1 and 4 to September 2024 and December
2024 respectively, and Pickering Units 5 to 8 to December 2025.


2. Continue and enhance on-going life cycle management and aging management programs in
order to further progress understanding of the key degradation mechanisms on the major
components.  This is expected to achieve high confidence in safe and reliable operation of the
Pickering units to the new target dates.  In addition, final shutdown dates and sequence for Units
5 to 8 based on projected technical fitness-for-service will be established.


3. Receive regulatory concurrence for the Preferred Alternative by adjusting regulatory work
programs. This will require a number of long lead time assessments to be prepared, including a
re-assessment of the continued validity of the Periodic Safety Review results.


The costs to enable this optimization of the operational lives of the Pickering units are estimated at 
approximately $50M (“Pickering Optimization enabling costs”).  No release of funds is required at 
this time.  The changes and enhancements to work programs to enable this optimization of the units’ 
lives are being developed and refined.  Management will seek a release in November 2019, 
following finalization of the details of the work programs required to achieve optimization of the unit 
lives. 


Next Steps 


1. Life cycle management and aging management programs for the major components will continue
to be refined and enhanced, in order to develop the phased shutdown sequence for Pickering
Units 5 – 8.


2. Work will continue as required with the IESO and the Ministry of Energy, Northern Development
and Mines in respect of Shareholder concurrence.


3. Changes to regulatory work programs to enable the Preferred Alternative will be incorporated
and engagement of the CNSC at the appropriate time will take place.
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BACKGROUND: 


OPG assesses the projected safe operating lives of its nuclear units as part of normal work program. 
These routine assessments focus on the fitness-for-service of major life-limiting components such as 
fuel channels, feeders and steam generators, and provide assurance to Management and the CNSC 
that the units will remain fit-for-service until the forecasted end-of-commercial operations dates.  
These on-going life cycle management and aging management programs have progressed OPG’s 
understanding of the key degradation mechanisms on the major components. 


The 2019 to 2021 Business Plan assumed Pickering Units 1 & 4 would shutdown at the end of 2022 
and Pickering Units 5 to 8 would shutdown at the end of 2024. However, as a result of the life cycle 
management and aging management assessments, an opportunity to further optimize the 
operational lives of the Pickering units has been identified. 


In addition, with the extensive refurbishment program on both the Bruce and Darlington units 
combined with the planned shutdown of Pickering Units in 2022 and 2024, the IESO is projecting a 
significant and growing capacity deficit on the Ontario system beginning in 2023.  The IESO’s Fall 
2018 Outlook showed summer peak capacity deficits of approximately 1400 MW, 1700 MW, 3700 
MW and 3100 MW in 2023, 2024, 2025 and 2026 respectively.  Optimizing the Pickering units’ end-
of-commercial operation dates can help to partially address these projected capacity deficits. 


OPG has approached both the IESO and the Ministry of Energy, Northern Development and Mines 
to explore the benefits to the Ontario system of further optimizing the forecasted end-of-commercial 
operations dates of the Pickering units.  Technical and economic assessments have been 
undertaken for a number of alternatives to optimize the end-of-commercial operations dates, and a 
Preferred Alternative has been identified.  This Preferred Alternative demonstrates that further 
optimization of the dates would be safe, technically feasible and have economic and qualitative 
benefits.  This business case summarizes the preliminary technical and economic assessment of the 
Preferred Alternative.  The business case also outlines the work program adjustments required, the 
expected incremental costs, the projected generation benefits, the estimated economic value to the 
Ontario system and other quantitative and qualitative benefits of implementing the Preferred 
Alternative. 


PICKERING SAFE OPERATION 


Safety is priority at OPG.  To assure OPG Management and the CNSC that the plant is, and will 
continue to be, safe to operate in the future, there are numerous on-going assessments of the 
condition of plant equipment.  As the plant ages and certain components are operated beyond their 
original nominal design life, these assessments become even more critical.  The assessment of the 
condition of the major components such as fuel channels, feeders and steam generators are the 
most critical, and are primarily accomplished through extensive inspection programs during planned 
outages.  The required inspections and maintenance activities of major components are specified in 
life cycle management plans. 


At the end of outage inspections, fitness-for-service assessments are completed to confirm that the 
components are able to function as designed at least until the next scheduled inspection campaign.  
If the assessments cannot demonstrate that component condition is acceptable, the component will 
be replaced or repaired.  If the work required is significant, for example, a large scale replacement of 
a significant number of fuel channels in a unit, Management may determine that while the work is 
technically feasible, the economic case to implement the work is not acceptable and the unit may be 
declared at end-of-life, and removed from service.  The frequency of inspections and assessments is 
such that this determination would be made and a decision would be taken long before there is a 
credible risk of component failure, thereby preventing any nuclear safety event.  The fitness-for-
service assessments must be accepted by staff from the Canadian Nuclear Safety Commission and, 


Filed: 2021-04-19 
EB-2020-0290 


Exhibit L 
F2-01-Environmental Defence-013 


Attachment 1 
Page 8 of 21







iii | P a g e
OPG CONFIDENTIAL 


if warranted, OPG could be requested to take appropriate action to address any issues.  This would 
normally not be required, as OPG would not propose that any equipment or components continue to 
be operated, unless OPG had high confidence in the fitness-for-service of that equipment. 


In addition to routine inspections and analyses of those results during and after planned outages, 
OPG updates various assessments regarding a nuclear station’s safety to operate on a regular 
basis, using sophisticated models which involve probabilistic modelling of various accident 
sequences and which can predict the consequences of the failure of certain plant equipment on 
employee and public health.  These safety assessments are required under the CNSC regulations, 
and are a key submission during the re-licensing process. 


ALTERNATIVES ANALYSED 


As summarized in Table 1, four alternatives, in addition to the current planning reference of 
operating Units 1 and 4 to the end of 2022 and Units 5 to 8 to the end of 2024, were analyzed. 


Table 1:  Pickering Optimized Operations Alternatives Analysed 


Case 
Description 


P1 P4 P5-8 Comments 


Base Dec 
2022 


Dec 
2022 


Dec 
2024 


Base Case for the 2019 to 2021 Business Plan with two units shutdown in 
2022 and four units shutdown in 2024. Base Case mitigation for fuel channel 
degradation and steam generator degradation (Unit 4) required 


Case 1 Dec 
2023 


Dec 
2023 


Dec 
2024 


Enhanced mitigation of fuel channel elongation on Unit 1 and enhanced 
mitigation of steam generator degradation on Unit 4 required.  Same 
mitigation of fuel channel degradation mechanisms as in Base Case for Units 
5 to 8. 


Case 2 Sep 
2024 


Dec 
2024 


Dec 
2024 


Enhanced mitigation of fuel channel elongation on Unit 1 and enhanced 
mitigation of steam generator degradation on Unit 4 required.  Sept 2024 
projected as limit of high confidence fitness-for-service of Unit 1.  Same 
mitigation of fuel channel degradation mechanisms as in Base Case for Units 
5 to 8. 


Case 3 Sep 
2024 


Dec 
2024 


Dec 
2025 Same mitigation of degradation mechanisms as in Case 2 for Units 1 and 4.  


For Units 5 to 8, enhanced mitigation over and above work done in Cases 1 
and 2 regarding fuel channel degradation mechanisms will be required to 
provide high confidence fitness-for-service.   Case 4 Sep 


2024 
Dec 
2024 


Dec 
2026 


As outlined in the table above, every alternative to the Base Case would require enhanced 
inspections, monitoring and mitigation of, in particular, fuel channel degradation mechanisms.  For 
Pickering Unit 4, additional mitigation of steam generator degradation would be necessary.  These 
details are discussed in the Technical Assessment section below.  As also shown in Table 1, Cases 
3 and 4 involve additional regulatory effort, as there would need to be an update of the Periodic 
Safety Review and a public hearing would need to be conducted.  The cost of the incremental life 
cycle management inspections and monitoring, as well as the incremental regulatory effort comprise 
the major portion of the “Enabling” costs for each alternative. 


Preferred Alternative: 


Based on OPG’s internal analysis, the Preferred Alternative, based on a balance of technical 
achievability, costs and economics is Case 3.  The IESO was provided with data and information for 
all of the Cases and their assessment was presented to OPG in June of 2019, which also indicated 
that Case 3 was preferred. The IESO’s conclusion was based on a balance of the system economics 
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and other factors, for example, operational benefits to the Ontario system such as supporting outage 
management and managing transmission constraints, including less frequent congestion on the 
transmission system at two key interfaces.  A summary of the IESO’s assessment is provided later in 
this document. 


Table 2:  Preferred Alternative Selected 
Preferred Alternative: Case 3 


P1 P4 P5-8 Comments 


Sep 
2024 


Dec 
2024 


Dec 
2025 


P1:  Limited by elongation of the fuel channels; this date assumed physical modifications implemented 
P4:  Limited by fitness-for-service of the steam generators and prohibitive economics of operating one unit 
on the “A” side for an extended period of time 
P5-8:  Confidence in fuel channel life of P5-8 varies by unit.  Additional data and analysis from on-going 
monitoring programs will be enhanced and the high confidence fitness-for-service limits refined. 


TECHNICAL ASSESSMENT SUMMARY 


As part of the normal on-going life cycle management and aging management programs, routine 
assessments are carried out in order to be able to project the remaining safe and reliable operating 
lives of the Pickering units.  A preliminary technical assessment of the projected fitness-for-service of 
the Pickering units to the dates set out in Cases 1 to 4 has been completed for the major 
components, specifically the fuel channels, feeder pipes and the steam generators.  In addition, 
Balance of Plant components have been assessed for projected fitness-for-service.  It is important to 
note that these assessments are on-going and continuously refined.  The following sections discuss 
the issues required to be managed to continue to assure fitness-for-service of the major components 
to the optimized operational dates for the Preferred Alternative. 


Fuel Channels: 


Technical assessment of the fuel channels’ fitness-for-service for operation to the current planning 
reference dates of 2022/2024 is on-going under the Fuel Channel Life Assurance Project.  Any 
enhancements to the scope of work of this project which will be required to further optimize the end-
of-commercial operation dates in accordance with Case 3, will be funded from the Pickering 
Optimization Business Case. 


There are four degradation mechanisms of particular concern for the fuel channels’ fitness-for-
service (other known degradation mechanisms continue to be monitored, but the projected dates at 
which these mechanisms may limit operations are later than the projected dates under the four 
mechanisms of concern): 


a) Calandria tubes to Liquid Injection Shutdown System (CT-LISS) nozzles contact - can occur
because as the fuel channels age, deformation (sag) of the fuel channels can lead to the
calandria tubes contacting the LISS nozzles which are installed horizontally between the
rows of fuel channels, leading to concerns about calandria tube integrity.  This mechanism is
of particular concern for Units 5 and 6 as current projections show this to be the leading
fitness-for-service issue to be resolved on these units in order to achieve the optimized dates
under the Preferred Alternative.  Mitigation includes de-tensioning of the LISS nozzles to
increase the gap between the calandria tubes and the LISS nozzles.


b) Exceeding Terminal Solid Solubility for Dissolution (TSSD) – this degradation mechanism
refers to the fact that there is hydrogen ingress into the pressure tubes of the fuel channels
as the unit is operated.  Beyond a certain threshold concentration of hydrogen, there is a risk
of hydrides being present in the body of the pressure tube at operating temperatures making
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the pressure tube more susceptible to rupture at operating temperatures.  Mitigation includes 
obtaining more samples of pressure tube material during outages and measuring the hydride 
content in order to allow refinement of the models which predict the time at which hydride 
concentration will exceed acceptable levels.  This degradation is of particular concern for Unit 
7. 


c) Axial elongation of the fuel channels - this degradation mechanism refers to the fact that as
the unit is operated, the fuel channels grow axially, and a number of fuel channels are
expected to reach the limits of available bearing travel (i.e. when the leading pressure tubes
will no longer be supported on their bearings).  This mechanism is of concern primarily on
Unit 1.  Plans have been developed to install a hardware modification on Unit 1, which will
allow safe operation until September 2024.  Units 5 to 8 are currently projected to reach the
limits of bearing travel beyond the date in the Preferred Alternative.  Fuel channel
measurements taken during outages allow the rate-of-elongation assumptions to be refined.
Current plans for all units are to continue to monitor and inspect in upcoming outages, and to
continue to update projections of when the leading fuel channels in each unit will no longer
be supported on their bearings.


d) Annulus spacer integrity – this degradation mechanism relates to the projected degradation
of material properties on the annulus spacers, which are a spring-like component which are
installed in the annulus space between the pressure tube and the calandria tube in the fuel
channels to preclude contact between the pressure tube and the calandria tube.  Contact
could result in an initiation point for a potential fracture of the pressure tube.  This mechanism
is of particular concern for 30 fuel channels in Unit 8, which are equipped with spacers of a
particular material type that has been found to be susceptible to degradation of material
properties as the units age.  Mitigation includes: a) obtaining spacers from the operating units
and testing the material properties to be able to predict more accurately when the material
properties will no longer be acceptable; b) artificially aging spacers in test facilities to simulate
their expected condition in the future then testing the material properties of those spacers to
determine acceptability for continued service; c) procedural modifications to reduce stress on
the spacers.


Feeders 


Preliminary assessments indicate that feeders are not a significant issue regarding continued 
fitness-for-service for the Preferred Alternative of operating the units to 2024 and 2025.  Routine 
inspection and monitoring of feeder condition is an on-going life cycle management activity and will 
continue. 


Steam Generators: 


Aside from Unit 4, steam generators are not expected to present risks to demonstrating fitness-for-
service.  Maintenance and inspection campaigns are appropriately planned for the Preferred 
Alternative.  There are known degradation mechanisms on two steam generators in Unit 4 which are 
well understood and which are being addressed in upcoming planned outages on the unit.  Based on 
the information to date, there is medium confidence that the steam generators on Unit 4 will be 
operated safely until the end of 2024. 


Balance of Plant: 


Balance of plant main process equipment (e.g., turbine-generator sets, condensers, heat 
exchangers, major motors, transformers, etc.) and their supporting systems, structures and 
components have also been assessed based on current Life Cycle Management Plans, health 
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reports and recent condition assessments.  These assessments will continue to be updated, but no 
significant issues are expected to challenge the safe and reliable operation to 2025.  Normal 
maintenance activities are expected to be sufficient and will continue. 


REGULATORY APPROVALS 


The current Power Reactor Operating Licence for Pickering was issued in August 2018 for a 10 year 
term (expiring in 2028).  The licence will see Pickering through operations until the end of 2024, 
followed by defueling/safe storage activities and transition to the safe-stored state between 2024 and 
2028. 


As part of Pickering’s re-licensing, a Periodic Safety Review (PSR) was completed that evaluates the 
plant against the requirements that would apply to a newly-built nuclear power plant.  The evaluation 
identifies potential nuclear safety enhancements to the plant design or programmes.  The safety 
enhancements are then assessed to identify the alternatives that can be reasonably and practicably 
implemented to improve safety, and these results are documented in the Integrated Implementation 
Plan (IIP).  The licence issued in August 2018 commits OPG to implement the results of the PSR to 
ensure the continued safe and reliable commercial operation of Pickering NGS to the end of 2024. 


For the Pickering 5 – 8 units to operate beyond the end of 2024 as contemplated in the Preferred 
Alternative, OPG is required to complete a reassessment of the continued validity of the PSR results, 
revise the IIP actions as required and notify the CNSC by December 31, 2022.  There would then be 
a mandatory public hearing at which stakeholders would be able to make representations to the 
CNSC about the continued safe operation of the Pickering units. 


STAFFING & LEADERSHIP 


On-going staffing risks will continue to require close management attention in order to ensure safe 
operation under the Preferred Alternative.  Attrition of experienced staff is an on-going issue which 
will be managed and mitigated.  Hiring and training plans will be updated as part of the Business 
Planning process in order to accommodate the longer period of staffing required under the Preferred 
Alternative. 


Leadership development and succession planning will also be revisited as part of the Business 
Planning process with a view to mitigating any increased risks around senior leadership which may 
be triggered by adoption of the Preferred Alternative. 


COSTS AND GENERATION ASSUMPTIONS 


In developing the Preferred Alternative, OPG’s objective is to establish with medium to high 
confidence the incremental work and related costs required to enable the optimized operational 
period of Pickering.  OPG’s approach is summarized in the following steps: 


1. Resources and associated costs (Base OM&A, Outage OM&A, Project OM&A and Capital,
Nuclear and Corporate Support Costs) are continued at normal levels during the optimized
operation period.


2. Additional inspections and maintenance scope for major components (fuel channels, steam
generators, feeders and reactor components) are identified in detail and the impacts on
outage durations and costs (primarily fuel channel inspections and maintenance) are
assessed.


3. Additional “Balance of Plant” scope is identified, estimated and the impact on outages and
costs (if any) are assessed.
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4. Additional sustaining investments (Capital and OM&A projects) are identified, and impacts on
outages and costs (if any) are assessed.


5. Additional analytical scope (primarily regulatory and engineering) is identified and costs and
resources estimated.


6. Any other additional enabling scope (e.g. additional staff training costs) is identified and
estimated. Nuclear Support and Corporate Support costs are assessed.


7. Amounts are estimated to address known uncertainties


Based on the above, costs and outage impacts have been estimated and included in the 
assessment of the Preferred Alternative.  Incremental costs will be incurred over the period of 2019-
2022 for Pickering Units 1 and 4, and 2019 to 2024 for Pickering Units 5 to 8.  These costs have 
been characterized in the following categories: 


a) Pickering Optimization Enabling Costs are costs associated with work programs that enable
Pickering to operate beyond the current planning assumption dates. The preliminary estimate,
pending final 2020-2026 Life Cycle Management Plan review, of these costs for the Preferred
Alternative are approximately $50M and relate primarily to additional inspections and analysis
required on the fuel channels and additional regulatory support work.


b) Restoration and Normal Operating Costs:  As the planned shutdown dates of the units are
deferred, the planned wind down of costs would be deferred as well.  Costs will be incurred to
restore on-going operating programs in the latter years of the Base Case to normal levels.
Incremental costs required to operate the units beyond the dates in the current Base Case
assumption will also be incurred.  The estimate, pending final 2020-2026 Business Plan
review, of Restoration and Normal Operating Costs for the Preferred Alternative is $1.57B.


Costs are summarized in Table 3. 
Table 3:  Estimated Incremental Costs to Enable Extended Operations 


Work Program 2021 to 
2025 ($M) Comments 


Restoration and Normal Operating 
Costs: Base & Outage OM&A, Projects, 
Nuclear and Corporate Support 


1,565 
Restoring resources to normal levels 
pre-2022/2024, plus costs to operate 
post-2022/2024 


Total Costs to Enable Preferred 
Alternative (Pickering Optimization 
Enabling Costs) 


50 


Incremental work program costs 
required to enable operations beyond 
dates in current planning 
assumptions. 


Grand Total 1,615 
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Table 4 summarizes the generation impacts of the Preferred Alternative. 


Table 4:  Estimated Generation Impacts of the Preferred Alternative 


Generation Plan 2019 - 2022 Post 2022 Total 
Additional Planned Outage Days for P1 & P4 83 129 212 
Incremental TWh for P1 & P4 -1.0 14.7 13.7 


Generation Plan 2019 - 2024 Post 2024 Total 
Additional Planned Outage Days for P5 – P8 90 0 90 
Incremental TWh for P5 – P8 -1.1 17.2 16.1 


Total Incremental Planned Outage Days 173 129 302 


Total Incremental TWh -2.1 31.9 29.8 


The additional outage days in the period 2019 to 2024 are associated with: 
a. Incremental inspections required to enable the Preferred Alternative and
b. Restoration of normal planned outages and durations in the latter years that would not be


required under the assumed shutdown dates of the Base Case.


ECONOMIC ASSESSMENT SUMMARY 


The Levelized Unit Energy Costs (LUEC) of the Preferred Alternative, i.e. the LUEC associated with 
the incremental costs and generation relative to the Base Case, is 4.7 ¢/kWh.  LUEC calculations 
exclude the benefit of deferring severance and related costs and are calculated using incremental 
costs only, i.e. costs that would not be incurred if the Preferred Alternative were not pursued.  Fully 
allocated costs are not used for LUEC calculation as they include a portion of costs that will be not 
be eliminated with the shutdown of Pickering.  As Pickering shuts down, there is a loss in economies 
of scale on fully allocated costs.  A portion of these fully allocated costs will be absorbed by the 
remaining operating units.  These costs are primarily in the “support costs” categories and have not 
been included in the LUEC calculation. 


Along with LUEC, OPG also assessed the incremental value to the Ontario System of each 
alternative, i.e. Cases 1 to 4 relative to the Base Case.  The results are shown under the following 
differing assumptions: 


a) Replacement cost of Pickering’s capacity would be low, and no value is placed on carbon
reduction – this value for Case 3 is assessed at $177M in 2019 present value.


b) Replacement cost of Pickering’s capacity would be high, and no value placed on carbon
reduction – this value for Case 3 is assessed at $328M in 2019 present value


c) Replacement cost of Pickering’s capacity would be high, and a $50/tonne value placed on
carbon reduction – this value for Case 3 is assessed at $576M in 2019 present value.


The factors which influence the economic assessment are explained in detail in Appendix 1. 


Filed: 2021-04-19 
EB-2020-0290 


Exhibit L 
F2-01-Environmental Defence-013 


Attachment 1 
Page 14 of 21







ix | P a g e
OPG CONFIDENTIAL 


Figure 1: Net Present Value Ranges for Pickering Alternatives (2019$M PV) 


In addition to yielding a value to ratepayers in the range of $177 million to $328 million, and as high 
as $576 million, if a value of $50/tonne were placed on the avoided CO2 emissions, the Preferred 
Alternative would also provide a number of quantitative and qualitative advantages for both the 
ratepayer and OPG as follows: 


a) Generation and asset value would be optimized, as 29.8 TWh of incremental generation
would be produced from the Pickering plant over the period 2023 to 2025


b) OPG would earn additional net income and the Shareholder would obtain higher returns from
OPG over the 2023 to 2025 period


c) Provide “insurance value” to the electricity system during a period of significant uncertainty
and change due the nuclear refurbishment activities.  Optimization of Pickering’s end-of-
commercial operations will provide the IESO with a short lead-time and an easily
implemented option to meet a portion of Ontario’s system’s capacity needs in 2023, 2024 and
2025


d) CO2 emissions in Ontario will be approximately 6.8 million tonnes lower compared to the
Base Case.


e) OPG will be able to submit a rate application for the 2022 – 2026 period with overall lower
nuclear rates than had been previously forecast


f) There will be reduced levels of business disruption as Pickering closure would be more
closely aligned to the target completion dates for Darlington Refurbishment


g) The loss of a significant number of highly skilled jobs in Durham region would be deferred by
1 to 2 years


h) The incurrence of severance and related costs associated with end of commercial operations
of Pickering would be deferred and more time would be available to seek out and implement
additional opportunities to minimize these costs, thereby benefitting the ratepayer


i) The planned expenditures for safe-storing and dismantling of the units would be deferred,
yielding a present value benefit.
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The IESO completed its preliminary assessment of the four alternative cases based on data and 
information OPG provided in February and March of 2019.  The IESO’s conclusions were presented 
to OPG In June of 2019.  In summary, the IESO concluded that, of the four alternatives presented, 
Case 3 was preferred from an economic standpoint, which aligns with OPG’s Preferred Alternative. 
The IESO also concluded that OPG’s Preferred Alternative: 


1) Would reduce the amount of additional capacity that needs to be acquired to meet resource 
adequacy requirements in 2023, 2024 and 2025


2) Result is characterized as “breakeven” within an electricity system in Ontario that has a value 
in excess of $20 billion annually.  The IESO also made it clear that certain economic factors, 
namely the benefit of delaying decommissioning expenditures, and any implicit or assumed 
societal value of carbon free generation was not included in the economic analysis they 
performed.  OPG’s analysis provided in Figure 1 above does take these factors into account 
especially since a price for carbon is needed to ensure a fulsome analysis for the future.  In 
addition, OPG’s analysis reflects a different discount rate, capacity value and replacement 
energy value as compared to the IESO.


3) Would provide operational benefits by supporting outage management and managing 
transmission constraints resulting in a forecast of less frequent congestion on the transmission 
system at two key interfaces.


4) Would reduce production from gas-fired generators, would reduce electricity imports and would 
increase electricity exports


5) Would reduce greenhouse gas emissions by approximately 4 million tonnes.
6) Would increase surplus baseload generation, but within manageable levels. 


On balance, the IESO communicated to OPG that it is in favour of the optimized Pickering operational 
lives, given that it is breakeven from a system cost perspective, provides the system operational 
benefits and other non-quantified factors. 


Rate Impacts: 


Figure 2 depicts the impact of the Preferred Alternative on OPG Nuclear rates.  Optimizing Pickering 
operations moderates the rate impacts associated with the return-to-service of the Darlington units 
following refurbishment.  This occurs because: 


1. Extending Pickering operations results in a larger OPG generation base over which to spread
the impacts of the Darlington Refurbishment costs included in the rate base, and


2. Severance and related closure costs of Pickering are deferred.
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Figure 2:  OPG Nuclear Rate Impacts of Preferred Alternative 


 
 
 
RISK OVERVIEW 
 
The key risks associated with the Preferred Alternative are summarized below: 


 
1. Social License Risk: e.g. the risk that interest groups that are opposed to nuclear power 


will contest this further optimization of the Pickering Units’ lives, particularly during the 
public hearing process that will be required in 2023, should any units’ lives be extended 
beyond 2024.  These interest groups may stoke community concerns and this could 
potentially impair OPG’s ability to achieve the optimization. 
Mitigation:  Ongoing demonstration of the value and safety of Pickering through external 
communications, hearings and stakeholder relations. 


2. Regulatory Risks: e.g. the risk that the proposed disposition for one or more known 
issues is not accepted by the CNSC. 
Mitigating Actions: Completion of the update to the Periodic Safety Review and the 
Integrated Implementation Plan, as well as a pro-active approach with the CNSC to 
demonstrate technical fitness-for-service and maintenance of high safety standards. 


3. Technical/Fitness-for-Service Risks: e.g. the risk that a major component, e.g. fuel 
channels, does not continue to meet fitness-for-service requirements. 
Mitigating Actions: On-going comprehensive inspection and maintenance programs are 
included in the work program; life cycle management program of major components 
adjusted based on the extended end-of-life dates. 


4. System Value Assessment: e.g. changes to Ontario system parameters such as flat or 
declining load growth, reduction in the cost of competing generation or changes to 
baseload supply (e.g. refurbishment schedules changes) could impact the overall 
economic system value negatively. 
Mitigating Actions:  None that OPG can implement directly.  Robust analysis across a 
range of scenarios and OPG ensuring that costs and generation forecasts are achieved. 
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Management assesses the overall risks associated with the optimization of Pickering operations as 
per the Preferred Alternative to be manageable.  Technical fitness for service risks will evolve as 
additional on-going and enhanced inspections, monitoring and material testing in research facilities 
are performed and the data gathered is analysed. 
 
RECOMMENDATIONS: 
 
1. Plan to safely and reliably operate Pickering Units 1 and 4 to September 2024 and December 


2024 respectively, and Pickering Units 5 to 8 to December 2025. 
2. Continue and enhance on-going life cycle management and aging management programs in 


order to further progress understanding of the key degradation mechanisms on the major 
components in order to achieve high confidence in safe and reliable operation of the Pickering 
units to the new target dates.  This includes formalizing the actual shutdown dates and sequence 
for Units 5 to 8, based on projected technical fitness-for-service. 


3. Adjust work programs to address the regulatory scope of work required to assure regulatory 
concurrence with the optimized ends-of-commercial operations dates for the Pickering units.  
This will require a number of long lead time assessments to be prepared, including a re-
assessment of the continued validity of the Periodic Safety Review results; therefore, it is critical 
that this work be launched as soon as possible. 
 


The costs to enable this optimization of the operational lives of the Pickering units are estimated at 
approximately $50M.  No release of funds is required at this time.  The changes and enhancements 
to work programs to enable this optimization of the units’ lives are being developed and refined.  
Management will seek a release in November 2019, following finalization of the details of the work 
programs required to achieve optimization of the unit lives. 
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FOR INTERNAL CONTROL
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Appendix 1: 
Preliminary Estimated Enabling Costs to Optimize Pickering’s End-of-Commercial Operation 


Dates 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Work Program 2020 
$M 


2021 
$M 


2022 
$M 


2023 
$M 


2024 
$M 


Total 
$M 


Incremental Fuel Channel, Feeders, Steam 
Generators,  and Balance of Plant 
Inspections & Maintenance and Outage 
Costs (including contingency) 


 2 23 15  40 


Regulatory and Technical Assessments 
including Periodic Safety Review Update 2 2 2 4  10 


Total 2 4 25 19  50 
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Appendix 2: 
Factors Influencing Economic Valuation of Pickering Optimization Alternatives 


 
The economic value of Pickering optimization alternatives is primarily influenced by the following 
factors: 
 
a) The need for, and forecast value of, capacity (MW) on the Ontario system.  There must be 


sufficient capacity on the system to meet peak demands during the summer months, including 
operational reserve requirements. 
i. If projected capacity shortfalls can be met by purchases from neighbouring jurisdictions for 


the summer months only, the assumed costs of that capacity ($/MW) would be relatively low; 
therefore, the capacity value (avoided capacity costs) of optimizing the Pickering units’ ends-
of-commercial operations dates would be relatively low 


ii. If capacity shortfalls are more likely to require the building of new capacity on the Ontario 
system to meet the need, the assumed costs of that capacity would be quite high; therefore, 
the capacity value (avoided capacity costs) of optimizing the Pickering units’ ends-of-
commercial operations dates would be relatively high 


 
b) The need for, and forecast value of, energy (MWh) on the Ontario system.  There must be 


sufficient energy available to system to meet demands all year round.  The Ontario electricity 
system is not expected to be short of energy through the mid-2020’s, as the Combined Cycle 
Gas Turbines (CCGT’s) currently operating at very low capacity factor are expected to continue 
to be available and produce additional energy.  The cost of that additional energy is a function of 
the price of natural gas and the value placed on CO2. 


 
c) The value placed by society on carbon reduction.  Optimizing the lives of the Pickering units 


would result in a reduction in CO2 emissions in Ontario since the majority of the energy required 
to replace Pickering would be combined cycle gas-fired generation.  Starting on April 1st of 2019, 
the Federal Government implemented a carbon tax of $20/tonne of CO2, implying that there is a 
general societal value.  The Federal carbon tax is expected to rise to $50/tonne by 2022.  OPG 
has done a sensitivity analysis showing the additional value to society that would accrue to the 
Pickering optimized operations cases, if the societal value of $50/tonne were applied to avoided 
CO2 emissions. 


 
d) The forecast costs (Operations and Maintenance, Sustaining Capital, Fuel) of operating 


Pickering relative to other competing generation options. 
 
e) The forecast generation performance of the Pickering units. 
 
f) The value of deferring liabilities for severance and related costs which results in a reduction in 


the present value of the liability. 
 
g) The value of deferring decommissioning costs of the Pickering units.  Specifically, the costs of 


safe-storing and dismantling are delayed reducing the present value of the liability for these 
costs. 
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Environmental Defence Interrogatory #14 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
Exhibit F2, Tab 1, Schedule 1, Page 24-25 6 
 7 
Preamble:  8 
 9 


“In EB-2016-0152, OPG presented the Pickering Extended Operations initiative 10 
aimed at operating Pickering Units 1 and 4 to 2022 and Pickering Units 5-8 to 11 
2024 (EB-2016-0152, Ex. F2-2-3). OPG expects this initiative will be completed 12 
by 2021 at a total cost of $307M, consistent with the forecast presented in EB-13 
2016-0152. 14 
 15 
This application reflects OPG’s plans to safely optimize the shutdown 1 of 16 
Pickering by operating all six units until September 2024, five of the six units 17 
through 2024 and the remaining four units until December 2025, as per the 18 
2020-2026 Business Plan (“Optimization”). OPG will require CNSC approval to 19 
operate the remaining four units past 2024 until December 2025.” 20 


 21 
Questions: 22 
 23 


(a) Does OPG strive to deliver power from each of its generation facilities at a cost 24 
that is less than alternative electricity sources? 25 


(b) Does OPG believe the OEB is precluded from considering the reasonableness 26 
of its payment amounts requests with reference in part to the cost of electricity 27 
from alternative electricity sources? 28 


(c) In particular, does OPG believe that is should be paid to invest in the extended 29 
operation of Pickering even if the power it produces would be more expensive 30 
than alternatives? If yes, please explain why. 31 


(d) Does OPG believe the OEB is precluded from considering whether OPG should 32 
be paid the entire proposed cost to invest in the extended operation of Pickering 33 
even if the power it produces would be more expensive than alternatives? 34 


(e) According to Lazard, the cost of offshore wind is 8.6 cents per kWh (US $), 35 
which is approximately 11.2 ¢/kWh CAD. Lazard, Lazard’s Levelized Cost of 36 
Energy Analysis – Version 14.0 (October 2020) page 2.1 Does OPG have 37 
reason to disagree? If yes, please provide OPG’s best estimate. 38 


(f) Please file a copy of the Lazard report so it can be referred to with an exhibit 39 
number in this proceeding. 40 


(g) Does OPG believe Lazard is a credible organization? 41 
(h) Does OPG believe the Lazard report cited above is credible? 42 


                                                 
1 https://www.lazard.com/media/451419/lazards-levelized-cost-of-energy-version-140.pdf 
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(i) According to Lazard, the cost of onshore wind is 2.6 to 5.4 cents per kWh (US 1 
$), which is approximately 3.4 to 7 ¢/kWh CAD. Lazard, Lazard’s Levelized Cost 2 
of Energy Analysis – Version 14.0 (October 2020) page 2. Does OPG have 3 
reason to disagree? If yes, please provide OPG’s best estimate. 4 


(j) According to Lazard, the cost of utility scale solar PV is 2.9 to 4.2 cents per kWh 5 
(US $), which is approximately 3.8 to 5.5 ¢/kWh CAD. Lazard, Lazard’s 6 
Levelized Cost of Energy Analysis – Version 14.0 (October 2020) page 2. Does 7 
OPG have reason to disagree? If yes, please provide OPG’s best estimate. 8 


(k) On June 22, 2017 Hydro Quebec offered to sell Ontario 8 billion kWh per year, 9 
for 20 years, at a price of 6.12 cents per kWh. In August 2017 Hydro Quebec 10 
lowered its proposed price to 5 cents per kWh. Letter from Steve Demers, Vice 11 
President, Hydro Quebec to Peter Gregg, CEO, Independent Electricity System 12 
Operator, (June 22, 2017); and Pierre Couture, “Hydro Quebec l’Ontario en 13 
ligne de mire”, Journal de Montreal, (August 16, 2017). Does OPG have reason 14 
to disagree? If yes, please provide OPG’s best estimate of the price of firm 15 
electricity imports from Quebec. 16 


(l) In 2017 the average price of Ontario’s spot market electricity purchases from 17 
Quebec was 2.2 cents per kWh. Financial Accountability Office of Ontario, 18 
Electricity Trade Agreement: An Assessment of the Ontario-Quebec Electricity 19 
Trade Agreement, (Spring 2018), page 7. Does OPG have reason to disagree? 20 
If yes, please provide OPG’s best estimate of the price of spot market purchases 21 
from Quebec.  22 


(m)If OPG disagrees, please file a copy of the document referred to above so it can 23 
be referred to in an interrogatory response.  24 


(n) In 2017 the Independent Electricity System Operator’s (IESO) average levelized 25 
unit energy cost (LUEC) of procuring a kWh of electricity savings was 1.69 26 
cents. Independent Electricity System Operator, 2017 Report on Energy-27 
Efficiency Activities, page 8. Does OPG have reason to disagree? If yes, please 28 
provide OPG’s best estimate of the cost (LUEC) of electricity conservation. 29 


(o) A report prepared for the Government of Ontario identified 64 potential offshore 30 
wind power sites in the Great Lakes that could produce 111.5 billion kWh of 31 
electricity per year.2 This is equivalent to 82% of Ontario’s total electricity 32 
consumption in 2019.3 Does OPG have reason to disagree? If yes, please 33 
provide OPG’s best estimate of Ontario’s off-shore wind power generation 34 
potential. 35 


(p) This MIT paper describes how Hydro Quebec’s hydro-electric reservoirs can be 36 
used as a low-cost storage solution.4 When our wind power production is above 37 
average, our surplus wind energy can be exported to Quebec to keep the lights 38 


                                                 
2 Helimax Energy Inc., Analysis of Future Offshore Wind Farm Development in Ontario, (April 2008), pages iii, 18 
& 19. 
3 In 2019 Ontario consumed 135.1 billion kWh. IESO, News Release, “2019 Year in Review”, (January 30, 2020). 
4 Emil Dimanchev, Joshua Hodge and John Parsons, Two-Way Trade in Green Electrons: Deep Decarbonization 
of the Northeastern U.S. and the Role of Canadian Hydropower, MIT Center for Energy and Environmental Policy 
Research; http://ceepr.mit.edu/files/papers/2020-003-Brief.pdf 
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on in Montreal, and Hydro Quebec can store more water in its reservoirs. 1 
Conversely, when our wind power generation is below average, Hydro Quebec 2 
can use the extra water in its reservoirs to produce electricity for export back to 3 
Ontario. Does OPG have reason to disagree? If yes, please describe the extent 4 
to which it is technically feasible for Hydro Quebec’s hydro-electric reservoirs to 5 
be used as a low-cost storage solution. 6 


(q) Does OPG believe the cost of alternative electricity options is relevant to the 7 
amount it is paid for its regulated generation facilities? 8 


(r) Should OPG be paid for the full cost of its generation facilities even if that cost 9 
is higher than alternatives? If yes, why? 10 


(s) Should electricity ratepayers pay OPG to develop SMRs even if the expected 11 
cost of power from SMRs ($/MWh) is higher than alternatives?   12 


(t) Should electricity ratepayers pay OPG to develop SMRs even if the expected 13 
cost of power from SMRs ($/MWh) is more than twice as high as alternatives?   14 


 15 
 16 
Response  17 
 18 
a) OPG declines to respond on the basis of relevance. The questions seek system 19 


planning information that is not relevant to deciding any issue before the OEB in 20 
this application. See Ex. L-F2-01-Environmental Defence-10 c). 21 
 22 


b) OPG believes that the OEB’s authority to establish payment amounts for OPG’s 23 
prescribed facilities is established in section 78.1 of the Ontario Energy Board Act, 24 
1998 and the regulations made under that section. OPG further believes that an 25 
examination of the OEB’s authority to set payment amounts is not a proper focus 26 
of this proceeding and therefore declines to answer on the basis of relevance.  27 
 28 


c) See response to part a). 29 
 30 


d) See response to part b).  31 
 32 


e) See response to part a). OPG further notes that the cited document does not form 33 
part of its evidence. 34 
 35 


f) See response to part e). 36 
 37 


g) See response to part e). 38 
 39 


h) See response to part e). 40 
 41 


i) See response to part e).  42 







Filed: 2021-04-19 
EB-2020-0290 


Exhibit L 
F2-01-Environmental Defence-014 


Page 4 of 4 
 


Witness Panel: Nuclear Operations & Nuclear Projects 


j) See response to part e). 1 
 2 


k) See response to part a). 3 
 4 


l) See response to part a). OPG further notes that the cited document does not form 5 
part of its evidence. 6 
 7 


m) See response to part a). OPG further notes that the cited document does not form 8 
part of its evidence. 9 
 10 


n) See response to part a). OPG further notes that the cited document does not form 11 
part of its evidence. 12 
 13 


o) See response to part a). OPG further notes that the cited document does not form 14 
part of its evidence. 15 
 16 


p) See response to part a). OPG further notes that the cited document does not form 17 
part of its evidence. 18 
 19 


q) See response to part b).  20 
 21 


r) See response to part a).  22 
 23 


s) See Ex. L-F2-08-AMPCO-159. 24 
 25 


t) See response to part a).  26 
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Environmental Defence Interrogatory #15 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
F2-1-1, Attachment 7 6 
Preamble: “The Ontario government is supporting a plan by Ontario Power Generation 7 
(OPG) to safely extend the life of the Pickering Nuclear Station.” 8 
 9 
Questions: 10 
(a) Please provide a table comparing the wording used by the Government of Ontario 11 


in relation to the current plan to extend the life of Pickering versus the wording used 12 
in relation to the Pickering Extended Operations at issue in EB-2016-0152.  13 


(b) Please include Government of Ontario references regarding each project so they 14 
can be compared in their context.  15 


(c) Does OPG take the position that the OEB must accept the need to extend the life 16 
of Pickering? 17 


(d) Does the Ontario Government support the plan to extend Pickering’s operations at 18 
any cost? 19 


(e) Please provide all correspondence with the IESO regarding the current plan to 20 
extend the life of Pickering, especially any studies or cost-benefit analyses. 21 


(f) Please provide all correspondence with the Government of Ontario regarding the 22 
current plan to extend the life of Pickering, especially any studies or cost-benefit 23 
analyses. 24 


 25 
 26 
Response 27 
 28 
a) OPG declines to produce the requested information on the basis of relevance. An 29 


examination of the precise wording of the Province's support for extending 30 
Pickering's operation is of no relevance to any issue before the OEB in this 31 
application. 32 


 33 
b) See part a). 34 


 35 
c) OPG's position is that the OEB's statutory responsibility in the current proceeding 36 


is to set just and reasonable payment amounts. To the extent that the OEB agrees 37 
that the Province of Ontario, pursuant to its responsibilities related to system 38 
planning and resource adequacy, has determined that Pickering should continue to 39 
operate, then OPG believes that the OEB cannot disregard that determination. 40 


 41 
d) See Ex. L-F2-01-Environmental Defence-10 c).  42 
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e) See Ex. L-F2-01-Environmental Defence-10 c). 1 
 2 


f) See part a).  3 
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Environmental Defence Interrogatory #16 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
F2-1-1, Attachment 7 6 
 7 
Questions: 8 
 9 
(a) What is OPG’s contingency plan in the event that the CNSC does not approve the 10 


extended operation of Pickering? 11 
(b) What the IESO’s contingency plan in the event that the CNSC does not approve 12 


the extended operation of Pickering? Please ask the IESO for this information.  13 
(c) Please compare the cost of those contingency plans to the cost of continuing to 14 


operate Pickering on a $/MWh basis. 15 
(d) Please provide an analysis of the costs and benefits of meeting Ontario's peak day 16 


generation  requirements for each year from 2024 to 2026 inclusive, if the CNSC 17 
does not extend Pickering's operating licence, by: a) curtailing natural gas-fired 18 
electricity exports;  b) procuring more demand response resources; c) procuring 19 
more energy efficiency resources; d) importing renewable energy from 20 
neighbouring jurisdictions; and e) procuring more Made-in-Ontario green energy; 21 
and f) by the least-cost combination of options (a) to (e) inclusive. 22 


 23 
 24 
Response 25 
 26 
(a) OPG is confident based on its assessment of technical risk that Pickering can safely 27 


operate to the end of December 2025, but recognizes that there are CNSC 28 
regulatory conditions and approvals required. See Ex. L-F2-01-Staff-213 for 29 
discussion regarding OPG response if the CNSC were not to permit any Pickering 30 
NGS unit to operate until its targeted shut down date  31 
 32 


(b) to (d) 33 
 34 


See Ex. L-F2-01-Environmental Defence-10, part c). 35 
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Environmental Defence Interrogatory #17 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
F2-1-1, Attachment 7 6 
 7 
Questions: 8 
 9 


(a) Please state for each year from 2021 to 2026 inclusive the quantum of this 10 
capacity that is provided by: i) the Pickering Nuclear Station; and ii) the 11 
Darlington Nuclear Station according to Ontario’s Reserve Margin 12 
Requirements. 13 


(b) Please state the methodology and assumptions, and show the calculations, for 14 
estimating Pickering’s and Darlington’s available capacity (MW) at the time of 15 
Ontario’s peak annual demand. Please discuss the reasonableness of this in 16 
light of their forced outage rates. 17 


 18 
Please ask the IESO for this information if needed. 19 
 20 
 21 
Response 22 
 23 
a) and b) 24 
 25 


See Ex. L-F2-01-Environmental Defence-10, part c).  26 
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Environmental Defence Interrogatory #18 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
F2-1-1, Attachment 7 6 
 7 
Questions: 8 
 9 
Over 2020 to 2026, please provide the best current estimate of: 10 
 11 
(a) Pickering’s total installed capacity (MW); 12 
(b) Pickering’s available capacity (MW) at the time of Ontario’s peak annual demand; 13 
(c) Pickering’s generation (MWh); 14 
(d) The avoided generation (MWh), by fuel type, as a result of Pickering’s extended 15 


operation; 16 
(e) Pickering’s rolling average forced loss rate; 17 
(f) The installed capacity (MW) of the replacement peaking generation capacity; 18 
(g) The available capacity (MW) of the replacement peaking generation capacity at the 19 


time of Ontario’s peak annual demand; 20 
(h) Pickering’s fuel and operating cost per kWh; 21 
(i) Pickering’s incremental capital expenditures to permit its extension; 22 
(j) Ontario’s carbon price; and 23 
(k) Ontario’s incremental peaking requirements (MW) to meet the NPCC resource 24 


adequacy criterion if Pickering is not extended. 25 
 26 
 27 
Response 28 
 29 
(a), (c), (e), (h) and (i)  30 


 31 
Please refer to Chart 1 below:  32 
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Chart  1 1 
 2 


 
Metric 


Pickering 
Actual Pickering Annual Targets 


 2020  2021 2022 2023 2024 2025 


(a) Total Installed Capacity 
(MW) 3244 3244 3244 3244 3244 2160 


(c) Generation TWh 20.53 21.4 19.8 21.2 21.4 16.6 


(e) Rolling average forced 
loss rate* 2.13 3.08 3.50 3.50 3.50 3.50 


(h) Fuel and Operating Costs  Refer to Ex. L-F2-01-Staff-196 


(i) Incremental Capital 
Expenditure 


There are no incremental capital expenditures 
planned to permit Pickering to operate to 


2024/2025. 
* This is a two-year rolling average forced loss rate (“FLR”). The 2020 rolling average FLR is based on 3 
the 2019 and 2020 actual FLR.  4 
The 2021 rolling average FLR is based on 2020 actuals and 2021 target FLR.  5 
For the years 2022 to 2025, the rolling average FLR rate is based on the Business Plan targets. 6 


 7 
 (b), (d), (f), (g), (j) and (k) 8 
 9 


See Ex. L-F2-01-Environmental Defence-10, part c).  10 
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Environmental Defence Interrogatory #19 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
F2-1-1, Attachment 7 6 
 7 
Questions: 8 
 9 


(a) If the IESO or OPG has analyzed whether the continued operation of Pickering 10 
is economic, please provide the assumptions underlying this analysis with 11 
respect to the variables: 12 


i. Pickering's total installed capacity (MW); 13 
ii. Pickering's available capacity (MW) at the time of Ontario's peak annual 14 


demand; 15 
iii. Pickering's generation (MWh); 16 
iv. The avoided generation (MWh), by fuel type, as a result of Pickering's 17 


extended operation; 18 
v. Pickering's rolling average forced loss rate; 19 
vi. The installed capacity (MW) of the replacement peaking generation 20 


capacity; 21 
vii. The available capacity (MW) of the replacement peaking generation 22 


capacity at the time of Ontario's peak annual demand; 23 
viii. Pickering's fuel and operating cost per kWh; 24 
ix. Pickering's incremental capital expenditures to permit its extension; 25 
x. Ontario's carbon price; 26 
xi. Ontario's incremental peaking requirements (MW) to meet the NPCC 27 


resource adequacy criterion if Pickering is not extended; and 28 
xii. Gas prices. 29 


 30 
 31 
Response 32 
 33 
(a) See Ex. L-F2-01-Environmental Defence-10, part c).  34 
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Environmental Defence Interrogatory #20 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
F2-1-1, Attachment 7 6 
 7 
Preamble: “The updated schedule will provide electricity consumers with emission-8 
free, low-cost energy and allow 4,500 high-quality jobs to remain in Durham region 9 
longer.” 10 
 11 
Questions: 12 
 13 
(a) Please confirm how the above figure was calculated. 14 
(b) Please confirm what the above figure translates into in terms of person-years FTE. 15 
(c) Please provide correspondence between OPG and the Government of Ontario 16 


regarding the further extension of Pickering’s life which details the impacts on jobs. 17 
(d) Please summarize the impacts on jobs of the Pickering life extension. 18 
(e) Does OPG believe the jobs number in the above quoted figure is accurate? 19 
(f) Does OPG’s mandate include the creation of jobs? 20 
(g) Does the OEB’s mandate include the creation of jobs? 21 
(h) Please compare in person-years FTE the jobs that would exist in relation to 22 


Pickering over 2024 to 2026 in the scenario where it was shut down in accordance 23 
with the plan in the previous payment amounts application versus a scenario where 24 
it is shut down in the current plan. 25 


(i) Please provide a table reconciling the jobs figures in the above reference with the 26 
evidence in this application regarding the headcount for Pickering’s operations. 27 


(j) Please break-out the total nuclear FTEs in 2020 to 2026 according to the following 28 
categories: i) employees working at the Pickering Nuclear Station, ii) employees 29 
working at the Darlington Nuclear Station, iii) employees working at other locations 30 
(e.g. head office) in support roles relating Pickering Nuclear Station, and iv) 31 
employees working at other locations (e.g. head office) in support roles relating to 32 
Darlington Nuclear Station. 33 
 34 


 35 
Response 36 
 37 
a) OPG cannot verify the basis for the reference to 4500 jobs in the Province of 38 


Ontario press release (Ex. F2-1-1, Attachment 7).   39 
 40 


b) As OPG is unaware of the basis of the Province of Ontario’s figure, it is unable to 41 
calculate person-years FTE or provide the requested table reconciling to this figure.  42 
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c) See Ex. L-F2-01-ED-15 a).  1 
 2 
d) See part a) above. 3 
 4 
e) See part a) above.  5 
 6 
f) OPG is of the view that the optimization of Pickering shutdown will provide a benefit 7 


by the deferral of a loss of a significant number of highly skilled jobs in Durham 8 
region by 1 to 2 years. 9 


 10 
g) OPG declines to respond on the basis of relevance. The questions seek detailed 11 


information on employment figures that are unrelated to the costs OPG is seeking 12 
to recover for extending Pickering's operation.   13 


 14 
h) See part g). 15 
 16 
i) See part g). 17 
 18 
j) See Ex. L-F4-3-AMPCO-171 for the nuclear FTE’s at Pickering and Darlington. 19 
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LPMA Interrogatory #9 1 
 2 
Interrogatory 3 
 4 
Ref: Exhibit F2 5 
 6 
Please update the following tables to include actual data for 2020. If actual data is not 7 
yet available for 2020, please update the tables to provide the most recent estimates 8 
currently available: 9 
 10 
a) Ex. F2, Tab 1, Sch. 1, Table 1 11 
b) Ex. F2, Tab 2, Sch. 2, Table 1a 12 
c) Ex. F2, Tab 3, Sch. 2, Table 1a 13 
d) Ex. F2, Tab 4, Sch. 2, Table 1a 14 
e) Ex. F2, Tab 7, Sch. 1, Table 2 15 
 16 
 17 
Response 18 
 19 
a) See Ex. L-A1-2-Staff-002, Attachment 1, Table 16. 20 
b) See Ex. L-F2-2-SEC-127, Attachment 1. 21 
c) See Ex. L-F2-2-SEC-134, Attachment 1. 22 
d) See Ex. L-F2-4-SEC-128, Attachment 1. 23 
e) See Attachment 1. 24 








Numbers may not add due to rounding. FIled: 2021-04-19
EB-2020-0290


Exhibit L
F2-01-LPMA-009


Attachment 1


Line 2016 (c)-(a) 2016 (g)-(c) 2017 (g)-(e) 2017 (k)-(g) 2018 (k)-(i) 2018
No. Business Unit Budget Change Actual Change OEB Approved Change Actual Change OEB Approved Change Actual


(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k)


1 Darlington Refurbishment - Unit Refurbishment1 1.0 (0.2) 0.8 35.1 41.5 (5.6) 35.9 (4.6) 13.8 17.6 31.3  


2 Facilities and Infrastructure Projects2 0.3 2.0 2.3 (2.2) 0.0 0.1 0.1 (0.1) 0.0 0.0 0.0
3 Safety Improvement Opportunities 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.0) 0.0 0.0 0.0


4 Total Darlington Refurbishment OM&A3 1.3 1.8 3.1 33.0 41.5 (5.4) 36.1 (4.8) 13.8 17.6 31.3


Line 2018 (e)-(a) 2019 (e)-(c) 2019 (i)-(e) 2020 (i)-(g) 2020 (k)-(i) 2021
No. Business Unit Actual Change OEB Approved Change Actual Change OEB Approved Change Actual Change Budget


(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k)


5 Darlington Refurbishment - Unit Refurbishment1 31.3 (29.6) 3.5 (1.8) 1.7 17.3 48.4 (29.4) 19.0 23.9 42.9
6 Facilities and Infrastructure Projects2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 Safety Improvement Opportunities 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0


8 Total Darlington Refurbishment OM&A3 31.3 (29.6) 3.5 (1.8) 1.7 17.3 48.4 (29.4) 19.0 23.9 42.9


Line 2021 (c)-(a) 2021 (e)-(c) 2022 (g)-(e) 2023 (i)-(g) 2024 (k)-(i) 2025
No. Business Unit OEB Approved Change Budget Change Plan Change Plan Change Plan Change Plan


(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k)


9 Darlington Refurbishment - Unit Refurbishment1 19.7 23.1 42.9 (18.6) 24.2 (0.7) 23.6 5.7 29.3 (4.3) 25.0
10 Facilities and Infrastructure Projects2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 Safety Improvement Opportunities 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0


12 Total Darlington Refurbishment OM&A3 19.7 23.1 42.9 (18.6) 24.2 (0.7) 23.6 5.7 29.3 (4.3) 25.0


Line 2025 (c)-(a) 2026
No. Business Unit Plan Change Plan


(a) (b) (c)


13 Darlington Refurbishment - Unit Refurbishment1 25.0 (16.6) 8.4
14 Facilities and Infrastructure Projects2 0.0 0.0 0.0
15 Safety Improvement Opportunities 0.0 0.0 0.0


16 Total Darlington Refurbishment OM&A 25.0 (16.6) 8.4


Notes:  


1


2
3


Table 2
Comparison of OM&A - Darlington Refurbishment ($M)


The Unit Refurbishment 2016-2021 amounts include removal costs of existing structures or facilities prior to construction modication, and L&ILW variable expense. Breakdown provided in Ex. L-A1-02-Staff-002, 
Att.1, Table 23.
The Facilities and Infrastructure Projects 2016-2021 amounts include removal costs of existing structures or facilities prior to construction or modification. 


OEB approved amounts are shown as those referenced in the OEB’s EB-2016-0152 Decision and Order (pp. 42-43). These amounts were based on OPG’s pre-filed evidence (EB-2016-0152, Ex F2-7-1). Upon 
subsequently filing an Impact Statement, OPG updated the forecast of low and intermediate level waste variable expenses (Ex. N1-1-1). This updated forecast formed the basis of the OPG Proposed figures in 
the EB-2016-0152 Payment Amounts Order. As the updated amount was not presented separately between DRP and non-DRP OM&A costs in the Impact Statement, it was not identified as a specific change to 
OPG’s DRP-related request and thus was not reflected in the figures referenced in the EB-2016-0152 Decision and Order. The portion of the Impact Statement attributable to DRP OM&A was +$4.8M in 2017, 
+$2.6M in 2018, +$3.9M in 2019, +$5.3M in 2020 and +$6.1M in 2021. 
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LPMA Interrogatory #10 1 
 2 
Interrogatory 3 
 4 
Ref: Exhibit F2, Tab 1, Sch. 1 & Exhibit F2, Tab 8, Sch. 1 5 
 6 
Table 1 of Ex. F2, Tab 1, Sch. 1, there is an amount of $66.0 million in 2020 and 7 
$206.0 million in 2021 for Darlington New Nuclear OM&A. On page 1 of Ex. F2, Tab 8 
8, Sch. 1, these amounts are described as costs related to preliminary planning and 9 
preparation expenditures for an SMR generating station at the Darlington site and that 10 
OPG will record these amounts in 2020 and 2021 related to the SMR project in the 11 
Nuclear Development Variance Account (“NDVA”). Please explain why these figures 12 
are shown in the OM&A figures in Table 1 if they are to be recorded in the NDVA. 13 
 14 
 15 
Response 16 
 17 
The costs related to preliminary planning and preparation expenditures for an SMR 18 
generating station in 2020 and 2021 are included in Ex. F2-1-1, Table 1 because they 19 
represent a forecast of costs that are recoverable through the payment amounts for 20 
OPG’s nuclear facilities by virtue of O. Reg. 53/05 section 6(2)4.1. For completeness 21 
of information, OPG has presented such forecasted costs for the historical and bridge 22 
years in the application irrespective of whether they are recorded in a deferral or 23 
variance account. 24 
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OAPPA Interrogatory #7 1 


 2 


Interrogatory 3 


 4 


Reference:  5 


Exhibit E2-1-1 PRODUCTION FORECAST AND METHODOLOGY – NUCLEAR page 6 


2, line 7 says “and the end of commercial operations at Pickering by the end of 2025”.  7 


At Page 6, lines 11-13 it reads: 8 


“Pickering Optimized Shutdown: Under the Pickering optimized shutdown plan 9 


discussed in Ex. F2-1-1, Units 1 and 4 are forecast to be shut down in 2024, followed 10 


by the staggered shutdown of Units 5-8 at the end of December 2025.” 11 


From Exhibit F2-1-1, page 1, lines 15-18 it reads: 12 


“Highlights of OPG’s 2020-2026 Business Plan as it pertains to Nuclear Operations 13 


include the following: 14 


 Ensuring the success of Pickering Optimized Shutdown of all six Pickering units, 15 


operating Unit 1 and Unit 4 to 2024 and Units 5-8 to 2025.” 16 


From Exhibit F2-1-1, page 25, lines 1-4: 17 


“This application reflects OPG’s plans to safely optimize the shutdown of Pickering by 18 


operating all six units until September 2024, five of the six units through 2024 and the 19 


remaining four units until December 2025, as per the 2020-2026 Business Plan 20 


(“Optimization”). OPG will require CNSC approval to operate the remaining four units 21 


past 2024 until December 2025.” 22 


But from Exhibit H1-1-1, Updated 2021-03-12 DEFERRAL AND VARIANCE 23 


ACCOUNTS at page 40, lines 8-14 it reads:  24 


“OPG proposes the deferral account because it anticipates that there will be future 25 


changes to the Pickering station EOL dates, for financial accounting purposes in 26 


accordance with US GAAP, once necessary criteria are met. In particular, this includes 27 


the accounting EOL date for Pickering Units 5-8, which is expected to be reassessed 28 


in the future when further technical work and the status of the CNSC’s approval 29 


process are considered to provide sufficient high confidence, for depreciation 30 


purposes, with respect to the planned operation of the units beyond the current EOL 31 


date of December 31, 2024.” 32 


 33 


(a) Is the evidence at Exhibit H1-1-1, page 40, lines 8-11 inconsistent with the 34 


references found at E2-1-1 and F2-1-1, as excerpted above?  Please explain any 35 


inconsistencies in the evidence related to the EOL dates for Pickering units.   36 


(b) What is the risk/chance that the CNSC will not approve the proposed EOL dates 37 


for Pickering units 5-8?   38 


(c) What are the consequences and risks if the CNSC does not approve the proposed 39 


EOL dates for Pickering units 5-8?   40 


 41 
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Response 1 


 2 


a) Refer to Ex. L-F2-01-Staff-209. 3 


 4 


b) Refer to Ex. L-F2-01-Staff-213, parts (e) and (f). 5 


 6 


c) Refer to Ex. L-F2-01-Staff-213, part (g). 7 
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OAPPA Interrogatory #8 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
Exhibit F2-8-1, Page 1, lines 21-22 describe OPG’s costs for preliminary planning and 6 
preparation of SMR technology approximating $272M in 2020 and 2021.  OPG 7 
proposes to recapture these OM&A development costs in the NDVA despite their non-8 
consideration in EB-2016-0156. 9 


 10 
a) Please provide further context, background, and basis for requiring rate payer 11 


funding of this research and development project, including any legislative, 12 
regulatory, prior case precedence or Board rulings. 13 


b) Is this initiative the result of an instruction or request from the Province? If so, 14 
please provide the specific request.   15 


c) Has OPG considered this project within the context of its non-regulated business 16 
plans or strategies?  If so, please elaborate. 17 


d) If the SMR were to realize commercial viability, particularly beyond Ontario, please 18 
confirm OPG’s intentions concerning rate payer compensation for the initial 19 
investment(s) and the rate payers’ share of future revenues. 20 


 21 
 22 
Response 23 
 24 
a) See Ex. L-F2-08-Environmental Defence-023, part d).  25 


 26 
b) See Ex. L-F2-08-AMPCO-152 part e). 27 


 28 
c) See Ex. L-F2-08-Environmental Defence-023 part d). 29 


 30 
d) See Ex. L-F2-08-CCC-048, part c). 31 








Filed: 2021-04-19 
EB-2020-0290 


Exhibit L 
F2-01-PWU-013 


Page 1 of 2 
 
 
 


Witness Panel: Nuclear Operations & Nuclear Projects 


PWU Interrogatory #13 1 
 2 
Interrogatory 3 
 4 
Reference:  5 


Exhibit F2, Tab 1, Schedule 1, Attachment 2, Page 6 of 101 (Excerpt of Safety 6 
Metrics from Table 1) 7 


 8 
 9 
Reference 2: Exhibit F2, Tab 1, Schedule 1, Attachment 2, Page 6 of 101 (excerpt) 10 
 11 


The Total Recordable Injury Frequency (TRIF) was calculated using data from 12 
the Canadian Electricity Association (CEA). Median information and individual 13 
company information are not available for this metric. Therefore, only trend and 14 
best quartile information have been presented. The peer group for this metric is 15 
limited to Group I members of CEA (Section 7.0, Table 10). 16 


 17 
Questions 18 
 19 
a) Why is the median not available for Total Recordable Injury Frequency? 20 
  21 
b) The majority of Pickering and Darlington performance metrics are shaded green 22 


reflecting “Maximum NPI points achieved or Best Quartile”. However, performance 23 
for many of these metrics is below median. Does OPG target to be at least median 24 
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for these metrics or does it view its performance as adequate? If the latter, please 1 
explain. 2 


 3 
c) Please explain why Pickering and Darlington are worse than median for the Rolling 4 


Average Industrial Safety Accident Rate metric. 5 
 6 
Response 7 
 8 
a) The Canadian Electricity Association (“CEA”) only provides the best quartile to CEA 9 


members. The CEA does not provide members with the median or individual 10 
company information. As a result, the Nuclear Benchmarking Report has only 11 
shown the best quartile for Total Recordable Injury Frequency (“TRIF”) (since 2018 12 
when the industry adopted the TRIF indicator) and the All Injury Rate, which 13 
preceded TRIF as a key safety indicator. 14 
 15 


b) As shown in Chart 3 and Chart 4 at Ex. F2-1-1, pp. 16-17, Pickering and Darlington 16 
consistently target maximum Nuclear Performance Index (“NPI”) points for 17 
applicable metrics or best quartile performance. Achieving maximum NPI points 18 
reflects favourable performance in respect of the NPI metric, which is administered 19 
by the World Association of Nuclear Operators.  20 


 21 
Pickering’s ability to achieve maximum NPI points for Collective Radiation 22 
Exposure (“CRE”) or best quartile performance for CRE and Airborne Tritium 23 
Emissions is significantly impacted by the number of planned outage days needed 24 
to extend the life of the station. 25 
  26 


c) The Industrial Safety Accident Rate (“ISAR”) measures the number of accidents 27 
resulting in lost time injuries (“LTI”), restricted work injuries (“RWI”) and fatalities 28 
(Ex. F2-1-1, Attachment 2, p. 90). The ISAR is measured on a two-year rolling 29 
average basis for Pickering and a three-year rolling average basis for Darlington. 30 
In 2019, Pickering’s ISAR of 0.02 and Darlington’s ISAR of 0.04 were below median 31 
as both Pickering and Darlington experienced LTIs over the corresponding rolling 32 
average period (1 at Pickering in 2018 and 1 in 2017 and 2 in 2018 at Darlington) 33 
and Darlington experienced one RWI over the rolling average period. No new ISAR 34 
events were recorded in 2019 or in 2020. 35 


 36 
OPG continues to monitor performance trends in the area of conventional safety 37 
and implements timely and specific action plans to support continuous 38 
improvement.  These action plans incorporate Human Performance based 39 
objectives, which are aimed at positively improving employees risk based decision 40 
making processes (Ex. F2-1-1, Attachment 2, p. 14).  41 








Filed: 2021-04-19 
EB-2020-0290 


Exhibit L 
F2-01-PWU-014 


Page 1 of 1 
 


Witness Panel: Nuclear Operations & Nuclear Projects 


PWU Interrogatory #14 1 
 2 
Interrogatory 3 
 4 
Reference 1: Exhibit F2, Tab 1, Schedule 1, Attachment 2, Page 6 of 101 (Excerpt of 5 
Reliability Metrics from Table 1) 6 
 7 


Reference 2: Exhibit F2, Tab 1, Schedule 1, Attachment 6, Page 3 of 42 8 
 9 


Our current analysis shows that OPG, as of August 2019, is 239 10 
FTEs (4.5%) below the total North America nuclear operator 11 
benchmark of 5,255 FTEs. The North American benchmarks have 12 
increased slightly since 2014 due to aging plants and a less-13 
experienced workforce which required additional staff. 14 


 15 
Question 16 
 17 
a) If Assuming OPG’s FTEs were at benchmark, what impact would that have on 18 


Pickering and Darlington’s likelihood of achieving Best Quartile or 2nd Quartile 19 
Performance in the above metrics? 20 


 21 
 22 
Response 23 
 24 
a)  OPG cannot speculate as to how increasing the number of full time equivalent 25 


(“FTE”) staff to the benchmark would have impacted 2019 benchmarking 26 
performance for the reliability metrics shown in the table. Many factors impact 27 
reliability performance, such as asset age and equipment condition.  28 
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PWU Interrogatory #19 1 
 2 
Interrogatory 3 
 4 
Reference:  5 
Reference 1: Exhibit F2, Tab 1, Schedule 1, Attachment 6, Page 3 of 42 6 
 7 


Our current analysis shows that OPG, as of August 2019, is 239 8 
FTEs (4.5%) below the total North America nuclear operator 9 
benchmark of 5,255 FTEs. The North American benchmarks have 10 
increased slightly since 2014 due to aging plants and a less-11 
experienced workforce which required additional staff. 12 
 13 


Reference 2: Exhibit F4, Tab 3, Schedule 1, Page 23 of 31 14 
 15 


Benchmarking conducted by WTW indicates that OPG’s Total Direct 16 
Compensation and Total Remuneration are at market: 5.2% and 17 
7.7% above the midpoint of market peers, respectively. 18 
 19 


Questions 20 
 21 
a) Please discuss OPG’s benchmark total compensation relative to its peers, 22 


with consideration to both the Willis Towers Watson compensation and 23 
Goodnight Consulting workforce benchmarking studies. 24 


b) Please discuss OPG’s required qualifications for employees in its workforce 25 
and the relationship between OPG employee qualifications and its total 26 
workforce. 27 


c) If North American benchmarks have increased due to aging plants, would 28 
it be reasonable for nuclear generating stations at the end of life (ie. 29 
Pickering) to require relatively higher workforces than the benchmark? If 30 
not, why not? 31 


 32 
 33 
Response 34 
 35 
a) The Goodnight Nuclear Staffing Study compares OPG’s Nuclear staffing levels to 36 


peers, and does not consider total compensation relative to peers.  Please refer to 37 
Ex. F4-3-1, Section 6 for a detailed discussion on OPG’s total compensation 38 
benchmarking study as prepared by Willis Towers Watson. 39 


  40 
b) Employee qualifications are determined by requirements outlined in various 41 


regulations and standards that apply to the work being done at OPG facilities. 42 
Nuclear employee qualifications are developed using the Systematic Approach to 43 
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Training as per CNSC RegDoc 2.2.2. Training programs are developed for jobs that 1 
have a significant impact on nuclear safety. The tasks performed in these jobs are 2 
analyzed to determine the training/qualifications required. Staff who perform these 3 
tasks are linked to the respective qualifications and receive the necessary training 4 
to become and remain competent in those tasks. Before executing tasks, the 5 
employee and their supervisor are required to review staff qualifications to ensure 6 
the staff performing the task have completed the necessary training. OPG’s 7 
workforce is generally determined based on the necessary skills and qualifications 8 
needed to execute work and the scope of work programs necessary to operate and 9 
maintain generating unit’s safety and reliability. 10 


 11 
c) The 2019 Nuclear Staffing Benchmarking Analysis compared OPG Nuclear as a 12 


whole to the benchmark and Pickering and Darlington were not compared to the 13 
benchmark separately. This Analysis indicated that “North American benchmarks 14 
have increased slightly since 2014 due to aging plants and a less-experienced 15 
workforce which required additional staff” (Ex. F2-1-1, Attachment 6, p. 3; emphasis 16 
added). While Pickering is an older plant, unlike Goodnight’s analysis of North 17 
American benchmarks, it also has an experienced workforce. OPG believes its 18 
staffing levels are appropriate. 19 





		Reference 2: Exhibit F4, Tab 3, Schedule 1, Page 23 of 31
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PWU Interrogatory #20 1 
 2 
Interrogatory 3 
 4 
Reference:  5 


Reference 1: Exhibit F2, Tab 1, Schedule 1, Attachment 6, Page 3 of 42 6 
 7 


• Our current analysis shows that OPG, as of August 2019, is 239 8 
FTEs (4.5%) below the total North America nuclear operator 9 
benchmark of 5,255 FTEs. The North American benchmarks 10 
have increased slightly since 2014 due to aging plants and a 11 
less-experienced workforce which required additional staff. 12 


 13 
 14 


Reference 2: EB-2016-0152, Exhibit L, Tab 6.6, Schedule 1, Staff-144, Attachment 1, 15 
Page 14 (PWU Collective Agreement) 16 
 17 


8.1 Introduction 18 
In order for the Company to be competitive it is essential that work efficiency 19 
be maximized. The Company must change its current approach to 20 
performing work while continuing to improve safety and quality standards. 21 
In addition, the Company must invest in employee development. These 22 
changes can be achieved through the introduction of skill broadening 23 
programs and a simplified wage structure. 24 
The wage structure consists of three (3) salary bands. 25 
All employees on the wage structure will be expected to perform any 26 
assigned work (as described in 8.2 below) within the same band or a lower 27 
band without additional compensation. 28 
8.2 Skill Broadening 29 
Skill broadening is the development and use of employees to perform work 30 
outside of their traditional roles. Skill broadening is achieved by providing 31 
employees with the training and opportunities to perform additional work 32 
safely. The intent of skill broadening is to enrich job content and increase 33 
work efficiency by: 34 
a) Removing the traditional boundaries in working roles; and 35 
b) Developing employee capabilities to perform work beyond their 36 
traditional roles. 37 
Skill Broadening can be achieved by taking advantage of existing and future 38 
technology and by development of employees who are highly trained with 39 
multiple capabilities and responsibilities. 40 
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Skill Broadening will include training and instruction of other employees. It 1 
also will include new responsibilities required to maximize the commercial 2 
performance of the Company while ensuring compliance with market rules 3 
and sound health and safety and environmental practices. 4 
Skill broadening and the consolidation of occupation codes into new job 5 
groupings will not eliminate the distinctions between positions. For example, 6 
Mechanical Maintainers will not become Control Technicians. However, 7 
there may be an overlap of duties between job groupings. The intent of skill 8 
broadening is not to fully qualify an employee in all other jobs but rather to 9 
maximize the capabilities of employees. 10 
Employees can be required to work outside their job grouping with 11 
employees in other job groupings to jointly complete work assignments. All 12 
work assignments are dependent on employees having appropriate skill, 13 
knowledge and training. 14 
Employees working independently will be expected, once trained, to 15 
perform basic skills of other job groupings at the same or lower band. There 16 
may be limited circumstances where employees receive specific training in 17 
another job grouping to fully complete a specialized task. 18 
In addition to the responsibilities listed in their Job Documents, the work of 19 
employees will be expected to include additional tasks. This is further 20 
described in the Article 8 Intent Document, which forms part of this 21 
agreement. 22 


 23 
Question 24 
 25 
a) What impact does the Skill Broadening aspect of the PWU’s Collective 26 


Agreement have on the number of FTEs OPG needs to operate its 27 
nuclear facilities? 28 


 29 
 30 
Response 31 
 32 
Skill broadening at OPG was negotiated as part of the April 1, 2002 – March 31, 2006 33 
collective agreement and has been in place since then.   34 
 35 
OPG does not track the benefits of skill broadening and its impact on staffing.   36 
 37 
OPG can identify that there are benefits associated with skill broadening due to such 38 
things as the amalgamation of job documents and the removal of traditional work 39 
boundaries, which allowed OPG to change how work was performed previously and 40 
has contributed to staff optimization.   41 
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For example, skill broadening enabled the “days based maintenance” initiative in 1 
Nuclear which moved maintenance off shift.  If certain needs arise during a back shift, 2 
Nuclear Operations may perform tasks such as draining filters and changing hoses.   3 





		Reference 2: EB-2016-0152, Exhibit L, Tab 6.6, Schedule 1, Staff-144, Attachment 1, Page 14 (PWU Collective Agreement)
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PWU Interrogatory #22 1 
 2 
Interrogatory 3 
 4 
References:  5 


Reference 1: Exhibit F2, Tab 1, Schedule 1, Page 12 of 29 6 
 7 


The Collective Radiation Exposure improved for Pickering resulting in 8 
maximum NPI points, and improved for Darlington while remaining in 9 
the third quartile. Positive gains were seen from site innovations such 10 
as leveraging technology to avert dose using robotic equipment and 11 
remote monitoring of systems, and the early completion of planned 12 
outages. 13 
 14 


Reference 2: Exhibit F2, Tab 1, Schedule 1, Attachment 6, Page 11 of 42 15 
 16 


 17 
 18 
Questions 19 
 20 
a) Does OPG accept that the 2019 Goodnight Benchmarks are appropriate 21 


benchmarks for its workplace? If not, why not? 22 
b) How can OPG operate its nuclear facilities safely if its radiation protection 23 


workforce is understaffed by 45%? 24 
c) Is Collective Radiation Exposure (as described in the reference above) the sole 25 


metric used by OPG to measure the adequacy of its radiation protection, or are 26 
there any others? 27 


d) How many radiation protection FTEs are there in 2021 compared to 2019? 28 
e) How can OPG operate its nuclear facilities safely if its security workforce is 29 


understaffed by 62%? 30 
f) How many security FTEs are there in 2021 compared to 2019? 31 
g) How can OPG operate its nuclear facilities safely if its equipment reliability 32 
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workforce is understaffed by 22%? 1 
h) How many equipment reliability FTEs are there in 2021 compared to 2019? 2 
i) Does OPG’s workforce plan address these FTE deficiencies at Pickering in the 3 


near term and Darlington in the long term? 4 
 5 
Response 6 
 7 
a) Goodnight Consulting has prepared the nuclear staffing industry benchmark based 8 


on technical adjustments and scaling in relation to the peer group. OPG accepts 9 
that the benchmarks reflected in the Goodnight study are appropriate for its 10 
workplace. 11 
 12 


b) OPG’s radiation protection workforce is not understaffed. The Goodnight study 13 
showed that OPG had 45% less staff than the radiation protection benchmark (Ex. 14 
F2-1-1, Attachment 6, p. 11). The Goodnight study noted that this benchmarking 15 
performance is “offset by line personnel qualified to provide self monitoring and 16 
also, if certified, to monitor the activities of groups” (Ex. F2-1-1, p. 24). 17 


 18 
c) Collective Radiation Exposure (“CRE”) is not used by OPG to measure the 19 


adequacy of its radiation protection. The CRE measures whole body radiation 20 
exposure (Ex. F2-1-1, Attachment 2, p. 90). CRE is the main radiation indicator 21 
used by OPG for benchmarking purposes and is the only radiation protection metric 22 
included in the Nuclear Performance Index (Ex., F2-1-1, Attachment 2, pp. 15-19). 23 


 24 
d) A functional mapping of full-time equivalent (“FTE”) staff based on the application 25 


of the Goodnight Staffing methodology is not available for 2021. Goodnight’s 26 
benchmarking methodology allows for comparisons of actual staffing data to the 27 
industry benchmark. OPG’s staffing data in the Goodnight benchmarking study was 28 
as of August 31, 2019. 29 


 30 
e) OPG’s security workforce is not understaffed. The Goodnight study indicated that 31 


only a subset of Security staff have been included in the study since this is protected 32 
information (Ex. F2-1-1, p. 11). 33 


 34 
f) Security Operations FTEs cannot be disclosed consistent with OPG Security policy. 35 


 36 
g) OPG’s equipment reliability workforce is not understaffed. OPG’s equipment 37 


reliability process area was 22% below benchmark while OPG continued to 38 
maintain high levels of safety and strong safety performance in 2019. For example, 39 
Darlington and Pickering continued to demonstrate first quartile performance in 40 
Total Recordable Injury Frequency (“TRIF”), with OPG achieving its lowest TRIF in 41 
the history of the company in 2019. OPG was the top TRIF performer in 2019 42 
compared to its peer group (Ex. F2-1-1, p. 12).  43 
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h) See OPG’s response to part d). 1 
 2 


i) There is no FTE deficiency at Pickering. OPG is operating its plants safely and 3 
efficiently. The People Powering the Future initiative focusses on ensuring work 4 
programs are resourced appropriately in accordance with the 2020-2026 Business 5 
Plan while minimizing the organizational and financial impacts associated with the 6 
transition to post-Pickering operations (Ex. F2-1-1, pp. 23-24).  7 
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PWU Interrogatory #27 1 
 2 
Interrogatory 3 
 4 
Reference: Exhibit F2, Tab 1, Schedule 1, Attachment 6, Page 23 of 42 5 
 6 


Operations/Operations –Pipeline –Ops Pipeline staffing above the 7 
benchmark (+37) indicates that OPG is aware of low on-shift 8 
Operations staffing (-163) and is executing a plan to help close the 9 
gap. However, even if most of the Ops Pipeline personnel 10 
successfully migrate to on-shift Ops, the gap will still be >100. 11 


 12 
Question 13 
 14 
a) Please describe the plan to close the staffing gap and the status of that plan. 15 


 16 
 17 
Response 18 
 19 
a) OPG’s staffing levels are predicated on ensuring safe, reliable operations of the 20 


nuclear stations and the operations pipeline will continue to support the 21 
development of the operations workforce. While the on-shift Operations function 22 
was below the benchmark, OPG’s Operations Support function was 85 full-time 23 
equivalent (“FTE”) staff above the benchmark and some of the these staff appear 24 
to be making up for lower on-shift Operations staffing levels (Ex. F2-1-1, 25 
Attachment 6, p. 23). When viewed at the process area level, including all the 26 
Operations-related functions, OPG is 4% below benchmark (Ex. F2-1-1, 27 
Attachment 6, p. 11). As part of the People Powering the Future initiative, OPG will 28 
continue to focus on ensuring work programs are resourced appropriately, with a 29 
view to achieve the operating and cost targets set out in the company’s business 30 
plan (Ex. F2-1-1, pp. 23-24). 31 
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PWU Interrogatory #28 1 
 2 
Interrogatory 3 
 4 
Reference: Reference 1: Exhibit F2, Tab 1, Schedule 1, Attachment 6, Page 23 of 5 
42 6 
 7 


Operations Support (Pickering) –Additional operations support staff 8 
are required for Units 5-8 due to specific licensing requirements. 9 


 10 
Reference 2: Exhibit F2, Tab 1, Schedule 1, Attachment 6, Page 25 of 42 11 
 12 


Maintenance –Mechanical, Electrical/I&C, and Support -Additional 13 
Pickering staff are currently required to support life extension of the 14 
remaining operating units. There has also been additional focus on 15 
tritium management since the 2011 staffing benchmarking study. 16 


 17 
Reference 3: Exhibit F2, Tab 1, Schedule 1, Attachment 6, Page 26 of 42 18 
 19 


Engineering –Plant (Pickering) -Additional Pickering staff are 20 
currently required to support life extension of the remaining operating 21 
units. These conditions are exacerbated by below benchmark 22 
staffing. Benchmark plants have slightly higher than average 23 
Engineering – Plant staffing as an approach to provide a “first line of 24 
defense” for Operations and Maintenance. 25 


 26 
Questions 27 
 28 
a) How many additional operations support FTEs are required due to specific licensing 29 


requirements related to Units 5-8? 30 
 31 


b) How many additional maintenance FTEs are required to support life extension? 32 
 33 


c) How many additional engineering FTEs are required to support life extension at the 34 
remaining operating units? 35 


 36 
 37 
Response 38 
 39 
a) No incremental Operations Support full-time equivalent (“FTE”) staff are required 40 


due to specific licensing requirements related to Pickering Units 5-8. Rather, one of 41 
the main drivers for OPG’s Operations Support staff being 85 FTEs above the 42 
benchmark was that “some of the above-benchmark staff in this function appears 43 
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to be making up for the lower on-shift Operations staffing levels” (Ex. F2-1-1, 1 
Attachment 6, p. 23). When viewed at the process area level, including all the 2 
Operations-related functions, OPG is 4% below benchmark (Ex. F2-1-1, 3 
Attachment 6, p. 11). 4 
 5 


b) Pickering maintenance staff provide limited additional support to Pickering life 6 
extension. Rather, Inspection and Reactor Innovation staff support Pickering life 7 
extension work. These resources have been excluded from benchmarking in 8 
accordance with the Goodnight benchmarking methodology as Pickering extension 9 
enabling support is not part of steady-state operations.  10 
 11 


c) There are 10 engineering FTEs supporting Pickering life extension and these staff 12 
have been excluded from benchmarking in accordance with the Goodnight 13 
benchmarking methodology as Pickering extension enabling support is not part of 14 
steady-state operations. 15 
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SEC Interrogatory #117 1 
 2 
Interrogatory 3 
 4 
Reference: F2-1-1, p.11, Chart 2 5 
 6 
Please provide similar charts for years 2016, 2017, 2018 and 2020. 7 
 8 
 9 
Response 10 
 11 
The similar chart for years 2016, 2017 and 2018 can be found as follows: 12 
  13 


• 2016: see Ex. L-F2-01-SEC-121, Attachment 1, p. 7 14 
• 2017: see Ex. L-F2-01-SEC-121, Attachment 2, p. 4 15 
• 2018: see Ex. L-F2-01-SEC-121, Attachment 3, p. 4 16 


 17 
The similar chart for 2020 will be incorporated into the 2021 Nuclear Benchmarking 18 
Report, which will be completed by November 30, 2021 (see Ex. L-F2-01-VECC-028). 19 





