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UNDERTAKING JI1.1 1 
  2 


Undertaking  3 
 4 
TO PROVIDE THE DOCUMENTATION RELATED TO OPG'S TRIPLE-R TYPE 5 
FILINGS FOR 2019 AND 2020. 6 
 7 
 8 
Response  9 
 10 
OPG’s Regulatory Reporting and Record Keeping Requirements are outlined below.  11 
OPG has provided, as a series of attachments in chronological order, a consolidated 12 
set of these reporting requirements in the years 2019 and 2020. For completeness, 13 
OPG has also included references to where certain of these filings or similar 14 
information has been provided on the record in this proceeding.  15 
 16 


• Within 60 days after each calendar quarter end, unaudited balances of OPG’s 17 
deferral and variance accounts. 18 
 19 
2019: 20 


o March 1, 2019 – Summary of Variance & Deferral Account Balances at 21 
December 31, 2018 (See Attachment 1) 22 


o May 30, 2019 – Summary of Variance & Deferral Account Balances at 23 
March 31, 2019 (See Attachment 3) 24 


o August 29, 2019 – Summary of Variance & Deferral Account Balances at 25 
June 30, 2019 (See Attachment 6) 26 


o November 29, 2019 – Summary of Variance & Deferral Account 27 
Balances at September 30, 2019 (See Attachment 7) 28 


2020:  29 
o February 28, 2020 – Summary of Variance & Deferral Account Balances 30 


at December 31, 2019 (See Attachment 9) 31 
o May 29, 2020 – Summary of Variance & Deferral Account Balances at 32 


March 31, 2020 (See Attachment 10) 33 
o August 28, 2020 – Summary of Variance & Deferral Account Balances at 34 


June 30, 2020 (See Attachment 13) 35 
o November 27, 2020 – Summary of Variance & Deferral Account 36 


Balances at September 30, 2020 (See Attachment 15) 37 
 38 


• Within 120 days of each December year-end, OPG’s MD&A and Financial 39 
Statements filed with the Ontario Securities Commission, and OPG’s nuclear 40 
unit capability factors and the hydroelectric availability for its regulated facilities:  41 
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2019:  1 
o April 30, 2019 – OPG’s MD&A and Financial Statements Reporting for 2 


the year ending December 31, 2018 (See Attachment 2) 3 
2020:  4 


o July 31, 2020 – OPG’s MD&A and Financial Statements Reporting for 5 
the year ending December 31, 2019 (See Attachment 12) 6 


 7 
• Within 60 days for the first three quarters of each year, OPG’s MD&A and 8 


Financial Statements filed with the OSC, OPG’s nuclear unit capability factors 9 
and the hydroelectric availability for its regulated facilities: 10 
 11 
2019: 12 


o May 30, 2019 – OPG’s MD&A and Financial Statements Reporting for 13 
the Three Months Ending March 31, 2019 (See Attachment 3) 14 


o August 29, 2019 – OPG’s MD&A and Financial Statements Reporting for 15 
the Six Months Ending June 30, 2019 (See Attachment 6) 16 


o November 29, 2019 – OPG’s MD&A and Financial Statements Reporting 17 
for the Nine Months Ending September 30, 2019 (See Attachment 7) 18 


2020: 19 
o May 29, 2020 – OPG’s MD&A and Financial Statements Reporting for 20 


the Three Months Ending March 31, 2020 (See Attachment 10) 21 
o August 28, 2020 – OPG’s MD&A and Financial Statements Reporting for 22 


the Six Months Ending June 30, 2020 (See Attachment 13) 23 
o November 27, 2020 – OPG’s MD&A and Financial Statements Reporting 24 


for the Nine Months Ending September 30, 2020 (See Attachment 15) 25 
 26 


• Annually by April 30, information on FTEs, Construction Work in Progress 27 
(“CWIP”) balances, capital expenditures and capital in-service additions:\ 28 
 29 
2019: 30 


o April 30, 2019 – FTEs by Representation, CWIP capital, and in-service 31 
additions for the year ending December 31, 2018 (See Attachment 2)  32 


2020: 33 
o July 31, 20201 – FTEs by Representation, CWIP capital, and in-service 34 


additions for the year ending December 31, 2019 (See Attachment 12)   35 


                                                 
1 Given  the  COVID-19  pandemic,  the  OEB granted  an  extension for filing of certain reporting requirements 
from  April  30 to  July  31,  2020. 
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• Annually by April 30, performance reports including Total Generating Cost per 1 
megawatt-hour (TGC/MWh) for the nuclear business (refiled with benchmarking 2 
quartile results by November 30): 3 
 4 
2019: 5 


o April 30, 2019 – performance reports for the nuclear business for the year 6 
ending December 31, 2018 (See Attachment 22)  7 


o November 29, 2019 – performance reports for the nuclear business 8 
including benchmark quartile results for the year ending December 31, 9 
2018 (See Attachment 73) 10 


2020: 11 
o April 30, 2020 – performance reports for the nuclear business for the year 12 


ending December 31, 2019 (See Attachment 124)  13 
o November 27, 2020 – performance reports for the nuclear business 14 


including benchmarking quartile results for the year ending December 15 
31, 2019 (See Attachment 155) 16 
 17 


• Annually by April 30, performance reports including TGC/MWh for the regulated 18 
hydroelectric business: 19 
 20 
2019: 21 


o April 30, 2019 – performance reports for the regulated hydroelectric 22 
business for the year ending December 31, 2018 (See Attachment 2)  23 


2020: 24 
o July 31, 20204 – performance reports for the regulated hydroelectric 25 


business for the year ending December 31, 2019 (See Attachment 12)  26 
 27 


• Annually by June 30, expenses related to nuclear liabilities: 28 
 29 
2019: 30 


o June 28, 2019 – expenses related to nuclear liabilities for the year ending 31 
December 31, 2018 (See Attachment 46)  32 


2020: 33 
o June 30, 2020 – expenses related to nuclear liabilities for the year ending 34 


December 31, 2019 (See Attachment 119)  35 
 36 


                                                 
2 Also filed at Ex. L-A1-03-CCC-007, Attachment 4. 
3 Also filed at Ex. L-A1-03-CCC-007, Attachments 5 and 6 and Ex. F2-1-1, Attachments 4 and 5. 
4 Also filed at Ex. L-A1-03-CCC-007, Attachment 7. 
5 Also filed at Ex. L-A1-03-CCC-007, Attachment 8 and Ex. F2-1-1, Attachment 2. 
6 See also Ex. L-C2-01-Staff-086. 
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• Annually by July 31, an analysis of the actual regulatory return, after tax on rate 1 
base, both in dollars and percentages, for the regulated business and 2 
comparison with the regulatory return included in the payment amounts: 3 
 4 
2019: 5 


o July 31, 2019 – information relating to OPG’s regulatory return for the 6 
year ending December 31, 2018 (See Attachment 57, confidential)  7 


2020: 8 
o July 31, 2020 – information relating to OPG’s regulatory return for the 9 


year ending December 31, 2019 (See Attachment 128, confidential)  10 
o September 11, 2020 – OEB Staff’s Clarification Questions on OPG’s 11 


regulatory return for the year ending December 31, 2019 (See 12 
Attachment 14, confidential) 13 
 14 


• Annually, Darlington Refurbishment Program reporting: 15 
 16 
2019: 17 


o December 21, 2019 – Darlington Refurbishment Program Annual Report 18 
for the year ending September 30, 2019 (See Attachment 89)  19 


2020: 20 
o December 31, 2020 – Darlington Refurbishment Program Annual Report 21 


for the year ending September 30, 2020 (See Attachment 1610)  22 


                                                 
7 See also Ex. L-I1-01-SEC-159, Attachment 1, Tables 2 and 2a, and Ex. C1-1-1 Table 9.  
8 See also Ex. L-I1-01-SEC-159, Attachment 1, Tables 3 and 3a, and Ex. C1-1-1 Table 8, as well as Ex. L-H1-01-
AMPCO-178. 
9 Also filed at Ex. D2-2-2, Attachment 2.   
10 Also filed at Ex. L-D2-02-AMPCO-076, Attachment 1. 








700 University Avenue, Toronto, Ontario   M5G 1X6 Tel: 416-592-8541 Fax: 416-592-6379 
matthew.kirk@opg.com 


March 1, 2019 


VIA EMAIL 


Ms. Kirsten Walli 
Board Secretary 
Ontario Energy Board  
P.O. Box 2319 
2300 Yonge Street, Suite 2700 
Toronto, ON 
M4P 1E4 


Dear Ms. Walli: 


Re: OPG Reporting and Record Keeping Requirements 


Further to the Board’s direction in EB-2010-0008 (p. 151) and maintained in 
subsequent OPG applications, please find attached the following information: 


1) Within 60 days after calendar quarter end, unaudited balances of OPG’s
deferral and variance accounts.


Yours truly, 


[Original signed by] 


Matt Kirk 


Attached file: OPG RRR_2019_0301.pdf 


cc: Cathy Nguyen, OEB 
Stephanie Chan, OEB 


Matt Kirk 
Manager, Regulatory Affairs 


Ontario Regulatory Affairs 
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Balance ($M)
December 31, 2018


Regulated Hydroelectric
Hydroelectric Water Conditions Variance Account (191)
Ancillary Services Net Revenue Variance Account - Hydroelectric (59)
Hydroelectric Incentive Mechanism Variance Account 0 
Hydroelectric Surplus Baseload Generation Variance Account 449 
Income and Other Taxes Variance Account - Hydroelectric 0 
Capacity Refurbishment Variance Account - Hydroelectric 16 
Niagara Tunnel Project Pre-December 2008 Disallowance Variance Account 8 
Pension and OPEB Cost Variance Account - Future Recovery - Hydroelectric (Dec 31, 2012 Balance) 8 
Pension and OPEB Cost Variance Account - Post 2012 Additions - Hydroelectric 25 
Pension & OPEB Cash Payment Variance Account - Hydroelectric (45)
Pension & OPEB Cash Versus Accrual Differential Deferral Account - Hydroelectric 106 
Hydroelectric Deferral and Variance Over/Under Recovery Variance Account 24 
Gross Revenue Charge Variance Account 0 


Regulated Hydroelectric Subtotal 341 


Nuclear
Nuclear Liability Deferral Account 19 
Impact Resulting from Changes in Station End-of-Life Dates (December 31, 2015) Deferral Account (103)
Nuclear Development Variance Account 3 
Ancillary Services Net Revenue Variance Account - Nuclear 4 
Capacity Refurbishment Variance Account - Nuclear - Capital Portion 30 
Capacity Refurbishment Variance Account - Nuclear - Non-Capital Portion (99)
Bruce Lease Net Revenues Variance Account - Derivative (60)
Bruce Lease Net Revenues Variance Account - Non-Derivative 201 
Income and Other Taxes Variance Account - Nuclear (13)
Pension and OPEB Cost Variance Account - Future Recovery - Nuclear (Dec 31, 2012 Balance) 165 
Pension and OPEB Cost Variance Account - Post 2012 Additions - Nuclear 475 
Pension & OPEB Cash Payment Variance Account - Nuclear (175)
Pension & OPEB Cash Versus Accrual Differential Deferral Account - Nuclear 677 
Nuclear Deferral and Variance Over/Under Recovery Variance Account 66 
Fitness for Duty Deferral Account 0 
SR&ED ITC Variance Account (15)
Impact Resulting from Changes to Pickering Station End-of-Life Dates (Dec 2017) Deferral Account (123)
Rate Smoothing Deferral Account 0 


Nuclear Subtotal 1,052 


Grand Total 1,393 


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 1
Summary of Variance & Deferral Account Balances


Account
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700 University Avenue, Toronto, Ontario   M5G 1X6 Tel: 416-592-8541 Fax: 416-592-6379 


matthew.kirk@opg.com 
 
 
April 30, 2019 
 
 
VIA EMAIL 
 
 
Ms. Kirsten Walli 
Board Secretary 
Ontario Energy Board  
P.O. Box 2319 
2300 Yonge Street, Suite 2700 
Toronto, ON 
M4P 1E4 
 
 
Dear Ms. Walli: 
 
Re: OPG Reporting and Record Keeping Requirements 
 
Further to the OEB’s direction in EB-2010-0008 (p. 151) and maintained in subsequent 
OPG applications, please find attached the following information: 
 


1) By April 30, information on FTEs, Construction Work in Progress 
(CWIP) capital and in-service additions; and,  


2) Within 120 days of December year-end, OPG’s MD&A and Financial 
Statements filed with the OSC, OPG’s nuclear unit capability factors and 
the hydroelectric availability for its regulated facilities. 
 


Further to the OEB’s direction in EB-2016-0152 (p. 149 and p. 151), please find 
attached the 2019 regulated hydroelectric and nuclear performance reports.  


 
OPG’s revised normalization methodology for Darlington and OPG Nuclear for the 
years impacted by the Darlington Refurbishment Program, in accordance with its 
December 7, 2018 submission, is reflected in the attached nuclear performance report.  
 
Yours truly, 
 
[Original signed by] 
 
Matt Kirk 
 
Att. 
 
cc: Cathy Nguyen, OEB 
 Stephanie Chan, OEB 


Matt Kirk 
Manager, Regulatory Affairs 


     
Ontario Regulatory Affairs 
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Numbers may not add due to rounding. Submitted: April 30, 2019


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Regular Non-Regular Regular Non-Regular
Management Group 911 56 143 4 1,115
Power Workers Union3 3,568 1,431 666 44 5,709
Society of Energy Professionals 2,619 206 383 15 3,223
Total 7,097 1,694 1,192 63 10,046


Notes:
1


2
3


Consistent with the FTE allocation methodology in EB-2013-0321 and EB-2016-0152.
Non-Regular includes members from Electrical Power Systems Construction Association (EPSCA).


Table 1
Full-Time Equivalents (FTEs) by Representation


Year Ended December 31, 2018


Representation Nuclear1,2 Regulated Hydro1,2
Total


Corporate group FTEs are allocated to OPG's business units using the percentage of labour dollars allocated to each business.  This results in 
the Corporate FTEs being allocated 80% to the nuclear facilities and 12% to the regulated hydroelectric facilities.
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CWIP Retirements, CWIP
Opening Capital In-Service Transfers & Closing
Balance Expenditures Additions2 Adjustments Balance


(a) (b) (c) (d) (e)= a+b+c+d


Regulated Hydroelectric 155.1 166.0 (143.6) (0.4) 177.1


Nuclear 3,825.3 1,406.4 (369.6) (6.5) 4,855.6


Corporate Support Services3 31.5 30.8 (34.7) 0.0 27.6


Total 4,011.9 1,603.2 (547.9) (6.9) 5,060.3


Notes:
1 All amounts include both fixed and intangible assets, as appropriate.
2 The amounts do not include other in-service additions of $54.7M for nuclear and $1.0M for regulated hydroelectric.  The excluded 


other in-service additions include purchased minor fixed assets, capital spares and other amounts entering in-service assets directly 
rather than through CWIP. 


3 The amounts do not include corporate support services fixed and intangible assets that are recovered via the Asset Service Fee. 


Operating
Group


Ontario Power Generation Inc.
 Reporting and Record Keeping Requirements


Table 2
Continuity of Construction Work-In-Progress (CWIP) and In-Service Additions1 ($M)


Year Ended December 31, 2018
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Reporting
Period


OPG's MD&A is filed with the Ontario Securities Commission and is posted on OPG's website at the 
following link:


https://www.opg.com/document/2018-financial-results-pdf/


OPG's financial statements are filed with the Ontario Securities Commission and are posted on OPG's 
website at the following link:


https://www.opg.com/document/2018-financial-results-pdf/


OPG's nuclear unit capability factors are provided on page 39 of OPG's MD&A, which is available at the 
following link:


https://www.opg.com/document/2018-financial-results-pdf/


Availability for the regulated hydroelectric facilities is provided on page 41 of OPG's MD&A, which is 
available at the following link:


https://www.opg.com/document/2018-financial-results-pdf/


Ontario Power Generation Inc. 
Reporting and Record Keeping Requirements


Table 3
Management's Discussion & Analysis (MD&A), Financial Statements, Nuclear Unit Capability Factors and Hydroelectric Availability


Report Particulars


Availability for the Regulated Hydroelectric 
Facilities


Year Ended 
December 31, 


2018


MD&A filed with the Ontario Securities 
Commission


Year Ended 
December 31, 


2018


Financial Statements filed with the Ontario 
Securities Commission


Year Ended 
December 31, 


2018


Nuclear Unit Capability Factors
Year Ended 


December 31, 
2018
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Metric 2014 2015 2016 2017 2018 4 Metric 2018 2019


Safety
1-Year Total Recordable Injury Frequency (#/200k
hours worked) 1


0.22 0.44 0.49 0.06 0.16 Total Recordable Injury Frequency (#/200k hours 
worked) 0.22 0.20


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


0.03 0.05 0.04 0.05 0.05 Industrial Safety Accident Rate (#/200k hours 
worked) 0.10 0.10


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


82.24 97.72 97.23 83.96 81.65 Collective Radiation Exposure (Person-rem per unit) 110.30 92.30


1-Year Airborne Tritium Emissions (Curies) per Unit 2,390 2,409 3,067 3,103 2,772 Airborne Tritium Emissions (Curies) per Unit 2,666 2,500


Fuel Reliability Index (microcuries per gram) 5 0.001580 0.000421 0.000261 0.000584 0.000837 Fuel Reliability Index (microcuries per gram) 0.000500 0.000500


2-Year Reactor Trip Rate (# per 7,000 hours) 0.36 0.17 0.25 0.26 0.33 Reactor Trip Rate (# per 7,000 hours) 0.50 0.50


3-Year Auxiliary Feedwater System Unavailability (#) 0.0181 0.0115 0.0070 0.0000 0.0039 Auxiliary Feedwater System Unavailability (#) 0.0200 0.0200


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


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


Reliability


Rolling Average2 WANO NPI (Index) 64.3 68.5 76.3 76.7 74.9 WANO NPI (Index) 75.5 74.3


Rolling Average2 Forced Loss Rate (%) 10.08 6.85 3.76 5.01 5.20 Forced Loss Rate (%) 3.50 3.50


Rolling Average2 Unit Capability Factor (%) 74.50 77.32 77.03 77.36 79.55 Unit Capability Factor (%) 74.60 80.56


Rolling Average2 Chemistry Performance Indicator 
(Index)


1.04 1.06 1.04 1.02 1.02 Chemistry Performance Indicator (Index) 1.02 1.03


1-Year On-line Deficient Maintenance Backlog (work
orders per unit) 276 251 350 383 279 On-line Deficient Maintenance Backlog (work orders 


per unit) 153 133


1-Year On-line Deficient Critical Maintenance Backlog
(work orders per unit) 41 9 On-line Deficient Critical Maintenance Backlog (work 


orders per unit) 15 9


1-Year On-line Corrective Maintenance Backlog
(work orders per unit) 160 125 116 25 17 On-line Corrective Maintenance Backlog (work 


orders per unit) 20 12


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


(work orders per unit) 0 0


Value for Money
3-Year Total Generating Cost per MWh ($ per Net
MWh) 68.00 67.36 68.06 67.22 67.82 Total Generating Cost per MWh ($ per Net MWh) 73.17 64.89


3-Year Total Generating Cost per Unit (M $ per Unit) 228.38 228.04 231.63 233.75 234.40 Total Generating Cost per Unit (M $ per Unit) 243.03 232.93


3-Year Non-Fuel Operating Cost per MWh ($ per Net
MWh) 57.01 56.49 57.12 56.89 57.92 Non-Fuel Operating Cost per MWh ($ per Net MWh) 64.75 56.67


3-Year Fuel Cost per MWh ($ per Net MWh) 5.74 5.71 5.75 5.31 4.85 Fuel Cost per MWh ($ per Net MWh) 5.59 4.12


3-Year Capital Cost per MW DER (k$ per MW) 34.20 33.86 34.23 33.91 33.83 Capital Cost per MW DER (k$ per MW) 26.22 28.55


Human Performance
18-Month Human Performance Error Rate (# per
200k ISAR and contractor hours) 3


0.17800 0.11000 0.03840 0.11600 0.14000 18-Month Human Performance Error Rate (# per
200k ISAR and contractor hours) 0.06000 0.08000


Notes


2. Indicates a 2-Year Rolling Average for Pickering and a 3-Year Rolling Average for Darlington.
3. 2014-2016 figures have been restated from 10k ISAR and contractor hours to 200k ISAR and contractor hours.
4. 2018 actuals data is preliminary and subject to final confirmation
5. Indicates performance in the most recent quarter


Actuals Annual Targets


1. In 2018, Ontario Power Generation has selected Total Recordable Injury Frequency (replacing All Injury Rate) as a measure for evaluating Health and Safety performance, and reflects a change instituted by the Canadian Electrical Association. 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.  Data prior to 2018 are All Injury Rate figures (#/200k hours worked).


Ontario Power Generation Inc. 
Reporting and Record Keeping Requirements


Pickering Performance Report
Table 4
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Table 5


Metric 2014 2015 2016 2017 2018 4 Metric 2018 2019


Safety
1-Year Total Recordable Injury Frequency (#/200k
hours worked) 1


0.31 0.22 0.23 0.40 0.32 Total Recordable Injury Frequency (#/200k hours 
worked) 0.22 0.20


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


0.06 0.08 0.06 0.04 0.04 Industrial Safety Accident Rate (#/200k hours 
worked) 0.10 0.10


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


69.06 79.55 68.77 91.80 85.43 Collective Radiation Exposure (Person-rem per unit) 79.80 80.00


1-Year Airborne Tritium Emissions (Curies) per Unit 1,831 1,313 846 875 982 Airborne Tritium Emissions (Curies) per Unit 800 900


Fuel Reliability Index (microcuries per gram) 5 0.000158 0.000122 0.000343 0.000179 0.000187 Fuel Reliability Index (microcuries per gram) 0.000500 0.000500


2-Year Reactor Trip Rate (# per 7,000 hours) 0.00 0.13 0.24 0.29 0.15 Reactor Trip Rate (# per 7,000 hours) 0.50 0.50


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


3-Year Emergency AC Power Unavailability (#) 0.0000 0.0000 0.0000 0.0000 0.0026 Emergency AC Power Unavailability (#) 0.0250 0.0250


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


Reliability


Rolling Average2 WANO NPI (Index) 92.1 83.7 87.8 82.0 90.7 WANO NPI (Index) 91.3 92.1


Rolling Average2 Forced Loss Rate (%) 2.85 3.65 3.10 3.47 1.94 Forced Loss Rate (%) 1.00 1.00


Rolling Average2 Unit Capability Factor (%) 89.41 83.96 86.16 82.17 86.89 Unit Capability Factor (%) 86.00 89.00


Rolling Average2 Chemistry Performance Indicator 
(Index)


1.00 1.00 1.00 1.01 1.03 Chemistry Performance Indicator (Index) 1.01 1.10


1-Year On-line Deficient Maintenance Backlog (work
orders per unit) 176 174 170 119 124 On-line Deficient Maintenance Backlog (work orders 


per unit) 134 115


1-Year On-line Deficient Critical Maintenance Backlog
(work orders per unit) 15 9 On-line Deficient Critical Maintenance Backlog (work 


orders per unit) 29 6


1-Year On-line Corrective Maintenance Backlog (work
orders per unit) 20 24 14 13 6 On-line Corrective Maintenance Backlog (work orders 


per unit) 7 4


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


(work orders per unit) 2 0


Value for Money
3-Year Total Generating Cost per MWh ($ per Net
MWh) 37.29 44.38 45.63 54.40 59.24 Total Generating Cost per MWh ($ per Net MWh) 70.26 65.24


Normalized 3-Year Total Generating Cost per MWh ($ 
per Net MWh) 50.54 51.37 Normalized Total Generating Cost per MWh ($ per 


Net MWh) 51.66 53.61


3-Year Total Generating Cost per Unit (M $ per Unit) 252.77 282.37 292.49 337.56 428.81 Total Generating Cost per Unit (M $ per Unit) 451.54 433.95


Normalized 3-Year Total Generating Cost per Unit (M 
$ per Unit) 313.62 371.84 Normalized Total Generating Cost per Unit (M $ per 


Unit) 347.34 356.60


3-Year Non-Fuel Operating Cost per MWh ($ per Net
MWh) 28.10 33.19 33.00 39.62 42.14 Non-Fuel Operating Cost per MWh ($ per Net MWh) 49.01 45.30


Normalized 3-Year Non-Fuel Operating Cost per MWh 
($ per Net MWh) 36.89 36.37 Normalized Non-Fuel Operating Cost per MWh ($ per 


Net MWh) 35.13 36.77


3-Year Fuel Cost per MWh ($ per Net MWh) 5.13 5.18 5.31 5.19 4.92 Fuel Cost per MWh ($ per Net MWh) 5.92 4.51


3-Year Capital Cost per MW DER (k$ per MW) 31.30 43.52 53.47 62.11 75.32 Capital Cost per MW DER (k$ per MW) 91.11 87.65


Human Performance
18-Month Human Performance Error Rate (# per 200k
ISAR and contractor hours) 3 0.12400 0.06200 0.06940 0.05200 0.03500 18-Month Human Performance Error Rate (# per


200k ISAR and contractor hours) 0.06000 0.04000


Notes


2. Indicates a 2-Year Rolling Average for Pickering and a 3-Year Rolling Average for Darlington.
3. 2014-2016 figures have been restated from 10k ISAR and contractor hours to 200k ISAR and contractor hours.
4. 2018 actuals data is preliminary and subject to final confirmation
5. Indicates performance in the most recent quarter


Actuals Annual Targets


1. In 2018, Ontario Power Generation has selected Total Recordable Injury Frequency (replacing All Injury Rate) as a measure for evaluating Health and Safety performance, and reflects a change instituted by the Canadian Electrical Association. 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.  Data prior to 2018 are All Injury Rate figures (#/200k hours worked).


Ontario Power Generation Inc. 
Reporting and Record Keeping Requirements


Darlington Performance Report
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Metric 2014 2015 2016 2017 2018 2 Metric 2018 2019


Reliability


Rolling Average1 WANO NPI (Index) 75.5 74.6 80.9 78.5 80.1 WANO NPI (Index) 80.8 80.2


Rolling Average1 Unit Capability Factor (%) 80.50 80.00 80.70 78.96 82.00 Unit Capability Factor (%) 79.92 84.47


Value for Money
3-Year Total Generating Cost per MWh ($ per Net
MWh) 50.38 54.58 55.57 60.53 63.43 Total Generating Cost per MWh ($ per Net MWh) 71.74 65.06


Normalized 3-Year Total Generating Cost per MWh 
($ per Net MWh) 58.52 59.41 Normalized Total Generating Cost per MWh ($ per 


Net MWh) 60.82 59.46


3-Year Total Generating Cost per Unit (M $ per
Unit) 238.14 249.77 255.97 273.13 299.20 Total Generating Cost per Unit (M $ per Unit) 312.54 299.94


Normalized 3-Year Total Generating Cost per Unit 
(M $ per Unit) 264.05 280.21 Normalized Total Generating Cost per Unit (M $ 


per Unit) 284.78 274.15


Notes


2. 2018 actuals data is preliminary and subject to final confirmation


Actuals Annual Targets


1. Indicates a 2-Year Rolling Average for Pickering and a 3-Year Rolling Average for Darlington.


Ontario Power Generation Inc. 
Reporting and Record Keeping Requirements


OPG Nuclear Performance Report
Table 6
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Submitted: April 30, 2019


2019
Category Measure 2014 2015 2016 2017 Act Tar Tar


All Injury Rate (per 200k hours)1/
Total Recordable Injury Frequency 1.17 0.84 1.27 2.05 1.68 1.23 1.21
Environmental Performance Index (%) 135% 115% 150% 145% 135% 100% 100%
Availability Factor (%) 91.4% 91.2% 89.0% 88.0% 86.0% 89.2% 88.0%
Equivalent Forced Outage Rates (%) 1.1% 1.8% 2.4% 3.3% 4.2% 1.7% 1.8%
OM&A Unit Energy Cost ($/MWh)2 7.1 8.3 8.1 8.1 8.7 8.3 8.4
3-Year Total Generating Cost ($/MWh)3,4 21.0 21.5 22.3 22.9 23.4 N/A N/A


Notes:


4: Per EB-2016-0152 Decision and Order P. 149-150 no target is filed for TGC. 


1: In 2018, Ontario Power Generation has selected Total Recordable Injury Frequency (replacing All Injury Rate) as a measure for 
evaluating Health and Safety performance, and reflects a change instituted by the Canadian Electrical Association. 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.
2: Minor corrections to underlying data were made since the 2017 Regulated Hydroelectric Performance Reporting Submission. These 
revision resulted in minor changes to the 2015 - 2017 OM&A Unit Energy Cost.  Previously reported results were 8.2, 8.0, and 7.9 for 
2015, 2016, and 2017 repsectively. 


3: 2013 is the earliest year that OPG has provided Total Generating Cost for the regulated hydroelectric facilities. Accordingly, the 3-
year average begins in 2015 with 2014 showing the 2-year average of the 2013 and 2014 results. 


Ontario Power Generation Inc. 
Reporting and Record Keeping Requirements


Table 7
2018 Regulated Hydroelectric Performance Reporting


Historical Actuals 2018


Safety / Environment


Reliability


Cost Effectiveness
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May 30, 2019 


 


 


VIA EMAIL 


 


 


Ms. Kirsten Walli 


Board Secretary 


Ontario Energy Board  


P.O. Box 2319 


2300 Yonge Street, Suite 2700 


Toronto, ON 


M4P 1E4 


 


Dear Ms. Walli: 


Re: OPG Reporting and Record Keeping Requirements 


Further to the Board’s direction in EB-2010-0008 (p. 151) and maintained in EB-2013-0321, please find attached 


the following information: 


1) Within 60 days after calendar quarter end: unaudited balances of OPG’s deferral and variance accounts; 


and,  


2) Within 60 days for the first three quarters: OPG’s MD&A and Financial Statements filed with the OSC, 


OPG’s nuclear unit capability factors and the hydroelectric availability for its regulated facilities. 


In addition to the reporting requirements described above, OPG is also submitting a correction to the December 


31, 2018 Summary of Variance & Deferral Account Balances table, originally submitted on March 1, 2019.  In the 


originally filed table, the balance in the Income and Other Taxes Variance Account - Nuclear was incorrectly 


reported as ($13M).  In the corrected table filed herein, the balance in the Income and Other Taxes Variance 


Account - Nuclear is correctly reported as ($12M).  The correction is attached as Table 3. 


Yours truly, 


[Original signed by] 


Matt Kirk 


Att. 


cc: Cathy Nguyen, OEB 


Stephanie Chan, OEB 
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Submitted: May 30, 2019


Balance ($M)
March 31, 2019


Regulated Hydroelectric
Hydroelectric Water Conditions Variance Account (202)
Ancillary Services Net Revenue Variance Account - Hydroelectric (56)
Hydroelectric Incentive Mechanism Variance Account 0 
Hydroelectric Surplus Baseload Generation Variance Account 434 
Income and Other Taxes Variance Account - Hydroelectric 0 
Capacity Refurbishment Variance Account - Hydroelectric 17 
Niagara Tunnel Project Pre-December 2008 Disallowance Variance Account 8 
Pension and OPEB Cost Variance Account - Future Recovery - Hydroelectric (Dec 31, 2012 Balance) 8 
Pension and OPEB Cost Variance Account - Post 2012 Additions - Hydroelectric 22 
Pension & OPEB Cash Payment Variance Account - Hydroelectric (49)
Pension & OPEB Cash Versus Accrual Differential Deferral Account - Hydroelectric 109 
Pension & OPEB Cash Versus Accrual Differential Carrying Charges - Hydroelectric 0 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Primary Account - Hydroelectric 2 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Contra Account - Hydroelectric (2)
Hydroelectric Deferral and Variance Over/Under Recovery Variance Account 21 
Gross Revenue Charge Variance Account 0 


Regulated Hydroelectric Subtotal 312 


Nuclear
Nuclear Liability Deferral Account 17 
Impact Resulting from Changes in Station End-of-Life Dates (December 31, 2015) Deferral Account (101)
Nuclear Development Variance Account 3 
Ancillary Services Net Revenue Variance Account - Nuclear 3 
Capacity Refurbishment Variance Account - Nuclear - Capital Portion 47 
Capacity Refurbishment Variance Account - Nuclear - Non-Capital Portion (119)
Bruce Lease Net Revenues Variance Account - Derivative (52)
Bruce Lease Net Revenues Variance Account - Non-Derivative 201 
Income and Other Taxes Variance Account - Nuclear (11)
Pension and OPEB Cost Variance Account - Future Recovery - Nuclear (Dec 31, 2012 Balance) 158 
Pension and OPEB Cost Variance Account - Post 2012 Additions - Nuclear 440 
Pension & OPEB Cash Payment Variance Account - Nuclear (201)
Pension & OPEB Cash Versus Accrual Differential Deferral Account - Nuclear 694 
Pension & OPEB Cash Versus Accrual Differential Carrying Charges - Nuclear 0 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Primary Account - Nuclear 11 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Contra Account - Nuclear (11)
Nuclear Deferral and Variance Over/Under Recovery Variance Account 63 
Fitness for Duty Deferral Account 0 
SR&ED ITC Variance Account (16)
Impact Resulting from Changes to Pickering Station End-of-Life Dates (Dec 2017) Deferral Account (154)
Rate Smoothing Deferral Account 26 


Nuclear Subtotal 998 


Grand Total 1,310 


Notes:


The Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential-Primary Account and related Contra account balances always nets to zero.


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 1
Summary of Variance & Deferral Account Balances


Account
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Submitted: May 30, 2019


Reporting
Period


OPG's MD&A is filed with the Ontario Securities Commission and is posted on OPG's website at the 
following link:
https://www.opg.com/document/2019-first-quarter-financial-results-pdf/
OPG's financial statements are filed with the Ontario Securities Commission and are posted on OPG's 
website at the following link:
https://www.opg.com/document/2019-first-quarter-financial-results-pdf/


OPG's Nuclear unit capability factors are provided on page 20 of OPG's MD&A, which is available at the 
following link:
https://www.opg.com/document/2019-first-quarter-financial-results-pdf/
Availability for the regulated hydroelectric facilities is provided on page 22 of OPG's MD&A, which is 
available at the following link:
https://www.opg.com/document/2019-first-quarter-financial-results-pdf/


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 2
Management's Discussion & Analysis (MD&A) and Financial Statements Reporting


Report Particulars


Availability for the Regulated 
Hydroelectric Facilities


Three Months Ended 
March 31, 2019


MD&A filed with the Ontario Securities 
Commission


Three Months Ended 
March 31, 2019


Financial Statements filed with the 
Ontario Securities Commission


Three Months Ended 
March 31, 2019


Nuclear Unit Capability Factors Three Months Ended 
March 31, 2019
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Revised: May 30, 2019


Balance ($M)
December 31, 2018


Regulated Hydroelectric
Hydroelectric Water Conditions Variance Account (191)
Ancillary Services Net Revenue Variance Account - Hydroelectric (59)
Hydroelectric Incentive Mechanism Variance Account 0 
Hydroelectric Surplus Baseload Generation Variance Account 449 
Income and Other Taxes Variance Account - Hydroelectric 0 
Capacity Refurbishment Variance Account - Hydroelectric 16 
Niagara Tunnel Project Pre-December 2008 Disallowance Variance Account 8 
Pension and OPEB Cost Variance Account - Future Recovery - Hydroelectric (Dec 31, 2012 Balance) 8 
Pension and OPEB Cost Variance Account - Post 2012 Additions - Hydroelectric 25 
Pension & OPEB Cash Payment Variance Account - Hydroelectric (45)
Pension & OPEB Cash Versus Accrual Differential Deferral Account - Hydroelectric 106 
Hydroelectric Deferral and Variance Over/Under Recovery Variance Account 24 
Gross Revenue Charge Variance Account 0 


Regulated Hydroelectric Subtotal 341 


Nuclear
Nuclear Liability Deferral Account 19 
Impact Resulting from Changes in Station End-of-Life Dates (December 31, 2015) Deferral Account (103)
Nuclear Development Variance Account 3 
Ancillary Services Net Revenue Variance Account - Nuclear 4 
Capacity Refurbishment Variance Account - Nuclear - Capital Portion 30 
Capacity Refurbishment Variance Account - Nuclear - Non-Capital Portion (99)
Bruce Lease Net Revenues Variance Account - Derivative (60)
Bruce Lease Net Revenues Variance Account - Non-Derivative 201 
Income and Other Taxes Variance Account - Nuclear (12)
Pension and OPEB Cost Variance Account - Future Recovery - Nuclear (Dec 31, 2012 Balance) 165 
Pension and OPEB Cost Variance Account - Post 2012 Additions - Nuclear 475 
Pension & OPEB Cash Payment Variance Account - Nuclear (175)
Pension & OPEB Cash Versus Accrual Differential Deferral Account - Nuclear 677 
Nuclear Deferral and Variance Over/Under Recovery Variance Account 66 
Fitness for Duty Deferral Account 0 
SR&ED ITC Variance Account (15)
Impact Resulting from Changes to Pickering Station End-of-Life Dates (Dec 2017 Deferral Account (123)
Rate Smoothing Deferral Account 0 


Nuclear Subtotal 1,053 


Grand Total 1,394 


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 3
Summary of Variance & Deferral Account Balances


Account
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June 28, 2019 


VIA EMAIL 


Ms. Kirsten Walli 


Board Secretary 


Ontario Energy Board  


P.O. Box 2319 


2300 Yonge Street, Suite 2700 


Toronto, ON 


M4P 1E4 


Dear Ms. Walli: 


Re: OPG Reporting and Record Keeping Requirements 


Further to the OEB’s direction in EB-2016-0152 (p. 97), please find attached the following information: 


1) Annually by June 30, expenses related to nuclear liabilities.


As requested by the OEB, expenses are reported in the form of Chart 1 of undertaking J20.7.  Additional lines 


were added to the form of Chart 1 to address the OEB’s request to separately identify ONFA expenses and 


internally funded expenses.  In response to the OEB’s direction that the time period of the report should start at 


April 1, 2008 at the latest, OPG has provided the information beginning April 1, 2005. 


There are four tables attached: Table 1 summarizes the entire period from April 1, 2005 to December 31, 2018; 


Table 2 contains proxy amounts for April 1, 2005 to March 31, 2008, as presented in undertaking J20.7; Table 3 


contains actual amounts for April 1, 2008 to December 31, 2016, as presented in undertaking J20.7; and Table 4 


contains actual amounts for January 1, 2017 to December 31, 2018. 


Yours truly, 


[Original signed by] 


Matt Kirk 


Att. 


cc: Cathy Nguyen, OEB 


Stephanie Chan, OEB 
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Line 
No. Description Note


Apr 1 2005 to 
Mar 31 2008


Apr 1 2008 to 
Dec 31 2016


Jan 1 2017 to 
Dec 31 2018


Total
Apr 1 2005 to Dec 


31 2018
(a) (b) (c) (d)


Note 2
Prescribed Facilities


1 Total Amounts Recovered (after-tax) 3 429.4 1,788.0 274.4 2,491.9


2 Total Amounts Expended (after-tax) 4 691.6 1,794.7 395.1 2,881.5


3 Excess of Amounts Recovered over Amounts Expended - Prescribed 
Facilities (after-tax) (line 1 - line 2)


(262.2) (6.7) (120.7) (389.6)


Bruce Facilities


4 Total Amounts Recovered (after-tax) 5 39.4 1,380.9 393.3 1,813.7


5 Total Amounts Expended (after-tax) 6 771.2 1,265.7 51.9 2,088.8


6 Excess of Amounts Recovered over Amounts Expended - Bruce 
Facilities (after-tax) (line 4 - line 5)


(731.8) 115.2 341.4 (275.1)


7 Total Excess of Amounts Recovered over Amounts Expended (after-
tax) (line 3 + line 6)


(993.9) 108.5 220.7 (664.7)


1


2


3
4
5
6


Col. (a) is from Table 2, line 5, col. (e).  Col. (b) is from Table 3, line 7, col. (l).  Col. (c) is from Table 4, line 7, col. (e).
Col. (a) is from Table 2, line 12, col. (e).  Col. (b) is from Table 3, line 14, col. (l).  Col. (c) is from Table 4, line 14, col. (e).
Col. (a) is from Table 2, line 19, col. (e).  Col. (b) is from Table 3, line 19, col. (l).  Col. (c) is from Table 4, line 19, col. (e).
Col. (a) is from Table 2, line 26, col. (e).  Col. (b) is from Table 3, line 26, col. (l).  Col. (c) is from Table 4, line 26, col. (e).


Notes:


As outlined in EB-2016-0152 Ex. C2-1-2, pp. 25-26, amounts recovered represent proxy amounts based on actual values for the period available from the EB-2007-0905 and 
EB-2010-0008 proceedings.


The following tax rates in effect during the corresponding periods were applied in the analysis: 2005 to 2007 - 34.12%, 2008 - 31.50%, 2009 - 31.00%, 2010 - 29.00%, 2011 - 
26.50%, 2012 onwards - 25.00%.


Table 11


Summary of After-Tax Amounts Collected Versus Amounts Expended for Nuclear Liabilities ($M)
April 1, 2005 to December 31, 2018


Numbers may not add due to rounding.
Submitted: June 28, 2019


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements
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Apr 1 to Jan 1 to
Line Dec 31 Mar 31
No. Description 2005 2006 2007 2008 Total


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


Prescribed Facilities
1 Pre-tax Proxy Amounts Recovered 132 156 225 53 566


2
Reduction in Proxy Regulatory Income Taxes for Contributions to 
Segregated Funds and Internally Funded Expenditures on Nuclear 
Liabilities (line 8 x tax rate)


(72) (116) (79) (13) (281)


3 Regulatory Income Taxes on Proxy Amounts Recovered
(line 1 + line 2) x tax rate / (1 - tax rate)


31 21 75 18 145


4 Total Proxy Regulatory Income Taxes (line 2 + line 3) (42) (95) (4) 5 (136)


5 After-tax Proxy Amounts Recovered (line 1 + line 4) 90 61 221 57 429


6 Contributions to Segregated Funds 182 242 225 15 663
7 Internally Funded Expenditures on Nuclear Liabilities 31 98 8 28 165
8 Total Amounts Expended (pre-tax) (line 6 + line 7) 212 340 233 43 828


9 Reduction in Income Taxes for Contributions to Segregated Funds and 
Internally Funded Expenditures on Nuclear Liabilities (line 8 x tax rate)


(72) (116) (79) (13) (281)


10 Income Taxes on Proxy Amounts Recovered (line 5 x tax rate) 31 21 75 18 145
11 Total Income Taxes (line 9 + line 10) (42) (95) (4) 5 (136)


12 Total Amounts Expended (after-tax) (line 8 + line 11) 171 245 229 47 692


13 Excess of Proxy Amounts Recovered over Amounts Expended - Prescribed 
Facilities (pre-tax) (line 1 - line 8)


(80) (184) (8) 10 (262)


14 Excess of Proxy Amounts Recovered over Amounts Expended - Prescribed 
Facilities (after-tax) (line 5 - line 12)


(80) (184) (8) 10 (262)


Bruce Facilities
15 Pre-tax Proxy Amounts Recovered 87 114 179 34 414


16
Reduction in Proxy Regulatory Income Taxes for Contributions to 
Segregated Funds and Internally Funded Expenditures on Nuclear 
Liabilities (line 23 x tax rate)


(59) (85) (207) (37) (388)


17 Regulatory Income Taxes on Proxy Amounts Recovered
(line 15 + line 16) x tax rate / (1 - tax rate)


14 15 (14) (2) 14


18 Total Proxy Regulatory Income Taxes (line 16 + line 17) (45) (69) (221) (39) (374)


19 After-tax Proxy Amounts Recovered (line 15 + line 18) 42 45 (42) (5) 39


20 Contributions to Segregated Funds 159 212 563 99 1,033
21 Internally Funded Expenditures on Nuclear Liabilities 15 36 43 19 113
22 Total Amounts Expended (pre-tax) (line 20 + line 21) 174 248 606 117 1,145


23
Reduction in Income Taxes for Contributions to Segregated Funds and 
Internally Funded Expenditures on Internally Funded Expenditures
(line 22 x tax rate)


(59) (85) (207) (37) (388)


24 Income Taxes on Proxy Amounts Recovered (line 19 x tax rate) 14 15 (14) (2) 14
25 Total Income Taxes (line 23 + line 24) (45) (69) (221) (39) (374)


26 Total Amounts Expended (after-tax) (line 22 + line 25) 129 179 385 79 771


27 Excess of Proxy Amounts Recovered over Amounts Expended - Bruce 
Facilities (pre-tax) (line 15 - line 22)


(87) (134) (427) (84) (732)


28 Excess of Proxy Amounts Recovered over Amounts Expended - Bruce 
Facilities (after-tax) (line 19 - line 26)


(87) (134) (427) (84) (732)


29 Total Excess of Proxy Amounts Recovered over Amounts Expended (pre-tax) 
(line 13 + line 27)


(167) (318) (435) (74) (994)


30 Total Excess of Proxy Amounts Recovered over Amounts Expended (after-
tax) (line 14 + line 28)


(167) (318) (435) (74) (994)


1
Notes:


OPG has used the presentation format required by the OEB in EB-2016-0152 Decision and Order, Page 97, adding additional line items to reflect the breakdown between Ontario 
Nuclear Funds Agreement contributions and internally funded expenditures on Nulcear Liabilities requested by the OEB. Amounts presented are otherwise unchanged form EB-2016-
0152 Ex. J20.7.


Numbers may not add due to rounding.
Submitted: June 28, 2019


Ontario Power Generation Inc.
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Numbers may not add due to rounding.


Line 
No. Description


Apr 1 to 
Dec 31 
2008 2009 2010


Jan 1 to 
Feb 28 
2011


Mar 1 to 
Dec 31 
2011 2012 2013


Jan 1 to 
Oct 31 
2014


Nov 1 to 
Dec 31 
2014 2015 2016 Total


(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k) (l)


Prescribed Facilities
1 Total Amounts Recovered (pre-tax)2 147.4 192.4 190.5 36.6 113.8 286.3 208.6 180.7 37.0 198.5 157.0 1,748.8


2
Reduction in Regulatory Income Taxes for Contributions to 
Segregated Funds and Forecast Internally Funded Expenditures on 
Nuclear Liabilities


(32.1) (58.6) (48.2) (7.3) (49.8) (43.9) (43.2) (51.0) (10.7) (63.5) (63.8) (472.1)


3 (Under)/Over Recovery Due to Differences Between Approved and 
Actual Nuclear Production


2.4 4.2 4.4 (0.4) 3.1 1.7 5.3 3.2 (0.4) 4.4 3.0 31.0


4 Total Reduction in Regulatory Income Taxes (line 2 + line 3) (29.7) (54.4) (43.8) (7.7) (46.7) (42.2) (37.9) (47.8) (11.0) (59.1) (60.8) (441.1)


5 Regulatory Income Taxes on Amounts Recovered 
((line 1 + line 4) x tax rate / (1-tax rate))


54.1 62.0 59.9 10.4 24.2 81.4 56.9 44.3 8.6 46.5 32.1 480.4


6 Total Regulatory Income Taxes (line 4 + line 5) 24.5 7.7 16.1 2.7 (22.5) 39.1 19.0 (3.5) (2.4) (12.6) (28.7) 39.3


7 Total Amounts Recovered (after-tax) (line 1 + line 6) 171.8 200.1 206.6 39.4 91.3 325.4 227.7 177.2 34.6 185.9 128.3 1,788.0


8 Contributions to Segregated Funds 44.2 124.7 150.2 24.2 120.8 107.1 98.1 141.6 28.5 172.8 176.7 1,188.9
9 Internally Funded Expenditures on Nuclear Liabilities 32.1 63.6 60.2 11.3 57.4 73.9 60.0 45.1 21.7 85.1 90.3 600.7
10 Total Amounts Expended (pre-tax) (line 8 + line 9) 76.3 188.3 210.4 35.5 178.2 181.0 158.1 186.7 50.2 257.9 267.0 1,789.6


11
Reduction in Income Taxes for Contributions to Segregated Funds 
and Internally Funded Expenditures on Nuclear Liabilities
(line 10 x tax rate)


(24.0) (58.4) (61.0) (9.4) (47.2) (45.3) (39.5) (46.7) (12.5) (64.5) (66.7) (475.3)


12 Income Taxes on Amounts Recovered (line 7 x tax rate) 54.1 62.0 59.9 10.4 24.2 81.4 56.9 44.3 8.6 46.5 32.1 480.4
13 Total Income Taxes (line 11 + line 12) 30.1 3.6 (1.1) 1.0 (23.0) 36.1 17.4 (2.4) (3.9) (18.0) (34.7) 5.1


14 Total Amounts Expended (after-tax) (line 10 + line 13) 106.4 191.9 209.3 36.5 155.2 217.1 175.5 184.3 46.3 239.9 232.3 1,794.7


15 Excess of Amounts Recovered over Amounts Expended - Prescribed 
Facilities (pre-tax) (line 1 - line 10)


71.1 4.1 (19.9) 1.2 (64.4) 105.3 50.5 (6.0) (13.2) (59.4) (110.0) (40.9)


16 Excess of Amounts Recovered over Amounts Expended - Prescribed 
Facilities (after-tax) (line 7 - line 14)


65.4 8.1 (2.7) 2.9 (63.9) 108.3 52.2 (7.2) (11.7) (54.0) (104.0) (6.7)


Bruce Facilities
17 Actual Bruce Lease Net Revenues Impact 311.5 (32.6) (68.6) (8.5) 89.5 70.5 142.4 81.2 20.5 173.6 231.6 1,011.2
18 Regulatory Income Tax Impact (line 17 x tax rate / (1 - tax rate)) 143.2 (14.6) (28.0) (3.1) 32.3 23.5 47.5 27.1 6.8 57.9 77.2 369.7
19 Total Amounts Recovered (after-tax) (line 17 + line 18) 454.7 (47.2) (96.6) (11.6) 121.8 94.0 189.9 108.3 27.4 231.5 308.8 1,380.9


20 Contributions to Segregated Funds 296.2 214.1 113.9 17.6 87.9 74.9 85.9 (26.2) (5.1) (29.4) (26.9) 802.9
21 Internally Funded Expenditures on Nuclear Liabilities 34.9 23.8 19.3 6.6 37.5 55.6 59.6 41.2 19.4 50.7 101.0 449.6
22 Total Amounts Expended (pre-tax) (line 20 + line 21) 331.1 237.9 133.2 24.2 125.4 130.5 145.5 15.0 14.3 21.3 74.1 1,252.5


23
Reduction in Income Taxes for Contributions to Segregated Funds 
and Internally Funded Expenditures on Internally Funded 
Expenditures (line 22 x tax rate)


(104.3) (73.7) (38.6) (6.4) (33.2) (32.6) (36.4) (3.8) (3.6) (5.3) (18.5) (356.5)


24 Income Taxes on Amounts Recovered
(line 19 x tax rate)


143.2 (14.6) (28.0) (3.1) 32.3 23.5 47.5 27.1 6.8 57.9 77.2 369.7


25 Total Income Taxes (line 23 + line 24) 38.9 (88.4) (66.6) (9.5) (1.0) (9.1) 11.1 23.3 3.3 52.6 58.7 13.3


26 Total Amounts Expended (after-tax) (line 22 + line 25) 370.0 149.5 66.6 14.7 124.4 121.4 156.6 38.3 17.6 73.8 132.8 1,265.7


27 Excess of Amounts Recovered over Amounts Expended - Bruce 
Facilities (pre-tax) (line 17 - line 22)


(19.6) (270.5) (201.8) (32.7) (35.9) (60.0) (3.0) 66.2 6.2 152.4 157.5 (241.3)


28 Excess of Amounts Recovered over Amounts Expended - Bruce 
Facilities (after-tax) (line 19 - line 26)


84.7 (196.8) (163.2) (26.3) (2.7) (27.4) 33.3 70.0 9.8 157.7 176.0 115.2


29 Total Excess of Amounts Recovered over Amounts Expended (pre-
tax) (line 15 + line 27)


51.5 (266.4) (221.7) (31.5) (100.3) 45.3 47.5 60.2 (7.0) 92.9 47.5 (282.1)


30 Total Excess of Amounts Recovered over Amounts Expended (after-
tax) (line 16 + line 28)


150.1 (188.6) (165.9) (23.4) (66.6) 80.9 85.5 62.8 (1.9) 103.6 72.0 108.5


1


2 Includes pre-tax revenue requirement impact, under/over recovery due to differences between approved and actual nuclear production, and pre-tax amounts recorded in the Nuclear Liabilities Deferral Account and the Impact 
of Changes in Station End-of-Life (2015) Deferral Account.


OPG has used the presentation format required by the OEB in EB-2016-0152 Decision and Order, Page 97, adding additional line items to reflect the breakdown between Ontario Nuclear Funds Agreement contributions and 
internally funded expenditures on Nulcear Liabilities requested by the OEB. Amounts presented are otherwise unchanged form EB-2016-0152 Ex. J20.7.


Notes:


Submitted: June 28, 2019


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 31


After-Tax Amounts Collected Versus Amounts Expended for Nuclear Liabilities ($M)
April 1, 2008 to December 31, 2016
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Line 
No. Description


Jan 1 to 
May 31 2017


Jun1 to 
Dec 31 
2017


Total
2017 2018 Total


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


Prescribed Facilities
1 Total Amounts Recovered (pre-tax)2 53.4 92.2 145.7 176.4 322.0


2 Reduction in Regulatory Income Taxes for Contributions to Segregated Funds 
and Forecast Internally Funded Expenditures on Nuclear Liabilities (19.4) (34.4) (53.7) (61.2) (114.9)


3 (Under)/Over Recovery Due to Differences Between Approved and Actual 
Nuclear Production 3.9 (1.4) 2.5 (3.8) (1.3)


4 Total Reduction in Regulatory Income Taxes (line 2 + line 3) (15.5) (35.7) (51.2) (65.0) (116.2)


5 Regulatory Income Taxes on Amounts Recovered 
((line 1 + line 4) x tax rate / (1-tax rate))


12.6 18.8 31.5 37.1 68.6


6 Total Regulatory Income Taxes (line 4 + line 5) (2.8) (16.9) (19.7) (27.9) (47.6)


7 Total Amounts Recovered (after-tax) (line 1 + line 6) 50.6 75.4 125.9 148.5 274.4


8 Contributions to Segregated Funds 42.7 59.8 102.5 102.5 205.0
9 Internally Funded Expenditures on Nuclear Liabilities 51.3 77.6 128.9 101.4 230.4
10 Total Amounts Expended (pre-tax) (line 8 + line 9) 94.1 137.4 231.4 203.9 435.4


11
Reduction in Income Taxes for Contributions to Segregated Funds and 
Internally Funded Expenditures on Nuclear Liabilities
(line 10 x tax rate)


(23.5) (34.3) (57.9) (51.0) (108.8)


12 Income Taxes on Amounts Recovered (line 7 x tax rate) 12.6 18.8 31.5 37.1 68.6
13 Total Income Taxes (line 11 + line 12) (10.9) (15.5) (26.4) (13.9) (40.2)


14 Total Amounts Expended (after-tax) (line 10 + line 13) 83.2 121.9 205.1 190.1 395.1


15 Excess of Amounts Recovered over Amounts Expended - Prescribed Facilities 
(pre-tax) (line 1 - line 10)


(40.6) (45.1) (85.8) (27.6) (113.4)


16 Excess of Amounts Recovered over Amounts Expended - Prescribed Facilities 
(after-tax) (line 7 - line 14)


(32.6) (46.5) (79.1) (41.6) (120.7)


Bruce Facilities
17 Actual Bruce Lease Net Revenues Impact 64.5 80.9 145.4 149.6 295.0
18 Regulatory Income Tax Impact (line 17 x tax rate / (1 - tax rate)) 21.5 27.0 48.5 49.9 98.3
19 Total Amounts Recovered (after-tax) (line 17 + line 18) 86.0 107.9 193.9 199.4 393.3


20 Contributions to Segregated Funds (42.7) (59.8) (102.5) (102.5) (205.0)
21 Internally Funded Expenditures on Nuclear Liabilities 31.6 49.2 80.8 62.3 143.1
22 Total Amounts Expended (pre-tax) (line 20 + line 21) (11.1) (10.6) (21.7) (40.2) (61.9)


23
Reduction in Income Taxes for Contributions to Segregated Funds and 
Internally Funded Expenditures on Internally Funded Expenditures
(line 22 x tax rate)


2.8 2.7 5.4 10.1 15.5


24 Income Taxes on Amounts Recovered (line 19 x tax rate) 21.5 27.0 48.5 49.9 98.3
25 Total Income Taxes (line 23 + line 24) 24.3 29.6 53.9 59.9 113.8


26 Total Amounts Expended (after-tax) (line 22 + line 25) 13.2 19.0 32.2 19.7 51.9


27 Excess of Amounts Recovered over Amounts Expended - Bruce Facilities (pre-
tax) (line 17 - line 22)


75.6 91.5 167.1 189.8 356.9


28 Excess of Amounts Recovered over Amounts Expended - Bruce Facilities (after-
tax) (line 19 - line 26)


72.8 88.9 161.7 179.7 341.4


29 Total Excess of Amounts Recovered over Amounts Expended (pre-tax) (line 15 + 
line 27)


34.9 46.4 81.3 162.2 243.6


30 Total Excess of Amounts Recovered over Amounts Expended (after-tax) (line 16 
+ line 28)


40.2 42.4 82.6 138.2 220.7


1


2


OPG has used the presentation format required by the OEB in EB-2016-0152 Decision and Order, Page 97, adding additional line items to reflect the breakdown between 
Ontario Nuclear Funds Agreement contributions and internally funded expenditures on Nulcear Liabilities requested by the OEB.
Includes pre-tax revenue requirement impact, under/over recovery due to differences between approved and actual nuclear production, pre-tax amounts recorded in the 
Nuclear Liabilities Deferral Account and the Impact of Changes in Station End-of-Life (2015) Deferral Account,  and pre-tax amounts recorded in the Nuclear Liabilities 
Deferral Account and the Impact of Changes in Station End-of-Life (2017) Deferral Account.


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Numbers may not add due to rounding.


Notes:


Table 41


After-Tax Amounts Collected Versus Amounts Expended for Nuclear Liabilities ($M)
January 1, 2017 to December 31, 2018
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July 31, 2019 


 


 


VIA EMAIL 


 


 


Ms. Kirsten Walli 


Board Secretary 


Ontario Energy Board  


P.O. Box 2319 


2300 Yonge Street, Suite 2700 


Toronto, ON 


M4P 1E4 


 


Dear Ms. Walli: 


Re: OPG Reporting and Record Keeping Requirements – July 31, 2019 (Non-Confidential Version) 


This submission responds to the OEB’s direction in EB-2010-0008 (p. 151) to provide “[a]n analysis of the actual 


regulatory return, after tax on rate base, both dollars and percentages, for the regulated business and 


comparison with the regulatory return included in the payment amounts by June 30th of each year.”  In EB-


2016-0152 (p. 146), the OEB approved an extension for filing this information to July 31st of each year.  


Please find attached the following information: 


1) Table 1 – summary of Actual Capitalization and Cost of Capital, Year Ended December 31, 2018. 


 


This table shows the capital structure and calculated return on equity based on the information shown 


in Table 2. 


 


2) Tables 2 and 2a – Actual Regulatory Return on Equity, Year Ended December 31, 2018. 


 


These tables show the calculation of the actual regulatory return on equity. 


 


3) Table 3 – Comparison of Actual Regulatory Return on Equity to Board Approved, Year Ended 


December 31, 2018. 


 


This table is included for comparison of the actual regulatory return with the regulatory return included 


in the nuclear payment amount. 
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We note that under the OEB’s Practice Direction on Confidential Filings (the “Practice Direction”) and the OEB’s 


Electricity Reporting & Record Keeping Requirements (“Electricity RRR”) that certain information filed is treated 


in confidence by the OEB. 


In this RRR filing by OPG, there is OPG confidential information in Tables 2 and 2a. This information relates to 


margins on sales of surplus heavy water, included in Nuclear revenues, and this same information was afforded 


confidential protection by the OEB in EB-2010-0008 and subsequent proceedings. The information remains 


confidential and so a redacted version of OPG’s ROE RRR filing is herewith filed for the public record. The 


redactions are consistent with those made in the EB-2010-0008 and subsequent payment amounts orders. A 


separate unredacted ROE RRR filing will be simultaneously filed with the OEB in confidence for the OEB’s review 


only. 


OPG respectfully requests that prior to any intention the OEB may develop to disclose the confidential 


information on the public record, that the OEB give OPG notice and afford OPG an opportunity to make 


submissions on the issue. 


Yours truly, 


[Original signed by] 


 


Matt Kirk 


Att. 


cc: Cathy Nguyen, OEB 


Stephanie Chan, OEB 
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Line Principal Component Cost Rate Cost of
No. Capitalization Note ($M) (%) (%) Capital ($M)


(a) (b) (c) (d)


1 Short-term Debt 1, 2 86.8 0.8% 1.71% 3.8
2 Existing Long-term Debt 1 3,768.0 35.0% 4.45% 167.8
3 Other Long-term Debt Provision 1, 3 2,071.4 19.2% 4.45% 92.2
4   Total Debt 4 5,926.2 55.0% 4.45% 263.9


5 Common Equity 4, 5 4,848.7 45.0% 10.69% 518.1


6 Rate Base Financed by Capital Structure 4 10,775.0 95.0% 7.26% 782.0


7 Adjustment for Lesser of UNL or ARC 1 570.6 5.0% 4.93% 28.1


8 Rate Base 1 11,345.6 100.0% 7.14% 810.1


Notes:
1 Amounts in cols. (a) and (d) and the cost rates in col. (c) are determined using the same methodologies


as applied in EB-2016-0152.
2 The cost of short-term debt includes interest at the cost rate shown in col. (c) plus an allocation of the actual


credit facility cost.
3 Debt required to balance capital structure with actual rate base.
4 Capital structure as approved by the OEB in EB-2016-0152.
5 Actual regulatory return on equity in col. (d) from Table 2, line 13, col. (c).


Table 1
Summary of Actual Capitalization and Cost of Capital


Year Ended December 31, 2018


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements
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Line Regulated
No. Description Note Hydroelectric Nuclear Total


(a) (b) (c)


1 Accounting EBIT (includes rounding) 1 596.7 233.6 830.3


2 Add: Accretion on  Nuclear Fixed Asset Removal and Nuclear 
Waste Management Liabilities 1 N/A


3 Deduct: Earnings/(Losses) on Nuclear Fixed Asset Removal 
and Nuclear Waste Management Funds 1 N/A


4 Deduct: Shareholder Portion of Hydroelectric Incentive 
Mechanism Revenue 2 N/A


5 Deduct: Shareholder Portion of Heavy Water Sales Net of 
Costs 3 N/A


6 Deduct: Amortization of Return on Equity Components of 
Variance and Deferral Account Balances 4 0.0 0.1 0.1


7 Regulatory EBIT (lines 1+2-3-4-5-6) 596.7 278.9 875.7


8 Deduct: Cost of Deemed Debt for Regulated Assets 5 181.0 82.9 263.9


9 Deduct: Cost Related to UNL/ARC Adjustment 5 N/A 28.1 28.1


10 Add: Cost of Capital Variance and Deferral Account Additions 6 7.2 27.3 34.5


11 Regulatory EBT (line 7 - line 8 - line 9 + line 10) 422.9 195.3 618.2


12 Deduct: Regulatory Income Taxes on Regulated Assets 7 90.8 9.3 100.1


13 Regulatory Return on Equity (line 11 - line 12) 332.1 186.0 518.1


See Table 2a for notes


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Deemed Cost of Capital:


Determination of Regulatory Return on Equity:


Table 2
Actual Regulatory Return on Equity ($M)


Year Ended December 31, 2018


Accounting Expenses/Revenues not Included in Regulatory EBIT:


Differences Between Accounting and Regulatory Treatment:
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Notes:
1 Actual amounts on lines 1, 2, and 3 are determined in accordance with United States Generally Accepted Accounting Principles (US GAAP), 


as approved by the OEB for use by OPG for regulatory accounting, reporting and rate-making purposes.  These amounts are determined using 
the same methodology as reflected in the 2015 audited financial statements for OPG's prescribed facilities filed in EB-2016-0152 
Ex. A2-1-1, Attachment 5.


2 During 2018, hydroelectric incentive mechanism (HIM) revenue was earned pursuant to the mechanism approved by the OEB in EB-2013-0321 and
continued in EB-2016-0152.


3 Heavy water sales net of costs are applied by the OEB as a reduction to OPG's nuclear revenue requirement.  In EB-2010-0008, the OEB 
approved a sharing mechanism for heavy water sales net of costs between OPG and ratepayers.  The shareholder portion of heavy water sales 
net of costs represents the excess, if any, of the actual sales net of costs in 2018 reflected in the EB-2016-0152 Payment Amounts Order.


4 Amounts represent differences between the cost of capital additions recognized in the variance and deferral accounts, and the corresponding regulatory 
assets reflected in the US GAAP financial statements.  In accordance with US GAAP,  OPG limits the portion of cost of capital additions recognized as a 
regulatory asset in the financial statements to amounts calculated using the average rate of capitalized interest applied by OPG to construction and 
development in progress balances.  


5 Costs related to deemed debt and UNL/ARC adjustment for 2018 are allocated to Regulated Hydroelectric and Nuclear based on actual rate 
base, using the same methodology applied in EB-2016-0152, as follows:


Line


No. Item


(a) (b)


1a Interest Rate (Table 1, line 4, col. (c)) 4.45% 4.45%


2a Actual Rate Base (Table 1, line 8, col. (a)) 7,391.2 3,954.4
3a ARC / UNL Adjustment (Table 1, line 7, col. (a)) N/A 570.6
4a Rate Base Financed by Capital Structure 7,391.2 3,383.8


(line 2a - line 3a)
5a Debt Ratio (Table 1, line 4, col. (b)) 55.0% 55.0%
6a Deemed Debt (line 4a x line 5a) 4,065.2 1,861.1


7a Cost of Deemed Debt for Regulated Assets 181.0 82.9
(line 1a x line 6a)


8a Cost Related to UNL/ARC Adjustment N/A 28.1
(Table 1, line 7, col. (c) x line 3a)


6 The amounts represent the cost of capital additions to the Capacity Refurbishment Variance Account, the Niagara Tunnel Project Pre-December
2008 Disallowance Variance Account, and the Impact Resulting from Changes in Station End-of-Life Dates (December 31, 2017) Deferral Account 
recorded in 2018.


7 The amount of regulatory income taxes is determined based on Regulatory EBT at line 11, using the methodology for calculating regulatory
income taxes applied in EB-2016-0152, as adjusted to reflect the inclusion of income tax amounts in certain deferral and variance accounts
(i.e. the impact of tax additions and deductions that represent items for which the tax cost or benefit is being passed on to ratepayers 
through deferral and variance accounts) and to exclude the benefit of the 2018 nuclear tax loss forecasted in EB-2016-0152 to be carried forward beyond 
the 2017-2021 period. The amount of regulatory income taxes reflects the actual 2018 income tax return completed in June 2019.  Consistent with OPG's 
EB-2016-0152 Reply Argument, p.173, footnote 94, starting in 2017, the regulatory income tax calculation reflects Scientific Research & Experimental 
Development investment tax credits in the amount earned for the year (at the applicable accounting recognition percentage).


Regulated 
Hydroelectric              Nuclear


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Year Ended December 31, 2018


Table to Note 4 ($M)


Table 2a
Actual Regulatory Return on Equity ($M)


Notes to Table 2
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Line (b) - (a)
No. Description Note OEB Approved2 Actual Variance


(a) (b) (c)


Revenues:
1   Revenue Requirement 1 3,058.0
2   Ancillary and Other Revenue 1
3   Bruce Lease Revenues Net of Direct Costs 1 (7.3)
4   Amortization of Variance & Deferral Account Amounts 32.7
5 Total Revenues  (lines 1 through 4) 2


Expenses:
6   OM&A 1, 3 2,248.0 2,296.2 48.2
7   Fuel 1 207.0 227.3 20.4


8   Depreciation & Amortization, including
  Amortization of Variance & Deferral Account Amounts 4 417.6 444.0 26.3


9   Property Taxes 1 14.9 12.7 (2.2)
10 Total Expenses  (lines 6 through 9) 2,887.5 2,980.2 92.8


11 Other Gains/(Losses) 0.0 0.1 0.1


Cost of Capital Excluding Return on Equity:
12 Cost of Deemed Debt for Regulated Assets 5 76.7 82.9 6.1
13 Adjustment for Lesser of UNL or ARC 1, 6 21.3 28.1 6.8
14 Cost of Capital Variance and Deferral Account Additions 7 0.0 (27.3) (27.3)


15 Total Cost of Capital Excluding Return on Equity
(lines 12 through 14) 98.1 83.7 (14.4)


16 Income Tax 1, 8 9.3
17 Reporting Adjustment 9 N/A N/A


18 Regulatory Return on Equity
(line 5 - line 10 + line 11 - line 15 - line 16 + line 17) 1, 10 139.6 186.0 46.4


Notes:


1


2


3


4


5


6 Actual amount in col. (b) from Table 2, line 9, col. (b).
7 Actual amounts in col. (b) from Table 2, line 10, col. (b).
8 Actual amounts in col. (b) from Table 2, line 12, col. (b).
9 The Reporting Adjustment line is included solely to maintain the confidentiality of the amount of actual heavy water sales net of costs. 
10 Actual amount in col. (b) are as shown in Table 2, line 13, col. (b).


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 3
Comparison of Actual Regulatory Return on Equity to Board Approved for Nuclear ($M)


Year Ended December 31, 2018


OEB-approved amounts are the sum of corresponding amounts in EB-2016-0152 Payment Amounts Order, App. A, Table 2 (2018 Nuclear).


Actual amounts in col. (b) includes the adjustment to remove the revenue component of the shareholder portion of heavy water sales net of 
costs for Nuclear shown in Table 2, line 5. 
Actual amount in col. (b) includes the adjustment to remove the cost component of the shareholder portion of heavy water sales net of costs 
shown in Table 2, line 5.  
OEB Approved amount in col. (a) is calculated as the sum of line 17, col. (c) in EB-2016-0152 Payments Amount Order, App. A, Table 2, plus 
line 4, col. (a) above. Actual amounts in col. (b) include the amortization adjustment shown in Table 2, line 6.
OEB Approved amounts are the sum of short-term debt cost and long-term debt cost from the EB-2016-0152 Payment Amounts Order (App. A, 
Table 2, lines 10 and 11).  Actual amounts are from Table 2, line 8, col. (b).
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August 29, 2019 


 


 


VIA EMAIL 


 


 


Ms. Kirsten Walli 


Board Secretary 


Ontario Energy Board  


P.O. Box 2319 


2300 Yonge Street, Suite 2700 


Toronto, ON 


M4P 1E4 


 


Dear Ms. Walli: 


Re: OPG Reporting and Record Keeping Requirements 


Further to the Board’s direction in EB-2010-0008 (p. 151) and maintained in EB-2013-0321, please find attached 


the following information: 


1) Within 60 days after calendar quarter end: unaudited balances of OPG’s deferral and variance accounts; 


and,  


2) Within 60 days for the first three quarters: OPG’s MD&A and Financial Statements filed with the OSC, 


OPG’s nuclear unit capability factors and the hydroelectric availability for its regulated facilities. 


 


Yours truly, 


[Original signed by] 


Matt Kirk 


 


Att. 


cc: Cathy Nguyen, OEB 


Stephanie Chan, OEB 
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Submitted: August 29, 2019


Balance ($M)
June 30, 2019


Regulated Hydroelectric
Hydroelectric Water Conditions Variance Account (224)
Ancillary Services Net Revenue Variance Account - Hydroelectric (62)
Hydroelectric Incentive Mechanism Variance Account 0 
Hydroelectric Surplus Baseload Generation Variance Account 459 
Income and Other Taxes Variance Account - Hydroelectric 0 
Capacity Refurbishment Variance Account - Hydroelectric 19 
Niagara Tunnel Project Pre-December 2008 Disallowance Variance Account 8 
Pension and OPEB Cost Variance Account - Future Recovery - Hydroelectric (Dec 31, 2012 Balance) 7 
Pension and OPEB Cost Variance Account - Post 2012 Additions - Hydroelectric 20 
Pension & OPEB Cash Payment Variance Account - Hydroelectric (51)
Pension & OPEB Cash Versus Accrual Differential Deferral Account - Hydroelectric 111 
Pension & OPEB Cash Versus Accrual Differential Carrying Charges - Hydroelectric 0 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Primary Account-Hydroelectric 3 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Contra Account-Hydroelectric (3)
Hydroelectric Deferral and Variance Over/Under Recovery Variance Account 19 
Gross Revenue Charge Variance Account 0 


Regulated Hydroelectric Subtotal 306 


Nuclear
Nuclear Liability Deferral Account 16 
Impact Resulting from Changes in Station End-of-Life Dates (December 31, 2015) Deferral Account (97)
Nuclear Development Variance Account 4 
Ancillary Services Net Revenue Variance Account - Nuclear 1 
Capacity Refurbishment Variance Account - Nuclear - Capital Portion 64 
Capacity Refurbishment Variance Account - Nuclear - Non-Capital Portion (138)
Bruce Lease Net Revenues Variance Account - Derivative (44)
Bruce Lease Net Revenues Variance Account - Non-Derivative 206 
Income and Other Taxes Variance Account - Nuclear (11)
Pension and OPEB Cost Variance Account - Future Recovery - Nuclear (Dec 31, 2012 Balance) 151 
Pension and OPEB Cost Variance Account - Post 2012 Additions - Nuclear 404 
Pension & OPEB Cash Payment Variance Account - Nuclear (222)
Pension & OPEB Cash Versus Accrual Differential Deferral Account - Nuclear 706 
Pension & OPEB Cash Versus Accrual Differential Carrying Charges - Nuclear 0 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Primary Account - Nuclear 22 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Contra Account - Nuclear (22)
Nuclear Deferral and Variance Over/Under Recovery Variance Account 41 
Fitness for Duty Deferral Account 0 
SR&ED ITC Variance Account (18)
Impact Resulting from Changes to Pickering Station End-of-Life Dates (Dec 2017) Deferral Account (184)
Rate Smoothing Deferral Account 51 


Nuclear Subtotal 930 


Grand Total 1,236 


Notes:
The Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential-Primary Account and related Contra Account balances always net to zero.


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 1
Summary of Variance & Deferral Account Balances


Account
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Reporting
Period


OPG's MD&A is filed with the Ontario Securities Commission and is posted on OPG's 
website at the following link:
https://www.opg.com/document/2019-second-quarter-financial-results-pdf/


OPG's financial statements are filed with the Ontario Securities Commission and are posted 
on OPG's website at the following link:
https://www.opg.com/document/2019-second-quarter-financial-results-pdf/


OPG's Nuclear unit capability factors are provided on page 21 of OPG's MD&A, which is 
available at the following link:
https://www.opg.com/document/2019-second-quarter-financial-results-pdf/


Availability for the regulated hydroelectric facilities is provided on page 23 of OPG's MD&A, 
which is available at the following link:
https://www.opg.com/document/2019-second-quarter-financial-results-pdf/


Availability for the Regulated 
Hydroelectric Facilities


Six Months Ended June 
30, 2019


MD&A filed with the Ontario Securities 
Commission


Six Months Ended June 
30, 2019


Financial Statements filed with the 
Ontario Securities Commission


Six Months Ended June 
30, 2019


Nuclear Unit Capability Factors Six Months Ended June 
30, 2019


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 2
Management's Discussion & Analysis (MD&A) and Financial Statements Reporting


Report Particulars
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November 29, 2019 


 


 


VIA EMAIL 


 


 


Ms. Kirsten Walli 


Board Secretary 


Ontario Energy Board  


P.O. Box 2319 


2300 Yonge Street, Suite 2700 


Toronto, ON 


M4P 1E4 


 


Dear Ms. Walli: 


Re: OPG Reporting and Record Keeping Requirements 


Further to the OEB’s direction in EB-2010-0008 (Decision with Reasons, p. 151) and maintained in subsequent 


OEB decisions on OPG applications, please find attached the following information: 


1) Within 60 days after calendar quarter end: unaudited balances of OPG’s deferral and variance accounts; 


and,  


2) Within 60 days for the first three quarters: OPG’s MD&A and Financial Statements filed with the OSC, 


OPG’s nuclear unit capability factors and the hydroelectric availability for its regulated facilities. 


Further to the OEB’s direction in EB-2016-0152 (Decision and Order, p. 151), please find attached: 


3) The 2019 nuclear performance report with benchmark quartile results; and 


4) The 2019 Nuclear Benchmarking Report in support of the nuclear performance report. 


In its letter dated December 7, 2018, OPG filed the ScottMadden Management Consultants’ report on OPG 


Nuclear Cost Performance Benchmarking Methodology to Adjust for Refurbishment and Validation of 


Implementation in support of its revised normalization methodology for deriving the TGC/MWh metric. OPG has 


subsequently made further revisions to its normalization methodology as discussed in the 2019 Nuclear 


Benchmarking Report. OPG is re-filing the 2018 ScottMadden Management Consultants’ report and is also filing 


ScottMadden Management Consultants’ 2019 report on A Study of Factors Impacting TGC/MWh Performance 


with Normalizing Adjustments to Facilitate Closer Comparison. 
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Yours truly, 


 


[Original signed by] 


 


Matt Kirk 


Att. 


cc: Cathy Nguyen, OEB 


Stephanie Chan, OEB 
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Balance ($M)
September 30, 2019


Regulated Hydroelectric
Hydroelectric Water Conditions Variance Account (220)
Ancillary Services Net Revenue Variance Account - Hydroelectric (62)
Hydroelectric Incentive Mechanism Variance Account 0 
Hydroelectric Surplus Baseload Generation Variance Account 450 
Income and Other Taxes Variance Account - Hydroelectric (2)
Capacity Refurbishment Variance Account - Hydroelectric 21 
Niagara Tunnel Project Pre-December 2008 Disallowance Variance Account 8 
Pension and OPEB Cost Variance Account - Future Recovery - Hydroelectric (Dec 31, 2012 Balance) 7 
Pension and OPEB Cost Variance Account - Post 2012 Additions - Hydroelectric 18 
Pension & OPEB Cash Payment Variance Account - Hydroelectric (54)
Pension & OPEB Cash Versus Accrual Differential Deferral Account - Hydroelectric 113 
Pension & OPEB Cash Versus Accrual Differential Carrying Charges - Hydroelectric 0 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Primary Account-Hydroelectric 5 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Contra Account-Hydroelectric (5)
Hydroelectric Deferral and Variance Over/Under Recovery Variance Account 18 
Gross Revenue Charge Variance Account 0 


Regulated Hydroelectric Subtotal 297 


Nuclear
Nuclear Liability Deferral Account 14 
Impact Resulting from Changes in Station End-of-Life Dates (December 31, 2015) Deferral Account (95)
Nuclear Development Variance Account 4 
Ancillary Services Net Revenue Variance Account - Nuclear 1 
Capacity Refurbishment Variance Account - Nuclear - Capital Portion 63 
Capacity Refurbishment Variance Account - Nuclear - Non-Capital Portion (155)
Bruce Lease Net Revenues Variance Account - Derivative (35)
Bruce Lease Net Revenues Variance Account - Non-Derivative 196 
Income and Other Taxes Variance Account - Nuclear (15)
Pension and OPEB Cost Variance Account - Future Recovery - Nuclear (Dec 31, 2012 Balance) 144 
Pension and OPEB Cost Variance Account - Post 2012 Additions - Nuclear 367 
Pension & OPEB Cash Payment Variance Account - Nuclear (245)
Pension & OPEB Cash Versus Accrual Differential Deferral Account - Nuclear 721 
Pension & OPEB Cash Versus Accrual Differential Carrying Charges - Nuclear 0 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Primary Account - Nuclear 33 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Contra Account - Nuclear (33)
Nuclear Deferral and Variance Over/Under Recovery Variance Account 30 
Fitness for Duty Deferral Account 0 
SR&ED ITC Variance Account (14)
Impact Resulting from Changes to Pickering Station End-of-Life Dates (Dec 2017) Deferral Account (215)
Rate Smoothing Deferral Account 78 


Nuclear Subtotal 844 


Grand Total 1,141 


Notes:
The Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential-Primary Account and related Contra account balances always nets to zero.


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 1
Summary of Variance & Deferral Account Balances


Account
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Submitted: November 29, 2019


Reporting
Period


OPG's MD&A is filed with the Ontario Securities Commission and is posted on OPG's 
website at the following link:
https://www.opg.com/document/q3-2019-opg-pr_mda_fs/


OPG's financial statements are filed with the Ontario Securities Commission and are posted 
on OPG's website at the following link:
https://www.opg.com/document/q3-2019-opg-pr_mda_fs/


OPG's Nuclear unit capability factors are provided on page 23 of OPG's MD&A, which is 
available at the following link:
https://www.opg.com/document/q3-2019-opg-pr_mda_fs/


Availability for the regulated hydroelectric facilities is provided on page 24 of OPG's MD&A, 
which is available at the following link:
https://www.opg.com/document/q3-2019-opg-pr_mda_fs/


Availability for the Regulated 
Hydroelectric Facilities


Nine Months Ended 
September 30, 2019


MD&A filed with the Ontario Securities 
Commission


Nine Months Ended 
September 30, 2019


Financial Statements filed with the 
Ontario Securities Commission


Nine Months Ended 
September 30, 2019


Nuclear Unit Capability Factors Nine Months Ended 
September 30, 2019


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 2
Management's Discussion & Analysis (MD&A) and Financial Statements Reporting


Report Particulars
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Pickering Performance Report


Metric 2014 2015 2016 2017 2018 Metric 2018 2019


Safety
1-Year Total Recordable Injury Frequency (#/200k hours worked) 1 0.22 0.44 0.49 0.06 0.16 Total Recordable Injury Frequency (#/200k hours worked) 0.22 0.20


Rolling Average2 Industrial Safety Accident Rate (#/200k hours worked) 0.03 0.05 0.04 0.05 0.05 Industrial Safety Accident Rate (#/200k hours worked) 0.10 0.10


Rolling Average2 Collective Radiation Exposure (Person-rem per unit) 82.24 97.72 97.23 83.96 81.65 Collective Radiation Exposure (Person-rem per unit) 110.30 92.30


1-Year Airborne Tritium Emissions (Curies) per Unit 2,390 2,409 3,067 3,103 2,772 Airborne Tritium Emissions (Curies) per Unit 2,666 2,500


Fuel Reliability Index (microcuries per gram) 4 0.001580 0.000421 0.000261 0.000584 0.000837 Fuel Reliability Index (microcuries per gram) 0.000500 0.000500


2-Year Reactor Trip Rate (# per 7,000 hours) 0.36 0.17 0.25 0.26 0.33 Reactor Trip Rate (# per 7,000 hours) 0.50 0.50


3-Year Auxiliary Feedwater System Unavailability (#) 0.0181 0.0115 0.0070 0.0000 0.0039 Auxiliary Feedwater System Unavailability (#) 0.0200 0.0200


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


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


Reliability
Rolling Average2 WANO NPI (Index) 64.3 68.5 76.3 76.7 74.9 WANO NPI (Index) 75.5 74.3


Rolling Average2 Forced Loss Rate (%) 10.08 6.85 3.76 5.01 5.20 Forced Loss Rate (%) 3.50 3.50


Rolling Average2 Unit Capability Factor (%) 74.50 77.32 77.03 77.36 79.55 Unit Capability Factor (%) 74.60 80.56


Rolling Average2 Chemistry Performance Indicator (Index) 1.04 1.06 1.04 1.02 1.02 Chemistry Performance Indicator (Index) 1.02 1.03


1-Year On-line Deficient Maintenance Backlog (work orders per unit) 276 251 350 383 279 On-line Deficient Maintenance Backlog (work orders per unit) 153 133


1-Year On-line Deficient Critical Maintenance Backlog (work orders per unit) 41 9 On-line Deficient Critical Maintenance Backlog (work orders per unit) 15 9


1-Year On-line Corrective Maintenance Backlog (work orders per unit) 160 125 116 25 17 On-line Corrective Maintenance Backlog (work orders per unit) 20 12


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


Value for Money
3-Year Total Generating Cost per MWh ($ per Net MWh) 68.00 67.36 68.06 67.22 67.76 Total Generating Cost per MWh ($ per Net MWh) 73.17 64.89


Normalized 3-Year Total Generating Cost per MWh ($ per Net MWh)5 49.26 49.29 Normalized 3-Year Total Generating Cost per MWh ($ per Net MWh)


3-Year Total Generating Cost per Unit (M $ per Unit) 228.38 228.04 231.63 233.75 234.18 Total Generating Cost per Unit (M $ per Unit) 243.03 232.93


Normalized 3-Year Total Generating Cost per Unit (M $ per Unit)5 184.69 183.77 Normalized 3-Year Total Generating Cost per MWh ($ per Net MWh)


3-Year Non-Fuel Operating Cost per MWh ($ per Net MWh) 57.01 56.49 57.12 56.89 57.92 Non-Fuel Operating Cost per MWh ($ per Net MWh) 64.75 56.67


3-Year Fuel Cost per MWh ($ per Net MWh) 5.74 5.71 5.75 5.31 4.86 Fuel Cost per MWh ($ per Net MWh) 5.59 4.12


3-Year Capital Cost per MW DER (k$ per MW) 34.20 33.86 34.23 33.91 33.39 Capital Cost per MW DER (k$ per MW) 26.22 28.55


Human Performance
18-Month Human Performance Error Rate (# per 200k ISAR and contractor hours) 3 0.17800 0.11000 0.03840 0.11600 0.14310 18-Month Human Performance Error Rate (# per 200k ISAR and contractor hours) 0.06000 0.08000


Notes


2. Indicates a 2-Year Rolling Average for Pickering and a 3-Year Rolling Average for Darlington.
3. 2014-2016 figures have been restated from 10k ISAR and contractor hours to 200k ISAR and contractor hours.
4. Indicates performance in the most recent quarter
5. 2017 and 2018 Normalized Actuals utilize the both ScottMadden methdologies i.e. normalizing  for refurbishment as well as CANDU technology (including outage duration) and age-related impacts


Actuals Annual Targets


1. In 2018, Ontario Power Generation selected Total Recordable Injury Frequency (replacing All Injury Rate) as a measure for evaluating Health and Safety performance, and reflects a change instituted by the Canadian Electrical Association. 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.  Data prior to 2018 are All Injury Rate figures.


For the respective year:


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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Darlington Performance Report


Metric 2014 2015 2016 2017 2018 Metric 2018 2019


Safety
1-Year Total Recordable Injury Frequency (#/200k hours worked) 1 0.31 0.22 0.23 0.40 0.32 Total Recordable Injury Frequency (#/200k hours worked) 0.22 0.20


Rolling Average2 Industrial Safety Accident Rate (#/200k hours worked) 0.06 0.08 0.06 0.04 0.04 Industrial Safety Accident Rate (#/200k hours worked) 0.10 0.10


Rolling Average2 Collective Radiation Exposure (Person-rem per unit) 69.06 79.55 68.77 91.80 85.43 Collective Radiation Exposure (Person-rem per unit) 79.80 80.00


1-Year Airborne Tritium Emissions (Curies) per Unit 1,831 1,313 846 875 982 Airborne Tritium Emissions (Curies) per Unit 800 900


Fuel Reliability Index (microcuries per gram) 4 0.000158 0.000122 0.000343 0.000179 0.000187 Fuel Reliability Index (microcuries per gram) 0.000500 0.000500


2-Year Reactor Trip Rate (# per 7,000 hours) 0.00 0.13 0.24 0.29 0.15 Reactor Trip Rate (# per 7,000 hours) 0.50 0.50


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


3-Year Emergency AC Power Unavailability (#) 0.0000 0.0000 0.0000 0.0000 0.0026 Emergency AC Power Unavailability (#) 0.0250 0.0250


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


Reliability
Rolling Average2 WANO NPI (Index) 92.1 83.7 87.8 82.0 90.7 WANO NPI (Index) 91.3 92.1


Rolling Average2 Forced Loss Rate (%) 2.85 3.65 3.10 3.47 1.94 Forced Loss Rate (%) 1.00 1.00


Rolling Average2 Unit Capability Factor (%) 89.41 83.96 86.16 82.17 86.89 Unit Capability Factor (%) 86.00 89.00


Rolling Average2 Chemistry Performance Indicator (Index) 1.00 1.00 1.00 1.01 1.03 Chemistry Performance Indicator (Index) 1.01 1.10


1-Year On-line Deficient Maintenance Backlog (work orders per unit) 176 174 170 119 124 On-line Deficient Maintenance Backlog (work orders per unit) 134 115


1-Year On-line Deficient Critical Maintenance Backlog (work orders per unit) 15 9 On-line Deficient Critical Maintenance Backlog (work orders per unit) 29 6


1-Year On-line Corrective Maintenance Backlog (work orders per unit) 20 24 14 13 6 On-line Corrective Maintenance Backlog (work orders per unit) 7 4


1-Year On-line Corrective Critical Maintenance Backlog (work orders per unit) 1 0 On-line Corrective Critical Maintenance Backlog (work orders per unit) 2 0


Value for Money
3-Year Total Generating Cost per MWh ($ per Net MWh) 37.29 44.38 45.63 54.40 59.06 Total Generating Cost per MWh ($ per Net MWh) 70.26 65.24


Normalized 3-Year Total Generating Cost per MWh ($ per Net MWh)6 37.94 37.65 Normalized Total Generating Cost per MWh ($ per Net MWh)5 51.66 53.61


3-Year Total Generating Cost per Unit (M $ per Unit) 252.77 282.37 292.49 337.56 384.74 Total Generating Cost per Unit (M $ per Unit) 451.54 433.95


Normalized 3-Year Total Generating Cost per Unit (M $ per Unit)6 313.62 257.65 Normalized Total Generating Cost per Unit (M $ per Unit)5 347.34 356.60


3-Year Non-Fuel Operating Cost per MWh ($ per Net MWh) 28.10 33.19 33.00 39.62 42.14 Non-Fuel Operating Cost per MWh ($ per Net MWh) 49.01 45.30


Normalized 3-Year Non-Fuel Operating Cost per MWh ($ per Net MWh)7 36.89 36.37 Normalized Non-Fuel Operating Cost per MWh ($ per Net MWh)5 35.13 36.77


3-Year Fuel Cost per MWh ($ per Net MWh) 5.13 5.18 5.31 5.19 4.92 Fuel Cost per MWh ($ per Net MWh) 5.92 4.51


3-Year Capital Cost per MW DER (k$ per MW) 31.30 43.52 53.47 62.11 89.03 Capital Cost per MW DER (k$ per MW) 91.11 87.65


Normalized 3-Year Capital Cost per MW DER (k$ per MW)7 59.81 73.46 Normalized 3-Year Capital Cost per MW DER (k$ per MW) 


Human Performance
18-Month Human Performance Error Rate (# per 200k ISAR and contractor hours) 3 0.12400 0.06200 0.06940 0.05200 0.05100 18-Month Human Performance Error Rate (# per 200k ISAR and contractor hours) 0.06000 0.04000


Notes


2. Indicates a 2-Year Rolling Average for Pickering and a 3-Year Rolling Average for Darlington.
3. 2014-2016 figures have been restated from 10k ISAR and contractor hours to 200k ISAR and contractor hours.
4. Indicates performance in the most recent quarter
5. 2018 Normalized Targets utilize the initial methodology of adding back generation and fuel costs. 2019 Normalized Targets utilize the new ScottMadden methodology for refurbishment.
6. 2017 and 2018 Normalized Actuals utilize the both ScottMadden methdologies i.e. normalizing  for refurbishment as well as CANDU technology (including outage duration) and age-related impacts
7. 2017 and 2018 Normalized Actuals utilize the new ScottMadden methdology for refubishment only


Actuals Annual Targets


1. In 2018, Ontario Power Generation selected Total Recordable Injury Frequency (replacing All Injury Rate) as a measure for evaluating Health and Safety performance, and reflects a change instituted by the Canadian Electrical Association. 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.  Data prior to 2018 are All Injury Rate figures.


For the respective year:


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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OPG Nuclear Performance Report


Metric 2014 2015 2016 2017 2018 Metric 2018 2019


Reliability
Rolling Average1 WANO NPI (Index) 75.5 74.6 80.9 78.5 80.1 WANO NPI (Index) 80.8 80.2


Rolling Average1 Unit Capability Factor (%) 80.50 80.00 80.70 78.96 82.00 Unit Capability Factor (%) 79.92 84.47


Value for Money
3-Year Total Generating Cost per MWh ($ per Net MWh) 50.38 54.58 55.57 60.53 63.31 Total Generating Cost per MWh ($ per Net MWh) 71.74 65.06


Normalized 3-Year Total Generating Cost per MWh ($ per Net MWh)3 43.44 43.41 Normalized Total Generating Cost per MWh ($ per Net MWh)2 60.82 59.46


3-Year Total Generating Cost per Unit (M $ per Unit) 238.14 249.77 255.97 273.13 287.95 Total Generating Cost per Unit (M $ per Unit) 312.54 299.94


Normalized 3-Year Total Generating Cost per Unit (M $ per Unit)3 208.24 210.16 Normalized Total Generating Cost per Unit (M $ per Unit)2 284.78 274.15


Notes


2. 2018 Normalized Targets utilize the initial methodology of adding back generation and fuel costs. 2019 Normalized Targets utilize the new ScottMadden methodology for refurbishment. 
3. 2017 and 2018 Normalized Actuals utilize the both ScottMadden methdology i.e. normalizing  for refurbishment as well as CANDU technology (including outage duration) and age-related impacts


Actuals Annual Targets


1. Indicates a 2-Year Rolling Average for Pickering and a 3-Year Rolling Average for Darlington.


For the respective year:


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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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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Rolling Average Collective Radiation Exposure 
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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. 
 
 


Filed: 2021-05-21 
EB-2020-0290 


JI1.1 
Attachment 7 


Page 27 of 145







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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Median*:  2,173


*
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Best Quartile*: 972
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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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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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  2-Year Unplanned Automatic Reactor Trips 
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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.  
 


Filed: 2021-05-21 
EB-2020-0290 


JI1.1 
Attachment 7 


Page 39 of 145







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) 
 


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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3-Year Emergency AC Power Safety Unavailability 
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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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3-Year High Pressure Safety Injection 
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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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Rolling Average 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. 
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Rolling Average Unit Capability Factor  
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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 
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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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1-Year On-line Deficient Maintenance Backlog 
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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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1-Year On-line Corrective Maintenance Backlog 
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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: 
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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) 
 


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. 


 


Filed: 2021-05-21 
EB-2020-0290 


JI1.1 
Attachment 7 


Page 83 of 145







 


   
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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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)  
 


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) 


 
 


Filed: 2021-05-21 
EB-2020-0290 


JI1.1 
Attachment 7 


Page 98 of 145







 


 
  


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


Filed: 2021-05-21 
EB-2020-0290 


JI1.1 
Attachment 7 


Page 103 of 145







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


$0.00
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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
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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. 


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. 
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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      
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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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1. BACKGROUND 


Context 


Pickering Nuclear Generating Station (PNGS) is one of two nuclear stations operated by Ontario Power 
Generation (OPG). PNGS has six operating units (two additional units ended commercial operations in 
1997), a net output of 3,094 megawatts (MW) and produces about 14 percent of Ontario’s electricity 
needs. The site has been operating since 1971. 
 
Darlington Nuclear Generating Station (DNGS) is one of two nuclear stations operated by Ontario Power 
Generation (OPG).  DNGS is a four-unit station with a net output of 3,512 megawatts (MW), and it has 
been producing almost 20 percent of Ontario’s electricity needs since the early 1990s. OPG is performing 
a major mid-life refurbishment of the four reactors at DNGS (Refurbishment), which involves the 
replacement of certain life-limiting components. The execution of the Refurbishment “mega-project” 
started in October 2016 with breaker-open on Unit 2. 
 
OPG tracks and benchmarks the performance of PNGS and DNGS against industry peers under its 
nuclear cornerstones of Safety, Reliability, Human Performance, and Value for Money. Value for Money 
is measured relative to an Electric Utility Cost Group (EUCG) panel of nuclear plants in North America 
using a suite of four cost metrics. One of these metrics, Total Generating Cost per Megawatt-Hour 
(TGC/MWh), has recently shown DNGS and PNGS ranking below the median relative to the panel.  
 
OPG benchmarks performance in TGC/MWh relative to peers and sets goals for performance each year. 
Based on operating experience, OPG believes that certain characteristics that cannot be controlled by 
how well they operate DNGS and PNGS are having a meaningful influence on TGC/MWh performance. 
ScottMadden agrees that such static characteristics impact performance as measured by TGC/MWh. 
Thus, OPG asked ScottMadden to perform an independent study to determine whether and how such 
site characteristics influence TGC/MWh performance for a nuclear plant.  
 
Current TGC/MWh Performance 


Using the EUCG data provided by OPG, TGC/MWh performance for the most recent three-year time 
period (2015-2017) for PNGS and DNGS appear in the fourth quartile relative to the other sites. However, 
TGC/MWh performance for DNGS must be adjusted to account for the ongoing Refurbishment. 
ScottMadden provided OPG with a specific methodology for performing this adjustment under a separate 
study. The result of the adjustment was a relative improvement in TGC/MWh performance for DNGS to 
the third quartile, as illustrated below. 
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TGC/MWh performance 2015-’17 for EUCG Panel with DNGS Adjusted for Refurbishment 
 


 
 
2. ABOUT THE SCOTTMADDEN APPROACH 


Scope and Objectives 


The ScottMadden study of the influence of site characteristics on TGC/MWh focused on two major areas 
of investigation: 
 


 Econometric Analysis – analysis of EUCG data to understand and quantify the impact of 
certain site characteristics on total generating cost (TGC)  


 Custom Nuclear Outage Benchmarking Study – primary research and analysis on nuclear 
outages across the industry to determine expected impacts on energy production (MWh)  


 
The objectives of this investigation were to 1) determine whether and to what extent relatively static 
characteristics of a nuclear site influence TGC/MWh performance and 2) if possible, quantify and adjust 
for these characteristics to produce normalized TGC/MWh values that account for site characteristics 
that have a significant impact on TGC/MWh performance. 
 
Assumptions and Qualifications 


In performing this study and preparing this document, ScottMadden assumes that all EUCG data 
provided by OPG for this effort and all industry responses to the nuclear outage benchmarking study led 
by ScottMadden were complete and accurate. 
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This ScottMadden report is also subject to the following qualifications: 
 


 ScottMadden does not imply the performance of any additional, specific research beyond 
what is described in this document. 


 ScottMadden does not express an opinion in this document on the effectiveness of 
management practices at OPG or the appropriateness of any of OPG’s costs, outage 
durations, or other performance characteristics. 


 The ScottMadden methodology was prepared for the benefit of OPG and is limited to the 
subject matter expressly stated in this document; no additional ScottMadden opinion is implied 
or may be inferred. 


 
3. EXECUTIVE SUMMARY 


ScottMadden focused on two major areas of investigation, econometric analysis and a custom nuclear 
outage benchmarking study. 
 
In the econometric analysis, ScottMadden analyzed nine years of EUCG data (from 2009 to 2017) and 
567 data points to understand which site characteristics most influence TGC over a sustained period 
and to what extent. We used multiple linear regression (MLR) to quantify the relationships between 
various combinations of reactor type, site capacity, number of units, unit size, and unit age (the 
independent variables) and the EUCG data for site costs (TGC, the dependent variable). Through this 
analysis, we were able to develop a powerful predictive model for TGC that explains ~79% of the 
variability in TGC across the dataset using reactor type, site capacity, and unit age. The model 
indicates: 
 


 CANDU technology increases predicted TGC by over C$2501 million per year relative to non-
CANDU plants 


 Each MW of site capacity increases predicted TGC by C$261 thousand per year 


 Each month of average unit age increases predicted TGC by C$346 thousand per year 


 
Once ScottMadden established a mathematically-sound quantification of the impact these site 
characteristics have on TGC, we adjusted for all sites in the EUCG dataset to account for these factors. 
However, to be conservative and ensure adjustments were easy to understand, we only performed 
adjustments for reactor type and unit age. 
 


 The result of these adjustments on TGC/MWh performance was an improvement in relative 
performance for PNGS from 60th to 51st out of the 63 sites in the EUCG panel. 


 DNGS improved from 48th to 31st after performing the same adjustments and also adjusting 
for refurbishment work, as previously documented and validated.  


 
ScottMadden also initiated a custom nuclear outage benchmarking study to understand better how 
outage work differs across reactor technologies (BWR, CANDU, and PWR) and operators.  The study 
used a variety of data sources, chief among them a direct survey of nuclear operators, in which 


                                                
1 All C$ values in this document are in 2017 dollars, unless otherwise indicated 
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responses were confidential and participation was sufficient to represent each of the three reactor 
technologies (19 CANDU plants, 9 BWR plants, and 19 PWR plants) in the results. 
 
ScottMadden focused only on quantifying and adjusting for the impact of regularly recurring, planned 
maintenance outages on power generation, taking steps to arrive at an average annual value for days 
offline due to these planned outages. The output of this exercise is represented in the table below. 
 


Reactor Type Outage Cycle Median Average 
Planned Outage Days 


Per Year 


Incremental Additional Outage 
Days Per Year Above Shortest 


Duration 
BWR 18-month cycle2 Not represented in 


study 
 


24-month cycle 14 days 
PWR 18-month cycle 19 days 5 days 


24-month cycle 14 days 0 days 
CANDU 24-month cycle 18 days 4 days 


30-month cycle 36 days 22 days 
36-month cycle 27 days 13 days 


 
ScottMadden adjusted for these outage requirements by normalizing the annual values for MWh of 
production at each plant. Specifically, if a plant in the dataset had a reactor type and outage cycle 
combination that, on average, required additional outage days above the shortest duration, we added 
those incremental additional days back to total production for the year using the site summer capacity3 
at 100% utilization. If a plant had a reactor type and outage cycle combination that did not require 
additional outage days (i.e., all BWRs and PWRs on 24-month outage cycles), we left total production 
values unchanged.  
 


 The result of these adjustments on TGC/MWh performance was further improvement in 
relative performance for PNGS from 51st to 47th out of the 63 sites in the EUCG panel, or 
third quartile. 


 DNGS also further improved from 31st to 29th, or second quartile, after performing the same 
adjustments.  


 
  


                                                
2 Of the 63 operators in the EUCG dataset, only two single-unit plants are reported to be on an 18-month 
maintenance cycle during the 2015-2017 timeframe, and these plants were not represented in our survey of nuclear 
operators. Thus, for the purposes of this study, we assumed that 18-month cycle BWRs have the same annualized 
median outage duration as 24-month cycle BWRs. 
3 From the EIA 860 form, retrieved through SNL database, as opposed to nameplate capacity or winter capacity, 
which are often higher values 
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4. ECONOMETRIC ANALYSIS 


About the Data 


ScottMadden analyzed EUCG data to 
understand and quantify the impact of 
certain site characteristics on total 
generating cost (TGC) and cost 
performance (TGC/MWh). In this study, 
ScottMadden analyzed nine years of 
EUCG data (from 2009 to 2017) to 
understand which site characteristics 
most influence TGC over a sustained 
period and to what extent. The dataset 
used for this analysis includes: 
 


 63 nuclear sites and 567 total 
data points (one / site / year)  


 Three reactor types: 
o PWRs – 37 sites 
o BWRs – 23 sites 
o CANDUs – 3 sites 


 Nuclear sites with a median capacity of 1,737 MW, median unit capacity of 967 MW, and median 
average unit age of 397 months (~33 years)4 


 Primarily sites with either one or two units (57 of 63), but: 
o Three sites (two PWRs and one BWR) with three units 
o One site with four units (CANDU – Darlington) 
o One site with six units (CANDU – Pickering) 
o One site with eight units (CANDU – Bruce)  


 
It is worth noting that there are few CANDU plants in the EUCG data and the technology differs in 
important ways from the PWR and BWR plants. For example, CANDU plants 
 


 Have greater numbers of smaller capacity units but larger total site capacities 
 Have different online and outage maintenance requirements but can be refueled online 
 Operate in Canada and are subject to a different regulatory and market environment than PWRs 


and BWRs operating in the US 
 
ScottMadden used the EUCG data described above to analyze how certain site characteristics 
influence nuclear site costs. Before performing this analysis, ScottMadden adjusted dollar values for 
inflation to ensure that we could establish mathematical relationships that persisted across the nine-
year dataset. Specifically, we adjusted Total Generating Costs (TGC) from 2009 to 2017 for inflation 
using the Gross Domestic Product Implicit Price Index Final Domestic Demand (GDP-IPI FDD) in 
Canada from Statistics Canada, converting all TGC values to 2017 dollars. ScottMadden found this a 


                                                
4 This number is not reflective of the current median average unit age of nuclear sites in the panel because average 
unit age was calculated for each year in the dataset at that specific point in time 
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reasonable index to use and favored it over others for this application as it is preferred by the Ontario 
Energy Board (OEB).5 
 
Predictive Model for Total Generating Costs 


ScottMadden focused the analysis on characteristics that cannot be controlled by how well a site is 
operated but are likely to have a meaningful influence on site costs, including: 
 


 Reactor type – CANDU, PWR, or BWR 
 Site capacity – total site capacity across all operating units (MW) 
 Number of units – total number of operating units at the site 
 Unit size – average capacity of the units at the site (MW) 
 Unit age – average age of the units at the site (months) 


 
Specifically, ScottMadden used Multiple Linear Regression (MLR) to quantify the relationships between 
various combinations of the above site characteristics (the independent variables) and the EUCG data 
for, separately, site costs (TGC) and cost performance (TGC/MWh). While we were unable to develop a 
sufficiently predictive model for cost performance (TGC/MWh) directly, we were able to develop a 
powerful predictive model for site costs (TGC). 
 
Our TGC model explains ~79% of the variability in TGC with reactor type, site capacity, and unit age 
and indicates: 
 


 CANDU technology increases TGC relative to PWR and BWR reactor types 
 Greater site capacity increases TGC 
 Higher average unit age increases TGC 


 
The specific, mathematical model for site costs in thousands of Canadian dollars (C$k) is: 
𝑓(𝑇𝐺𝐶 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟) = (−255,421 ∗ (𝑃𝑊𝑅)) + (−283,946 ∗ (𝐵𝑊𝑅)) + (261 ∗ (𝑠𝑖𝑡𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦)) + (346 ∗
(𝑢𝑛𝑖𝑡 𝑎𝑔𝑒)) + 302,477. Each coefficient in the formula is the estimated change in TGC corresponding to 
one unit change in that associated variable when all other variables are held constant. Specifically: 
 


 If the PWR value is 1, indicating it is a PWR reactor, predicted TGC would decrease by 
C$255,421k (2017); If 0, it will remain unchanged 


 If the BWR value is 1, indicating it is a BWR reactor, predicted TGC would decrease by 
C$283,946k (2017); If 0, it will remain unchanged 


 For each MW of site capacity, predicted TGC would increase by C$261k (2017) 


 For each month of average unit age, predicted TGC would increase by C$346k (2017) 


 


  


                                                
5 GDP-IPI FDD is an inflation factor that is commonly-used and frequently referenced by the OEB in multiple 
documents, including the most recent rate decision for OPG, EB-2016-0152. 
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Put more simply, with all other variables held constant: 


 
 CANDU technology increases predicted TGC by over C$250 million per year relative to non-


CANDU plants 


 Each MW of site capacity increases predicted TGC by C$261 thousand per year 


 Each month of average unit age increases predicted TGC by C$346 thousand per year 


 
Once we established a mathematically-sound quantification of the impact these site characteristics have 
on TGC, we adjusted for all sites in the EUCG data set to account for these factors. However, we only 
perform adjustments for reactor type and unit age, using the process below.6 
 


 Reactor Type – if the reactor is a:  


 BWR, we assign no adjustment value 


 PWR, we assign an adjustment value of ~(28,525) in 2017C$k 


 CANDU, we assign an adjustment value of ~(283,946) in 2017C$k 


 Unit Age – For each month of average unit age: 


 Above the median value in the dataset (call this value “a”), we assign an adjustment 
value of “a” multiplied by ~($346) in 2017C$k 


 Below the median value in the dataset (call this value “b”), we assign an adjustment 
value of “b” multiplied by ~$346 in 2017C$k 


 Inflation – We sum all assigned adjustment values and then, for any year other than 2017, we 
use the appropriate GDP-IPI FDD value to inflate or deflate the cost adjustment to a value for 
that specific year 


 
We do not adjust costs for differences in site capacity, despite this being a significant driver of cost, since 
this would also have required a complex adjustment to generation.7  
 
Lastly, to adjust cost for a given year, we use the GDP-IPI FDD to modify the adjustment value to the 
appropriate year (e.g., to adjust TGC in 2015, we take the TGC impact from the model above, which is 
in 2017 dollars, modify it to 2015 dollars, and adjust the value for 2015). Finally, we divided the adjusted 
TGC by actual MWh of generation to get the updated comparison shown in the chart below. 
 
  


                                                
6 Precise adjustment values were C$(28,525,521.81) / yr for PWR, C$(283,946,104.12) / yr for CANDU, and 
C$346,088.63 per month of average unit age at the site by a multiple of (median of the average value in months 
across all sites minus the average value of the specific site in months) 
7 Adjusting for site capacity would follow the logic of other adjustments to cost. In this model, that would mean 
adjusting costs by ~C$261k per MW per year for each site by a multiple of (median capacity in MW across all sites 
minus the capacity of the specific site in MW). However, such an adjustment for site capacity would also require 
that we adjust the MWhs produced by the site in kind. This adjustment would require determination of, for example, 
the capacity factor to use when determining the change in MWh, further complicating the adjustment and magnifying 
differences across sites in certain periods. ScottMadden thus felt it more conservative and intuitive to adjust only 
for technology and age of equipment. 
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TGC/MWh performance 2015-’17 for EUCG Panel with All Sites Adjusted Based on Econometric 
Analysis and DNGS Also Adjusted for Refurbishment 


 


 
 
By making these adjustments for reactor type and average unit age Pickering’s relative performance 
improves from the 60th to 51st out of the 63 sites in the EUCG panel. Darlington’s relative performance 
improves from 48th to 39th out of the 63 sites in the EUCG panel. Also adjusting for Darlington’s 
refurbishment improves Darlington’s relative performance to 31st out of the 63 sites in the EUCG panel.  
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5. CUSTOM NUCLEAR OUTAGE BENCHMARKING STUDY 


ScottMadden initiated a study of nuclear plant outages on behalf of OPG to better understand how outage 
work differs across reactor technologies (CANDU, PWR, and BWR) and operators.  The study included 
research of various public and private sources8, EUCG data provided by OPG, and confidential9 
responses to a custom ScottMadden survey from nine nuclear operators. Participants in the outage 
survey provided sufficient representation for each of the three reactor technologies and included 19 
CANDU plants, 19 PWR plants, and 9 BWR plants. Operators were asked to provide information on: 
 


 The overall refurbishment profile of each unit (including major component replacements, full 
refurbishments, etc.) 


 Historical and future planned outages, including major scope, critical path and near-critical 
path activities, life-extension work, completion timelines, and costs 


 Other, infrequent outages (e.g., vacuum building outages for CANDUs), including scope, 
schedule, and cost information 


 
While some operators chose not to respond to cost information and other items in the survey, we received 
robust data on historical and future planned outage scopes and durations. From our various data sources 
and for this study, we focused on the differences in future planned outage durations across technology 
types and outage frequencies. 
 
All reactor types have planned maintenance outages on either 18, 24, 30, or 36-month cycles. Planned 
maintenance outages for PWRs and BWRs are incorporated into refueling cycles and occur every 18 or 
24 months. Planned maintenance outages for CANDU reactors occur every 24, 30, or 36 months. Work 
to significantly extend the operating life of a plant (life-extension activities) is also approached differently 
across technologies. For PWR and BWR plants, it is more common to complete this work as part of 
planned refueling and maintenance outages over a series of multiple outages to minimize time in outage. 
The scope for this work also differs from one plant to the next due to differences in plant design, market 
construct, and other factors. Comparable life-extension activities for CANDU plants largely occur during 
very long-duration refurbishment outages where multiple, major plant components are replaced, though 
some related work can also be incorporated into more frequently recurring planned maintenance outages.  
 
Due to the higher variability and lower frequency of life-extension activities that occur across reactor 
technologies and operators, ScottMadden focused only on quantifying and adjusting for the impact of 
recurring, planned maintenance outages on power generation. We took the following steps to arrive at 
an average annual value for days offline due to these planned outages. 
 


1. We calculated the median planned maintenance outage days for each technology type and 
maintenance cycle 


2. We projected this schedule of outages over a 30-year period, which was the least common 
multiple in number of years for the different outage cycles, to determine planned maintenance 
outage days over a long period 


3. We annualized these 30-year values into a number of days per year to determine the average 
annual outage days required for planned maintenance by technology type and outage cycle 


                                                
8 Primarily, S&P Global, US Nuclear Regulatory Commission, Ontario Energy Board, and New Brunswick Energy 
and Utilities Board 
9 ScottMadden acted as the blinding agent for all survey responses so that no participants, including OPG, would 
be able to view this sensitive data from other operators. 
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4. Finally, we calculated the incremental additional annual outage days required for any technology 
(CANDU, PWR, and BWR) and cycle (18, 24, 30, or 36-month) combination compared to those 
technologies and cycles requiring the fewest average outage days per year (which were BWRs 
and PWRs on 24-month cycles) 


 
We represent the output of this exercise in the table below. 
 


Reactor Type Outage Cycle Median Average 
Planned Outage Days 
Per Year, Annualized 


Incremental Additional 
Annualized Outage Days Per 


Year Above Shortest Duration 
BWR 18-month cycle10 Not represented in 


study 
 


24-month cycle 14 days 
PWR 18-month cycle 19 days 5 days 


24-month cycle 14 days 0 days 
CANDU 24-month cycle 18 days 4 days 


30-month cycle 36 days 22 days 
36-month cycle 27 days 13 days 


 
To adjust for these outage requirements, we normalized the annual values for MWh of production at each 
plant. Specifically, if a plant in the dataset had a reactor type and outage cycle combination that, on 
average, required additional outage days above the shortest duration, we added those incremental 
additional days back to total production for the year using the site summer capacity11 at 100% utilization. 
If a plant had a reactor type and outage cycle combination that did not require additional outage days 
(i.e., all BWRs and PWRs on 24-month outage cycles), we left total production values unchanged. 
 
Although the median average planned outage durations fall in the range of 14 days to 36 days annually 
per unit for all reactor types, historical outages between 2015-2019 have shown many outages extending 
beyond stated planning assumptions, mainly due to discovery or other emergent issues identified by the 
operator. This indicates that, while operators aim to complete outages on schedule, these planning 
assumptions have recently proven to be conservative estimates, at least for our purposes. 
 
ScottMadden adjusted the MWh values for all 63 sites from 2015-2017, as described above, to account 
for the impact of differences in planned outage durations across technology types and outage 
frequencies. The chart below shows the adjusted TGC values from the econometric analysis divided by 
the adjusted MWh values from the custom nuclear outage benchmarking study.  
 
  


                                                
10 Of the 63 operators in the EUCG dataset, only two single-unit plants are reported to be on an 18-month 
maintenance cycle during the 2015-2017 timeframe, and these plants were not represented in our survey of nuclear 
operators. Thus, for the purposes of this study, we assumed that 18-month cycle BWRs have the same annualized 
median outage duration as 24-month cycle BWRs. 
11 From the EIA 860 form, retrieved through SNL database, as opposed to nameplate capacity or winter capacity, 
which are often higher values 
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As a result of these adjustments: 
 


 Pickering’s relative performance improves further to 47th out of the 63 sites in the EUCG panel 
or third quartile 


 Darlington’s relative performance without accounting for Refurbishment improves to 37th out 
of the 63 sites in the EUCG panel; after accounting for Refurbishment, Darlington’s relative 
performance is 29th out of the 63 sites in the EUCG panel or second quartile 


 
TGC/MWh performance 2015-’17 for EUCG Panel with All Sites Adjusted Based on Econometric 


Analysis and Outage Study and DNGS Also Adjusted for Refurbishment 
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1. BACKGROUND 
 


Context and ScottMadden’s View 
 
Darlington Nuclear Generating Station (DNGS) is one of two nuclear stations operated by Ontario 
Power Generation (OPG).  DNGS is a four-unit station with a net output of 3,512 megawatts (MW), 
and it has been producing almost 20 percent of Ontario’s electricity needs since the early 1990s. 
OPG is performing a major mid-life refurbishment of the four reactors at DNGS (Refurbishment), 
which involves the replacement of certain life-limiting components. The execution of the 
Refurbishment “mega-project” started in October 2016 with breaker-open on Unit 2. 
 
OPG tracks and benchmarks the performance of DNGS against industry peers under its nuclear 
cornerstone of value for money using a suite of four cost metrics. OPG believes that two of these 
cost metrics, Total Generating Cost per MWh (TGC per MWh) and Non-Fuel Operating Cost per 
MWh (NFOC per MWh), will not be comparable to prior site performance or industry peers during 
Refurbishment as a result of significantly reduced MWhs of generation with no corresponding 
decline in costs, which are largely fixed. In order to ensure that DNGS performance can be tracked 
and benchmarked during Refurbishment, OPG intends to “normalize,” or adjust to facilitate 
comparison of these two cost metrics. 
 
ScottMadden’s view: 


• Refurbishment is a unique “mega-project,” and the experience and perspective of other 
industry professionals, while useful to consider, cannot provide established practice for 
normalizing cost metrics during this unique project 


• ScottMadden concurs with OPG that Refurbishment will significantly impact station 
performance indicators for these two cost metrics and that normalization will be necessary 
to facilitate useful comparisons to past performance and industry peers 


• ScottMadden supports OPG’s decision to continue to report an unadjusted (i.e., not 
normalized) version of these cost metrics in conjunction with any normalized version 


• ScottMadden found that a more strongly supported and conventional approach to 
normalization of cost metrics was to adjust the distribution of actual costs to reflect 
performance of the operating units while using actual MWhs generated in the 
denominator. 


 
 


Explanation of the Specific Issue 
 
Four different Value for Money (VFM) Metrics, hereafter referred to as Cost Metrics, are used by 
OPG to measure its Nuclear Stations’ performance and to benchmark against industry standards. 
 


1. Total Generating Cost (TGC) per MWh 
2. Non-Fuel Operating Cost (NFOC) per MWh1 
3. Fuel Cost per MWh 
4. Capital Cost per MW Design Electrical Rating2 


                                                
1 Non-Fuel Operating Cost (NFOC) is “total operating, maintenance & administrative cost” which is comprised of 
station cost, as well as attributed centralized nuclear support cost and attributed corporate support and certain 
centrally-held costs 
2 “Capital cost per MW,” as a standalone metric uses MW Design Electrical Rating (DER) as the denominator, but 
nominal dollars of capital cost also contribute to the numerator in the “Total Generation Cost (TGC) per MWh” metric 
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For benchmarking purposes, Cost Metrics follow the guidance provided by the Electric Utility Cost 
Group (EUCG) in the Nuclear Committee Nuclear Database Instructions. The first two Cost 
Metrics, TGC per MWh and NFOC per MWh, will not be comparable to peers (or steady state 
operations) during the Refurbishment for two key reasons: 
 


1. Lower generation (MWhs in the denominator) while the Darlington units are offline and not 
generating electricity 


2. Fixed costs which do not scale up or down proportionally with how much electricity the 
Darlington units generate3 


 
At OPG, the following non-fuel costs are attributed to the nuclear operating stations: 
 


• Corporate support Operating, Maintenance and Administrative (OM&A) costs 
• Nuclear centralized support OM&A costs 
• Nuclear station OM&A costs (excluding Refurbishment OM&A costs) 
• Nuclear capital costs (excluding Refurbishment capital costs) 
• Minor fixed assets 
• Certain centrally held costs 


 
 


2. ABOUT THE SCOTTMADDEN APPROACH 
 


Scope, Objectives, Assumptions and Qualifications 
 


ScottMadden is leveraging prior work, including industry research, to outline a preferred 
methodology through which two of Darlington’s cost performance benchmarks can be normalized: 
 


• TGC per MWh 
• NFOC per MWh 


 
The objective of this work is to facilitate useful comparisons to past performance and industry 
peers for the operating plant at DNGS during the extended time periods in which certain units will 
be offline due to Refurbishment. ScottMadden intends to accomplish this objective by: 
 


• Clarifying which types of costs for a unit in Refurbishment could be reasonably adjusted 
• Explaining how such an adjustment might be performed 
• Documenting this guidance for use by OPG 


 
In preparing this document, ScottMadden assumed that OPG attributes costs in a manner that is 
consistent with the description OPG shared with ScottMadden outlining the cost attribution 
methodologies, particularly for corporate support and nuclear support. 


 
ScottMadden’s recommendation is subject to the following qualifications: 
 


• ScottMadden does not imply the performance of any additional, specific research beyond 
what is described in this document 


                                                
3 Fuel Cost per MWh and Capital Cost will continue to be comparable because fuel cost varies proportionately with 
generation and Capital Cost per MW DER will not be impacted by lower generation during refurbishment 
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• ScottMadden does not express an opinion in this document on the effectiveness of cost 
management practices at OPG or the appropriateness of any costs incurred by OPG 


• The ScottMadden methodology was prepared for the benefit of OPG and is limited to the 
subject matter expressly stated in this document; no additional ScottMadden opinion is 
implied or may be inferred 


 
 


About Cost Attribution 
 


Like any major corporation, particularly one that employs a center-led model to provide functional 
support to the business, OPG employs cost attribution methods intended to appropriately assign 
costs to the business in a manner that is consistent with demands for the associated services.  
 
As previously noted, TGC and NFOC at DNGS include station cost and as well as nuclear support 
and corporate support costs. To compare the cost performance per MWh of the operating plant 
to industry peers, OPG must adjust the distribution of these costs to focus only on the operating 
units.  
 
In order to provide a methodology for making such an adjustment, ScottMadden developed an 
understanding of current cost attribution methods employed by OPG and accepted by the Ontario 
Energy Board (OEB). The scope of ScottMadden support did not include evaluation of the design 
or application of the current cost attribution methodologies. 


 
 


3. METHODOLOGY TO ADJUST FOR REFURBISHMENT 
 


Methodology Summary 
 
As previously stated, TGC and NFOC at DNGS include station costs, nuclear support costs, and 
corporate support costs. The services provided by the support groups can be assigned directly to 
DNGS or attributed indirectly based on defined methodologies. In addition to these services, a 
relatively small amount of engineering and technical service OM&A costs is also attributed to 
DNGS from the Renewable Generation (RG) business. 
 
The focus of the ScottMadden methodology is to allow OPG, after some detailed accounting work, 
to adjust the distribution of OM&A and capital costs to estimate what TGC and NFOC would look 
like if DNGS was presently a three-unit site rather than a four-unit site (as Unit 2 entered 
Refurbishment in October 2016 and remains offline). ScottMadden has examined OPG cost items 
and current attributions in order to identify costs that can be reasonably adjusted out to create a 
normalized TGC per MWh and NFOC per MWh.  
 
The intent of normalizing the metric in this way is to facilitate useful comparisons to past 
performance and industry peers for the operating plant at DNGS during the extended time periods 
in which certain units will be offline due to Refurbishment. Within the methodology, ScottMadden 
provides specific guidance for each type of cost, taking into consideration how costs are currently 
attributed as well as the nature of the work associated with the cost. 
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The normalization methodology makes provision to remove OM&A and capital costs from TGC 
that are reasonably attributable to the unit(s) in Refurbishment.4 While a portion of Darlington’s 
capital costs are captured by this provision, ScottMadden is aware of certain other capital 
expenditures intended to support post-refurbishment operations that have not been classified by 
OPG as Refurbishment capital and therefore have an unfavorable impact on Darlington’s 
TGC/MWh performance. 
 
ScottMadden is also aware of the lost generation impact for the station associated with bulkhead 
installation and removal as part of the Refurbishment program. While ScottMadden acknowledges 
that this activity would have an unfavorable impact on Darlington’s TGC per MWh performance, 
this type of adjustment is outside the scope of the normalization methodology set out in this report, 
which focuses on adjusting the distribution of costs. 
 
 
Corporate Support OM&A Cost Attribution 
 
In this section, ScottMadden identifies how each type of Corporate Support cost5 should be 
removed for the purposes of normalization for both the costs directly assigned to DNGS and the 
costs attributed to DNGS via the OPG methodology. There are multiple scenarios to consider, 
and each is described below along with the specific instructions for the recommended adjustment 
to the associated costs. 
 


• Scenario 1: Management Assignment or Proportionate Support Allocation 
o The OPG methodology attributes certain costs to DNGS based on management 


assignment or proportionate support allocation. Management assignment includes 
direct assignment and management time estimates of FTEs or other resources. 
Proportionate support allocation attributes certain corporate support costs in the 
same ratio as other corporate support costs based on the OPG allocation 
methodology 


o In this case, the costs attributed to DNGS can be reduced to adjust for the impact 
of Refurbishment by “(number of operating units in Refurbishment) divided by (total 
number of operating units at DNGS)” 


• Scenario 2: Full-Time Equivalents 
o The OPG methodology attributes certain costs to DNGS based on the number of 


FTEs at the station relative to the total number of FTEs supported 
o In this case, to the extent station FTEs are reasonably attributable to the unit(s) in 


Refurbishment, DNGS costs can be reduced by “(number of station FTEs 
supporting Refurbishment) divided by (total number of station FTEs)” 


• Scenario 3: OM&A and Capital Blend 
o The OPG methodology attributes certain costs to DNGS based on OM&A and 


capital dollar blend specific to the station relative to total blended OM&A and 
capital costs6 


o In this case, to the extent OM&A and capital costs are reasonably attributable to 
the unit(s) in Refurbishment, DNGS costs can be reduced by “(OM&A and capital 


                                                
4 Normalization of centrally held OM&A costs included in the cost performance benchmarks is outside the scope of 
the normalization methodology set out in this report 
5 Includes OM&A components of asset service fees charged to the nuclear business unit for the use of common 
corporate assets. 
6 Capital costs used in the calculation of the OM&A and Capital Blend allocator exclude external purchased services 
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costs attributable to Refurbishment) divided by (total OM&A and capital costs for 
DNGS)” 


 
The following table sets out each group of costs and the associated cost attribution scenario, 
based on OPG’s 2017 organizational structure. By applying the prescribed actions outlined above 
to each of the corresponding groups of costs, new TGC and NFOC values, adjusted for 
Refurbishment, can be calculated and divided by actual MWh of generation to produce the 
normalized measures of value for money. 


 


Group OPG Method of Cost Attribution to DNGS 


Chief Administrative Office  


Environment 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 3: OM&A and Capital Blend 


Law 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 3: OM&A and Capital Blend 


Real Estate & Services 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 3: OM&A and Capital Blend 


Regulatory Affairs 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 3: OM&A and Capital Blend 


Supply Chain 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 3: OM&A and Capital Blend 


Corporate Office  


Corporate Affairs 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 3: OM&A and Capital Blend 


Executive Office Scenario 3: OM&A and Capital Blend 
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Group OPG Method of Cost Attribution to DNGS 


Finance  


Assurance and Enterprise Risk Management 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 3: OM&A and Capital Blend 


Corporate Business Development and 
Strategy 


Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 3: OM&A and Capital Blend 


Fund Management Scenario 3: OM&A and Capital Blend 


Treasury (including Insurance) Scenario 3: OM&A and Capital Blend 


Business Planning and Reporting 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 3: OM&A and Capital Blend 


External Reporting and Policy  Scenario 3: OM&A and Capital Blend 


Income Tax Scenario 3: OM&A and Capital Blend 


Nuclear Finance Scenario 1: Management Assignment or Proportionate Support Allocation 


Corporate Controllership Scenario 3: OM&A and Capital Blend 


Shared Financial Services 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 3: OM&A and Capital Blend 


SVP Office and Chief Controller Office Scenario 1: Management Assignment or Proportionate Support Allocation 


Chief Information Office  


Infrastructure Management (outsourced) Scenario 1: Management Assignment or Proportionate Support Allocation 


Application Management (outsourced) Scenario 1: Management Assignment or Proportionate Support Allocation 


Data Center Services (outsourced) Scenario 1: Management Assignment or Proportionate Support Allocation 


Other IT Services (outsourced) Scenario 1: Management Assignment or Proportionate Support Allocation 


IT Support Costs (internal) Scenario 1: Management Assignment or Proportionate Support Allocation 


Projects 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 3: OM&A and Capital Blend 


Business Infrastructure Services  Scenario 1: Management Assignment or Proportionate Support Allocation 
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Group OPG Method of Cost Attribution to DNGS 


People & Culture  


Business Change and Talent 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 2: Full-Time Equivalents 


Employee & Labor Relations 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 2: Full-Time Equivalents 


Total Rewards & Solutions 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 2: Full-Time Equivalents 


Business Partners 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 2: Full-Time Equivalents 


Health and Safety 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 2: Full-Time Equivalents 


Learning & Development 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 2: Full-Time Equivalents 


SVP Office Scenario 2: Full-Time Equivalents 


 
 


Nuclear Support and Station OM&A Cost Attribution 
 
In this section, ScottMadden identifies how each type of Nuclear Support or Station cost should 
be removed for the purposes of normalization for both the costs directly assigned to DNGS and 
the costs attributed to DNGS via the OPG methodology. As mentioned, ScottMadden assumed 
that OPG attributes costs in a manner that is consistent with the descriptions OPG provided to 
ScottMadden of the Nuclear cost attribution methodology. OPG indicated that the attribution 
methodology is driven by the two scenarios described below: 
 


• Scenario 1: Management Assignment or Proportionate Support Allocation 
o The OPG methodology attributes certain costs to DNGS based on management 


assignment or proportionate support allocation. Management assignment includes 
direct assignment and management time estimates of FTEs or other resources. 
Proportionate support allocation attributes certain corporate support costs in the 
same ratio as other corporate support costs based on the OPG allocation 
methodology 


o In this case, the costs attributed to DNGS can be reduced to adjust for the impact 
of Refurbishment by “(number of operating units in Refurbishment) divided by (total 
number of operating units at DNGS)” 


• Scenario 4: Number of Operating Units 
o The OPG methodology attributes certain costs to DNGS and PNGS at 40% and 


60% based on the number of operating units between the two stations 
o Given this allocation approach is based on operating units, DNGS costs can be 


reduced by “(number of operating units in Refurbishment) divided by (total number 
of operating units at DNGS)” 


 
The following table sets out each group of costs and the associated attribution scenario, based 
on OPG’s 2017 organizational structure. By applying the prescribed actions outlined above to 
each of the corresponding groups of costs, new TGC and NFOC values, adjusted for 
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Refurbishment, can be calculated and divided by actual MWh of generation to produce the 
normalized measures of value for money. 
 


Group OPG Method of Cost Attribution to DNGS 


Nuclear Support  


Direct Report 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 4: Number of Operating Units 


Fleet Ops Maintenance & Training 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 4: Number of Operating Units 


Inspection & Maintenance Services 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 4: Number of Operating Units 


Nuclear Engineering 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 4: Number of Operating Units 


Nuclear Oversight 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 4: Number of Operating Units 


Nuclear Reg Affairs & Stakeholder 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 4: Number of Operating Units 


Nuclear Waste Management 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 4: Number of Operating Units 


Projects & Modifications 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 4: Number of Operating Units 


Security & Emergency Services 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 4: Number of Operating Units 


Nuclear Station  


DNGS Scenario 1: Management Assignment or Proportionate Support Allocation 


PNGS 
Scenario 1: Management Assignment or Proportionate Support Allocation 
Scenario 4: Number of Operating Units 


 
 


Nuclear Sustaining Capital Cost Attribution  
 
In this section, ScottMadden identifies how sustaining capital costs associated with DNGS should 
be removed for the purposes of normalization for both the costs directly associated with the unit(s) 
under Refurbishment and those that are common to all units of the station 
 


• Sustaining Capital Cost for Unit(s) under Refurbishment – ScottMadden recommends 
that the sustaining capital costs attributed to DNGS that are directly associated with the 
unit(s) under refurbishment should be excluded in full for normalization purposes 


• Sustaining Capital Cost Common to All Units at DNGS – ScottMadden recommends 
that the sustaining capital costs attributed to DNGS that are common to all units of the 
station be excluded on the basis of “(number of operating units in Refurbishment) divided 
by (total number of operating units at DNGS)” 
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By applying the prescribed actions outlined above to each of the corresponding groups of costs, 
new TGC and NFOC values, adjusted for Refurbishment, can be calculated and divided by actual 
MWh of generation to produce the normalized measures of value for money. 
 


4. SCOTTMADDEN VALIDATION OF OPG ADJUSTMENT 
 
Adjustment Outcome 
 
Following the documented methodology guidance, OPG independently performed the adjustment 
and normalized costs for 2017 by $263.3M, resulting in: 


• Decrease of 3-year TGC/MWh from 54.40 to 50.54 for 2017 
• Decrease of 3-year NFOC/MWh from 39.62 to 36.89 for 2017 


 
ScottMadden has reviewed the work to validate that: 


• The approach OPG followed was in accordance with ScottMadden guidance 
• OPG accurately performed the calculations 


 
 
Validation 
 
ScottMadden reproduced the OPG implementation of the methodology, adhering to OPG’s 
described methods of cost attribution to DNGS to closely compare subtotals. Comparison of 
OPG’s total calculated reduction and ScottMadden’s total calculated reduction revealed no 
variance. ScottMadden found that OPG correctly interpreted and implemented the guidance 
provided. 
 
OM&A and Capital Costs Calculation 
 
For several types of costs allocated to DNGS (Scenario 3), the methodology directs that DNGS 
costs in a given year can be reduced by a calculated percentage found by:  
 


��&�	���		�
���		����	�����������	��	������	


����	��&�	���		�
���		����	���	����
 


 
OPG’s calculation is displayed in the table below. ScottMadden validated that OPG implemented 
the methodology correctly to arrive at an adjustment value of 45% for OM&A and capital cost 
blend attributable adjustments: 
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FTE Calculation 
 
For several types of costs allocated to DNGS (Scenario 2), the methodology directs that DNGS 
costs in a given year can be reduced by a calculated percentage found by:  
 


������	��	�������	����	��

������	�������������


����	������	��	�������	����
 


 
OPG’s calculation is displayed in the table below. ScottMadden validated that OPG implemented 
the methodology correctly to arrive at an adjustment value of 41% for adjustments attributable to 
number of FTEs at the station: 
 


 
 
Table of Adjustments 
 
The table on the following two pages outlines the adjustments, organized by method of adjustment 
according to cost category and methodology. 
 


 
 
 
  


2017 %


Capital 


Refurb 375                      64%


Darlington 207                      36%


Total Capital 582                      


OM&A


Refurb 91                        20%


Darlington 373                      80%


Total OM&A 464                      


Total Costs


Refurb 466                      45%


Darlington 580                      55%


Total Costs 1,046                   


* All Capital costs exclude External Purchased Services (EPS)


OM&A and Capital Costs Budget*


2017 %


Refurb 862 41%


Darlington 1,253 59%


Total FTE 2,114


Budget FTE
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Table continues on the next page. 


Group OPG Method of Cost Attribution to DNGS  Reduction ($K) 


Nuclear Station and 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)


Chief Administrative Office


Scenario 1: Management Assignment or Proportionate Support Allocation  $                (685)


Scenario 3: OM&A and Capital Blend  $                (629)


Scenario 1: Management Assignment or Proportionate Support Allocation  $                (590)


Scenario 3: OM&A and Capital Blend  $             (1,531)


Scenario 1: Management Assignment or Proportionate Support Allocation  $             (8,553)


Scenario 3: OM&A and Capital Blend  $                (319)


Scenario 1: Management Assignment or Proportionate Support Allocation  $                (262)


Scenario 3: OM&A and Capital Blend  $                  (51)


Scenario 1: Management Assignment or Proportionate Support Allocation  $             (5,012)


Scenario 3: OM&A and Capital Blend  $                (673)


Corporate Office   


Scenario 1: Management Assignment or Proportionate Support Allocation  $             (1,837)


Scenario 3: OM&A and Capital Blend  $             (1,734)


Executive Office Scenario 3: OM&A and Capital Blend  $                (465)


Finance   


Scenario 1: Management Assignment or Proportionate Support Allocation  $                (290)


Scenario 3: OM&A and Capital Blend  $                (682)


Scenario 1: Management Assignment or Proportionate Support Allocation  $                  (95)


Scenario 3: OM&A and Capital Blend  $                (866)


Fund Management Scenario 3: OM&A and Capital Blend  $                (256)


Treasury (including Insurance) Scenario 3: OM&A and Capital Blend  $             (2,555)


Scenario 1: Management Assignment or Proportionate Support Allocation  $                  (81)


Scenario 3: OM&A and Capital Blend  $             (1,233)


External Reporting and Policy Scenario 3: OM&A and Capital Blend  $                (959)


Income Tax Scenario 3: OM&A and Capital Blend  $                (533)


Nuclear Finance Scenario 1: Management Assignment or Proportionate Support Allocation  $             (1,353)


Corporate Controllership Scenario 3: OM&A and Capital Blend  $                (510)


Scenario 1: Management Assignment or Proportionate Support Allocation  $                (138)


Scenario 3: OM&A and Capital Blend  $             (2,097)


SVP Office and Chief Controller Office Scenario 1: Management Assignment or Proportionate Support Allocation  $                (149)


Chief Information Office   


Scenario 1: Management Assignment or Proportionate Support Allocation  $           (13,167)


Scenario 3: OM&A and Capital Blend  $             (3,970)


Environment


Law


Real Estate & Services


Regulatory Affairs


Supply Chain


Corporate Affairs


Assurance and Enterprise Risk 


Management


Corporate Business Development and 


Strategy


Business Planning and Reporting


Shared Financial Services


CIO
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Group OPG Method of Cost Attribution to DNGS   


People & Culture   


Scenario 1: Management Assignment or Proportionate Support Allocation  $                (567)


Scenario 2: Full-Time Equivalents  $                (318)


Scenario 1: Management Assignment or Proportionate Support Allocation  $                (315)


Scenario 2: Full-Time Equivalents  $             (1,692)


Scenario 1: Management Assignment or Proportionate Support Allocation  $                (364)


Scenario 2: Full-Time Equivalents  $             (1,551)


Scenario 1: Management Assignment or Proportionate Support Allocation  $                (443)


Scenario 2: Full-Time Equivalents  $                (110)


Scenario 1: Management Assignment or Proportionate Support Allocation  $             (7,733)


Scenario 2: Full-Time Equivalents  $                (252)


SVP Office Scenario 2: Full-Time Equivalents  $                (618)


Nuclear Support   


Scenario 1: Management Assignment or Proportionate Support Allocation   


Scenario 4: Number of Operating Units  $                (746)


Scenario 1: Management Assignment or Proportionate Support Allocation   


Scenario 4: Number of Operating Units  $             (6,679)


Scenario 1: Management Assignment or Proportionate Support Allocation   


Scenario 4: Number of Operating Units  $             (4,363)


Scenario 1: Management Assignment or Proportionate Support Allocation  $                    (3)


Scenario 4: Number of Operating Units  $           (25,041)


Scenario 1: Management Assignment or Proportionate Support Allocation   


Scenario 4: Number of Operating Units  $                (532)


Scenario 1: Management Assignment or Proportionate Support Allocation   


Scenario 4: Number of Operating Units  $             (3,772)


Scenario 1: Management Assignment or Proportionate Support Allocation   


Scenario 4: Number of Operating Units  $                (121)


Scenario 1: Management Assignment or Proportionate Support Allocation   


Scenario 4: Number of Operating Units  $           (12,291)


Scenario 1: Management Assignment or Proportionate Support Allocation  $                (138)


Scenario 4: Number of Operating Units  $             (9,776)


Nuclear Station   


DNGS Scenario 1: Management Assignment or Proportionate Support Allocation   


Scenario 1: Management Assignment or Proportionate Support Allocation   


Scenario 4: Number of Operating Units  $                    (5)


Sustaining Capital Cost for Unit(s) under Refurbishment  $           (29,082)


Sustaining Capital Cost Common to All Units at DNGS  $           (47,660)


Grand Total (263,342)$         


Nuclear Reg Affairs & Stakeholder


Direct Report


Fleet Ops Maintenance & Training


Inspection & Maintenance Services


Nuclear Engineering


Nuclear Oversight


Nuclear Waste Management


Projects & Modifications and 


Enterprise Projects


Security & Emergency Services


PNGS


Nuclear Sustaining Capital Cost


Business Change and Talent


Employee & Labor Relations and 


Health & Safety


Total Rewards & Solutions


Business Partners


Learning & Development
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December 21, 2019 


VIA EMAIL 


Christine E. Long 


Registrar and Board Secretary 


Ontario Energy Board  


P.O. Box 2319 


2300 Yonge Street, Suite 2700 


Toronto, ON 


M4P 1E4 


Dear Ms. Long: 


Re: OPG Reporting and Record Keeping Requirements 


Further to the OEB’s direction in EB-2016-0152 (Decision and Order, pp. 44-45), please find attached the 


Darlington Refurbishment Program Annual Report. 


Yours truly, 


[Original signed by] 


Matt Kirk 


Att. 


cc: Cathy Nguyen, OEB 


Stephanie Chan, OEB 
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  FOR INFORMATION to the Ontario Energy Board 
 ___________________________________________________________________________________ 


  
December 21st, 2019  


DARLINGTON REFURBISHMENT PROGRAM 
 


INTRODUCTION 


This report provides the status of the Darlington Refurbishment Program (DRP), hereafter referred to as 
the “Program”.   


Unless otherwise noted, this report includes a summary and a review of the Program performance through 
September 30th, 2019. 


This is an annual report to be provided by Ontario Power Generation (OPG) to the Ontario Energy Board 
(OEB) pursuant to the OEB’s decision and order in EB-2016-0152.1  


EXECUTIVE SUMMARY 


The Darlington Refurbishment Program is a multi-year, multi-phase, mega-project that will enable the 
Darlington Generating Station (“Darlington”) to continue safe and reliable operation until approximately 
2055.  The Program includes the replacement of life-limiting critical components, the completion of 
upgrades to meet applicable regulatory requirements, and the rehabilitation of components at Darlington’s 
four units.   


The Release Quality Estimate (RQE) for the four-unit refurbishment is $12.8 billion.  Under RQE, the 
refurbishment of the first unit (Unit 2) was to start in the fall of 2016 and be returned-to-service in the first 
quarter of 2020, with the last unit scheduled to be completed by 2026.  The RQE formed the basis of OPG’s 
May 2016 pre-filed evidence in EB-2016-0152.  Since the development of the RQE in November 2015, 
OPG continued detailed planning and preparations for execution of Unit 2 and established a Unit 2 
Execution Estimate (U2EE).  This estimate was approved by OPG’s Board of Directors in August 2016 and 
has been used to establish Unit 2 project baselines for cost and schedule monitoring.  Details of the U2EE 
were provided in EB-2016-0152, Exhibit L, Tab 4.3, Schedule 1, Staff-055.  Detailed planning associated 
with U2EE confirmed that the overall program and associated contingencies were within the $12.8 billion 
RQE, but resulted in a $89 million increase specific to program costs for Unit 2 and the Early In-service 
Work and Campus Plan projects.  The OEB approved revenue requirement in EB-2016-0152 was based 
on the earlier RQE forecasts per Exhibit N2, Tab 1, Schedule 1 in that proceeding as opposed to the U2EE.   


OPG commenced the refurbishment of Unit 2 in October 2016.  The refurbishment of Unit 2 was divided 
into segments of work that focus on the various stages that Unit 2 must go through prior to returning to 
service.  The first segment, which included the de-fuelling of the reactor and the physical separation of Unit 
2 from the three operating units, was completed in the first half of 2017 in accordance with the original High 
Confidence Schedule.  The second major segment, which included the disassembly and removal of the 
existing reactor components, was completed in May 2018 in accordance with the original High Confidence 
Schedule.  The third major segment involving the installation and reassembly of reactor components was 
completed in October 2019.   


Unit 2 is now scheduled to be returned-to-service in the second quarter of 2020 because of challenges 
associated with the third major segment. 


1 EB-2016-0152, Decisions with Reasons, dated December 28th, 2018, p.44, Table 16. 


OPG Confidential Exclusive 
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Unit 2 is currently in the fourth major segment; fuel load and restoring systems in order to bring the unit 
back online.  As of November 5th, 2019, 40 of 58 systems have been returned-to-service.   


Preparations for the refurbishment of Unit 3 have been progressing well.  Thousands of lessons learned 
from the refurbishment of Unit 2 have been applied during the planning stage of Unit 3.  These lessons 
have helped to streamline and improve planning for cost and schedule performance in preparation for the 
execution phase.  Design and engineering are 90% complete.  Comprehensive Work Packages continue 
to progress as planned and long lead material procurement is on track with no risks to execution.  All pre-
requisite projects are currently on track for completion in advance of their need dates.   


 


DARLINGTON REFURBISHMENT THRU UNIT 2 STATUS 


OVERVIEW 


Key Program highlights include: 


 SAFETY:  Safety performance continues to be almost 10 times better than the average construction 
industry performance in Ontario.  The Program has worked 19.8 Million hours since October 2016 
and has incurred only one Lost Time Injury.2 


 QUALITY:  The Program’s quality performance remains good overall.  There were 3 high level quality 
events on Unit 2 refurbishment that impacted the High Confidence Schedule.  All quality events have 
been resolved.   


 SCHEDULE:  Execution of the Unit 2 refurbishment is currently 89% complete and the work not 
associated with critical path is 96% complete.  The Return-to-Service (RTS) date has moved from 
Q1 2020 to Q2 2020. 


 COST:  Life-to-date (LTD) Unit 2 and Early In-Service and Campus Plan projects (excluding the 
Heavy Water Storage Facility (HWSF)) costs are $5.4 billion.  While Unit 2 and Early In-Service and 
Campus Plan projects are forecasting to be $137 million over the OEB-approved amounts, Unit 2 is 
forecasting to be completed on budget relative to U2EE.  The overall Program, including Unit 2, 
remains within the $12.8 billion RQE budget.  A detailed explanation for the $137 million variance is 
set out in the Cost section below. 


PROGRESS 


The following is a status summary as of September 30th, 2019, of the major work completed since the last 
report to the OEB in December 2018:  


 Reactor assembly is nearly complete – installation of new Fuel Channels, Feeders, and Reactivity 
Mechanisms is complete. 


 Turbine Generator (TG) overhaul is complete. 


 Steam Generator work is complete and the Condensate System is in-service. 


 Service Water and Electrical Systems are complete and in-service. 


 RTS 


Work on the Moderator and End Shield Cooling Systems is complete and the systems have been 
filled and returned to service.   


2 A Lost Time Injury is a work injury that results in lost days (minimum of one) beyond the date of injury as a direct result of a 
safety incident. 
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 Facilities & Infrastructure Projects (F&IP) and Safety Improvement Opportunities (SIO). 


All F&IP and SIO projects were placed in service with the exception of the HWSF.  The Shield Tank 
Overpressure Protection (STOP) installation was completed on Unit 2 in Q2 2019. 


 Integrated Implementation Plan (IIP). 


Annual IIP tasks are commitments to the Canadian Nuclear Safety Committee (CNSC).  All 50 
tasks committed for 2018 were completed by December 13th, 2018.  Eighty-five of the 99 IIP tasks 
committed for 2019 were completed and the remaining 14 are tied to the RTS schedule with the 
appropriate approvals in progress. 


SAFETY  


Safety is a priority for OPG.  Due to this focus on safety, OPG has one of the lowest injury rates in the 
Canadian electricity sector.3  In order to maintain this safety performance, OPG continues to set challenging 
targets for its day-to-day operations.  In Q3 2019, the Program reported a Total Recordable Injury 
Frequency (TRIF) of 0.49 against its internal target of 0.37 as a result of two medically treated injuries.  The 
TRIF rate has been progressively improving throughout 2019 due to ongoing safety initiatives that target 
and mitigate negative safety trends.  Despite the Program work being executed by contractors and trades 
in a very complex construction environment, OPG purposefully set the same challenging targets for the 
Program as for its operations and expects the same level of performance from the Program.  This 
expectation has resulted in a Program safety performance that is almost 10 times better than the overall 
construction industry average as illustrated in Table 1.   


After 3,426 days and 15.5 million hours worked, the Program incurred its first Lost Time Injury (LTI) in May 
2019 on Unit 2 involving a worker who tripped.   


OPG employs a variety of leading indicators to ensure that issues are addressed before incidents occur.  
OPG’s practice of proactively tracking events where no injuries occur, but where there is potential for harm, 
is one example of a leading indicator.  OPG carefully logs and reviews each of these incidents and 
implements corrective actions to prevent future incidents. 


PERFORMANCE METRICS SUMMARY 


Table 1 provides a summary of the Program’s safety performance and includes OPG and contractor 
employees. 


Table 1 – Safety Performance Metrics 
 Historical Actuals 2019 


Category Measure 2016 2017 
 


2018 Sep 
YTD2 


OPG 
Target3 


Ontario 
Construction 


Industry4 


Safety 


Total Recordable 
Injury Frequency 
(per 200k hours)1  


0.64 0.49 0.39 0.49 0.37 4.68 


Lost time Due to 
Injuries 0 0 0 1 0 N/A 


Notes: 
1 TRIF is the average number of fatalities, LTIs, medical treatment injuries and restricted work injuries per 200,000 hours worked. 
2 Year-to-Date (YTD) 
3 OPG sets very challenging targets for its operations and expects the same level of performance from the Program. 
4 This rating is the most current safety rating for the Ontario Construction Industry. 


3 Compared to the Industrial Health and Safety Association injury rate. 
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CAMPAIGNS, PROGRAMS AND INITIATIVES 


OPG’s safety performance is underpinned by the practice of monitoring low level precursor issues and 
proactively taking action to reduce the risk of serious events from occurring.  The following are the key 
safety campaigns, programs and initiatives that OPG and its contractor partners launched in 2019: 


 Implementation of Cut Resistant Liners in Containment (January 2019) 


After observing a trend related to cuts and punctures through radiation personal protective equipment 
inside the Unit 2 vault, Conventional Safety and OPG Refurbishment Maintenance explored and 
implemented new and improved gloves to replace cotton liners in order to reduce the injury frequency.  
Cut resistant liners are now available to staff.   


 2019 Heat Stress Campaign (April 2019) 


The primary purpose of this campaign was to build upon previous campaigns to further increase 
worker awareness and ensure workers in the field could recognize signs and symptoms of heat 
stress. 


 RTS Self-Assessment & Subsequent Actions (May 2019) 


An RTS Self-Assessment was completed by Conventional Safety and focused on all initial work tasks 
associated with returning Unit 2 back to service.  The goal of the self-assessment was to evaluate 
any conventional safety hazards and/or areas of concern in order to provide accompanying 
recommendations and/or actions.  The self-assessment was completed in May 2019 and all actions 
are complete with ongoing checks and communications until U2 RTS is complete.   


 Falling/Dropped Objects Corporate Initiative (May 2019) 


In late 2018 and early 2019, there was an increased number of dropped object events across OPG.  
Additional barriers, including the use of tool tethers and a revised falling objects control checklist were 
rolled out in the Program in order to reduce the likelihood of dropped object events.  The Program is 
considering the installation of alternative debris netting.   


 Safety Stand-down (May 2019) 


A stand-down was initiated on May 20th, 2019 following a series of safety incidents.  All trade staff 
were sent home for a 24 hour period and an action plan was developed with a focus on increased 
Supervisor oversight in the field and safety communications.  Since the stand-down, the Program has 
seen a significant improvement to the reinforcement of safety behaviours. 


 Working at Heights (August 2019) 


A Working at Heights Self-Assessment was completed by Conventional Safety in order to identify the 
safe work planning process and any potential deficiencies involved with working at heights inside the 
Unit 2 vault.   


RADIOLOGICAL SAFETY  


OPG’s Radiological Protection (RP) program meets regulatory requirements and industry standards.  The 
program is implemented across OPG’s fleet, including in the Program.  No worker has received a dose 
above either regulatory limits or OPG’s more stringent internal targets.  This performance is a result of 
OPG’s robust nuclear safety culture and its “As Low As Reasonably Achievable” (ALARA) RP program.  
Additionally, many improvements have been made in the course of the refurbishment of Unit 2, allowing 
many lessons learned to be applied to the planning of the remaining units.   


The Collective Radiological Exposure (CRE) actual at the end of 2018 was marginally above target due to 
the longer durations in the vault required to complete Upper Feeder and Fuel Channel installations.  All 
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other metrics are at or better than target.  The 2019 performance also is above target and is again 
attributable to longer durations in the vault related to the feeder program extension.  The Refurb ALARA 
committee is monitoring and challenging RP performance to ensure ALARA principles continue to apply 
with the objective of reducing dose to workers.   


PERFORMANCE METRICS SUMMARY 


Table 2 provides a summary of the Program radiological safety performance and includes both OPG and 
contractor employees. 


Table 2 – Radiological Safety Performance Metrics 


 
 


2017 Year End 2018 Year End 2019 End of Q3 


Actual Target Actual Target Actual Target 


CRE (person-rem)1 1144 1383 784 770 434 413 


Unplanned Exposures 0 0 0 0 0 0 
Note 1  A lower number represents a lower amount of radiological exposure. 


QUALITY  


The refurbishment of Unit 2 involved many thousands of removal and installation activities which were 
required to be executed with a high degree of precision.  Many of the installation activities involved precision 
fit-up tasks and critical and highly technical welding operations.  A certain amount of rework is to be 
expected on a Program of this nature.  Given the number of tasks, Unit 2’s Quality performance has been 
good overall.   


As of September 30th, there have been 5 Significant Quality Events.  The most significant impact to the 
project is attributed to a higher than planned weld rework rate during the installation of Lower Feeders.  All 
issues were resolved and lessons learned from these issues were incorporated into planning for the 
remaining units. 


SCHEDULE 


OPG measures Program progress against two schedules: 


1. A High Confidence Schedule; and  
2. A shorter “Working Schedule” that excludes contingency.   


The difference between these two schedules is that the High Confidence Schedule includes additional 
contingency amounts that were quantified based on detailed analysis of risks.  These contingency amounts 
are expected to be utilized over the course of the Program.  The Working Schedule is used to calculate 
performance metrics, for example Schedule Performance Index (SPI)4, and manage day-to-day activities, 
allowing for early escalation of issues.  The use of a Working Schedule and High Confidence Schedule is 
an industry leading best practice for large and complex projects.   


 


 


4 This strategy provides an early indication of potential risks or issues and allows OPG to proactively manage Program 
performance. 
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PERFORMANCE METRICS SUMMARY 


As a result of the challenges encountered on the Feeder installation series, the remaining schedule for Unit 
2 was reassessed.  This assessment indicated a potential 4 month extension to schedule in returning Unit 
2 to full power, therefore the High Confidence date for completion of Unit 2 was revised from Q1 2020 to 
Q2 2020. 


Lessons learned from Unit 2 are being applied to the planning of the remaining units to enable unit-over-
unit efficiencies.  Many challenges faced on the Unit 2 refurbishment, such as the dissimilar metal welds 
and FME issues have been resolved, and improvements to tooling have been made, all of which are 
expected to lead to significant execution improvements for the remaining units.   


Table 3 provides a summary of the Unit 2 schedule performance as of September 30th, 2019 relative to the 
Original Working Schedule. 


Table 3 – Schedule Performance Metrics 


Measure 
2016 


Year End 
Actual 


2017 
Year End 


Actual 


2018 
Q3 


Actual 


2019 
Q3 


Actual 


Working 
Schedule 


Target 


Days Ahead of / 
Behind  


High Confidence 
Schedule  


LTD 1 


28 Days 
Ahead 


10 Days 
Ahead 


33 Days 
Ahead 


72 Days 
Behind N/A 


Critical Path 
Days Ahead of / 


Behind3 Working 
Schedule 


LTD  


19 Days 
Ahead 


47 Days 
Behind 


50 Days 
Behind 


206 Days 
Behind 19-Sep-2019 


SPI 2  0.97 0.94 0.92 0.89 1.00 


Early Forecast 
Completion Date 


3 
31-Aug-2019 5-Nov-2019 8-Nov-2019 20-May-2020 N/A 


Notes 
1 Days Ahead/Behind is calculated as progress for all work currently completed relative to the LTD allotment of Contingency Days 


available in the High Confidence Schedule. 
2 SPI is calculated for construction, commissioning and inspection work packages only against the Working Schedule.   
3 Critical Path Days Ahead/Behind and Early Forecast Completion Date are calculated as progress for all work currently completed 


relative to the Working Schedule and does not consider projected gains or losses for future work. 
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Table 4 provides a summary of the key Program milestones and the actual and forecast completion 
against the original planned completion and the revised High Confidence Schedule.   


Table 4 – Key Unit 2 Milestone Status 


Key Milestone Original 
Planned Completion  


Revised High 
Confidence Schedule 


Actual/ 
Forecast 


Segment 1 [Defuel] 
Complete April 27th, 2017 N/A April 9th, 2017 


Segment 2 [Removal] 
Complete June 2nd, 2018 N/A May 5th, 2018 


Segment 3 [Install] 
Complete August 7th, 2019 December 22nd, 2019 December 22nd, 2019 


Segment 4 [Lead Out / 
RTS] Complete   February 27th, 2020 June 25th, 2020 June 25th, 2020 


 


COST 


PERFORMANCE METRICS SUMMARY 


Total Program costs are currently $6.5 billion LTD.  The forecast total cost at completion for Unit 2 including 
all Early In-Service and Campus Plan projects, but excluding the HWSF, is expected to be $5.7 billion, 
which is $137 million above the amounts approved by the OEB.  The overall Program continues to forecast 
on plan at $12.8 billion. 


Following the approval of the RQE in 2015, OPG continued detailed planning and preparations for execution 
of Unit 2 and established the U2EE as part of its phase gate planning process.  Detailed planning associated 
with U2EE confirmed that the overall Program and associated contingencies were within the $12.8 billion 
set at RQE, and resulted in an increase specific to Program costs for Unit 2 and the Early In-service work 
and Campus Plan projects.  This estimate, approved by OPG’s Board of Directors, established the detailed 
cost and schedule baselines by which Unit 2 performance would be monitored.   


Relative to U2EE, Unit 2 expenditures as of September 30th, 2019 are $3.2 billion and forecast to be on 
target to achieve the U2EE estimate of $3.4 billion at completion. 


The OEB approved revenue requirement in EB-2016-0152 was based on the earlier RQE forecasts per 
Exhibit N2, Tab 1, Schedule 1 in that proceeding as opposed to the more refined U2EE.  Based on the 
forecast total cost at completion for Unit 2, the $137 million variance to OEB-approved amounts is attributed 
to: 


 $89 million difference between RQE and U2EE for planned increases to Unit 2, Early In-service work, 
and Campus Plan projects, and 


 $48 million variance above U2EE for the Early In-Service and Campus Plan projects.   


As of the time of the last report, OPG was forecasting to be within the OEB-approved amounts on the basis 
that the Unit 2 unused contingency would be sufficient to cover the cost variances experienced on the 
Campus Plan projects.  As a result of the challenges encountered on the Feeder installation series for Unit 
2, a portion of the unused contingency was allocated to the Feeder series, which left the remaining 
contingency being less than the Campus Plan projects’ cost variances.   


Similar to SPI, Cost Performance Index (CPI) is measured against the budget that excludes contingency.  
The CPI for Unit 2 is 0.84.   
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Table 5 provides a summary of the key Program cost performance. 


Table 5 – Cost Performance Metrics for Thru Unit 2 1 


CPI LTD Q3 2019 
Actual Cost 


Current Estimate to 
Complete 


Current Estimate at 
Completion 


0.84 $5.4 Billion $0.3 Billion $5.7 Billion 


Note 
1 Program expenditures include Capital and Operations, Maintenance and Administration (OM&A) costs consistent with OEB-


approved amounts.   
  


In its December 28th, 2017 Decision and Order in EB-2016-0152, the OEB included Actual Versus Forecast 
Cumulative Capital Costs as part of OPG’s annual reporting requirements.  This requirement was further 
defined in JT1.17C in the same proceeding as quarterly cost flows for the Unit 2 in-service amount of $4.8 
billion approved by the OEB (excludes early in-service and pre-requisite projects that are included in Table 
5 above).  Table 6 and Figure 1 provide this information: 
 
Table 6 provides a summary of the Actual vs. Forecast Cumulative Capital Costs. 


Table 6 – Actual vs. Forecast Cumulative Capital Costs1 


M$ OEB Undertaking JT 1.17C  
(Forecast) 


Actual Cost Incurred 
 


LTD 2016 2,280 2,118 
Q1 2017 2,501 2,350 
Q2 2017 2,721 2,616 
Q3 2017 2,960 2,886 
Q4 2017 3,188 3,175 
Q1 2018 3,433 3,348 
Q2 2018 3,674 3,536 
Q3 2018 3,909 3,742 
Q4 2018 4,147 3,955 
Q1 2019 4,292 4,146 
Q2 2019 4,435 4,360 
Q3 2019 4,563 4,557 
Q4 2019 4,689  


Q1 2020 4,800  


Q2 2020 N/A  
Total 4,800  


Note 
1 Capital costs include Unit 2, Unit 0 and Definition Phase. 
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Figure 1 – Actual vs. Cumulative Capital Cost Curve 


 
 


ENGINEERING  


Aggregate earned value for engineering is 99% complete for Unit 2.  This figure includes both contractor 
and OPG engineering work that is being performed for the Program. 


All planned engineering work is complete for Unit 2 and the majority of engineering requirements through 
execution are complete.  Field engineering activities continue as planned to ensure issues are resolved as 
they emerge and designs are modified in field as required. 


Design engineering for Unit 3 is 90% complete and is on track to be substantially complete by end of 2019.  
Lessons learned from Unit 2 are being incorporated into subsequent designs as appropriate. 


Major engineering accomplishments in the period include: 


 The "System Available for Service" process has been used to successfully return systems to service 
in Unit 2.  As of November 5th, 2019, 40 systems have been returned to service.  Training for staff 
involved in restart activities is continuing. 


 The construction/field engineering group continues to successfully focus on improving processes and 
enabling the timely response to field initiated changes. 


 The Re-tube & Feeder Replacement (RFR) Engineering OneTeam was formed between OPG and 
CanAtom and has led to improved collaboration and effectiveness between the engineering 
functions.  Based on the RFR Engineering OneTeam success, this model is being extended to other 
significant project bundles such as TG for the remaining units. 


 All safety analyses required to support unit restart and operation at high power have been submitted 
to the CNSC. 


 Lessons learned from previous work continue to be captured and applied to future work.  The Unit 3 
Vault Vapour Recovery System modification was installed in Q2 2019 with significant savings 
compared to Unit 2, based on incorporation of lessons learned. 


In addition, the following First-of-a-Kind projects are being monitored closely: 


 Shutdown Cooling System enhancements involving the addition of two new auxiliary shutdown 
cooling pumps.  The project has recently completed the field installation phase and is moving into the 
commissioning phase. 


 Modifications to the Emergency Service Water system, which provides an emergency supply of water 
in a beyond design basis event of a main steam line break.  The project is currently in the latter stages 
of the installation phase and is scheduled to be completed prior to the return-to-service of Unit 2. 
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PROCUREMENT  


PROCUREMENT STATUS FOR UNIT 3 


At the end of Q3 2019, 99% of Purchase Orders have been issued and 71% of all the requested materials 
for Unit 3 refurbishment were on site, with delivery of the remaining material items on track. 


CONSTRUCTION 


CONSTRUCTION PROGRESS SUMMARY 


The execution of Unit 2 is currently 89% complete and non-critical path activities are 96% complete.  The 
following major accomplishments occurred within the period: 


 The RFR Installation series is complete following the installation of Fuel Channels and Feeders, and 
loading of the fuel.  Challenges with welding, tooling and human performance at the beginning of the 
Feeder series had a cascading effect throughout the series and impacted the RTS Schedule.  The 
issues were resolved and lessons learned are being applied to the planning of the remaining units.  
The final installation work required for the RFR series is Lower Body Tubing. 


 The TG Overhaul project had challenges with the final coupling vacuum testing of the Generator 
resulting in the TG activities being placed on hold until repairs could be performed.  Following the 
repairs and clean-up, the coupling vacuum test was completed successfully on April 9th, 2019. 


 The Auxiliary Shutdown Cooling breaker construction was completed on July 29th, 2019. 
 Fourteen obsolete computers were replaced to improve the performance of the Unit 2 shutdown 


system. 
 The STOP project was completed on all four Units.  This SIO initiative was the last of five SIOs 


intended to significantly improve the current plant mitigation capabilities to cope with the unlikely 
event of a multi-unit severe accident.  The STOP project added an additional safety component to 
prevent over pressurization of the shield tanks. 


LABOUR RELATIONS ISSUES SUMMARY  


There have been no labour relations impacts on the Program to date and OPG is proactively taking steps 
to mitigate any risks of future issues.   


ENVIRONMENTAL ISSUES SUMMARY  


In 2019, the Program continues to have no reportable spills or infractions.  Emissions are better than target 
and well below all regulatory limits. 


TESTING, START-UP AND COMMISSIONING 


RETURN-TO-SERVICE  


Preparation activities for the restart of Unit 2 are continuing and, as of November 5th, 2019, 40 of 58 systems 
have been returned-to-service.  Over the period, the following RTS focus areas were identified: 


 completion of risk challenge process for all key evolutions and integrating the results into key 
evolution plans; 


 returning systems to service to support the Restart Control Hold Points (RCHP); 
 working with contract partners on documentation submissions required to support the start-up of Unit 


2; and 
 finalizing station integration plans to ensure resources, plans and procedures are in place to support 


the successful start of Unit 2. 
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The RTS process is highly complex and involves eight planned RCHPs, addressing regulatory and non-
regulatory checks.  The first RCHP was achieved with the moderator system being filled with heavy water.  
This milestone was achieved event free and with zero leaks.  The second RCHP for New Fuel Load was 
achieved on November 3rd followed by the CNSC’s approval to proceed with loading fuel into the reactor 
on November 5th, ahead of the need date.  The next scheduled RCHP will be the Primary Heat Transport 
(PHT) System Fill.  As Unit 2 refurbishment moves through the six remaining RCHP’s, stringent measures 
are in place to ensure safety and quality are maintained at all times and each system is subjected to rigorous 
checks and testing prior to being returned-to-service. 


The RTS program was extensively reviewed by both internal and external organizations in 2019 to assess 
and confirm the Program’s readiness to return Unit 2 to service.  OPG has incorporated opportunities for 
improvement identified by these assessments. 


RTS RISKS FOR UNIT 2 


The revised High Confidence schedule includes contingency days to address remaining risks and to ensure 
all work continues to be performed safely and with quality.   


PROGRAM RISKS AND RISK MANAGEMENT  


OPG uses a robust risk management process where risks are identified, classified, quantified and mitigated 
to the extent possible.  In a project of this size and scope, global experience dictates that there will be 
uncertainties that cannot be entirely mitigated or avoided.  As such, OPG maintains a detailed inventory of 
risks and contingency amounts in accordance with the recommended practices of the Association for the 
Advancement of Cost Engineering – a leading authority in the area of project cost estimation.  These 
contingency amounts are expected to be used over the course of the Program.   


The following three major risks are being actively being managed by OPG: 


1. AVAILABILITY OF SKILLED CRAFT RESOURCES / SUPERVISION FOR THE REMAINING 
UNITS  


Shortage of skilled trades is a risk for the Program.  OPG identified this risk early in the Program and 
has taken mitigating actions, which are tracked and regularly reported to senior management and 
OPG’s Board of Directors. 


OPG continues to address gaps in the availability of skilled trades.  In particular, OPG is continuing its 
collaboration with Bruce Power, relevant unions, educational institutions and other stakeholders to 
minimize potential cost and disruptions to the Program.  This collaboration involves four streams to 
mitigate the risk of skilled trades’ availability as outlined below: 


a) collaboration between OPG, Bruce Power, contractors and trade unions to develop enhanced 
skilled trades’ supply and demand data; 


b) initiatives to build capacity within the current supply of trades by streamlining processes at both 
OPG and Bruce Power, including coordinated security processing and training, as well as the 
development of a hybrid shift schedule designed to attract and retain the right resources and 
implement a sustainable schedule for the duration of the project; 


c) meetings held with OPG Indigenous Opportunities in Nuclear (ION) representatives and local 
indigenous employment offices focusing on ways to increase the level of interest of indigenous 
peoples in the trades; and 


d) establishing a boilermaker pre-apprentice program with Durham College. 
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2. TIMELY RENEWAL OF COLLECTIVE AGREEMENTS FOR UNIONIZED CONSTRUCTION 
TRADES  


The collective agreements risk relates to the 19 Building Trade Unions.  The Building Trade Union 
agreements are set to expire on April 30th, 2020 for all Collective Agreements both directly with 
OPG and through the Electrical Power Systems Construction Association.  Early collective 
bargaining has commenced with one collective agreement having been reached with the 
Boilermakers thus far.  The Nuclear Projects Agreements (NPA) expire December 31st, 2032 and 
helps mitigate Building Trade Union labour disruption risks throughout the life of the Program.  The 
NPAs are an appendix to the current collective agreements and will be included in each renewal 
collective agreement occurring during the term of the NPA.  Exceptions include the Operating 
Engineers, Canadian Union of Skilled Workers and the Labourers who either failed to agree to an 
NPA or maintain exit clauses.   


Collective Agreements with the Power Workers Union (PWU) and the Society of United 
Professionals (Society) are typically effective for two to three years.  The current Society collective 
agreement is set to expire on December 31st, 2019.  A new collective agreement effective from 
January 1st, 2020 through December 31st, 2021 was awarded through interest arbitration on 
November 6th, 2019.  The current PWU collective agreement was awarded through interest 
arbitration on April 3rd, 2019 and remains in effect from April 1st, 2018 until March 31st, 2021.   


3. MANAGING THE COMMERCIAL IMPACT OF CONTRACTORS 


OPG’s Commercial Management is continually monitoring its contractors and their performance 
given the limited number of qualified vendors and substantial work in the industry.  OPG is working 
collaboratively with Bruce Power to ensure adequate availability of reactor components for both the 
Program and Bruce Power’s major component replacement project.   


STAFFING 


REFURBISHMENT RESOURCES  


Table 7 provides a summary of the OPG Resources on the Program: 


Table 7 – Full Time Equivalent (FTE) Resources by Year (plan vs. actual) 
Measure 2017 2018 2019 2020 


Planned at RQE 740 752 758 747 


Actual1 7792 8692 853 N/A 
Note 


1 Actual FTEs for 2019 are as of September YTD. 
2 2017 and 2018 FTE numbers are being restated as they were incorrectly reported in the 2018 report. 


EFFORTS TO FILL OPEN POSITIONS  


OPG has a number of programs in place to attract, retain and develop qualified personnel for the Program.  
Management continues to use corporate-wide succession planning and talent review processes to identify 
and prepare future leaders to assume key roles over the life of the Program.   


OPG’s Enterprise Projects Organization is focused on implementing a standardized and scalable project 
delivery model throughout the enterprise.  This organization has developed a training program specifically 
designed to advance project management capability across the organization.  In addition, OPG’s 
succession planning program and mentoring initiatives are designed to ensure that capability is sustained 
throughout the Program.  The Program has been successful in filling positions.   
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February 28, 2020 
 
 
VIA EMAIL 
 
 
Christine E. Long 
Board Secretary 
Ontario Energy Board  
P.O. Box 2319 
2300 Yonge Street, Suite 2700 
Toronto, ON 
M4P 1E4 
 


Dear Ms. Long: 


Re: OPG Reporting and Record Keeping Requirements 


Further to the OEB’s direction in EB-2010-0008 (Decision with Reasons, p. 151) and maintained in subsequent 
OEB decisions on OPG applications, please find attached the following information: 


1) Within 60 days after calendar quarter end: unaudited balances of OPG’s deferral and variance accounts. 


 


 


Yours truly, 


 


[Original signed by] 


 


Herman Mo 


Att. 2020 2 28 – OPG RRR Q4 Dec 2019 DV Account Balances.pdf 


cc: Cathy Nguyen, OEB 
Stephanie Chan, OEB 
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Submitted: Februay 28, 2020


Balance ($M)
December 31, 2019


Regulated Hydroelectric


Hydroelectric Water Conditions Variance Account (216)
Ancillary Services Net Revenue Variance Account - Hydroelectric (62)
Hydroelectric Incentive Mechanism Variance Account 0 
Hydroelectric Surplus Baseload Generation Variance Account 448 
Income and Other Taxes Variance Account - Hydroelectric (3)
Capacity Refurbishment Variance Account - Hydroelectric 26 
Niagara Tunnel Project Pre-December 2008 Disallowance Variance Account 8 
Pension and OPEB Cost Variance Account - Future Recovery - Hydroelectric (Dec 31, 2012 Balance) 6 
Pension and OPEB Cost Variance Account - Post 2012 Additions - Hydroelectric 16 
Pension & OPEB Cash Payment Variance Account - Hydroelectric (60)
Pension & OPEB Cash Versus Accrual Differential Deferral Account - Hydroelectric 120 
Pension & OPEB Cash Versus Accrual Differential Carrying Charges - Hydroelectric 0 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Primary Account-Hydroelectric 7 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Contra Account-Hydroelectric (7)
Hydroelectric Deferral and Variance Over/Under Recovery Variance Account 17 
Gross Revenue Charge Variance Account 0 


Regulated Hydroelectric Subtotal 300 


Nuclear


Nuclear Liability Deferral Account 13 
Impact Resulting from Changes in Station End-of-Life Dates (December 31, 2015) Deferral Account (92)
Nuclear Development Variance Account 5 
Ancillary Services Net Revenue Variance Account - Nuclear (1)
Capacity Refurbishment Variance Account - Nuclear - Capital Portion 79 
Capacity Refurbishment Variance Account - Nuclear - Non-Capital Portion (105)
Bruce Lease Net Revenues Variance Account - Derivative (27)
Bruce Lease Net Revenues Variance Account - Non-Derivative 192 
Income and Other Taxes Variance Account - Nuclear (22)
Pension and OPEB Cost Variance Account - Future Recovery - Nuclear (Dec 31, 2012 Balance) 137 
Pension and OPEB Cost Variance Account - Post 2012 Additions - Nuclear 331 
Pension & OPEB Cash Payment Variance Account - Nuclear (288)
Pension & OPEB Cash Versus Accrual Differential Deferral Account - Nuclear 765 
Pension & OPEB Cash Versus Accrual Differential Carrying Charges - Nuclear (1)
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Primary Account - Nuclear 44 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Contra Account - Nuclear (44)
Nuclear Deferral and Variance Over/Under Recovery Variance Account 20 
Fitness for Duty Deferral Account 1 
SR&ED ITC Variance Account (15)
Impact Resulting from Changes to Pickering Station End-of-Life Dates (Dec 2017) Deferral Account (246)
Rate Smoothing Deferral Account 104 


Nuclear Subtotal 850 


Grand Total 1,150 


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 1
Summary of Variance & Deferral Account Balances


Account
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May 29, 2020 


 


 


VIA EMAIL 


 


 


Christine E. Long 


Board Secretary 


Ontario Energy Board  


P.O. Box 2319 


2300 Yonge Street, Suite 2700 


Toronto, ON 


M4P 1E4 


 


Dear Ms. Long: 


Re: OPG Reporting and Record Keeping Requirements 


Further to the Board’s direction in EB-2010-0008 Decision with Reasons (p. 151) and maintained in EB-2013-


0321, please find attached the following information: 


1) Within 60 days after calendar quarter end: unaudited balances of OPG’s deferral and variance accounts; 


and,  


2) Within 60 days for the first three quarters: OPG’s MD&A and Financial Statements filed with the OSC, 


OPG’s nuclear unit capability factors and the hydroelectric availability for its regulated facilities. 


 


Yours truly, 


[Original signed by] 


Herman Mo 


Att. 


cc: Cathy Nguyen, OEB 


Stephanie Chan, OEB 
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Submitted: May 29, 2020


Balance ($M)
March 31, 2020


Regulated Hydroelectric
Hydroelectric Water Conditions Variance Account (228)
Ancillary Services Net Revenue Variance Account - Hydroelectric (61)
Hydroelectric Incentive Mechanism Variance Account 0 
Hydroelectric Surplus Baseload Generation Variance Account 450 
Income and Other Taxes Variance Account - Hydroelectric (3)
Capacity Refurbishment Variance Account - Hydroelectric 30 
Niagara Tunnel Project Pre-December 2008 Disallowance Variance Account 8 
Pension and OPEB Cost Variance Account - Future Recovery - Hydroelectric (Dec 31, 2012 Balance) 6 
Pension and OPEB Cost Variance Account - Post 2012 Additions - Hydroelectric 13 
Pension & OPEB Cash Payment Variance Account - Hydroelectric (63)
Pension & OPEB Cash Versus Accrual Differential Deferral Account - Hydroelectric 121 
Pension & OPEB Cash Versus Accrual Differential Carrying Charges - Hydroelectric 0 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Primary Account-Hydroelectric 9 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Contra Account-Hydroelectric (9)
Hydroelectric Deferral and Variance Over/Under Recovery Variance Account 15 
Gross Revenue Charge Variance Account 0 


Regulated Hydroelectric Subtotal 288 


Nuclear
Nuclear Liability Deferral Account 11 
Impact Resulting from Changes in Station End-of-Life Dates (December 31, 2015) Deferral Account (90)
Nuclear Development Variance Account 6 
Ancillary Services Net Revenue Variance Account - Nuclear (3)
Capacity Refurbishment Variance Account - Nuclear - Capital Portion (26)
Capacity Refurbishment Variance Account - Nuclear - Non-Capital Portion (117)
Bruce Lease Net Revenues Variance Account - Derivative (21)
Bruce Lease Net Revenues Variance Account - Non-Derivative 227 
Income and Other Taxes Variance Account - Nuclear (22)
Pension and OPEB Cost Variance Account - Future Recovery - Nuclear (Dec 31, 2012 Balance) 131 
Pension and OPEB Cost Variance Account - Post 2012 Additions - Nuclear 305 
Pension & OPEB Cash Payment Variance Account - Nuclear (318)
Pension & OPEB Cash Versus Accrual Differential Deferral Account - Nuclear 767 
Pension & OPEB Cash Versus Accrual Differential Carrying Charges - Nuclear (1)
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Primary Account - Nuclear 55 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Contra Account - Nuclear (55)
Nuclear Deferral and Variance Over/Under Recovery Variance Account 6 
Fitness for Duty Deferral Account 1 
SR&ED ITC Variance Account (16)
Impact Resulting from Changes to Pickering Station End-of-Life Dates (Dec 2017) Deferral Account (286)
Rate Smoothing Deferral Account 204 


Nuclear Subtotal 758 


Grand Total 1,046 


Notes:
The Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential-Primary Account and related Contra account balances always nets to zero.
Numbers may not add due to rounding.


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 1
Summary of Variance & Deferral Account Balances


Account
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Submitted: May 29, 2020


Reporting
Period


OPG's MD&A is filed with the Ontario Securities Commission and is posted on OPG's 
website at the following link:
https://www.opg.com/document/2020-first-quarter-financial-results-pdf/


OPG's financial statements are filed with the Ontario Securities Commission and are 
posted on OPG's website at the following link:
https://www.opg.com/document/2020-first-quarter-financial-results-pdf/


OPG's Nuclear unit capability factors are provided on page 24 of OPG's MD&A, which is 
available at the following link:
https://www.opg.com/document/2020-first-quarter-financial-results-pdf/


Availability for the regulated hydroelectric facilities is provided on page 25 of OPG's MD&A, 
which is available at the following link:
https://www.opg.com/document/2020-first-quarter-financial-results-pdf/


Availability for the Regulated 
Hydroelectric Facilities


Three Months Ended 
March 31, 2020


MD&A filed with the Ontario Securities 
Commission


Three Months Ended 
March 31, 2020


Financial Statements filed with the 
Ontario Securities Commission


Three Months Ended 
March 31, 2020


Nuclear Unit Capability Factors Three Months Ended 
March 31, 2020


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 2
Management's Discussion & Analysis (MD&A) and Financial Statements Reporting


Report Particulars
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  Herman Mo 
Manager, Regulatory Affairs 


 
 


700 University Avenue, Toronto, ON 
M5G 1X6 


416-592-6891  Herman.mo @opg.com 


 
 


June 30, 2020 
 
 
VIA EMAIL 
 
 
Ms. Christene E. Long 
Board Secretary 
Ontario Energy Board  
P.O. Box 2319 
2300 Yonge Street, Suite 2700 
Toronto, ON 
M4P 1E4 
 


Dear Ms. Long: 


Re: OPG Reporting and Record Keeping Requirements 


Further to the OEB’s direction in EB-2016-0152 Decision and Order (p. 97), please find attached the following 
information: 


1) Annually by June 30, expenses related to nuclear liabilities. 


As requested by the OEB, expenses are reported in the form of Chart 1 of undertaking J20.7.  Additional lines 
were added to the form of Chart 1 to address the OEB’s request to separately identify ONFA expenses and 
internally funded expenses.  In response to the OEB’s direction that the time period of the report should start at 
April 1, 2008 at the latest, OPG has provided the information beginning April 1, 2005. 


There are four tables attached: Table 1 summarizes the entire period from April 1, 2005 to December 31, 2019; 
Table 2 contains proxy amounts for April 1, 2005 to March 31, 2008, as presented in undertaking J20.7; Table 3 
contains actual amounts for April 1, 2008 to December 31, 2016, as presented in undertaking J20.7; and Table 4 
contains actual amounts for January 1, 2017 to December 31, 2019. 


Yours truly, 


 


Herman Mo 


Att. 


cc: Cathy Nguyen, OEB 
Stephanie Chan, OEB 
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Line 
No. Description Note


Apr 1 2005 to 
Mar 31 2008


Apr 1 2008 to 
Dec 31 2016


Jan 1 2017 to 
Dec 31 2019


Total
Apr 1 2005 to Dec 


31 2019
(a) (b) (c) (d)


Note 2
Prescribed Facilities


1 Total Amounts Recovered (after-tax) 3 429.4 1,788.0 453.0 2,670.5


2 Total Amounts Expended (after-tax) 4 691.6 1,794.7 593.0 3,079.3


3 Excess of Amounts Recovered over Amounts Expended - Prescribed 
Facilities (after-tax) (line 1 - line 2) (262.2) (6.7) (140.0) (408.8)


Bruce Facilities


4 Total Amounts Recovered (after-tax) 5 39.4 1,380.9 593.9 2,014.2


5 Total Amounts Expended (after-tax) 6 771.2 1,265.7 100.2 2,137.1


6 Excess of Amounts Recovered over Amounts Expended - Bruce 
Facilities (after-tax) (line 4 - line 5) (731.8) 115.2 493.7 (122.9)


7 Total Excess of Amounts Recovered over Amounts Expended (after-
tax) (line 3 + line 6) (993.9) 108.5 353.7 (531.7)


1


2


3
4
5
6


Table 11


Summary of After-Tax Amounts Collected Versus Amounts Expended for Nuclear Liabilities ($M)
April 1, 2005 to December 31, 2019


Numbers may not add due to rounding.
Submitted: June 30, 2020


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Col. (a) is from Table 2, line 5, col. (e).  Col. (b) is from Table 3, line 7, col. (l).  Col. (c) is from Table 4, line 7, col. (f).
Col. (a) is from Table 2, line 12, col. (e).  Col. (b) is from Table 3, line 14, col. (l).  Col. (c) is from Table 4, line 14, col. (f).
Col. (a) is from Table 2, line 19, col. (e).  Col. (b) is from Table 3, line 19, col. (l).  Col. (c) is from Table 4, line 19, col. (f).
Col. (a) is from Table 2, line 26, col. (e).  Col. (b) is from Table 3, line 26, col. (l).  Col. (c) is from Table 4, line 26, col. (f).


Notes:


As outlined in EB-2016-0152 Ex. C2-1-2, pp. 25-26, amounts recovered represent proxy amounts based on actual values for the period available from the EB-2007-0905 and 
EB-2010-0008 proceedings.


The following tax rates in effect during the corresponding periods were applied in the analysis: 2005 to 2007 - 34.12%, 2008 - 31.50%, 2009 - 31.00%, 2010 - 29.00%, 2011 - 
26.50%, 2012 onwards - 25.00%.
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Apr 1 to Jan 1 to
Line Dec 31 Mar 31
No. Description 2005 2006 2007 2008 Total


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


Prescribed Facilities
1 Pre-tax Proxy Amounts Recovered 132 156 225 53 566


2
Reduction in Proxy Regulatory Income Taxes for Contributions to 
Segregated Funds and Internally Funded Expenditures on Nuclear 
Liabilities (line 8 x tax rate)


(72) (116) (79) (13) (281)


3 Regulatory Income Taxes on Proxy Amounts Recovered
(line 1 + line 2) x tax rate / (1 - tax rate)


31 21 75 18 145


4 Total Proxy Regulatory Income Taxes (line 2 + line 3) (42) (95) (4) 5 (136)


5 After-tax Proxy Amounts Recovered (line 1 + line 4) 90 61 221 57 429


6 Contributions to Segregated Funds 182 242 225 15 663
7 Internally Funded Expenditures on Nuclear Liabilities 31 98 8 28 165
8 Total Amounts Expended (pre-tax) (line 6 + line 7) 212 340 233 43 828


9 Reduction in Income Taxes for Contributions to Segregated Funds and 
Internally Funded Expenditures on Nuclear Liabilities (line 8 x tax rate)


(72) (116) (79) (13) (281)


10 Income Taxes on Proxy Amounts Recovered (line 5 x tax rate) 31 21 75 18 145
11 Total Income Taxes (line 9 + line 10) (42) (95) (4) 5 (136)


12 Total Amounts Expended (after-tax) (line 8 + line 11) 171 245 229 47 692


13 Excess of Proxy Amounts Recovered over Amounts Expended - Prescribed 
Facilities (pre-tax) (line 1 - line 8)


(80) (184) (8) 10 (262)


14 Excess of Proxy Amounts Recovered over Amounts Expended - Prescribed 
Facilities (after-tax) (line 5 - line 12)


(80) (184) (8) 10 (262)


Bruce Facilities
15 Pre-tax Proxy Amounts Recovered 87 114 179 34 414


16
Reduction in Proxy Regulatory Income Taxes for Contributions to 
Segregated Funds and Internally Funded Expenditures on Nuclear 
Liabilities (line 23 x tax rate)


(59) (85) (207) (37) (388)


17 Regulatory Income Taxes on Proxy Amounts Recovered
(line 15 + line 16) x tax rate / (1 - tax rate)


14 15 (14) (2) 14


18 Total Proxy Regulatory Income Taxes (line 16 + line 17) (45) (69) (221) (39) (374)


19 After-tax Proxy Amounts Recovered (line 15 + line 18) 42 45 (42) (5) 39


20 Contributions to Segregated Funds 159 212 563 99 1,033
21 Internally Funded Expenditures on Nuclear Liabilities 15 36 43 19 113
22 Total Amounts Expended (pre-tax) (line 20 + line 21) 174 248 606 117 1,145


23
Reduction in Income Taxes for Contributions to Segregated Funds and 
Internally Funded Expenditures on Internally Funded Expenditures
(line 22 x tax rate)


(59) (85) (207) (37) (388)


24 Income Taxes on Proxy Amounts Recovered (line 19 x tax rate) 14 15 (14) (2) 14
25 Total Income Taxes (line 23 + line 24) (45) (69) (221) (39) (374)


26 Total Amounts Expended (after-tax) (line 22 + line 25) 129 179 385 79 771


27 Excess of Proxy Amounts Recovered over Amounts Expended - Bruce 
Facilities (pre-tax) (line 15 - line 22)


(87) (134) (427) (84) (732)


28 Excess of Proxy Amounts Recovered over Amounts Expended - Bruce 
Facilities (after-tax) (line 19 - line 26)


(87) (134) (427) (84) (732)


29 Total Excess of Proxy Amounts Recovered over Amounts Expended (pre-
tax) (line 13 + line 27) (167) (318) (435) (74) (994)


30 Total Excess of Proxy Amounts Recovered over Amounts Expended (after-
tax) (line 14 + line 28) (167) (318) (435) (74) (994)


1
Notes:


OPG has used the presentation format required by the OEB in EB-2016-0152 Decision and Order, Page 97, adding additional line items to reflect the breakdown between Ontario 
Nuclear Funds Agreement contributions and internally funded expenditures on Nulcear Liabilities requested by the OEB. Amounts presented are otherwise unchanged form EB-2016-
0152 Ex. J20.7.


Numbers may not add due to rounding.
Submitted: June 30, 2020


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 21


Proxy After-Tax Amounts Collected Versus Amounts Expended for Nuclear Liabilities ($M)
April 1, 2005 to March 31, 2008
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Numbers may not add due to rounding.


Line 
No. Description


Apr 1 to 
Dec 31 
2008 2009 2010


Jan 1 to 
Feb 28 
2011


Mar 1 to 
Dec 31 
2011 2012 2013


Jan 1 to 
Oct 31 
2014


Nov 1 to 
Dec 31 
2014 2015 2016 Total


(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k) (l)


Prescribed Facilities
1 Total Amounts Recovered (pre-tax)2 147.4 192.4 190.5 36.6 113.8 286.3 208.6 180.7 37.0 198.5 157.0 1,748.8


2
Reduction in Regulatory Income Taxes for Contributions to 
Segregated Funds and Forecast Internally Funded Expenditures on 
Nuclear Liabilities


(32.1) (58.6) (48.2) (7.3) (49.8) (43.9) (43.2) (51.0) (10.7) (63.5) (63.8) (472.1)


3 (Under)/Over Recovery Due to Differences Between Approved and 
Actual Nuclear Production


2.4 4.2 4.4 (0.4) 3.1 1.7 5.3 3.2 (0.4) 4.4 3.0 31.0


4 Total Reduction in Regulatory Income Taxes (line 2 + line 3) (29.7) (54.4) (43.8) (7.7) (46.7) (42.2) (37.9) (47.8) (11.0) (59.1) (60.8) (441.1)


5 Regulatory Income Taxes on Amounts Recovered 
((line 1 + line 4) x tax rate / (1-tax rate))


54.1 62.0 59.9 10.4 24.2 81.4 56.9 44.3 8.6 46.5 32.1 480.4


6 Total Regulatory Income Taxes (line 4 + line 5) 24.5 7.7 16.1 2.7 (22.5) 39.1 19.0 (3.5) (2.4) (12.6) (28.7) 39.3


7 Total Amounts Recovered (after-tax) (line 1 + line 6) 171.8 200.1 206.6 39.4 91.3 325.4 227.7 177.2 34.6 185.9 128.3 1,788.0


8 Contributions to Segregated Funds 44.2 124.7 150.2 24.2 120.8 107.1 98.1 141.6 28.5 172.8 176.7 1,188.9
9 Internally Funded Expenditures on Nuclear Liabilities 32.1 63.6 60.2 11.3 57.4 73.9 60.0 45.1 21.7 85.1 90.3 600.7
10 Total Amounts Expended (pre-tax) (line 8 + line 9) 76.3 188.3 210.4 35.5 178.2 181.0 158.1 186.7 50.2 257.9 267.0 1,789.6


11
Reduction in Income Taxes for Contributions to Segregated Funds 
and Internally Funded Expenditures on Nuclear Liabilities
(line 10 x tax rate)


(24.0) (58.4) (61.0) (9.4) (47.2) (45.3) (39.5) (46.7) (12.5) (64.5) (66.7) (475.3)


12 Income Taxes on Amounts Recovered (line 7 x tax rate) 54.1 62.0 59.9 10.4 24.2 81.4 56.9 44.3 8.6 46.5 32.1 480.4
13 Total Income Taxes (line 11 + line 12) 30.1 3.6 (1.1) 1.0 (23.0) 36.1 17.4 (2.4) (3.9) (18.0) (34.7) 5.1


14 Total Amounts Expended (after-tax) (line 10 + line 13) 106.4 191.9 209.3 36.5 155.2 217.1 175.5 184.3 46.3 239.9 232.3 1,794.7


15 Excess of Amounts Recovered over Amounts Expended - Prescribed 
Facilities (pre-tax) (line 1 - line 10)


71.1 4.1 (19.9) 1.2 (64.4) 105.3 50.5 (6.0) (13.2) (59.4) (110.0) (40.9)


16 Excess of Amounts Recovered over Amounts Expended - Prescribed 
Facilities (after-tax) (line 7 - line 14)


65.4 8.1 (2.7) 2.9 (63.9) 108.3 52.2 (7.2) (11.7) (54.0) (104.0) (6.7)


Bruce Facilities
17 Actual Bruce Lease Net Revenues Impact 311.5 (32.6) (68.6) (8.5) 89.5 70.5 142.4 81.2 20.5 173.6 231.6 1,011.2
18 Regulatory Income Tax Impact (line 17 x tax rate / (1 - tax rate)) 143.2 (14.6) (28.0) (3.1) 32.3 23.5 47.5 27.1 6.8 57.9 77.2 369.7
19 Total Amounts Recovered (after-tax) (line 17 + line 18) 454.7 (47.2) (96.6) (11.6) 121.8 94.0 189.9 108.3 27.4 231.5 308.8 1,380.9


20 Contributions to Segregated Funds 296.2 214.1 113.9 17.6 87.9 74.9 85.9 (26.2) (5.1) (29.4) (26.9) 802.9
21 Internally Funded Expenditures on Nuclear Liabilities 34.9 23.8 19.3 6.6 37.5 55.6 59.6 41.2 19.4 50.7 101.0 449.6
22 Total Amounts Expended (pre-tax) (line 20 + line 21) 331.1 237.9 133.2 24.2 125.4 130.5 145.5 15.0 14.3 21.3 74.1 1,252.5


23
Reduction in Income Taxes for Contributions to Segregated Funds 
and Internally Funded Expenditures on Internally Funded 
Expenditures (line 22 x tax rate)


(104.3) (73.7) (38.6) (6.4) (33.2) (32.6) (36.4) (3.8) (3.6) (5.3) (18.5) (356.5)


24 Income Taxes on Amounts Recovered
(line 19 x tax rate)


143.2 (14.6) (28.0) (3.1) 32.3 23.5 47.5 27.1 6.8 57.9 77.2 369.7


25 Total Income Taxes (line 23 + line 24) 38.9 (88.4) (66.6) (9.5) (1.0) (9.1) 11.1 23.3 3.3 52.6 58.7 13.3


26 Total Amounts Expended (after-tax) (line 22 + line 25) 370.0 149.5 66.6 14.7 124.4 121.4 156.6 38.3 17.6 73.8 132.8 1,265.7


27 Excess of Amounts Recovered over Amounts Expended - Bruce 
Facilities (pre-tax) (line 17 - line 22)


(19.6) (270.5) (201.8) (32.7) (35.9) (60.0) (3.0) 66.2 6.2 152.4 157.5 (241.3)


28 Excess of Amounts Recovered over Amounts Expended - Bruce 
Facilities (after-tax) (line 19 - line 26)


84.7 (196.8) (163.2) (26.3) (2.7) (27.4) 33.3 70.0 9.8 157.7 176.0 115.2


29 Total Excess of Amounts Recovered over Amounts Expended (pre-
tax) (line 15 + line 27)


51.5 (266.4) (221.7) (31.5) (100.3) 45.3 47.5 60.2 (7.0) 92.9 47.5 (282.1)


30 Total Excess of Amounts Recovered over Amounts Expended (after-
tax) (line 16 + line 28)


150.1 (188.6) (165.9) (23.4) (66.6) 80.9 85.5 62.8 (1.9) 103.6 72.0 108.5


1


2 Includes pre-tax revenue requirement impact, under/over recovery due to differences between approved and actual nuclear production, and pre-tax amounts recorded in the Nuclear Liabilities Deferral Account and the Impact 
of Changes in Station End-of-Life (2015) Deferral Account.


OPG has used the presentation format required by the OEB in EB-2016-0152 Decision and Order, Page 97, adding additional line items to reflect the breakdown between Ontario Nuclear Funds Agreement contributions and 
internally funded expenditures on Nulcear Liabilities requested by the OEB. Amounts presented are otherwise unchanged form EB-2016-0152 Ex. J20.7.


Notes:


Submitted: June 30, 2020


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 31


After-Tax Amounts Collected Versus Amounts Expended for Nuclear Liabilities ($M)
April 1, 2008 to December 31, 2016
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Line 
No. Description


Jan 1 to 
May 31 2017


Jun1 to 
Dec 31 
2017


Total
2017 2018 2019 Total


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


Prescribed Facilities
1 Total Amounts Recovered (pre-tax)2 53.4 92.2 145.7 176.4 193.6 515.6


2 Reduction in Regulatory Income Taxes for Contributions to Segregated Funds 
and Forecast Internally Funded Expenditures on Nuclear Liabilities (19.4) (34.4) (53.7) (61.2) (53.7) (168.6)


3 (Under)/Over Recovery Due to Differences Between Approved and Actual 
Nuclear Production 3.9 (1.4) 2.5 (3.8) (5.9) (7.2)


4 Total Reduction in Regulatory Income Taxes (line 2 + line 3) (15.5) (35.7) (51.2) (65.0) (59.6) (175.8)


5 Regulatory Income Taxes on Amounts Recovered 
((line 1 + line 4) x tax rate / (1-tax rate)) 12.6 18.8 31.5 37.1 44.7 113.3


6 Total Regulatory Income Taxes (line 4 + line 5) (2.8) (16.9) (19.7) (27.9) (15.0) (62.6)


7 Total Amounts Recovered (after-tax) (line 1 + line 6) 50.6 75.4 125.9 148.5 178.6 453.0


8 Contributions to Segregated Funds 42.7 59.8 102.5 102.5 102.5 307.5
9 Internally Funded Expenditures on Nuclear Liabilities 51.3 77.6 128.9 101.4 101.8 332.2
10 Total Amounts Expended (pre-tax) (line 8 + line 9) 94.1 137.4 231.4 203.9 204.3 639.7


11
Reduction in Income Taxes for Contributions to Segregated Funds and 
Internally Funded Expenditures on Nuclear Liabilities
(line 10 x tax rate)


(23.5) (34.3) (57.9) (51.0) (51.1) (159.9)


12 Income Taxes on Amounts Recovered (line 7 x tax rate) 12.6 18.8 31.5 37.1 44.7 113.3
13 Total Income Taxes (line 11 + line 12) (10.9) (15.5) (26.4) (13.9) (6.4) (46.7)


14 Total Amounts Expended (after-tax) (line 10 + line 13) 83.2 121.9 205.1 190.1 197.9 593.0


15 Excess of Amounts Recovered over Amounts Expended - Prescribed Facilities 
(pre-tax) (line 1 - line 10) (40.6) (45.1) (85.8) (27.6) (10.7) (124.1)


16 Excess of Amounts Recovered over Amounts Expended - Prescribed Facilities 
(after-tax) (line 7 - line 14) (32.6) (46.5) (79.1) (41.6) (19.3) (140.0)


Bruce Facilities
17 Actual Bruce Lease Net Revenues Impact 64.5 80.9 145.4 149.6 150.4 445.4
18 Regulatory Income Tax Impact (line 17 x tax rate / (1 - tax rate)) 21.5 27.0 48.5 49.9 50.1 148.5
19 Total Amounts Recovered (after-tax) (line 17 + line 18) 86.0 107.9 193.9 199.4 200.5 593.9


20 Contributions to Segregated Funds (42.7) (59.8) (102.5) (102.5) (102.5) (307.5)
21 Internally Funded Expenditures on Nuclear Liabilities 31.6 49.2 80.8 62.3 100.0 243.1
22 Total Amounts Expended (pre-tax) (line 20 + line 21) (11.1) (10.6) (21.7) (40.2) (2.5) (64.4)


23 Reduction in Income Taxes for Contributions to Segregated Funds and 
Internally Funded Expenditures on Nuclear Liabilities (line 22 x tax rate) 2.8 2.7 5.4 10.1 0.6 16.1


24 Income Taxes on Amounts Recovered (line 19 x tax rate) 21.5 27.0 48.5 49.9 50.1 148.5
25 Total Income Taxes (line 23 + line 24) 24.3 29.6 53.9 59.9 50.8 164.6


26 Total Amounts Expended (after-tax) (line 22 + line 25) 13.2 19.0 32.2 19.7 48.3 100.2


27 Excess of Amounts Recovered over Amounts Expended - Bruce Facilities (pre-
tax) (line 17 - line 22) 75.6 91.5 167.1 189.8 152.9 509.8


28 Excess of Amounts Recovered over Amounts Expended - Bruce Facilities (after-
tax) (line 19 - line 26)


72.8 88.9 161.7 179.7 152.3 493.7


29 Total Excess of Amounts Recovered over Amounts Expended (pre-tax) (line 15 + 
line 27) 34.9 46.4 81.3 162.2 142.2 385.7


30 Total Excess of Amounts Recovered over Amounts Expended (after-tax) (line 16 + 
line 28) 40.2 42.4 82.6 138.2 133.0 353.7


1


2


OPG has used the presentation format required by the OEB in EB-2016-0152 Decision and Order, Page 97, adding additional line items to reflect the breakdown between Ontario Nuclear 
Funds Agreement contributions and internally funded expenditures on Nulcear Liabilities requested by the OEB.
Includes pre-tax revenue requirement impact, under/over recovery due to differences between approved and actual nuclear production, and pre-tax amounts recorded in the Nuclear 
Liability Deferral Account, the Impact Resulting from Changes in Station End-of-Life Dates (December 31, 2015) Deferral Account and the Impact Resulting from Changes to Pickering 
Station End-of-Life Dates (December 31, 2017) Deferral Account in the applicable years.


Numbers may not add due to rounding.


Notes:


Table 41


After-Tax Amounts Collected Versus Amounts Expended for Nuclear Liabilities ($M)
January 1, 2017 to December 31, 2019


Submitted: June 30, 2020


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements
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July 31, 2020 


Ms. Christine Long  
Board Secretary  
Ontario Energy Board  
P.O. Box 2319  
2300 Yonge Street, Suite 2700 
Toronto, ON  
M4P 1E4  


Dear Ms. Long: 


Re: OPG Reporting and Record Keeping Requirements – July 31, 2020 (Non-Confidential 
Version) 


This submission responds to the OEB’s direction in EB-2010-0008 (p. 151) to provide “[a]n analysis of the 
actual regulatory return, after tax on rate base, both dollars and percentages, for the regulated business 
and comparison with the regulatory return included in the payment amounts.”  In EB-2016-0152 (p. 146), 
the OEB established that this information would be filed by July 31st of each year.  


Given the COVID-19 pandemic, the OEB granted an extension from April 30th to July 31st, 2020 for the 
following materials, in addition to the submission above:  


 Information on FTEs, Construction Work in Progress (CWIP) capital and in-service additions
(per the OEB’s direction in EB-2010-0008, p. 151);


 OPG’s MD&A and Financial Statements filed with the OSC, OPG’s nuclear unit capability factors
and the hydroelectric availability for its regulated facilities (per the OEB’s direction in EB-2010-
0008, p. 151);


 Performance reports for the nuclear business (per the OEB’s direction in EB-2016-0152, p. 151);
and


 Performance reports and TGC/MWh for the regulated hydroelectric business (per the OEB’s
direction in EB-2016-0152, p. 149).


Per the OEB’s direction in EB-2016-0152 (Decision and Order, p. 151), OPG intends to file 2020 nuclear 
performance targets.  However, due to changes in certain planning assumptions resulting from the 
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company’s COVID-19 response, OPG is in the process of reviewing the 2020 targets and as such does 
not provide them at this time.  OPG will be including the 2020 targets in its November 2020 submission 
of the 2020 nuclear performance report with benchmark quartile results. 


Please find attached the following information:  


OPG 2019 Regulated Return on Equity 


1) Table 1 – Summary of Actual Capitalization and Cost of Capital, Year Ended December 31, 2019.  


This table shows the capital structure and calculated return on equity based on the information 
shown in Table 2.  


2) Tables 2 and 2a – Actual Regulatory Return on Equity, Year Ended December 31, 2019.  


These tables show the calculation of the actual regulatory return on equity.  


3) Table 3 – Comparison of Actual Regulatory Return on Equity to Board Approved, Year Ended 
December 31, 2019.  


This table is included for comparison of the actual regulatory return with the regulatory return 
included in the nuclear payment amount.  


Materials Normally Submitted by April 30 


4) Table 4 – Full-Time Equivalents (FTEs) by Representation, Years Ended December 31, 2019 


This table shows the FTEs broken down by Management Group, Power Workers’ Union, and Society of 
United Professionals for both the regulated Nuclear and Hydroelectric business.  


5) Table 5– Continuity of Construction Work-In-Progress (CWIP) and In-Service Additions, Year 
Ended December 31, 2019 


This table shows CWIP and In-Service-Additions broken down by Regulated Hydroelectric, Nuclear, 
and Corporate Support Services.  


6) Table 6– Management’s Discussion and Analysis (MD&A), Financial Statements, Nuclear Unit 
Capability Factors, and Hydroelectric Availability, Year Ended December 31, 2019 


This table provides links to the disclosure of OPG’s MD&A filed with the OSC, Financial Statements filed 
with the OSC, Nuclear Unit Capability Factors, and Availability for the Regulated Hydroelectric 
Facilities.  


7) Table 7– Pickering Performance Report, Year Ended December 31, 2019 


This table provides the Pickering Performance Report for 2019.   
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8) Table 8– Darlington Performance Report, Year Ended December 31, 2019 


This table provides the Darlington Performance Report for 2019.   


9) Table 9– OPG Nuclear Performance Report, Year Ended December 31, 2019 


This table provides the Nuclear Performance Report for 2019.  


10) Table 10– OPG Regulated Hydroelectric Performance Report, Year Ended December 31, 2019 


This table provides the Regulated Hydroelectric Performance Report for 2019.  


Confidential Information 


We note that under the OEB’s Practice Direction on Confidential Filings (the “Practice Direction”) and the 
OEB’s Electricity Reporting & Record Keeping Requirements (“Electricity RRR”) that certain information filed 
is treated in confidence by the OEB.  


In this RRR filing by OPG, there is OPG confidential information in Tables 2 and 2a. This information relates 
to margins on sales of surplus heavy water, included in Nuclear revenues, and this same information 
was afforded confidential protection by the OEB in EB-2010-0008 and subsequent proceedings. The 
information remains confidential and so a redacted version of OPG’s ROE RRR filing is herewith filed for 
the public record. The redactions are consistent with those made in the EB-2010-0008 and subsequent 
payment amounts orders. A separate unredacted ROE RRR filing will be simultaneously filed with the OEB 
in confidence for the OEB’s review only.  


OPG respectfully requests that prior to any intention the OEB may develop to disclose the confidential 
information on the public record, that the OEB give OPG notice and afford OPG an opportunity to make 
submissions on the issue. 


OPG’s 2019 Regulated Return on Equity Performance 


OPG’s regulated return on equity (ROE) for 2019 is 15.61% as calculated in Tables 1, 2 and 2a. The 2019 
results are 3.45% above OPG’s 12.16% dead band, being the ROE of 9.16%1 approved in payment amounts 
±300 basis points.2 In EB-2016-0152, OPG indicated, that as part of its ROE reporting, if performance is 
outside of the dead band, it would asses the drivers of the ROE variance and submit an assessment to 
the OEB3.   


1 9.16% is a rate-base-weighted average of the 8.78% ROE approved for the nuclear business in EB-2016-0152 and 
9.33% ROE approved for the hydroelectric business in EB-2013-0321. 
2 EB-2016-0152 Decision and Order, Page 134 
3 EB-2016-0152 l-11.7-1 Staff-271 
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The higher than expected ROE performance in 2019 is primarily attributable to higher nuclear 
generation due to fewer outage days than planned, reflecting improvements achieved in OPG’s nuclear 
asset management cycle and efficiencies realized in the execution of 2019 planned outages.  Despite 
this higher than planned performance in 2019, the average regulated ROE to date for the 2017-2019 
period, at 10.74% as shown in Figure 1 below, and the projected average ROE over the 2017-2021 IR term, 
at 11.0%, remain within the dead band. Figure 1 also shows OPG’s historical regulated ROE performance 
since inception of OEB’s regulation of the prescribed assets, a period over which OPG earned less than 
5% on average. A substantial driver of OPG’s low historical performance has been variances in nuclear 
generation given OPG’s ongoing risk exposure to the volumetric variable nature of its nuclear payment 
amounts4.  
 


 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 
Actual (3.11)% 1.10% 4.71% 4.80% 4.73% 0.46% 6.32% 3.63% 3.80% 5.91% 10.69% 15.61% 
OEB-


Approved 
8.65% 8.65% 8.65% 9.43% 9.55% 9.55% 9.36% 9.30% 9.30% 9.16% 9.16% 9.16% 


            
 Average (2008-2019)  Average (2017-2019) 
 4.89%  10.74% 


 


Figure 1: Regulated ROE Performance over Time 


The Company’s response measures to COVID-19 are expected to have an impact on OPG’s regulated 
ROE performance for 2020 and 2021, to the extent currently known or anticipated. The single largest such 
impact relates to a planned deferral of a Darlington Unit 1 outage (D2011) from the Fall of 2020 to 2021 
to support the revised start date of the Darlington Unit 3 refurbishment. While the change in the D2011 
timing is expected to increase the 2020 ROE above the 300 basis points dead band, to 12.8%, it will have 
a corresponding negative effect on the 2021 ROE, which OPG expects to be slightly below the OEB-
approved ROE, at 9.0%. As a result, the projected average performance over both the 2020-2021 period 
and over the full 2017-2021 rate term period will remain within the dead band, at 10.9% and 11.0%, 
respectively.  Had the D2011 outage remained in 2020, the projected performance for 2020 and 2021 
would be within the dead band at approximately 11.0% for each year.  


4 EB-2016-0152, E2-1-1, Chart 2 
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The projections noted in the preceding paragraph include the revisions to the Darlington refurbishment 
schedule itself, including Unit 2 returning to service on June 4, 2020 and Unit 3 coming offline at the end 
of July 2020 to commence a planned outage immediately preceding the start of refurbishment.  


OPG continues to monitor and assess potential future COVID-19 impacts and risks, which may negatively 
impact regulated ROE performance as the pandemic evolves. Due to an inherent inability to predict such 
impacts, they are not reflected in the projections provided. Some of the risks being monitored related to 
execution of nuclear outages and other work programs include extent and duration of physical 
distancing requirements and other enhanced safety measures, and potential impacts on vendors and 
supply chains.  


Based on the assessment above, OPG’s 2019 results represent a short term variance in the ROE and as 
such OPG’s payment amounts continue to remain just and reasonable for the remainder of the IR term.  


 


Yours truly, 


 


Matt Kirk 


Att. 


cc: Cathy Nguyen, OEB 
Stephanie Chan, OEB 


 


 


Filed: 2021-05-21 
EB-2020-0290 


JI1.1 
Attachment 12 


Page 5 of 16







Num


Lin
No


1
2
3
4


5


6


7


8


Note
1


2


3
4
5
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e Principal Component Cost Rate Cost of
. Capitalization Note ($M) (%) (%) Capital ($M)


(a) (b) (c) (d)


Short-term Debt 1, 2 139.9 1.3% 1.96% 5.1
Existing Long-term Debt 1 3,961.3 36.0% 4.33% 171.4
Other Long-term Debt Provision 1, 3 1,947.0 17.7% 4.33% 84.2
  Total Debt 4 6,048.2 55.0% 4.31% 260.7


Common Equity 4, 5 4,948.5 45.0% 15.61% 772.4


Rate Base Financed by Capital Structure 4 10,996.7 95.7% 9.39% 1,033.1


Adjustment for Lesser of UNL or ARC 1 488.5 4.3% 4.93% 24.1


Rate Base 1 11,485.1 100.0% 9.20% 1,057.2


s:
Amounts in cols. (a) and (d) and the cost rates in col. (c) are determined using the same methodologies
as applied in EB-2016-0152.
The cost of short-term debt includes interest at the cost rate shown in col. (c) plus an allocation of the actual
credit facility cost.
Debt required to balance capital structure with actual rate base.
Capital structure as approved by the OEB in EB-2016-0152.
Actual regulatory return on equity in col. (d) from Table 2, line 13, col. (c).


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 1
Summary of Actual Capitalization and Cost of Capital


Year Ended December 31, 2019 
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Line Regulated


No. Description Note Hydroelectric Nuclear Total


(a) (b) (c)


1 Accounting EBIT (includes rounding) 1 620.3 524.7 1,145.0


2
Add: Accretion on  Nuclear Fixed Asset Removal and Nuclear 
Waste Management Liabilities


1 N/A


3
Deduct: Earnings/(Losses) on Nuclear Fixed Asset Removal 
and Nuclear Waste Management Funds


1 N/A


4
Deduct: Shareholder Portion of Hydroelectric Incentive 
Mechanism Revenue


2 N/A 0.0


5 Deduct: Shareholder Portion of Heavy Water Sales Net of Costs 3 N/A


6
Deduct: Amortization of Return on Equity Components of 
Variance and Deferral Account Balances


4 0.4 0.0 0.4


7 Regulatory EBIT (lines 1+2-3-4-5-6) 619.9 572.3 1,192.2


8 Deduct: Cost of Deemed Debt for Regulated Assets 5 176.3 84.4 260.7


9 Deduct: Cost Related to UNL/ARC Adjustment 5 N/A 24.1 24.1


10 Add: Cost of Capital Variance and Deferral Account Additions 6 11.0 36.3 47.3


11 Regulatory EBT (line 7 - line 8 - line 9 + line 10) 454.6 500.1 954.7


12 Deduct: Regulatory Income Taxes on Regulated Assets 7 83.7 98.6 182.3


13 Regulatory Return on Equity (line 11 - line 12) 370.9 401.5 772.4


See Table 2a for notes


Differences Between Accounting and Regulatory Treatment:


Deemed Cost of Capital:


Determination of Regulatory Return on Equity:


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 2
Actual Regulatory Return on Equity ($M)


Year Ended December 31, 2019 


Accounting Expenses/Revenues not Included in Regulatory EBIT:
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Numbers may not add due to rounding. Submitted: July 31, 2020


Notes:
1


2


3


4


5


Actual amounts on lines 1, 2, and 3 are determined in accordance with United States Generally Accepted Accounting Principles (US GAAP), 
as approved by the OEB for use by OPG for regulatory accounting, reporting and rate-making purposes.  These amounts are determined using 
the same methodology as reflected in the 2015 audited financial statements for OPG's prescribed facilities filed in EB-2016-0152 
Ex. A2-1-1, Attachment 5.


During 2019, hydroelectric incentive mechanism (HIM) revenue was earned pursuant to the mechanism approved by the OEB in EB-2013-0321 and
continued in EB-2016-0152.


Heavy water sales net of costs are applied by the OEB as a reduction to OPG's nuclear revenue requirement.  In EB-2010-0008, the OEB 
approved a sharing mechanism for heavy water sales net of costs between OPG and ratepayers.  The shareholder portion of heavy water sales 
net of costs represents the excess, if any, of the actual sales net of costs in 2019 reflected in the EB-2016-0152 Payment Amounts Order.


Amounts represent differences between the cost of capital additions recognized in the variance and deferral accounts, and the corresponding regulatory 
assets reflected in the US GAAP financial statements.  In accordance with US GAAP,  OPG limits the portion of cost of capital additions recognized as a 
regulatory asset in the financial statements to amounts calculated using the average rate of capitalized interest applied by OPG to construction and 
development in progress balances.  


Costs related to deemed debt and UNL/ARC adjustment for 2019 are allocated to Regulated Hydroelectric and Nuclear based on actual rate 
base, using the same methodology applied in EB-2016-0152, as follows:


Line


No. Item


(a) (b)


1a Interest Rate (Table 1, line 4, col. (c)) 4.31% 4.31%


2a Actual Rate Base (Table 1, line 8, col. (a)) 7,437.9 4,047.2
3a ARC / UNL Adjustment (Table 1, line 7, col. (a)) N/A 488.5
4a Rate Base Financed by Capital Structure 7,437.9 3,558.8


(line 2a - line 3a)
5a Debt Ratio (Table 1, line 4, col. (b)) 55.0% 55.0%
6a Deemed Debt (line 4a x line 5a) 4,090.8 1,957.3


7a Cost of Deemed Debt for Regulated Assets 176.3 84.4
(line 1a x line 6a)


8a Cost Related to UNL/ARC Adjustment N/A 24.1
(Table 1, line 7, col. (c) x line 3a)


6 The amounts represent the cost of capital additions to the Capacity Refurbishment Variance Account, the Niagara Tunnel Project Pre-December
2008 Disallowance Variance Account, and the Impact Resulting from Changes in Station End-of-Life Dates (December 31, 2017) Deferral Account 
recorded in 2019.


7 The amount of regulatory income taxes is determined based on Regulatory EBT at line 11, using the methodology for calculating regulatory
income taxes applied in EB-2016-0152, as adjusted to reflect the inclusion of income tax amounts in certain deferral and variance accounts
(i.e. the impact of tax additions and deductions that represent items for which the tax cost or benefit is being passed on to ratepayers 
through deferral and variance accounts) and to exclude the benefit of the 2019 nuclear tax loss forecasted in EB-2016-0152 to be carried forward beyond 
the 2017-2021 period. The amount of regulatory income taxes reflects the actual 2019 income tax return completed in June 2020.  Consistent with OPG's 
EB-2016-0152 Reply Argument, p.173, footnote 94, starting in 2017, the regulatory income tax calculation reflects Scientific Research & Experimental 
Development investment tax credits in the amount earned for the year (at the applicable accounting recognition percentage).


Table to Note 4 ($M)


Regulated 
Hydroelectric  Nuclear


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 2a
Actual Regulatory Return on Equity ($M)


Year Ended December 31, 2019
Notes to Table 2
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Numbers may not add due to rounding. Submitted: July 31, 2020


Line (b) - (a)
No. Description Note OEB Approved2 Actual Variance


(a) (b) (c)


Revenues:
1   Revenue Requirement 1 3,216.1
2   Ancillary and Other Revenue 1
3   Bruce Lease Revenues Net of Direct Costs 1 (20.6)
4   Amortization of Variance & Deferral Account Amounts 108.9
5 Total Revenues  (lines 1 through 4) 2


Expenses:
6   OM&A 1, 3 2,305.4 2,200.8 (104.6)
7   Fuel 1 217.1 239.4 22.3


8   Depreciation & Amortization, including
  Amortization of Variance & Deferral Account Amounts 4 512.6 605.3 92.7


9   Property Taxes 1 15.3 12.5 (2.8)
10 Total Expenses  (lines 6 through 9) 3,050.3 3,058.0 7.7


11 Other Losses/(Gains) 0.0 0.4 0.4


Cost of Capital Excluding Return on Equity:
12 Cost of Deemed Debt for Regulated Assets 5 75.7 84.4 8.7
13 Adjustment for Lesser of UNL or ARC 1, 6 17.7 24.1 6.4
14 Cost of Capital Variance and Deferral Account Additions 7 0.0 (36.3) (36.3)


15 Total Cost of Capital Excluding Return on Equity
(lines 12 through 14) 93.3 72.2 (21.2)


16 Income Tax 1, 8 98.6
17 Reporting Adjustment 9 N/A N/A


18 Regulatory Return on Equity
(line 5 - line 10 + line 11 - line 15 - line 16 + line 17) 1, 10 203.4 401.5 198.1


Notes:


1


2


3


4


5


6
7
8
9


10 Actual amount in col. (b) are as shown in Table 2, line 13, col. (b).


OEB-approved amounts are the sum of corresponding amounts in EB-2016-0152 Payment Amounts Order, App. A, Table 3 (2019 Nuclear).


Actual amounts in col. (b) includes the adjustment to remove the revenue component of the shareholder portion of heavy water sales net of costs 
for Nuclear shown in Table 2, line 5. 
Actual amount in col. (b) includes the adjustment to remove the cost component of the shareholder portion of heavy water sales net of costs 
shown in Table 2, line 5.  
OEB Approved amount in col. (a) is calculated as the sum of line 17, col. (c) in EB-2016-0152 Payments Amount Order, App. A, Table 3, plus 
line 4, col. (a) above. Actual amounts in col. (b) include the amortization adjustment shown in Table 2, line 6.
OEB Approved amounts are the sum of short-term debt cost and long-term debt cost from the EB-2016-0152 Payment Amounts Order (App. A, 
Table 3, lines 10 and 11).  Actual amounts are from Table 2, line 8, col. (b).
Actual amount in col. (b) from Table 2, line 9, col. (b).
Actual amount in col. (b) from Table 2, line 10, col. (b).
Actual amount in col. (b) from Table 2, line 12, col. (b).
The Reporting Adjustment line is included solely to maintain the confidentiality of the amount of actual heavy water sales net of costs. 


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 3
Comparison of Actual Regulatory Return on Equity to Board Approved for Nuclear ($M)


Year Ended December 31, 2019
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Numbers may not add due to rounding. Submitted: July 31, 2020


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Regular Non-Regular Regular Non-Regular
Management Group 891 61 140 5 1,097
Power Workers Union3 3,376 1,542 657 41 5,616
Society of Energy Professionals 2,508 250 392 14 3,164
Total 6,775 1,853 1,189 60 9,878


Notes:
1


2
3


Consistent with the FTE allocation methodology in EB-2013-0321 and EB-2016-0152.
Non-Regular includes members from Electrical Power Systems Construction Association (EPSCA).


Table 4
Full-Time Equivalents (FTEs) by Representation


Year Ended December 31, 2019


Representation Nuclear1,2 Regulated Hydro1,2
Total


Corporate group FTEs are allocated to OPG's business units using the percentage of labour dollars allocated to each business.  This results in 
the Corporate FTEs being allocated 80% to the nuclear facilities and 12% to the regulated hydroelectric facilities.
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Submitted: July 31, 2020


CWIP Retirements, CWIP
Opening Capital In-Service Transfers & Closing
Balance4 Expenditures Additions2 Adjustments Balance


(a) (b) (c) (d) (e)= a+b+c+d


Regulated Hydroelectric 177.1 204.2 (245.8) 0.8 136.3


Nuclear 4,855.6 1,482.5 (600.0) (4.0) 5,734.1


Corporate Support Services3 27.6 34.9 (42.1) 0.0 20.4


Total 5,060.3 1,721.6 (887.9) (3.2) 5,890.8


Notes:
1 All amounts include both fixed and intangible assets, as appropriate.
2 The amounts do not include other in-service additions of $62.9M for nuclear and $1.4M for regulated hydroelectric.  The excluded 


other in-service additions include purchased minor fixed assets, capital spares and other amounts entering in-service assets directly 
rather than through CWIP. 


3 The amounts do not include corporate support services fixed and intangible assets that are recovered via the Asset Service Fee. 


Operating
Group


Ontario Power Generation Inc.
 Reporting and Record Keeping Requirements


Table 5
Continuity of Construction Work-In-Progress (CWIP) and In-Service Additions1 ($M)


Year Ended December 31, 2019


Filed: 2021-05-21 
EB-2020-0290 


JI1.1 
Attachment 12 
Page 11 of 16







Submitted: July 31, 2020


Reporting
Period


OPG's MD&A is filed with the Ontario Securities Commission and is posted on OPG's website at the 
following link:


https://www.opg.com/document/2019-financial-results/


OPG's financial statements are filed with the Ontario Securities Commission and are posted on OPG's 
website at the following link:


https://www.opg.com/document/2019-financial-results/


OPG's nuclear unit capability factors are provided on page 38 of OPG's MD&A, which is available at the 
following link:


https://www.opg.com/document/2019-financial-results/


Availability for the regulated hydroelectric facilities is provided on page 39 of OPG's MD&A, which is 
available at the following link:


https://www.opg.com/document/2019-financial-results/


Ontario Power Generation Inc. 
Reporting and Record Keeping Requirements


Table 6
Management's Discussion & Analysis (MD&A), Financial Statements, Nuclear Unit Capability Factors and Hydroelectric Availability


Report Particulars


Availability for the Regulated 
Hydroelectric Facilities


Year Ended 
December 31, 


2019


MD&A filed with the Ontario Securities 
Commission


Year Ended 
December 31, 


2019


Financial Statements filed with the 
Ontario Securities Commission


Year Ended 
December 31, 


2019


Nuclear Unit Capability Factors
Year Ended 


December 31, 
2019


Filed: 2021-05-21 
EB-2020-0290 


JI1.1 
Attachment 12 
Page 12 of 16







Table 7: Pickering Performance Report


Metric 2015 2016 2017 2018 2019 Metric 2019 2020


Safety
1-Year Total Recordable Injury Frequency (#/200k 
hours worked) 1


0.44 0.49 0.06 0.16 0.11 Total Recordable Injury Frequency (#/200k hours 
worked) 0.20 TBD


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


0.05 0.04 0.05 0.05 0.02 Industrial Safety Accident Rate (#/200k hours 
worked) 0.10 TBD


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


97.72 97.23 83.96 81.65 70.32 Collective Radiation Exposure (Person-rem per 
unit) 92.30 TBD


1-Year Airborne Tritium Emissions (Curies) per Unit 2,409 3,067 3,103 2,772 2,517 Airborne Tritium Emissions (Curies) per Unit 2,500 TBD


Fuel Reliability Index (microcuries per gram) 4 0.000421 0.000261 0.000584 0.000837 0.000187 Fuel Reliability Index (microcuries per gram) 0.000500 TBD


2-Year Reactor Trip Rate (# per 7,000 hours) 0.17 0.25 0.26 0.33 0.24 Reactor Trip Rate (# per 7,000 hours) 0.50 TBD


3-Year Auxiliary Feedwater System Unavailability 
(#) 0.0115 0.0070 0.0000 0.0039 0.0039 Auxiliary Feedwater System Unavailability (#) 0.0200 TBD


3-Year Emergency AC Power Unavailability (#) 0.0030 0.0030 0.0030 0.0000 0.0003 Emergency AC Power Unavailability (#) 0.0250 TBD


3-Year High Pressure Safety Injection Unavailability 
(#) 0.0000 0.0000 0.0000 0.0000 0.00013 High Pressure Safety Injection Unavailability (#) 0.0200 TBD


Reliability


Rolling Average2 WANO NPI (Index) 68.5 76.3 76.7 74.9 82.5 WANO NPI (Index) 74.3 TBD


Rolling Average2 Forced Loss Rate (%) 6.85 3.76 5.01 5.20 3.39 Forced Loss Rate (%) 3.50 TBD


Rolling Average2 Unit Capability Factor (%) 77.32 77.03 77.36 79.55 83.31 Unit Capability Factor (%) 80.56 TBD


Rolling Average2 Chemistry Performance Indicator 
(Index)


1.06 1.04 1.02 1.02 1.02 Chemistry Performance Indicator (Index) 1.03 TBD


1-Year On-line Deficient Maintenance Backlog 
(work orders per unit) 251 350 383 279 114 On-line Deficient Maintenance Backlog (work 


orders per unit) 133 TBD


1-Year On-line Deficient Critical Maintenance 
Backlog (work orders per unit) 41 9 5 On-line Deficient Critical Maintenance Backlog 


(work orders per unit) 9 TBD


1-Year On-line Corrective Maintenance Backlog 
(work orders per unit) 125 116 25 17 9 On-line Corrective Maintenance Backlog (work 


orders per unit) 12 TBD


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


(work orders per unit) 0 TBD


Value for Money
3-Year Total Generating Cost per MWh ($ per Net 
MWh) 67.36 68.06 67.22 67.76 62.39 Total Generating Cost per MWh ($ per Net MWh) 64.89 TBD


Normalized 3-Year Total Generating Cost per MWh 
($ per Net MWh)5 49.26 49.29 44.85 Normalized 3-Year Total Generating Cost per MWh 


($ per Net MWh) -- TBD


3-Year Total Generating Cost per Unit (M $ per 
Unit) 228.04 231.63 233.75 234.18 228.27 Total Generating Cost per Unit (M $ per Unit) 232.93 TBD


Normalized 3-Year Total Generating Cost per Unit 
(M $ per Unit)5 184.69 183.77 176.31 Normalized 3-Year Total Generating Cost per MWh 


($ per Net MWh) -- TBD


3-Year Non-Fuel Operating Cost per MWh ($ per 
Net MWh) 56.49 57.12 56.89 57.92 53.84 Non-Fuel Operating Cost per MWh ($ per Net 


MWh) 56.67 TBD


3-Year Fuel Cost per MWh ($ per Net MWh) 5.71 5.75 5.31 4.86 4.23 Fuel Cost per MWh ($ per Net MWh) 4.12 TBD


3-Year Capital Cost per MW DER (k$ per MW) 33.86 34.23 33.91 33.39 30.66 Capital Cost per MW DER (k$ per MW) 28.55 TBD


Human Performance
18-Month Human Performance Error Rate (# per 
200k ISAR and contractor hours) 3 0.11000 0.03840 0.11600 0.14310 0.02000 18-Month Human Performance Error Rate (# per 


200k ISAR and contractor hours) 0.08000 TBD


Notes


2. Indicates a 2-Year Rolling Average for Pickering and a 3-Year Rolling Average for Darlington.
3. 2015-2016 figures have been restated from 10k ISAR and contractor hours to 200k ISAR and contractor hours.
4. Indicates performance in the most recent quarter
5. 2017 - 2019 Normalized Actuals utilize normalization methodology for CANDU technology (including outage duration) and age-related impacts


Actuals Annual Targets


1. In 2018, Ontario Power Generation selected Total Recordable Injury Frequency (replacing All Injury Rate) as a measure for evaluating Health and Safety performance, and reflects a change instituted by the Canadian Electrical Association. 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.  Data prior to 2018 are All Injury Rate figures.
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Table 8 Darlington Performance Report


Metric 2015 2016 2017 2018 2019 Metric 2019 2020


Safety
1-Year Total Recordable Injury Frequency (#/200k 
hours worked)1 0.22 0.23 0.40 0.32 0.00 Total Recordable Injury Frequency (#/200k hours 


worked) 0.20 TBD


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


0.08 0.06 0.04 0.04 0.04 Industrial Safety Accident Rate (#/200k hours 
worked) 0.10 TBD


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


79.55 68.77 91.80 85.43 83.23 Collective Radiation Exposure (Person-rem per unit) 80.00 TBD


1-Year Airborne Tritium Emissions (Curies) per Unit 1,313 846 875 982 1,213 Airborne Tritium Emissions (Curies) per Unit 900 TBD


Fuel Reliability Index (microcuries per gram)4 0.000122 0.000343 0.000179 0.000187 0.000295 Fuel Reliability Index (microcuries per gram) 0.000500 TBD


2-Year Reactor Trip Rate (# per 7,000 hours) 0.13 0.24 0.29 0.15 0.00 Reactor Trip Rate (# per 7,000 hours) 0.50 TBD


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


3-Year Emergency AC Power Unavailability (#) 0.0000 0.0000 0.0000 0.0026 0.0026 Emergency AC Power Unavailability (#) 0.0250 TBD


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


Reliability


Rolling Average2 WANO NPI (Index) 83.7 87.8 82.0 90.7 88.9 WANO NPI (Index) 92.1 TBD


Rolling Average2 Forced Loss Rate (%) 3.65 3.10 3.47 1.94 2.56 Forced Loss Rate (%) 1.00 TBD


Rolling Average2 Unit Capability Factor (%) 83.96 86.16 82.17 86.89 87.06 Unit Capability Factor (%) 89.00 TBD


Rolling Average2 Chemistry Performance Indicator 
(Index)


1.00 1.00 1.01 1.03 1.03 Chemistry Performance Indicator (Index) 1.10 TBD


1-Year On-line Deficient Maintenance Backlog (work 
orders per unit) 174 170 119 124 110 On-line Deficient Maintenance Backlog (work orders 


per unit) 115 TBD


1-Year On-line Deficient Critical Maintenance 
Backlog (work orders per unit) 15 9 3 On-line Deficient Critical Maintenance Backlog (work 


orders per unit) 6 TBD


1-Year On-line Corrective Maintenance Backlog 
(work orders per unit) 24 14 13 6 4 On-line Corrective Maintenance Backlog (work 


orders per unit) 4 TBD


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


(work orders per unit) 0 TBD


Value for Money
3-Year Total Generating Cost per MWh ($ per Net 
MWh) 44.38 45.63 54.40 59.06 67.00 Total Generating Cost per MWh ($ per Net MWh) 65.24 TBD


Normalized 3-Year Total Generating Cost per MWh 
($ per Net MWh)6 37.94 37.65 38.84


Normalized Total Generating Cost per MWh ($ per 
Net MWh)5 53.61 TBD


3-Year Total Generating Cost per Unit (M $ per Unit) 282.37 292.49 337.56 384.74 442.14 Total Generating Cost per Unit (M $ per Unit) 433.95 TBD


Normalized 3-Year Total Generating Cost per Unit 
(M $ per Unit)6 313.62 257.65 270.46


Normalized Total Generating Cost per Unit (M $ per 
Unit)5 356.60 TBD


3-Year Non-Fuel Operating Cost per MWh ($ per 
Net MWh) 33.19 33.00 39.62 42.14 47.08 Non-Fuel Operating Cost per MWh ($ per Net MWh) 45.30 TBD


Normalized 3-Year Non-Fuel Operating Cost per 
MWh ($ per Net MWh)7 36.89 36.37 37.84


Normalized Non-Fuel Operating Cost per MWh ($ 
per Net MWh)5 36.77 TBD


3-Year Fuel Cost per MWh ($ per Net MWh) 5.18 5.31 5.19 4.92 4.40 Fuel Cost per MWh ($ per Net MWh) 4.51 TBD


3-Year Capital Cost per MW DER (k$ per MW) 43.52 53.47 62.11 89.03 116.67 Capital Cost per MW DER (k$ per MW) 87.65 TBD


Normalized 3-Year Capital Cost per MW DER (k$ 
per MW)7 59.81 73.46 89.78 Normalized 3-Year Capital Cost per MW DER (k$ 


per MW) -- TBD


Human Performance
18-Month Human Performance Error Rate (# per 
200k ISAR and contractor hours)3 0.06200 0.06940 0.05200 0.05100 0.03600 18-Month Human Performance Error Rate (# per 


200k ISAR and contractor hours) 0.04000 TBD


Notes


2. Indicates a 2-Year Rolling Average for Pickering and a 3-Year Rolling Average for Darlington.
3. 2015-2016 figures have been restated from 10k ISAR and contractor hours to 200k ISAR and contractor hours.
4. Indicates performance in the most recent quarter
5. 2019 Normalized Targets utilize the new ScottMadden methodology for refurbishment only.
6. 2017-2019 Normalized Actuals utilize  both ScottMadden methdologies i.e. normalizing  for refurbishment as well as CANDU technology (including outage duration) and age-related impacts
7. 2017-2019 Normalized Actuals utilize the new ScottMadden methdology for refubishment only


Actuals Annual Targets


1. In 2018, Ontario Power Generation selected Total Recordable Injury Frequency (replacing All Injury Rate) as a measure for evaluating Health and Safety performance, and reflects a change instituted by the Canadian Electrical Association. 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.  Data prior to 2018 are All Injury Rate figures.
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Table 9 OPG Nuclear Performance Report


Metric 2015 2016 2017 2018 2019 Metric 2019 2020


Reliability


Rolling Average1 WANO NPI (Index) 74.6 80.9 78.5 80.1 84.6 WANO NPI (Index) 80.2 TBD


Rolling Average1 Unit Capability Factor (%) 80.00 80.70 78.96 82.00 84.56 Unit Capability Factor (%) 84.47 TBD


Value for Money
3-Year Total Generating Cost per MWh ($ per Net 
MWh) 54.58 55.57 60.53 63.31 64.58 Total Generating Cost per MWh ($ per Net MWh) 65.06 TBD


Normalized 3-Year Total Generating Cost per MWh 
($ per Net MWh)3 43.44 43.41 42.03


Normalized Total Generating Cost per MWh ($ per 
Net MWh)2 59.46 TBD


3-Year Total Generating Cost per Unit (M $ per Unit) 249.77 255.97 273.13 287.95 299.56 Total Generating Cost per Unit (M $ per Unit) 299.94 TBD


Normalized 3-Year Total Generating Cost per Unit 
(M $ per Unit)3 208.24 210.16 207.69


Normalized Total Generating Cost per Unit (M $ per 
Unit)2 274.15 TBD


Notes


3. 2017-2019 Normalized Actuals utilize both ScottMadden methdologies i.e. normalizing  for refurbishment as well as CANDU technology (including outage duration) and age-related impacts


Actuals Annual Targets


1.  Indicates a 2-Year Rolling Average for Pickering and a 3-Year Rolling Average for Darlington.
2. 2019 Normalized Targets utilize the new ScottMadden methodology for refurbishment only.
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2020
Measure 2015 2016 2017 2018 Act Tar Tar
All Injury Rate (per 200k hours)1/
Total Recordable Injury Frequency 0.84 1.27 2.05 1.68 1.32 1.21 TBD
Environmental Performance Index (%) 115% 150% 145% 135% 150% 100% TBD
Availability Factor (%) 91.2% 89.0% 88.0% 86.0% 86.6% 88.0% TBD
Equivalent Forced Outage Rates (%) 1.8% 2.4% 3.3% 4.2% 6.4% 1.8% TBD
OM&A Unit Energy Cost ($/MWh) 8.3 8.1 8.1 8.7 8.5 8.4 TBD
3-Year Total Generating Cost ($/MWh)2,3 21.5 22.3 22.9 23.4 24.1 N/A N/A


Notes:
1


2


3 Per EB-2016-0152 Decision and Order P. 149-150 no target is filed for TGC. 


Table 10
2019 Regulated Hydroelectric Performance Reporting


Historical Actuals 2019


In 2018, Ontario Power Generation selected Total Recordable Injury Frequency (replacing All Injury Rate) as a measure for evaluating Health and Safety 
performance, and reflects a change instituted by the Canadian Electrical Association. 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.


2013 is the earliest year that OPG has provided Total Generating Cost for the regulated hydroelectric facilities. Accordingly, the 3-year average begins in 2015 
with 2014 showing the 2-year average of the 2013 and 2014 results. 


Category


Safety / Environment


Reliability


Cost Effectiveness
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August 28, 2020 


VIA EMAIL 


Christine E. Long 
Board Secretary 
Ontario Energy Board  
P.O. Box 2319 
2300 Yonge Street, Suite 2700 
Toronto, ON 
M4P 1E4 


Dear Ms. Long: 


Re: OPG Reporting and Record Keeping Requirements 


Further to the Board’s direction in EB-2010-0008 Decision with Reasons (p. 151) and maintained in EB-2013-
0321, please find attached the following information: 


1) Within 60 days after calendar quarter end: unaudited balances of OPG’s deferral and variance accounts;
and,


2) Within 60 days for the first three quarters: OPG’s MD&A and Financial Statements filed with the OSC,
OPG’s nuclear unit capability factors and the hydroelectric availability for its regulated facilities.


Yours truly, 


Herman Mo 


Att. 


cc: Christopher Kerr, OEB 
Nancy Marconi, OEB 
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Submitted: August 28, 2020


Balance ($M)
June 30, 2020


Regulated Hydroelectric
Hydroelectric Water Conditions Variance Account (230)
Ancillary Services Net Revenue Variance Account - Hydroelectric (59)
Hydroelectric Incentive Mechanism Variance Account 0 
Hydroelectric Surplus Baseload Generation Variance Account 483 
Income and Other Taxes Variance Account - Hydroelectric (4)
Capacity Refurbishment Variance Account - Hydroelectric 33 
Niagara Tunnel Project Pre-December 2008 Disallowance Variance Account 7 
Pension and OPEB Cost Variance Account - Future Recovery - Hydroelectric (Dec 31, 2012 Balance) 6 
Pension and OPEB Cost Variance Account - Post 2012 Additions - Hydroelectric 11 
Pension & OPEB Cash Payment Variance Account - Hydroelectric (68)
Pension & OPEB Cash Versus Accrual Differential Deferral Account - Hydroelectric 123 
Pension & OPEB Cash Versus Accrual Differential Carrying Charges - Hydroelectric (1)
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Primary Account-Hydroelectric 3 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Contra Account-Hydroelectric (3)
Hydroelectric Deferral and Variance Over/Under Recovery Variance Account 14 
Gross Revenue Charge Variance Account 0 


Regulated Hydroelectric Subtotal 315 


Nuclear
Nuclear Liability Deferral Account 10 
Impact Resulting from Changes in Station End-of-Life Dates (December 31, 2015) Deferral Account (87)
Nuclear Development Variance Account 9 
Ancillary Services Net Revenue Variance Account - Nuclear (4)
Capacity Refurbishment Variance Account - Nuclear - Capital Portion (83)
Capacity Refurbishment Variance Account - Nuclear - Non-Capital Portion (133)
Bruce Lease Net Revenues Variance Account - Derivative (15)
Bruce Lease Net Revenues Variance Account - Non-Derivative 178 
Income and Other Taxes Variance Account - Nuclear (22)
Pension and OPEB Cost Variance Account - Future Recovery - Nuclear (Dec 31, 2012 Balance) 126 
Pension and OPEB Cost Variance Account - Post 2012 Additions - Nuclear 277 
Pension & OPEB Cash Payment Variance Account - Nuclear (351)
Pension & OPEB Cash Versus Accrual Differential Deferral Account - Nuclear 774 
Pension & OPEB Cash Versus Accrual Differential Carrying Charges - Nuclear (1)
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Primary Account - Nuclear 22 
Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Contra Account - Nuclear (22)
Nuclear Deferral and Variance Over/Under Recovery Variance Account (17)
Fitness for Duty Deferral Account 1 
SR&ED ITC Variance Account (18)
Impact Resulting from Changes to Pickering Station End-of-Life Dates (Dec 2017) Deferral Account (324)
Rate Smoothing Deferral Account 304 


Nuclear Subtotal 624 


Grand Total 939 


Notes:
The Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential-Primary Account and related Contra Account balances always net to zero.
Numbers may not add due to rounding.


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 1
Summary of Deferral & Variance Account Balances


Account
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Submitted: August 28, 2020


Reporting
Period


OPG's MD&A is filed with the Ontario Securities Commission and is posted on OPG's 
website at the following link:
https://www.opg.com/documents/2020-second-quarter-financial-results-pdf/
OPG's financial statements are filed with the Ontario Securities Commission and are posted 
on OPG's website at the following link:
https://www.opg.com/documents/2020-second-quarter-financial-results-pdf/
OPG's Nuclear unit capability factors are provided on page 32 of OPG's MD&A, which is 
available at the following link:
https://www.opg.com/documents/2020-second-quarter-financial-results-pdf/
Availability for the regulated hydroelectric facilities is provided on page 34 of OPG's MD&A, 
which is available at the following link:
https://www.opg.com/documents/2020-second-quarter-financial-results-pdf/


Availability for the Regulated 
Hydroelectric Facilities


Six Months Ended June 
30, 2020


MD&A filed with the Ontario Securities 
Commission


Six Months Ended June 
30, 2020


Financial Statements filed with the 
Ontario Securities Commission


Six Months Ended June 
30, 2020


Nuclear Unit Capability Factors Six Months Ended June 
30, 2020


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 2
Management's Discussion & Analysis (MD&A) and Financial Statements Reporting


Report Particulars


Filed: 2021-05-21 
EB-2020-0290 


JI1.1 
Attachment 13 


Page 3 of 3



https://www.opg.com/documents/2020-second-quarter-financial-results-pdf/

https://www.opg.com/documents/2020-second-quarter-financial-results-pdf/

https://www.opg.com/documents/2020-second-quarter-financial-results-pdf/

https://www.opg.com/documents/2020-second-quarter-financial-results-pdf/



		13A

		13B

		Q2 2020_FINAL

		MD&A and FS












Clarification 1 1 


For 2019, OPG reported the OEB-approved ROE as $203.4M at Table 3 / Line 18. 2 


According to the EB-2016-0152 Payment Amounts Order / Appendix A / Table 3 / Line 3 


12, the OEB approved ROE for 2019 was $119.2M. Can you please verify that the 4 


reported $203.4M is accurate and if so, provide a brief clarification to reconcile that 5 


number with the $119.2M.  6 


7 


OPG Response 1 8 


The correct OEB-approved ROE for 2019 is $119.2M, as reported in EB-2016-0152 9 


Payment Amounts Order (“PAO”), App. A, Table 3, line 12, col. (c).  The amount of 10 


$203.4M reported in Table 3, as filed on July 31, 2020, was incorrect.  A corrected 11 


version of Table 3 for the year ended December 31, 2019 is attached. 12 


13 


There are four changes to the OEB-approved amounts in the updated Table 3 for the 14 


year ended December 31, 2019: 15 


1) Line 1, col. (a): Revenue Requirement16 


This line has been corrected to reflect PAO, App. A, Table 3, line 26, col. (c),17 


rather than PAO, App. A, Table 3, line 28, col. (c).18 


19 


2) Line 4, col. (a) and line 8, col. (a): Amortization of Variance & Deferral Account20 


Amounts21 


These lines have been corrected to include the sum of PAO, App. A, Table 3, line22 


27, col. (c) (“EB-2016-0152 D&V Amount”) and EB-2018-0243 Ex. M1 Settlement23 


Proposal (as approved by the OEB), App. A, Table 2, line 18, col. (i), rather than24 


solely the EB-2016-0152 D&V Amount. This change affects both line 4 (revenue)25 


and line 8 (expense) and therefore does not impact the corrected OEB-approved26 


Regulatory Return on Equity amount at line 18, col. (a).27 


28 


3) Line 4a, col. (a) and line 16a, col. (a): Income Tax Impact from Amortization of29 


Pension & OPEB Cash Versus Accrual Differential Deferral Account30 
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These lines have been added to present the income tax impacts associated with 1 


the recovery of the Pension & OPEB Cash Versus Accrual Differential Deferral 2 


Account balance and the OEB-approved recovery amounts for these impacts 3 


included in the EB-2018-0243 nuclear payment rider in effect during 2019.  4 


These tax impacts are shown separately from the EB-2016-0152 OEB-approved 5 


income tax amount at line 16, col. (a), which did not contemplate recovery of the 6 


Pension & OPEB Cash Versus Accrual Differential Deferral Account. The 7 


recovery of amounts for these impacts is presented separately from the 8 


amortization of variance and deferral account amounts at line 4, col. (a). The 9 


addition of these offsetting lines does not impact the corrected OEB-approved 10 


Regulatory Return on Equity amount at line 18, col. (a).  11 


 12 


4) Line 17a, col. (a): Cumulative Nuclear Stretch Dollars 13 


This line has been added to present the OEB-approved stretch factor amount of 14 


$24.8M included as a reduction in OPG’s 2019 nuclear revenue requirement (per 15 


PAO, App. A, Table 3, line 25, col. (c)). This amount has been included in the 16 


updated table in order to reconcile to the corrected OEB-approved Regulatory 17 


Return on Equity amount at line 18, col. (a).  18 
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Clarification 2 1 


After observing the difference in numbers from the above question, OEB staff also 2 


noticed that for 2018 OPG reported the OEB-approved ROE as $139.6M at Table 3 / 3 


Line 18. According to the EB-2016-0152 Payment Amounts Order / Appendix A / Table 4 


2 / Line 12, the OEB approved ROE for 2018 was $119.1M. Can you please verify that 5 


the reported $139.6M is accurate and if so, provide a brief clarification to reconcile that 6 


number with the $119.1M. 7 


8 


OPG Response 2 9 


The correct OEB-approved ROE for 2018 is $119.1M, as reported in PAO, App. A, 10 


Table 2, line 12, col. (c). Consistent with the changes outlined in the response to 11 


Clarification 1, an updated Table 3 for the year ended December 31, 2018 is attached. 12 


13 


There are two changes to the OEB-approved amounts in the updated Table 3 for the 14 


year ended December 31, 2018: 15 


1) Line 1, col. (a): Revenue Requirement16 


This line has been corrected to reflect PAO, App. A, Table 2, line 26, col. (c),17 


rather than PAO, App. A, Table 2, line 28, col. (c).18 


19 


2) Line 17a: Cumulative Nuclear Stretch Dollars20 


This line has been added to present the OEB-approved stretch factor amount of21 


$12.3M included as a reduction in OPG’s 2018 nuclear revenue requirement (per22 


PAO, App. A, Table 2, line 25, col. (c)). This amount has been included in the23 


updated table in order to reconcile to the corrected OEB-approved Regulatory24 


Return on Equity amount at line 18, col. (a).25 
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Clarification 3 1 


For both the 2019 OEB-approved and actual ROE calculations, can OPG please clarify 2 


if the amortization of variance and deferral account amounts are eliminated between the 3 


adjustments made at Table 3 / Line 4 (added as revenue) and Table 3 / Line 8 4 


(removed as an expense) so that no amount associated with the disposition of deferral 5 


accounts flows to the ROE amount. 6 


7 


OPG Response 3 8 


Confirmed, based on the changes discussed in the response to Clarifications 1 and 2. 9 
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Clarification 4 1 


To assist OEB staff with understanding the components of the reported 2019 OEB-2 


approved ROE calculation, can OPG please provide a breakout for Table 3 / Line 8 3 


between depreciation and amortization of OPG’s nuclear assets and the amortization of 4 


variance and deferral accounts. 5 


6 


OPG Response 4 7 


Per the updated Table 3, the amount at line 8, col. (a) is $583.6M and comprises the 8 


following: 9 
Description Amount 


($M) 
Reference / Notes 


Amortization of Deferral & Variance 


Account Balances (EB-2016-0152) 


108.9 EB-2016-0152 PAO, App. A, Table 3, line 27, 


col. (c) 


Depreciation & Amortization on 


Nuclear Assets 


403.7 EB-2016-0152 PAO, App. A, Table 3, line 17, 


col. (c) 


Amortization of Deferral & Variance 


Account Balances (EB-2018-0243) 


71.0 EB-2018-0243 Ex. M1, App. A, Table 2, line 18, 


col. (i) 


Total 583.6 Numbers may not add due to rounding 
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Clarification 5 1 


For Table 3, can OPG please provide amounts for each of Lines 1 to 4, as opposed to 2 


just the total in Line 5. (For Line 1, please provide the actual base revenue amount net 3 


of other revenue, Bruce lease revenues, and the amortization of variance and deferral 4 


account amount). 5 


6 


OPG Response 5 7 


The breakdown of Table 3, line 5, col. (b) into lines 1 through 4, and line 4a added in the 8 


response to Clarification 1, is provided below: 9 


Line 
No. 


Description Actual 
($M) 


Revenues: 


1 Revenue Requirement1 3,421.2 


2 Ancillary and Other Revenue  


3 Bruce Lease Revenues Net of Direct 


Costs 


0.0 


4 Amortization of Variance & Deferral 


Account Amounts 


179.9 


4a Income Tax Impact from Amortization of 


Pension & OPEB Cash Versus Accrual 


Differential Deferral Account 


14.7 


5 Total Revenues (lines 1 through 4a)  


10 


OPG notes that the amount of actual total revenue is reported on the same basis as in 11 


OPG’s audited financial statements for the prescribed facilities prepared in accordance 12 


with US GAAP, consistent with Note 1 in Table 2a. As unregulated facilities, revenues 13 


and costs associated with the Bruce facilities (and related additions to the Bruce Lease 14 


Net Revenues Variance Account) are not reflected in the financial statements for the 15 


prescribed facilities2 and therefore are not reflected (shown as 0.0 above) in the total 16 


revenues reported as part of actual Regulatory Return on Equity. The amount of Bruce 17 


1 Represents total revenue reported in the financial statements for the prescribed facilities in accordance 
with US GAAP, less amounts shown at lines 2 through 4a. 
2 For example, see EB-2016-0152, Ex. A2-1-1: p. 3, lines 5-6 and Attachment 5, pp. 25-26.  
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Lease revenues net of costs, including the impact of additions to the Bruce Lease Net 1 


Revenues Variance Account, was a net cost of approximately $23 million for the year 2 


ended December 31, 2019.    3 
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Clarification 6 1 


To assist OEB staff with understanding the components of the reported actual ROE, can 2 


OPG please break out Table 3 / Line 8 between depreciation and amortization of OPG’s 3 


nuclear assets and the amortization of variance and deferral accounts.  4 


 5 


OPG Response 6 6 


The amount at line 8, col. (b) of $605.3M comprises the following: 7 
Description Amount 


($M) 
Reference / Notes 


Amortization of Deferral & Variance 


Account Balances (EB-2016-0152) 


108.9 EB-2016-0152 PAO, App. A, Table 3, line 27, 


col. (c) 


Depreciation & Amortization on 


Nuclear Assets 


425.5 Actual 2019 Depreciation & Amortization (net of 


depreciation & amortization amounts recorded 


as additions to deferral and variance accounts) 


Amortization of Deferral & Variance 


Account Balances (EB-2018-0243) 


71.0 EB-2018-0243 Ex. M1, App. A, Table 2, line 18, 


col. (i) 


Total 605.3 Numbers may not add due to rounding 


  


Filed: 2021-05-21 
EB-2020-0290 


JI1.1 
Attachment 14 


Page 8 of 16







Clarification 7 1 


OEB staff seek to further understand the purpose of the adjustment made at Table 3 / 2 


Line 14, “Cost of Capital Variance and Deferral Account Additions.” Can OPG please 3 


further clarify what types of costs associated with capital additions are being included in 4 


the adjustment described by Table 2a / Note 6 (e.g. return, debt, depreciation, etc.) and 5 


provide background on why those costs are included. 6 


 7 


OPG Response 7 8 


The amount at Table 3, line 14 represents cost of capital additions recorded to deferral 9 


and variance accounts applicable to OPG’s prescribed nuclear assets as authorized by 10 


the OEB.  Cost of capital additions comprise cost of deemed debt, return on equity, and 11 


cost of capital related to the lesser of the unfunded nuclear liability (UNL) and asset 12 


retirement cost (ARC), as applicable. For 2019, cost of capital additions for the 13 


prescribed nuclear assets were recorded in the Capacity Refurbishment Variance 14 


Account and the Impact Resulting from Changes in Station End-of-Life Dates 15 


(December 31, 2017) Deferral Account.  16 


 17 


The adjustment ensures that the actual Regulatory Return on Equity appropriately 18 


reflects the impact of cost of capital additions to deferral and variance accounts in the 19 


period in which the underlying costs or returns arise. In the case of cost of deemed debt 20 


and cost of capital related to the lesser of UNL and ARC, this effectively adjusts the 21 


expenses at Table 3, lines 12 and 13, which are calculated on actual rate base and 22 


nuclear liability-related values, to recognize that a portion of these costs is recoverable 23 


in the future (and conversely that a portion of cost of capital amounts recovered through 24 


current payment amounts is refundable in the future), subject to OEB’s approval. 25 


Similarly, in the case of return on equity additions, the adjustment recognizes these 26 


amounts as an increase or reduction to current year’s Regulatory Return on Equity, for 27 


recoverable additions and refundable additions, respectively.  28 


 29 


Other cost and revenue items recorded as additions to deferral and variance accounts 30 


for the prescribed nuclear assets are not included in Table 3, line 14 as they are 31 
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reflected directly in the corresponding other lines at Table 3. For example, depreciation 1 


amounts recorded as recoverable additions to deferral and variance accounts are 2 


netted against depreciation & amortization expense at line 8 (and conversely refundable 3 


additions are added as part of line 8). 4 


 5 


For clarity, the adjustment at Table 3, line 14 also appears at Table 2, line 10 as part of 6 


the calculation of the actual Regulatory Return on Equity amounts. 7 
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Clarification 8 1 


OPG’s reported actual ROE by business segment for 2017-2019 is set out in the 2 


following table:  3 


($M) 2017 2018 2019 
Hydroelectric $400.5 (12.05%) $332.1 (9.98%) $370.9 (11.08%) 


Nuclear -$122.6 (-8.73%) $186.0 (12.22%) $401.6 (25.07%) 


Total Regulated $277.9 (5.88%) $518.1 (10.69%) $772.4 (15.61%) 


 4 


Can OPG please confirm that the above noted ROE amounts are correct and, if not, 5 


provide revised ROE amounts by business segment.  6 


 7 


OPG Response 8 8 


OPG confirms the regulated earnings dollar amounts for each of the nuclear and 9 


regulated hydroelectric business segments provided in the clarification, which are as set 10 


out in OPG’s respective annual Regulatory Return on Equity reporting to the OEB. 11 


 12 


OPG’s return on equity (i.e., in percentage terms) is not measured on a technology 13 


specific basis. OPG operates as a single company, with a single management structure 14 


and, as approved by the OEB since it began to regulate OPG’s prescribed facilities, a 15 


single cost of capital and capital structure for the purpose of establishing payment 16 


amounts. Similarly, OPG obtains corporate financing as a single company. Accordingly, 17 


OPG reports achieved return on equity for the prescribed facilities as a whole and, as in 18 


EB-2016-0152, maintains that the financial performance of the regulated business 19 


should be evaluated on that basis.3  20 


 21 


At the same time, the OEB has held the longstanding view that that the risks related to 22 


nuclear generation are higher than those related to hydroelectric generation.4 As a 23 


result, it is not possible to determine technology specific achieved return on equity by 24 


3 For example, see EB-2016-0152, Ex. L-11.7-11 LMPA-012. 
4 For example, see EB-2010-0008 Decision with Reasons, p. 116; EB-2013-0321 Decision with Reasons, 
p. 113; EB-2016-0152 Decision and Order, p. 102 
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dividing technology specific regulated earnings dollar amounts by technology specific 1 


deemed equity, where the level of deemed equity and therefore payment amount 2 


revenues and regulated earnings are based on the combined risks of both technologies.  3 


 4 


For the above reasons, OPG does not confirm return on equity percentage values by 5 


business segment provided in the clarification.   6 
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Clarification 9 1 


OEB staff notes that OPG’s total ROE for 2018 and 2019 is higher than the OEB-2 


approved amounts.  3 


Can OPG please comment on the driving factors for this trend in both the hydroelectric 4 


and nuclear business segments, and clarify if those factors are expected to continue in 5 


2020. Specifically, OEB staff seek to understand the driving factors behind any variance 6 


between the actual and OEB-approved production forecasts, for both hydroelectric and 7 


nuclear, that underpin the payment amounts for 2018 and 2019. 8 


 9 


OPG Response 9 10 


As explained in the response to Clarification 8, OPG’s return on equity is not measured 11 


on a technology specific basis.  12 


 13 


As set out in the letter accompanying OPG’s 2019 Regulatory Return on Equity 14 


submission, the higher than expected regulated ROE performance in 2019 is primarily 15 


attributable to higher nuclear generation due to fewer outage days than planned, 16 


reflecting improvements achieved in OPG’s nuclear asset management cycle and 17 


efficiencies realized in the execution of planned outages. The same applies to 2018 18 


regulated ROE performance.  19 


 20 


As further noted in the July 31, 2019 submission, OPG expects that its response 21 


measures to COVID-19 will have an impact on the regulated ROE performance for 2020 22 


and 2021. The single largest such impact relates to a planned deferral of a Darlington 23 


Unit 1 outage (D2011) from the Fall of 2020 to 2021 to support the revised start date of 24 


the Darlington Unit 3 refurbishment. While the change in the D2011 timing is expected 25 


to increase the 2020 ROE above the 300 basis points dead band, to approximately 26 


12.8%, it will have a corresponding negative effect on the 2021 ROE, which OPG 27 


expects to be slightly below the OEB-approved ROE, at approximately 9.0%. As a 28 


result, the projected average performance over both the 2020-2021 period and over the 29 


full 2017-2021 rate term period will remain within the dead band, at approximately 30 


10.9% and 11.0%, respectively. Had the D2011 outage remained in 2020, the projected 31 
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performance for 2020 and 2021 would be within the dead band at approximately 11.0% 1 


for each year. 2 


 3 


OPG is unable to meaningfully identify specific drivers for the variance between the 4 


actual and OEB-approved production forecast for the hydroelectric business for 2018 5 


and 2019 because the last OEB-approved forecast was established based on the 6 


business plan and outage profile for the years 2014 and 2015, in EB-2013-0321. OPG’s 7 


production plan for the 2017-2021 period was not reviewed or approved by the OEB in 8 


establishing OPG’s current hydroelectric payment amounts under the IRM formula.  9 


 10 


As a general matter, OPG observes that production from its regulated hydroelectric 11 


facilities does not typically vary significantly year over year, subject to any variability in 12 


water conditions. For example, the average OEB-approved production forecast for 2014 13 


and 2015 is 33.0 TWh,5 compared to actual production (before surplus baseload 14 


generation) of 33.1 TWh for 2018 and 33.9 TWh for 2019. This relatively stable level of 15 


hydroelectric production is expected to continue for 2020 and 2021. The financial impact 16 


of changes in hydroelectric generation as a result of fluctuations in water conditions is 17 


recorded in the Hydroelectric Water Conditions Variance Account and therefore does 18 


not drive variability in regulated ROE performance. 19 


5 Per EB-2013-0321 Decision with Reasons, p. 9 and as reflected in EB-2016-0152 Payment Amounts 
Order, App. I, Table 2, line 3. 
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Numbers may not add due to rounding. Revised: September 11, 2020


Line (b) - (a)
No. Description Note OEB Approved2 Actual Variance


(a) (b) (c)


Revenues:
1  Revenue Requirement 1 3,025.3
2  Ancillary and Other Revenue 1
3  Bruce Lease Revenues Net of Direct Costs 1 (7.3)
4  Amortization of Variance & Deferral Account Amounts 32.7
5 Total Revenues  (lines 1 through 4) 2


Expenses:
6  OM&A 1, 3 2,248.0 2,296.2 48.2
7  Fuel 1 207.0 227.3 20.4


8  Depreciation & Amortization, including
 Amortization of Variance & Deferral Account Amounts 4 417.6 444.0 26.3


9  Property Taxes 1 14.9 12.7 (2.2)
10 Total Expenses  (lines 6 through 9) 2,887.5 2,980.2 92.8


11 Other Gains/(Losses) 0.0 0.1 0.1


Cost of Capital Excluding Return on Equity:
12 Cost of Deemed Debt for Regulated Assets 5 76.7 82.9 6.1
13 Adjustment for Lesser of UNL or ARC 1, 6 21.3 28.1 6.8
14 Cost of Capital Variance and Deferral Account Additions 7 0.0 (27.3) (27.3)


15 Total Cost of Capital Excluding Return on Equity
(lines 12 through 14) 98.1 83.7 (14.4)


16 Income Tax 1, 8 9.3
17 Reporting Adjustment 9 N/A N/A
17a Cumulative Nuclear Stretch Dollars 1 12.3


18 Regulatory Return on Equity
(line 5 - line 10 + line 11 - line 15 - line 16 + line 17) 1, 10 119.1 186.0 66.9


Notes:


1


2


3


4


5


6 Actual amount in col. (b) from Table 2, line 9, col. (b).
7 Actual amounts in col. (b) from Table 2, line 10, col. (b).
8 Actual amounts in col. (b) from Table 2, line 12, col. (b).
9 The Reporting Adjustment line is included solely to maintain the confidentiality of the amount of actual heavy water sales net of costs. 


10 Actual amount in col. (b) are as shown in Table 2, line 13, col. (b).


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 3
Comparison of Actual Regulatory Return on Equity to Board Approved for Nuclear ($M)


Year Ended December 31, 2018


OEB-approved amounts are the sum of corresponding amounts in EB-2016-0152 Payment Amounts Order, App. A, Table 2 (2018 Nuclear).


Actual amounts in col. (b) includes the adjustment to remove the revenue component of the shareholder portion of heavy water sales net of 
costs for Nuclear shown in Table 2, line 5. 
Actual amount in col. (b) includes the adjustment to remove the cost component of the shareholder portion of heavy water sales net of costs 
shown in Table 2, line 5.  
OEB Approved amount in col. (a) is calculated as the sum of line 17, col. (c) in EB-2016-0152 Payments Amount Order, App. A, Table 2, plus 
line 4, col. (a) above. Actual amounts in col. (b) include the amortization adjustment shown in Table 2, line 6.
OEB Approved amounts are the sum of short-term debt cost and long-term debt cost from the EB-2016-0152 Payment Amounts Order (App. 
A, Table 2, lines 10 and 11).  Actual amounts are from Table 2, line 8, col. (b).
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Herman Mo 
Manager, Regulatory Affairs 


700 University Avenue, Toronto, ON 
M5G 1X6 


416-592-6891 Herman.mo @opg.com 


November 27, 2020 


VIA EMAIL 


Ms. Christine E. Long 
Board Secretary 
Ontario Energy Board  
P.O. Box 2319 
2300 Yonge Street, Suite 2700 
Toronto, ON 
M4P 1E4 


Dear Ms. Long: 


Re: OPG Reporting and Record Keeping Requirements 


Further to the OEB’s direction in EB-2010-0008 (Decision with Reasons, p. 151) and maintained in subsequent 
OEB decisions on OPG applications, please find attached the following information: 


1) Within 60 days after calendar quarter end: unaudited balances of OPG’s deferral and variance accounts;
and,


2) Within 60 days for the first three quarters: OPG’s MD&A and Financial Statements filed with the OSC,
OPG’s nuclear unit capability factors and the hydroelectric availability for its regulated facilities.


Further to the OEB’s direction in EB-2016-0152 (Decision and Order, p. 151), please find attached: 


3) The 2020 nuclear performance report with benchmark quartile results; and
4) The 2020 Nuclear Benchmarking Report in support of the nuclear performance report.


Yours truly, 


Herman Mo 


Att. 


cc: Christopher Kerr, OEB 
Nancy Marconi, OEB 
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Submitted: November 27, 2020


Balance ($M)
September 30, 2020


Regulated Hydroelectric


Hydroelectric Water Conditions Variance Account (231)


Ancillary Services Net Revenue Variance Account - Hydroelectric (54)


Hydroelectric Incentive Mechanism Variance Account 0 


Hydroelectric Surplus Baseload Generation Variance Account 469 


Income and Other Taxes Variance Account - Hydroelectric (5)


Capacity Refurbishment Variance Account - Hydroelectric 37 


Niagara Tunnel Project Pre-December 2008 Disallowance Variance Account 8 


Pension and OPEB Cost Variance Account - Future Recovery - Hydroelectric (Dec 31, 2012 Balance) 5 


Pension and OPEB Cost Variance Account - Post 2012 Additions - Hydroelectric 9 


Pension & OPEB Cash Payment Variance Account - Hydroelectric (71)


Pension & OPEB Cash Versus Accrual Differential Deferral Account - Hydroelectric 124 


Pension and OPEB Forecast Accrual versus Actual Cash Payment Differential - Carrying Charges Sub-Account - Hydroelectric 3 0 


Pension and OPEB Forecast Accrual versus Actual Cash Payment Differential - Primary Account - Hydroelectric 1 5 


Pension and OPEB Forecast Accrual versus Actual Cash Payment Differential - Contra Account - Hydroelectric 1 (5)


Hydroelectric Deferral and Variance Over/Under Recovery Variance Account 13 


Gross Revenue Charge Variance Account 0 


Impacts Arising from the COVID-19 Emergency - Hydroelectric 2 0 


Regulated Hydroelectric Subtotal 304 


Nuclear


Nuclear Liability Deferral Account 8 


Impact Resulting from Changes in Station End-of-Life Dates (December 31, 2015) Deferral Account (84)


Nuclear Development Variance Account 11 


Ancillary Services Net Revenue Variance Account - Nuclear (5)


Capacity Refurbishment Variance Account - Nuclear - Capital Portion (47)


Capacity Refurbishment Variance Account - Nuclear - Non-Capital Portion (135)


Bruce Lease Net Revenues Variance Account - Derivative (9)


Bruce Lease Net Revenues Variance Account - Non-Derivative 177 


Income and Other Taxes Variance Account - Nuclear (22)


Pension and OPEB Cost Variance Account - Future Recovery - Nuclear (Dec 31, 2012 Balance) 121 


Pension and OPEB Cost Variance Account - Post 2012 Additions - Nuclear 250 


Pension & OPEB Cash Payment Variance Account - Nuclear (379)


Pension & OPEB Cash Versus Accrual Differential Deferral Account - Nuclear 775 


Pension and OPEB Forecast Accrual versus Actual Cash Payment Differential - Carrying Charges Sub-Account - Nuclear 3 (2)


Pension and OPEB Forecast Accrual versus Actual Cash Payment Differential - Primary Account - Nuclear 1 33 


Pension and OPEB Forecast Accrual versus Actual Cash Payment Differential - Contra Account - Nuclear 1 (33)


Nuclear Deferral and Variance Over/Under Recovery Variance Account (23)


Fitness for Duty Deferral Account 1 


SR&ED ITC Variance Account (11)


Impact Resulting from Changes to Pickering Station End-of-Life Dates (Dec 31, 2017) Deferral Account (364)


Rate Smoothing Deferral Account 405 


Impacts Arising from the COVID-19 Emergency - Nuclear 2 11 


Nuclear Subtotal 678 


Grand Total 982 


Notes:
Numbers may not add due to rounding.


1 The Pension & OPEB Forecast Accrual versus Actual Cash Payment Differential - Primary Account and related Contra account balances always nets to zero.
2 Account established per the OEB's March 25, 2020 accounting order. The reported balance includes incremental net costs incurred due to the ongoing COVID-19


emergency that have been identified to date. As indicated in OPG's submission of November 25, 2020 pursuant to the temporary monthly reporting requirement related
to this deferral account, OPG continues to assess and identify potential impacts of the pandemic and review the associated estimates, which may be subject to change
given the unprecedented and evolving nature of the situation and guidance to be issued by the OEB following the consultation on the deferral account.


3 Account name has been corrected in this submission.


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 1
Summary of Deferral & Variance Account Balances


Account
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Submitted: November 27, 2020


Reporting
Period


OPG's MD&A is filed with the Ontario Securities Commission and is posted on OPG's 
website at the following link:
https://www.opg.com/reporting/financial-reports/
OPG's financial statements are filed with the Ontario Securities Commission and are posted 
on OPG's website at the following link:
https://www.opg.com/reporting/financial-reports/
OPG's Nuclear unit capability factors are provided on page 31 of OPG's MD&A, which is 
available at the following link:
https://www.opg.com/reporting/financial-reports/
Availability for the regulated hydroelectric facilities is provided on page 33 of OPG's MD&A, 
which is available at the following link:
https://www.opg.com/reporting/financial-reports/


Ontario Power Generation Inc.
Reporting and Record Keeping Requirements


Table 2
Management's Discussion & Analysis (MD&A) and Financial Statements Reporting


Report Particulars


Availability for the Regulated 
Hydroelectric Facilities


Nine Months Ended 
September 30, 2020


MD&A filed with the Ontario Securities 
Commission


Nine Months Ended 
September 30, 2020


Financial Statements filed with the 
Ontario Securities Commission


Nine Months Ended 
September 30, 2020


Nuclear Unit Capability Factors
Nine Months Ended 
September 30, 2020
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Pickering Performance Report


Metric 2015 2016 2017 2018 2019 Metric 2019 2020


Safety
1-Year Total Recordable Injury Frequency (#/200k 


hours worked) 1
0.44 0.49 0.06 0.16 0.11


Total Recordable Injury Frequency (#/200k hours 
worked) 


0.20 0.20


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


0.05 0.04 0.05 0.05 0.02
Industrial Safety Accident Rate (#/200k hours 
worked)


0.10 0.10


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


97.72 97.23 83.96 81.65 70.32 Collective Radiation Exposure (Person-rem per unit) 92.30 121.70


1-Year Airborne Tritium Emissions (Curies) per Unit 2,409 3,067 3,103 2,772 2,517 Airborne Tritium Emissions (Curies) per Unit 2,500 2,333


Fuel Reliability Index (microcuries per gram) 4 0.000421 0.000261 0.000584 0.000837 0.000187 Fuel Reliability Index (microcuries per gram) 0.000500 0.000500


2-Year Reactor Trip Rate (# per 7,000 hours) 0.17 0.25 0.26 0.33 0.24 Reactor Trip Rate (# per 7,000 hours) 0.50 0.50


3-Year Auxiliary Feedwater System Unavailability (#) 0.0115 0.0070 0.0000 0.0039 0.0039 Auxiliary Feedwater System Unavailability (#) 0.0200 0.0200


3-Year Emergency AC Power Unavailability (#) 0.0030 0.0030 0.0030 0.0000 0.0003 Emergency AC Power Unavailability (#) 0.0250 0.0250


3-Year High Pressure Safety Injection Unavailability 
(#)


0.0000 0.0000 0.0000 0.0000 0.00013 High Pressure Safety Injection Unavailability (#) 0.0200 0.0200


Reliability


Rolling Average2 WANO NPI (Index) 68.5 76.3 76.7 74.9 82.5 Rolling Average2 WANO NPI (Index) 74.3 77.6


Rolling Average2 Forced Loss Rate (%) 6.85 3.76 5.01 5.20 3.39 Forced Loss Rate (%) 3.50 3.50


Rolling Average2 Unit Capability Factor (%) 77.32 77.03 77.36 79.55 83.31 Unit Capability Factor (%) 80.56 75.98


Rolling Average2 Chemistry Performance Indicator 
(Index)


1.06 1.04 1.02 1.02 1.02 Chemistry Performance Indicator (Index) 1.03 1.02


1-Year On-line Deficient Maintenance Backlog (work 
orders per unit)


251 350 383 279 114
On-line Deficient Maintenance Backlog (work orders 
per unit)


133 115


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


41 9 5
On-line Deficient Critical Maintenance Backlog (work 
orders per unit)


9 7


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


125 116 25 17 9
On-line Corrective Maintenance Backlog (work orders 
per unit)


12 10


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


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


0 0


Value for Money
3-Year Total Generating Cost per MWh ($ per Net 
MWh)


67.36 68.06 67.22 67.76 62.39 Total Generating Cost per MWh ($ per Net MWh) 64.89 70.57


Normalized 3-Year Total Generating Cost per MWh 


($ per Net MWh)5 49.27 49.29 44.85
Normalized Total Generating Cost per MWh ($ per 


Net MWh)6 -- 50.37


3-Year Total Generating Cost per Unit (M $ per Unit) 228.04 231.63 233.75 234.18 228.27 Total Generating Cost per Unit (M $ per Unit) 232.93 238.30


Normalized 3-Year Total Generating Cost per Unit 


(M $ per Unit)5 184.69 183.77 176.31
Normalized Total Generating Cost per MWh ($ per 


Net MWh)6 -- 183.79


3-Year Non-Fuel Operating Cost per MWh ($ per 
Net MWh)


56.49 57.12 56.89 57.92 53.85 Non-Fuel Operating Cost per MWh ($ per Net MWh) 56.67 63.02


3-Year Fuel Cost per MWh ($ per Net MWh) 5.71 5.75 5.31 4.86 4.22 Fuel Cost per MWh ($ per Net MWh) 4.12 4.02


3-Year Capital Cost per MW DER (k$ per MW) 33.86 34.23 33.91 33.39 30.66 Capital Cost per MW DER (k$ per MW) 28.55 23.10


Human Performance
18-Month Human Performance Error Rate (# per 


200k ISAR and contractor hours) 3
0.11000 0.05750 0.11600 0.14310 0.02000


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


0.08000 0.06000


Notes


2. Indicates a 2-Year Rolling Average for Pickering.
3. 2015-2016 figures have been restated from 10k ISAR and contractor hours to 200k ISAR and contractor hours.


4. Indicates performance in the most recent quarter
5. 2017 - 2019 Normalized Actuals utilize normalization methodology for CANDU technology and age-related impacts
6. 2020 Normalized Targets utilize the ScottMadden methodology for CANDU technology and age-related impacts


Actuals Annual Targets


1. In 2018, Ontario Power Generation selected Total Recordable Injury Frequency (replacing All Injury Rate) as a measure for evaluating Health and Safety performance, and reflects a change instituted by the Canadian Electrical Association. 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.  Data prior to 2018 are All Injury Rate figures.
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Darlington Performance Report


Metric 2015 2016 2017 2018 2019 Metric 2019 2020


Safety
1-Year Total Recordable Injury Frequency (#/200k 


hours worked)1 0.22 0.23 0.40 0.32 0.00
Total Recordable Injury Frequency (#/200k hours 
worked) 


0.20 0.20


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


0.08 0.06 0.04 0.04 0.04
Industrial Safety Accident Rate (#/200k hours 
worked)


0.10 0.10


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


79.55 68.77 91.80 85.43 83.23
Collective Radiation Exposure (Person-rem per 
unit)


80.00 30.63


1-Year Airborne Tritium Emissions (Curies) per 
Unit


1,313 846 875 982 1,213 Airborne Tritium Emissions (Curies) per Unit 900 970


Fuel Reliability Index (microcuries per gram)4 0.000122 0.000343 0.000179 0.000187 0.000295 Fuel Reliability Index (microcuries per gram) 0.000500 0.000500


2-Year Reactor Trip Rate (# per 7,000 hours) 0.13 0.24 0.29 0.15 0.00 Reactor Trip Rate (# per 7,000 hours) 0.50 0.50


3-Year Auxiliary Feedwater System Unavailability 
(#)


0.0000 0.0000 0.0000 0.0000 0.0000 Auxiliary Feedwater System Unavailability (#) 0.0200 0.0200


3-Year Emergency AC Power Unavailability (#) 0.0000 0.0000 0.0000 0.0026 0.0026 Emergency AC Power Unavailability (#) 0.0250 0.0250


3-Year High Pressure Safety Injection 
Unavailability (#)


0.0000 0.0000 0.0000 0.0000 0.0000 High Pressure Safety Injection Unavailability (#) 0.0200 0.0200


Reliability


Rolling Average2 WANO NPI (Index) 83.7 87.8 82.0 90.7 88.9 Rolling Average2 WANO NPI (Index) 92.1 93.7


Rolling Average2 Forced Loss Rate (%) 3.65 3.10 3.47 1.94 2.56 Forced Loss Rate (%) 1.00 2.85


Rolling Average2 Unit Capability Factor (%) 83.96 86.16 82.17 86.89 87.06 Unit Capability Factor (%) 89.00 91.06


Rolling Average2 Chemistry Performance Indicator 
(Index)


1.00 1.00 1.01 1.03 1.03 Chemistry Performance Indicator (Index) 1.10 1.02


1-Year On-line Deficient Maintenance Backlog 
(work orders per unit)


174 170 119 124 110
On-line Deficient Maintenance Backlog (work 
orders per unit)


115 101


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


15 9 3
On-line Deficient Critical Maintenance Backlog 
(work orders per unit)


6 2


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


24 14 13 6 4
On-line Corrective Maintenance Backlog (work 
orders per unit)


4 2


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


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


0 0


Value for Money
3-Year Total Generating Cost per MWh ($ per Net 
MWh)


44.38 45.63 54.40 59.06 67.00 Total Generating Cost per MWh ($ per Net MWh) 65.24 62.16


Normalized 3-Year Total Generating Cost per 


MWh ($ per Net MWh)5 37.94 37.65 38.84
Normalized Total Generating Cost per MWh ($ per 


Net MWh)8 53.61 39.05


3-Year Total Generating Cost per Unit (M $ per 
Unit)


282.37 292.49 337.56 384.74 442.14 Total Generating Cost per Unit (M $ per Unit) 433.95 416.40


Normalized 3-Year Total Generating Cost per Unit 


(M $ per Unit)5 313.62 257.65 270.46
Normalized Total Generating Cost per Unit (M $ 


per Unit)8 356.60 274.78


3-Year Non-Fuel Operating Cost per MWh ($ per 
Net MWh)


33.19 33.00 39.62 42.14 47.10
Non-Fuel Operating Cost per MWh ($ per Net 
MWh)


45.30 40.51


Normalized 3-Year Non-Fuel Operating Cost per 


MWh ($ per Net MWh)6 36.89 36.37 37.85
Normalized Non-Fuel Operating Cost per MWh ($ 


per Net MWh)7 36.77 34.52


3-Year Fuel Cost per MWh ($ per Net MWh) 5.18 5.31 5.19 4.92 4.38 Fuel Cost per MWh ($ per Net MWh) 4.51 4.74


3-Year Capital Cost per MW DER (k$ per MW) 43.52 53.47 62.11 89.03 116.67 Capital Cost per MW DER (k$ per MW) 87.65 129.03


Normalized 3-Year Capital Cost per MW DER (k$ 


per MW)6 59.81 73.46 89.78
Normalized Capital Cost per MW DER (k$ per 


MW)7 -- 109.68


Human Performance
18-Month Human Performance Error Rate (# per 


200k ISAR and contractor hours)3 0.06200 0.07498 0.07380 0.05100 0.03600
18-Month Human Performance Error Rate (# per 
200k ISAR and contractor hours) 


0.04000 0.03300


Notes


2. Indicates a 3-Year Rolling Average for Darlington.
3. 2015-2016 figures have been restated from 10k ISAR and contractor hours to 200k ISAR and contractor hours. 2016 & 2017 values updated to exclude refurbishment hours.


4. Indicates performance in the most recent quarter
5. 2017-2019 Normalized Actuals utilize both ScottMadden methdologies i.e. normalizing  for refurbishment as well as CANDU technology and age-related impacts
6. 2017-2019 Normalized Actuals utilize the ScottMadden methdology for refubishment
7. 2019-2020 Normalized Targets utilize the ScottMadden methodology for refurbishment.
8. 2019 Normalized Targets utilize the ScottMadden methodology for refurbishment. 2020 Normalized Targets utilize both ScottMadden methdologies i.e. normalizing  for refurbishment as well as CANDU technology and age-related impacts


Actuals Annual Targets


1. In 2018, Ontario Power Generation selected Total Recordable Injury Frequency (replacing All Injury Rate) as a measure for evaluating Health and Safety performance, and reflects a change instituted by the Canadian Electrical Association. 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.  Data prior to 2018 are All Injury Rate figures.
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OPG Nuclear Performance Report


Metric 2015 2016 2017 2018 2019 Metric 2019 2020


Reliability


Rolling Average1 WANO NPI (Index) 74.6 80.9 78.5 80.1 84.6 Rolling Average1 WANO NPI (Index) 80.2 81.6


Rolling Average1 Unit Capability Factor (%) 80.00 80.70 78.96 82.00 84.56 Unit Capability Factor (%) 84.47 83.01


Value for Money
3-Year Total Generating Cost per MWh ($ per Net 
MWh)


54.58 55.57 60.53 63.31 64.58 Total Generating Cost per MWh ($ per Net MWh) 65.06 66.21


Normalized 3-Year Total Generating Cost per MWh 


($ per Net MWh)2 43.44 43.41 42.03
Normalized Total Generating Cost per MWh ($ per 


Net MWh)3 59.46 44.59


3-Year Total Generating Cost per Unit (M $ per 
Unit)


249.77 255.97 273.13 287.95 299.56 Total Generating Cost per Unit (M $ per Unit) 299.94 300.87


Normalized 3-Year Total Generating Cost per Unit 


(M $ per Unit)2 208.24 210.16 207.69
Normalized Total Generating Cost per Unit (M $ 


per Unit)3 274.15 199.58


Notes


Actuals Annual Targets


1.  Indicates a 2-Year Rolling Average for Pickering and a 3-Year Rolling Average for Darlington.


3.  2019 Normalized Targets utilize the ScottMadden methodology for refurbishment. 2020 Normalized Targets utilize both ScottMadden methdologies i.e. normalizing  for refurbishment as well as CANDU technology and age-related impacts.
2.  2017-2019 Normalized Actuals utilize both ScottMadden methdologies i.e. normalizing for refurbishment as well as CANDU technology and age-related impacts.
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1.0 EXECUTIVE SUMMARY 
 
OPG benchmarked favourably relative to its peers in 2019 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.  Improvements at Pickering and 
Darlington since 2014 contributed to OPG Nuclear achieving its lowest Total Recordable Injury 
Rate (TRIF) in the history of the company in 2019.  OPG was the top TRIF performer in 2019 
compared to its peer group.  


 
Darlington Nuclear Generating Station (DNGS) 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 Nuclear 
Generating Station (PNGS) improved to show maximum 
WANO NPI results or top quartile performance for all seven 
NPI sub-metrics under the Safety cornerstone.   
 


Collective Radiation Exposure (CRE) performance improved.  PNGS benefited from an optimized 
outage plan and improved performance resulting in maximum NPI points achieved.  DNGS dose 
improved from last year, and remains in the third quartile. Positive gains were seen from site 
innovations such as leveraging technology to avert dose using robotic equipment and remote 
monitoring of systems, and the early completion of planned outages contributed to the positive 
change. The innovative enhancements are also expected to continually improve performance.  
 
Airborne Tritium Emissions at PNGS and DNGS continue to be less than one percent of regulatory 
limits, and both sites achieved second quartile performance.  2019 PNGS performance improved, 
advancing to the second quartile, as previous years’ issues, such as tritiated water in the Fuel 
Transfer Conveyor Tunnel being vented to monitored stacks, leaks and dryer performance were 
resolved.  DNGS performance remained in the second quartile, despite being challenged with leaks 
and dryer performance issues.  Repairs to equipment are expected to help improve results.   
 
Pickering’s Fuel Reliability Index (FRI) jumped from fourth to first quartile, and achieved 
maximum Nuclear Performance Index (NPI) points.  Enhancements made over the past few years 
improved the ability to locate and mitigate the very few fuel bundles with a defect. DNGS 
continues to achieve first quartile performance.  No fuel issues of significance arose in 2019.  
Continual focus on improving FRI performance by preventing potential fuel defects includes 
improving methods of surveillance and eliminating foreign materials from entering into the Heat 
Transport System due to Fuel Handling and Outage practices.   
 
 
 
 


OPG Nuclear Stations 
continue to lead in Safety 


with stronger results   
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Reliability 
 
Several key performance indicators improved across the fleet even while OPG's nuclear facilities 
are transitioning through Darlington refurbishment and Pickering life extension.   
 
Pickering’s performance metrics showed favourable 
results in 2019 when compared to 2018, including the 
Nuclear Performance Index (NPI), Forced Loss Rate 
(FLR), and Unit Capability Factor (UCF), which all 
recorded best ever performance as a combined six-
unit station1 due to improved equipment reliability 
and optimized outage performance.  Significant 
improvements were recorded for On-line Deficient 
Maintenance Backlogs (59% improvement compared 
to 2018), and On-line Corrective Maintenance 
Backlogs (47% improvement compared to 2018).   
PNGS On-line Corrective Critical Backlog declined to fourth quartile due to the standby generator 
and fuelling machine repair work orders, which were completed in January of 2020.  PNGS 
Deficient Critical backlogs also improved by 44%, which was largely attributed to a deliberate 
focus on scheduling deficient critical maintenance.  The backlog improvement has been supported 
by the move to a Condition Based Maintenance Program from a time based system.   
 
UCF at DNGS improved to first quartile in 2019 due to strengthened equipment reliability and 
certain DNGS backlog metrics showed improved performance (e.g., On-line Deficient and 
Corrective Maintenance Backlogs).  DNGS improved their On-line Corrective Maintenance 
Backlogs by reducing the number of outstanding work orders/unit relative to 2018 as a result of 
continued station focus, overall maintenance efficiency and improved schedule quality.   
 
The 2019 NPI of 82.5 was the best NPI achieved by PNGS, and a 7.6 gain from 2018, which placed 
station NPI in third quartile.  Longer planned outage durations, which are necessary to extend the 
life of the Pickering station, directly impact Unit Capability Factor (UCF) and Collective Radiation 
Exposure (CRE), and thus preclude the station from obtaining full points in NPI despite showing 
excellence in nuclear safety and consistently achieving full points in associated sub-metrics.  
DNGS continued with second quartile performance in 2019 and was impacted by forced outages 
caused by the Heat Transport and Secondary side leakages along with Fuel Handling bridge 
repairs. Actions have been taken to increase scope in future outages for the instrument line visual 
inspections to minimize heat transport system leaks to containment.  A Fuel Handling Life 
Extension and Reliability plan addresses the most critical fuel handling scope to sustain Forced 
Loss Rate performance.    
 
Chemistry Performance Index (CPI) results were impacted by transients following outage start-
up.  Darlington had condenser tube leaks while Pickering experienced high chloride and sodium 
levels.  Both PNGS and DNGS reported values remained unchanged from 2018 at 1.02 and 1.03 
respectively, and Pickering improved into the third quartile compared to the peer group.  Initiatives 
to further improve CPI across the fleet include chemistry data trending and the implementation of 


1 The units at Pickering A and Pickering B were amalgamated in 2012.  


Pickering achieved its best ever 
performance as a six-unit station for 


NPI, FLR and UCF. 


OPG Nuclear Stations have 
significantly improved in reducing 


maintenance backlogs.   
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new innovations for improved chemistry control, reliability and safety such as new personal 
protective equipment for hydrazine vapour hazards at Pickering as well as film forming amine and 
EPRI Smart Chemistry online analyzer application at Darlington. 
 
 
Value for Money 
 
DNGS Total Generating Cost (TGC)/MWh performance was in the third quartile in 2019 after 
normalizing2 for refurbishment as well as CANDU technology (including outage duration) and 
age-related impacts. Before normalization, DNGS was in the fourth quartile, driven largely by cost 
impacts for life post-refurbishment and reduced generation associated with refurbishment work. 
DNGS continues to sustain top quartile performance in Fuel Cost/MWh while capital investment 
requirements for life post-refurbishment impacted its Capital Costs per MW Design Electrical 
Rating (DER) which moved to fourth quartile.   
 
PNGS normalized (TGC)/MWh performance in 2019 improved by $4.44/MWh when compared 


to 2018.  PNGS TGC/MWh before and after normalizing 
(for CANDU technology, including outage duration and 
age-related impacts) showed similar improvement and 
remained within the fourth quartile. Pickering managed 
cost pressures over the 2014-2019 period with a 
compound growth rate of -1.9%. Improved performance 
in 2019 reflects higher generation and associated OM&A 


cost reduction due to fewer outage days as well as decreased capital investment and improved Fuel 
Costs/MWh.  Fuel Cost/MWh continued to maintain top quartile performance compared to peers.  
PNGS Capital Cost/MW DER maintained best quartile performance.    
 
PNGS TGC per generating unit continued to demonstrate strong performance, placing among the 
best in the peer group in first quartile, while DNGS normalized TGC per generating unit was in 
second quartile. 
 
 
Human Performance 
 
Human performance showed improvements at both sites.  Of note, PNGS performance moved 
from the fourth to second quartile in 2019.  DNGS results improved and it continued to perform 


in second quartile.   
 
Adopting industry-leading practices and innovation 
helped achieve these results, including use of analytical 
tools for early detection of declining performance, and 
specialized training using a simulator to teach Human 
Performance concepts and behaviours.     
 


 
 
 


2 See section 4.0 for more information about the TGC/MWh normalization methodology. 


 Industry-leading practices and 
innovation helped improve 


human performance at 
Pickering and Darlington  


    


TGC/MWh was impacted by 
life extension and 


refurbishment.  
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Benchmarking Results – Plant Level Summary  


Table 1 provides a summary of 2019 performance compared to benchmark results.  
 


Table 1: Plant Level Performance Summary 
  


 


2019 Actuals


Metric NPI Max Best Quartile Median Pickering Darlington


Safety
Total Recordable Injury Frequency (#/200k 
hours worked) 3


0.81 N/A 0.11 0.00


Rolling Average2 Industrial Safety Accident 
Rate (#/200k hours worked)1 0.20 0.00 0.01 0.02 0.04


Rolling Average2 Collective Radiation 
Exposure (Person-rem per unit)1 80.00 38.54 70.32 70.32 83.23


Airborne Tritium Emissions (Curies) per Unit 
3 982 2,772 2,517 1,213


Fuel Reliability (microcuries per gram)1 0.000500 0.000001 0.000007 0.000187 0.000295


2-Year Reactor Trip Rate (# per 7,000 
hours)1 0.50 0.00 0.00 0.24 0.00


3-Year Auxiliary Feedwater System 
Unavailability (#)1 0.0200 0.0000 0.0000 0.0039 0.0000


3-Year Emergency AC Power Unavailability 
(#)1 0.0250 0.0008 0.0016 0.0003 0.0026


3-Year High Pressure Safety Injection 
Unavailability (#)1 0.0200 0.000000 0.000000 0.00013 0.00000


Reliability


Rolling Average2 WANO NPI (Index)1 92.68 87.64 82.50 88.90


Rolling Average2 Forced Loss Rate (%)1 1.00 1.08 2.43 3.39 2.56


Rolling Average2 Unit Capability Factor (%)1 92.00 87.06 86.14 83.31 87.06


Rolling Average2 Chemistry Performance 
Indicator (Index)1 1.01 1.00 1.00 1.02 1.03


1-Year Online Deficient Maintenance 
Backlog (work orders per unit)1 30 39 114 110


1-Year Online Deficient Critical Backlog 
(work orders per unit) 1 0 0 5 3


1-Year Online Corrective Maintenance 
Backlog (work orders per unit) 1 2 3 9 4


1-Year Online Corrective Critical  Backlog 
(work orders per unit) 1 0 0 1 0


Value for Money4


3-Year Total Generating Costs per MWh ($ 
per Net MWh)1 34.63 41.85 62.39 67.00


Normalized 3-Year Total Generating Cost 
per MWh ($ per Net MWh)1 30.83 36.12 44.85 38.84


3-Year Total Generating Cost per Unit (M $ 
per Unit)1 275.21 310.29 228.27 442.14


Normalized 3-Year Total Generating Cost 
per Unit (M $ per Unit)1 239.49 290.39 176.31 270.46


3-Year Non-Fuel Operating Costs per MWh 
($ per Net MWh)1 20.84 24.65 53.85 47.10


3-Year Normalized Non-Fuel Operating Cost 
per Net MWh ($/MWh)1 20.84 24.65 -- 37.85


3-Year Fuel Costs per MWh ($ per Net 
MWh)1 7.03 7.69 4.22 4.38


3-Year Capital Costs per MW DER (k$ per 
MW)1 38.82 53.64 30.66 116.67


Normalized 3-Year Capital Cost per MW 
DER (k$ per MW)1 38.82 53.64 -- 89.78


Human Performance
18-Month Human Performance Error Rate (# 
per 200k ISAR and contractor hours)1 0.0000 0.0530 0.0200 0.0360


1.     Best Quartile, Median and Third Quartile are from Q4 2019 best available information. 


2.     Indicates a 2-Year Rolling Average for Pickering and a 3-Year Rolling Average for Darlington.


3.     Best Quartile, Median, Third Quartile are from the Q4 2018, which is the most current available benchmark for these metrics.
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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 defined 
in Section 7.0, and divided into categories aligned with OPG Nuclear’s four cornerstones of safety, 
reliability, value for money, and human performance. 
 
Each indicator reflects a particular duration of historical performance in accordance with peer 
group expectations. For example, EUCG data for Value for Money metrics are based on three-
year average performance, whereas WANO NPI safety and reliability metrics reflect multi-year 
rolling averages based on each station’s outage cycle. For NPI metrics, Darlington and 
Pickering’s results reflect a three-year and two-year outage cycle, respectively.3      
 
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.  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. This view is consistent with ScottMadden’s Evaluation of 
2019 OPG Nuclear Benchmarking, in which ScottMadden recommended that OPG focus on site-
level comparisons of performance for Pickering and Darlington rather than operator-level 
comparisons. The detailed data in sections 2.0 to 5.0 of the report provide a more complete picture 
of plant by plant performance. 


3 The planned outage cycle for each unit at Pickering is transitioning from a 24-month to a 30-month outage cycle. 
Pickering continues to assume a 24-month rolling average for benchmarking to be consistent with WANO reporting 


expectations.   
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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.   


Filed: 2021-05-21 
EB-2020-0290 


JI1.1 
Attachment 15 


Page 14 of 107







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. As noted, there is a one-year lag for the industry values associated with 
this metric. 


Nine metrics are included in this benchmarking report 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) 
 


2019 (Annual Value) 
 In 2019, OPG Nuclear achieved its lowest TRIF in the history of the company. 
 Pickering, Darlington, and OPG Nuclear as a fleet all performed better than the 


CEA top quartile value of 0.81. 
 Darlington’s TRIF had its best performance ever and showed a significant 


improvement in performance compared to 2018 from 0.32 to 0.00 in 2019. 
 Pickering’s TRIF has also shown a steady improvement from 0.16 in 2018 to 0.11 


in 2019.   
 OPG benchmarks against CEA Group 1 (a sub-set of all CEA members), which 


incorporates organizations with more than 1,500 employees, including most 
provincial utilities. 


 OPG was the top performer of all Group 1 members in 2019.  
 


 
Trend 
 Darlington, Pickering and OPG Nuclear have consistently performed significantly 


better than the benchmark value and improved over the trend period.   
 


Factors Contributing to Performance 
 Conventional Safety performance trends are monitored and action plans to support 


continuous improvement are implemented. These action 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 continues to progress an organization-wide ‘iCare Enough to Act’ initiative aimed 
at renewing employee commitment to their own and each other’s safety and well-being, 
including Nuclear conventional safety trainings, 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) 


 
2019 (Rolling 2 Year Average Pickering, Rolling 3 Year Average Darlington) 
 WANO top quartile in 2019 remained unchanged from 2018 at 0.00 (i.e. zero ISAR 


events).  Median performance was 0.01, which was a decrease from 0.02 in 2018. 
 Both Pickering and Darlington achieved maximum Nuclear Performance Index points 


for ISAR in 2019.  
 Pickering ISAR performance showed improvement from 2018 to 2019 (0.05 to 0.02).  
 Darlington ISAR performance remained steady from 2018 to 2019 (0.04 to 0.04).  
 
Trend 
 Darlington’s ISAR rolling average showed an overall improved performance over the 


trend period.  
 Pickering’s ISAR rolling average has shown a generally stable performance over the 


past five years.  
 The ISAR median has seen a slight decrease in 2019 to 0.01 and shows steady 


performance since 2014.  The industry best quartile has remained at zero for the past 
six 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 process.  


 OPG continues its aim to address safety as a value beyond compliance.  To support a 
‘value-based mindset’, OPG Nuclear has emphasized personal reasons why everyone 
must choose to work safely.  An ‘iCare’ branding has been applied in multiple training 
forums, safety communications, and in safety observations in the field. 
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Rolling Average Collective Radiation Exposure 
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Observations – Rolling Average Collective Radiation Exposure (CANDU) 
 


2019 Value (Rolling 2 Year Average Pickering, Rolling 3 Year Average Darlington) 
 


 CANDU plant-level - The 2019 best quartile value was lower than the 2018 value (38.54 vs. 
38.93 person-rem/unit, respectively).  The 2019 median value was also lower than the 2018 
value (70.32 vs. 81.65 person-rem/unit, respectively).   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 70.32 person-rem/unit and achieved the 
maximum NPI points.  


 At the plant level, DNGS dose performance was 83.23 person-rem/unit. Darlington Unit 2 
began a long-term refurbishment outage on October 15, 2016. Dosage associated with 
Refurbishment activities has been excluded from benchmarking. 
 


Trend 
 Pickering plant-level CRE performance has improved since 2014 and achieved the maximum 


NPI value in 2019. 
 After rising in the early part of the trend period, Darlington plant-level CRE performance 


improved in 2018 and 2019.    
 Installing the post-Fukushima enhancement project in operating units concluded in 2016.  As 


a result, dose related to this nuclear project was reduced during the 2019 3-year rolling average 
period.  Also, dose improvement was complemented by the success of dose reduction 
initiatives.  
 


Factors Contributing to Performance  
 The following factors play a significant role in the CANDU reactors’ CRE performance: 


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


 Number of Planned Outages: The number of planned outages, work scope as well as outage 
duration significantly contributed to plant level and unit rolling average CRE performance. In 
2019 the following outages occurred:  


o PNGS: two planned outages (Unit 5, Unit 7), and three forced outages (Unit 
1, 5 and 6).  


o DNGS: one planned outage (Unit 4), and three forced outages (two on Unit 3 and 
one on Unit 4). 
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Rolling Average Collective Radiation Exposure (CANDU) - continued 
 


 Outage Scope/Duration:  The CRE reflects total work scope performed during the year and it 
varies year by year. Therefore, an increase or decrease in the rolling average CRE may be 
attributable to work scope, not necessarily deficiencies in Radiation Protection program and 
dose reduction initiatives.  The rolling average is also impacted by longer outage duration.  For 
example PNGS is impacted due to the amount of life extension work and scope required to 
extend life to 2024/2025.   


 
Initiatives:  Key nuclear fleet-wide and site-specific dose reduction initiatives have been 
implemented:   


o Improved Radiation Protection (RP) worker practices through the Radiation Protection 
Excellence Index. This index is based on nine individual RP human performance metrics, 
enabling various departments at both PNGS and DNGS to assess their respective 
performance and create action plans that are targeted to drive excellence.  


o The implementation of Lanxess Dose Reducing Resin was installed during PNGS outages 
for Unit 5 and Unit 7 and DNGS Units 1 and 3 to reduce primary heat transport source term.  


o Remote reading of radiation instrumentation provides real-time information of non-
radiological conditions and minimizes time and dose.  


o Leveraging technology to avert dose using robotic equipment and remote monitoring of 
systems and for intrusive fuel channel inspections (machine delivered scrape) to reduce 
human hour exposure while executing high radiological hazard work on reactor face 
platform. 


 At DNGS, implemented specialized Emergency Coolant Injection line permanent galvanized 
steel bands and temporary magnetic tungsten shielding to reduce hot spot hazard levels during 
unit outages.  


 Installed Remote Area Tritium Monitors in the East and West Fuelling Facility Auxiliary Areas 
to monitor and trend airborne tritium to minimize internal dose for Fuel Handling Staff. 


 Installation of a Radiation-Resistant Online Periscope camera in Darlington Unit 4 to identify 
leaking closure plugs or any Fuelling Machine issues on the reactor face.  
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Airborne Tritium Emissions per In Service Unit 
 


 
 
Notes:  


 Median and Best Quartiles are plotted till 2018 as the 2019 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 2018 as it is the best available information at the time.  Pickering and 
Darlington results are 2019. 
†Excludes emissions from Tritium Removal Facility. 
Notes:  


 Two plants are excluded as one plant’s 2018 data is unavailable and another plant has been 
offline since December 31, 2015 for refurbishment.  
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  Observations – Airborne Tritium Emissions (Curies) per In Service Unit 
 


2019 (Annual Value)  
 


 Curies per in service unit at best quartile CANDU plants was 982 or lower and the 
industry median threshold was 2,772 curies per in service unit. 


 Darlington’s 2019 performance remained in the second quartile with 1,213 curies per in 
service unit. Emissions from Darlington Unit 2 are not included in this benchmarking 
report due to the shutdown of Unit 2 in October 2016 for refurbishment. 


 Pickering’s performance improved from third quartile in 2018 to second quartile in 
2019 with 2,517 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.  
 After increasing in the early part of the trend period, performance at Pickering improved 


since 2017.  Increased emissions in 2016 and 2017 were primarily due to tritiated water 
in the Fuel Transfer Conveyor Tunnel being vented to monitored stacks, equipment and 
system leaks, and dryer performance issues.  


 Performance at Darlington in 2019 was consistent with the level seen at the beginning 
of the trend period.  Emissions at Darlington increased in 2019 compared to 2018, 
mainly due to the planned outage activities in Unit 4, and dryer performance and leaks 
issues. 


 The industry trend line graph shows that industry best quartile performance has been 
decreasing generally since 2014. 
 


Factors Contributing to Performance 
 Key factors affecting performance at DNGS and PNGS include the following: 


o Leaks from various equipment or systems, 
o Declining vapour recovery dryer performance, 
o DNGS Unit 4 outage activities including moderator heat exchanger drain work, 
o Increased unit source term (e.g., higher moderator tritium concentrations), 
o 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 to 
determine best environmental practices. 
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Fuel Reliability Index 
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Observations – Fuel Reliability Index (FRI) (CANDU) 
 


2019 (Most Recent Operating Quarter) 
 The best quartile value for Fuel Reliability Index (FRI) performance for CANDU plants 


was 0.000001 μCi/g and the median value was 0.000007 μCi/g. 
 FRI performance at PNGS was 0.000187 μCi/g and 0.000295 μCi/g for DNGS in 2019.   
 First quartile rating was achieved for both PNGS and DNGS, as results achieved 


maximum NPI points.   
 Post-discharge fuel inspections for PNGS and DNGS indicated that the overall condition 


of fuel inspected was acceptable and consistent with previous years.  
 Fuel inspections for PNGS confirmed four fuel defects in 2019, and no fuel issues of 


significance arose.    
 Fuel inspections for DNGS confirmed one fuel defect occurred in 2019. No fuel issues of 


significance arose at Darlington in 2019. 
 


Trend 
 The best quartile for CANDU plants remained consistent at 0.000001 μCi/g from 2014. 


The median values for CANDU plants has generally improved from 2014 and remains 
quite low at 0.000007 in 2019. 


 PNGS FRI performance has generally improved since 2014 while DNGS has remained 
relatively steady. Favourable FRI performance is due to the low incident rate for fuel 
defects in recent years. 
 


Factors Contributing to Performance 
 Four defects were confirmed at PNGS in 2019. In a previous year, a team was formed to 


investigate the fuel defects incidents and the cause was found to be primarily due to 
debris fretting.  


 Actions taken at PNGS that drove this improvement include: 
o Improved 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, 


o Developed a fuel defect guideline for Pickering, 
o Increased scope of Heat Transport System grab sampling and analysis when 


defects are in-core, 
o Improved capability of detecting the defected fuel bundles during the discharge 


from the fuelling machines, and 
o Improved the capability of the in-bay inspection of the suspected fuel bundles to 


be defected. 
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 Fuel Reliability Index (CANDU - FRI) – continued 
 


 Darlington had only one fuel defect in 2019. Steps have been taken that have led to 
improved FRI performance and prevent the potential of fuel defects, including the 
following: 


o Greatly improved Foreign Material Exclusion practices during the Darlington 
Unit 2 refurbishment activities.  


o New fuel with tighter tolerances for mass was received and is being used, 
o OPG-supplier co-operation resulted in installation of an automatic loader of fuel 


pellets complete with a “go/no go” pellet diameter monitor, 
o Close monitoring of existing fuel bundle inventory and core load. 
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  2-Year Unplanned Automatic Reactor Trips 
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Observations – 2-Year Unplanned Automatic Reactor Trips (CANDU) 
 


2019 (2-Year Rolling Average) 
 
 The 2-year rolling average unplanned automatic reactor trip best quartile and median 


for CANDU plants as well as individual units was 0.00.   
 At the plant level, Pickering’s trip rate of 0.24 achieved the maximum NPI points. 
 At the plant level Darlington’s trip rate of 0.00 was below the maximum NPI threshold 


value of 0.50 and achieving top quartile status. Darlington Unit 2 began a long-term 
refurbishment outage on October 15, 2016 and has been excluded from benchmarking 
results. 


 In 2019, both PNGS and DNGS had no unplanned automatic reactor trips. 
 
 


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


throughout the trend period.   The median value deteriorated in 2016 and 2017 from 
2015.  In 2018 and 2019 the median value improved to zero.  


 At the plant level, PNGS performance declined in 2016 to 2018, and improved in 2019 
for an overall improvement over the trend period. 


 At the plant level, DNGS peaked in 2017, improved in 2018, and achieved the industry 
best quartile result of a zero trip rate in 2019.   
 
 


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


condition, and human performance. 
 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 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 Auxiliary Feedwater Safety System Unavailability 
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Observations – 3-Year Auxiliary Feedwater System Unavailability (CANDU)  
 


2019 (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.  
 At the plant level, PNGS AFS unavailability of 0.0039 achieved maximum NPI points.  
 DNGS achieved best quartile performance of zero unavailability for both the station 


and unit levels in 2019. Darlington Unit 2 began a long-term refurbishment outage on 
October 15, 2016 and has been excluded from benchmarking results.   
 


Trend 
 The 3-Year AFW unavailability best quartile performance of CANDU plants 


maintained zero unavailability from 2014 to 2019.  
 The plant level industry median value has fluctuated over the review period but has 


remained below the NPI maximum threshold.  
 Pickering station performance fluctuated over the trend period and had an overall 


improvement. 
 Darlington station performance has been at zero unavailability over the entire trend 


period.  
 


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


condition, and human performance. 
 2019 - Quarter 1, Pickering - Unit 6 Auxiliary Boiler Feedwater Pump (ABFP) was 


declared unavailable due to loss of cooling flow to non drive end (NDE) bearing.  Per 
operating procedure, an impairment of ABF System was declared, and the unit was 
placed on a 72 hr shutdown clock. Following the silt/blockage removal of the inlet and 
discharge lines of the NDE bearing, and cleaning of the manual isolation valve, the 
pump was successfully tested and returned to service.  
 
To improve the system performance at PNGS the following actions will be taken: 


o Remove debris from the pipework.  
o Investigate failure of the instrumentation and control to indicate the cooling 


flow to NDE bearing and repair or replace the failed equipment. 
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Observations – 3-Year Emergency AC Power Safety System (CANDU) 
 


2019 (3-Year Rolling Average) 
 3-Year Emergency AC Power Safety System performance at best quartile for CANDU 


plants was 0.0008. The industry median value was 0.0016. 
 At the plant level, PNGS is one of the best performing stations in the CANDU peer 


group, achieving an unavailability of 0.0003. 
 DNGS had an unavailability of 0.0026, and achieved the maximum NPI points.  


 
 


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


for CANDU plants declined each year from 2015 to 2017, improved in 2018 and 
deteriorated in 2019 again. The industry median value improved in 2016 from 2015 and 
remained unchanged in 2017 with further improvement in 2018 and 2019. 


 PNGS performance remained below the NPI maximum threshold throughout the trend 
period and the unavailability was close to zero in 2019. 


 DNGS performance remained below the NPI maximum threshold throughout the trend 
period and remained unchanged in 2019 compared to 2018.  


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


condition, and human performance. 
 2019 Quarter 3, Pickering – During the execution of the start reliability test (Class III 


Standby Generators - Black Start of Standby Generator (SG)), a standby generator, SG1, 
tripped due to a failure of its AC motor driven fuel pump.  When SG1 tripped, another 
standby generator, SG3, was in a planned outage, which resulted in reduction of SG 
redundancy.  


 To improve the system performance at PNGS the following actions will be taken: 
o Perform design changes to modify the steam generators with electrical driven 


fuel pumps to shaft driven pumps, matching the configuration of SG2 and SG3, 
which do not exhibit machine breaker closure trips. 


o Replacement of the relay control logic and annunciator under the Standby 
Generator Reliability improvement modification Project. This project will 
resolve an obsolescence concern. 


o Upgrades of vibration monitoring system on SGs.  
 At DNGS, an event occurred in 2018 which resulted in only one SG available out of a 


total of four, impacting the AC Power Safety System unavailability. As this metric is 
based on a 3-year rolling average, this value will carry over until Q2-2021 if no 
additional events occur.   
 
 


 
 


Filed: 2021-05-21 
EB-2020-0290 


JI1.1 
Attachment 15 


Page 43 of 107
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  Observations – 3-Year High Pressure Safety Injection Unavailability (CANDU) 
 


2019 (3-Year Rolling Average) 
 
 The best quartile and median values for the 3-Year High Pressure Safety Injection 


(HPSI) Unavailability performance for CANDU plants were zero.  
 At the plant level, PNGS with an HPSI unavailability of 0.0001 achieved maximum 


NPI points.   
 DNGS achieved best quartile performance of zero unavailability in 2019. Darlington 


Unit 2 began a long-term refurbishment outage on October 15, 2016 and has been 
excluded from benchmarking results. 


 
Trend 
 The 3-Year HPSI unavailability best quartile and median performance of CANDU 


plants has been zero since 2014.  
 At the plant level, PNGS performance achieved maximum NPI points throughout the 


trend period and was near zero in 2019.  
 DNGS achieved best quartile performance of zero HPSI unavailability throughout the 


trend period.   
 


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


condition, and human performance. 
o 2019 Quarter 1, Pickering ECI Trace Heater - During routine panel monitoring, 


Emergency Coolant Injection (ECI) heat trace alarm was received. The water 
temperature in the High Pressure Emergency Coolant Injection (HPECI) piping 
was detected to be less than 6°C and the outdoor temperature was less than 1°C. 
This condition constitutes a Level 2 ECI system impairment. To establish flow 
in the ECI system and also heat the water, an HPECI pump was started at which 
point the lack of flow concern was resolved.  


o 2019, Quarter 2 – Pickering– During a routine test (Recovery System – Unit 
Emergency Control Centre (UECC) Tests), when UECC hand switch was 
selected to open, ECI recovery sump level rose rapidly and ECI storage tank 
level dropped to 10.8 m, which results in Level 2 ECI system impairment, 
applicable to Units 1, 4, and 5 to 8. The hand switch was reclosed. ECI storage 
tank level was restored to above 10.8 m following sump level pump back to the 
ECI storage tank.  Test (ECI Recovery Sump Valve and Recovery Pump 
Discharge Valve Test) was performed in order to identify the passing check 
valve. The recovery pump check valve was isolated.  Note that Level 2 ECI 
system impairment lasted for the period of time when the ECI storage tank level 
was below 10.8 m.  


 To improve system performance at PNGS, the following actions will be taken: 
1) Investigate the failure of primary heater.  
2) Replace the degraded check valve. 
3) Align the ECI impairments Abnormal Accident Manuals, ECI Operational Safety 


Requirements, and test. 
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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. 
 
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.    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) 
 
2019  
 2019 best quartile of the CANDU plant comparison panel for WANO NPI is 92.68, 


representing a 0.32 point decrease from 2018. 
 2019 median of the CANDU plant comparison is 87.64, a 3.1 point decrease from 2018. 
 PNGS NPI at 82.5, improved by 7.6 points in comparison to 2018, and achieved its  best 


ever NPI score as a combined six-unit station; however, it placed in third quartile.   
 In 2019, PNGS improvement was driven by the achievement of maximum WANO NPI 


results or top quartile performance for all seven NPI sub-metrics under the Safety 
cornerstone.    


 DNGS NPI at 88.9 decreased by 1.8 points in comparison to 2018, and placed in second 
quartile.   


 In 2019, DNGS achieved maximum WANO Nuclear Performance Index (NPI) results 
or best quartile performance for six of the seven NPI sub-metrics under the Safety 
cornerstone and UCF.    
 


Trend  
 A significant positive trend was seen by PNGS NPI as it increased by 18 points from 


2014 to 2019.    
 DNGS’ performance ranged from 82 to 90 points from 2014-2019.  


Factors Contributing to Performance 
Pickering 


 While the lowest scores were attained for Unit Capability Factor and Forced Loss Rate, 
the most significant improvements were made for both of these metrics, particularly 
from 2018.  These metrics are weighted the heaviest within the NPI calculation. 


 Pickering’s NPI performance is impacted by the need for long outages to accommodate 
fuel channel inspection programs, which impacts Unit Capability Factor and Collective 
Radiation Exposure metrics. 
 
Darlington 


 Fluctuations in DNGS’ year-over-year performance are attributed to:  
o 2015 - Vacuum Building Containment outage for planned regulatory 


maintenance.   
o 2016 Plant reliability improvements positively impacted both the FLR and 


UCF.  
o 2017 - Unbudgeted outages affecting Unit Capability Factor and FLR.   
o 2018 - Lower number of unbudgeted and forced outages.   
o 2019 – Forced outages caused by the Heat Transport and Secondary side 


leakages along with Fuel Handling bridge repairs.  Actions have been taken to 
increase scope in future outages for the instrument line visual inspections to 
minimize heat transport system leaks to containment.  A Fuel Handling Life 
Extension and Reliability plan is being implemented to facilitate commissioning 
of the most critical fuel handling scope and sustain favourable Forced Loss 
performance.  
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Rolling Average Forced Loss Rate 
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Observations – Rolling Average Forced Loss Rate (CANDU) 
 


2019 (Rolling 2 Year Average, Pickering %; Rolling 3 Year Average, Darlington %) 
 
 The industry plant level best quartile was 1.08 and the industry median was 2.43. 
 PNGS Forced Loss Rate (FLR) results showed an improvement in performance to third 


quartile, decreasing from 5.20 in 2018 to 3.39 in 2019, achieving its best ever FLR in 
the process, as a combined six-unit station.   


 DNGS FLR performance went from 1.94 in 2018 to 2.56 in 2019 and maintained third 
quartile performance. Darlington Unit 2 began a long-term refurbishment outage on 
October 15, 2016 and has been excluded from benchmarking results.  
 


Trend 
 Industry plant median FLR trend went up and experienced variability over the trend 


period.    
 PNGS overall FLR trend has shown marked improvement year-over-year, from double 


digit values in 2014 to 3.39 in 2019, which is the lowest FLR for PNGS.   
 DNGS overall trend shows an improvement from 2014 when it was 2.85 to 2.56 in 2019. 


 
 
Factors Contributing to Performance 
 PNGS and DNGS have seen significant reductions to frequency of forced outages by 


conducting the Preventative Maintenance program, through the implementation of 
Value Based Maintenance initiatives, which enables sites to complete the right work at 
the right time, improving equipment reliability.  


 Both PNGS and DNGS continue to drive plant reliability via the system health 
improvement process and recovery actions.  The Plant Reliability List of important work 
orders are implemented to improve system health. 


 At PNGS, the 2019 causes for forced losses were varied, including:   
o Unit 1, dual Reactor Control System failure. 
o Unit 5, turbine trip on boiler high level. 
o Unit 6, spurious closure of all 4 governor valves caused boiler pressure error to 


initiate Steam Relief Valve opening. 
 At DNGS, the 2019 causes for forced losses were varied, including:  


o Unit 3, heat transport system leak  
o Unit 3, cross shaft failure and fueling unavailability 
o Unit 4, leak & auxiliary lube pump. 
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Observations – Rolling Average Unit Capability Factor (UCF) (CANDU) 
 


2019 (Rolling 2 Year Average, Pickering %; Rolling 3 Year Average, Darlington %) 
 


 
 The industry best quartile was 87.06 and the industry median was 86.14. 
 PNGS UCF performance improved from 79.55 in 2018 to 83.31 in 2019, achieving its 


best ever performance as a combined six-unit station, while remaining in fourth quartile.   
 DNGS UCF performance improved from 86.89 to 87.06, and advanced to the best 


quartile of CANDU plants.  
 Darlington Unit 2 began a long-term refurbishment outage on October 15, 2016 and has 


been excluded from benchmarking results. 
 


Trend 
 


 PNGS UCF trended favourably, increasing year over year for the past 4 years, with 
2019 as the highest value.  The overall trend of Pickering’s UCF demonstrates 
continuous improvement.  


 DNGS overall trend shows variability over the review period, with consistent 
improvements from 2017 to 2019.   


 Plant median and best quartile UCF benchmarks have also shown variability and both 
decreased in 2019.  


 
Factors Contributing to Performance 


 
 Higher number of planned outage days contribute to lower UCF values when compared 


to CANDU peers, even though all 2019 planned outages were completed safely and 
ahead of schedule.   


 The higher UCF at PNGS in 2019 compared to 2018 reflected fewer planned outage 
days in line with the station’s cyclical maintenance schedule, the favourable execution 
of planned outage work, and fewer unplanned outage days. 


 UCF performance at DNGS in 2019 improved compared to 2018, and the increase in 
the number of unplanned outage days was largely offset by fewer planned outage days 
due to the favourable execution of planned outage work.   


 FLR performance challenges negatively impact UCF.    
 Improvements in equipment reliability have correlated with improved FLR and UCF 


performance.   
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Rolling Average Chemistry Performance Indicator 
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Observations – Rolling Average Chemistry Performance Indicator (CANDU) 
 


2019 (Rolling 2 Year Average Pickering, Rolling 3 Year Average Darlington) 
 The CANDU plant median and best quartile values are both 1.00. 
 PNGS CPI performance has remained unchanged from 2018 at 1.02. 
 DNGS CPI performance has remained unchanged from 2018 at 1.03. 


 
Trend 
 Overall industry performance has remained stable, with the best quartile holding at 1.00 


over the last five years.  
 The overall performance trend for PNGS has been positive over the last 5 years, with CPI 


performance improving year-over-year from 1.06 and to 1.02. 
 DNGS has exhibited a declining trend in the last three years, increasing from a CPI of 


1.00 to the current CPI value of 1.03. 
 


Factors Contributing to Performance 
 In 2019, challenges were experienced with boiler chemistry start-up on Pickering Unit 5.   
 In 2019, Pickering experienced high sodium levels following outage start-up on Unit 7 


and elevated chloride levels on Units 5 and 8 due to ingress from the Water Treatment 
Plant.  


 The 2019 performance at Darlington can be attributed to Unit 3 condenser tube leaks, 
which caused an increase in boiler conductivity and feedwater iron levels during start-
ups following the unit outages. As the CPI is a 3-year rolling average, the event from 
2018 continues to impact 2019 performance.  


 Work practices that are being implemented to improve performance include: 
o Development of component cleanliness requirements. 
o Improvements in condenser tube leak detection at Darlington. 
o Chemistry data trending review meetings to share operating experience, lessons 


learned, and improvement plans. 
 


 Chemistry initiatives to further improve CPI to best quartile: 
o Procurement of filtration skid to mitigate corrosions products following restart 


from Refurbishment. 
 


o Implementing new innovations for improved chemistry control, reliability and 
safety, including: 


 Hydrazine-in-air scrubber use / new PPE for hydrazine vapour hazards at 
Pickering; 


 Hydrazine neutralization agent feasibility assessments at Pickering;  
 Film Forming Amine at Darlington (first successful application on 


Darlington Unit 3 in March 2020); and 
 EPRI Smart Chemistry online analyzer application at Darlington. 
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Observations – On-Line Deficient Maintenance Backlog (AP-928 Working Group) 
 
2019 (Annual Value) 
 The industry Best Quartile and Median Thresholds were 30 and 39 work orders/unit, 


respectively for On-Line Deficient Maintenance (DM) backlog. 
 Darlington DM backlogs were at 110 work orders/unit and Deficient Critical (DC) backlogs 


were at 3 work orders/unit. 
 Pickering DM backlogs were at 114 work orders/ unit and DC backlogs were at 5 work 


orders/unit. 
 
Trend 
 Both DNGS and PNGS exhibited backlog improvements in the last year and over the trend 


period. 
 In comparison to the 2018 data: 


o Darlington DM performance in 2019 improved from 124 to 110 work orders/unit. 
 Darlington DC performance improved from 9 to 3 work orders/unit.  


o Pickering DM performance in 2019 improved significantly from 279 to 114 work 
orders/unit and showed significant improvement since 2017. 


 Pickering DC performance improved from 9 to 5 work orders/unit. 
o Median backlog improved from 59 to 39 work orders/unit. 


 
 


Factors Contributing to Performance 
 At PNGS and DNGS, the focus continues on the reduction of on-line deficient critical 


backlogs, which has resulted in the improvement of critical DC backlogs for both sites.   
 To improve performance, initiatives focus on: 


o  Efficiencies and Optimizing existing maintenance resources. 
o  Value Based Maintenance: 


o Move to a condition based maintenance program versus time based to better 
leverage resources and increase efficiencies. 


o Leverage technology to support value based and condition based 
maintenance strategies. 
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On-Line Corrective Maintenance Backlog  
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  Observations – On-Line Corrective Maintenance Backlog (AP-928 Working Group) 


 
2019 (Annual Value) 
 The industry Best Quartile and Median Thresholds were 2 and 3 work orders/unit respectively 


for On-Line Corrective Maintenance (CM) backlog. 
o Darlington CM backlogs were at 4 work orders/ unit and corrective critical backlogs were 


at 0.3 work order/unit. 
o Pickering CM backlogs were at 9 work orders/unit and corrective critical backlogs were 


at 0.5 work orders/unit. 
 


Trend 
 In comparison to the 2018 data: 


o Darlington performance in 2019 has improved from 6 to 4 work orders/unit.  
o Pickering performance in 2019 improved from 17 to 9 work orders/ unit. 
o Median backlog improved from 4 to 3 work orders per unit. 
 


 Darlington has shown backlog improvement from 2014 through 2019. 
 Pickering has shown significant backlog improvement in each of the last five years. 


 
Factors Contributing to Performance  
 At the end of 2019, PNGS On-line Corrective Critical Backlog declined to fourth quartile due to 


the standby generator and fuelling machine repair work orders, which were completed in January 
of 2020.  Priority is placed on corrective critical backlogs and equipment is restored as 
expeditiously as possible.  


 To improve performance, initiatives focus on: 
o  Efficiencies and Optimizing existing maintenance resources. 
o  Value Based Maintenance: 


o Move to a condition based maintenance program versus time based to better 
leverage resources and increase efficiencies. 


o Leverage technology to support value based and condition based 
maintenance strategies. 
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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 
2014-2019. 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 with 2017 results, Pickering and Darlington’s 
TGC/MWh and TGC/Unit performance has been normalized for CANDU technology (including 
outage duration) and age-related impacts. 
 
Darlington’s TGC/MWh, TGC/Unit, Non Fuel Operating Costs (NFOC)/MWh and Capital 
Cost/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’s number of operating units rather than a four-unit site. OPG is 
performing a mid-life refurbishment at Darlington, which involves bringing units offline for 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 methodologies4. The combined normalization allows for a more comparable 
assessment of performance between peers. 
 
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.   
 


4 Two ScottMadden normalization reports provide details on the normalization methodologies: 1) OPG Nuclear 


Cost Performance Benchmarking 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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Given the differences between OPG’s nuclear generating stations and most North American plants 
with respect to non-fuel, fuel and capital costs, it is difficult to compare plants by using non-fuel 
operating cost, fuel cost or capital cost metrics separately. 


 
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) 
 


2019 (3-Year Rolling Average)  
 Best quartile level for normalized Total Generating Cost/MWh (TGC/MWh) was 


$30.83 (non-normalized $34.63/MWh) while the normalized median level was $36.12 
(non-normalized $41.85/MWh).  


 DNGS normalized result– achieved 3rd Quartile: $38.84/MWh (non-normalized 
$67.00/MWh).   


 PNGS normalized – achieved 4th Quartile: $44.85/MWh (non-normalized 
$62.39/MWh).     
 


Trend  
 Since 2017, the normalized1 best quartile cost decreased, reflecting a $3.95/MWh 


improvement, (non-normalized improved by $3.15/MWh for the same time period and 
by $4.07/MWh since 2014).   


 The normalized median cost also decreased since 2017, showing an improvement of 
$3.30/MWh (non-normalized improved by $1.81/MWh for the same time period and by 
$2.76/MWh since 2014).  


 DNGS normalized TGC/MWh increased by $0.90/MWh since 2017 (non-normalized 
increased by $12.60/MWh and by $29.72/MWh since 2014). 


 PNGS normalized TGC/MWh performance was essentially the same in 2017 and 2018, 
with a marked improvement in 2019.  Since 2017, the favourable trend shows a reduction 
of $4.42/MWh (non-normalized improved by $4.83/MWh for the same time period and 
by $5.61/MWh since 2014).   


 Best and median normalized quartile levels had a decreasing Compound Annual Growth 
Rate (CAGR) of -2.38% and -1.73% respectively.  Darlington’s normalized CAGR 
increased over the review period by 0.47% (non-normalized increased by 12.44%).  
Pickering normalized had a decreasing CAGR over the review period of -1.86% (non-
normalized had a decreasing rate of -1.71%).    
 


Factors Contributing to Performance  
 DNGS changes from 2019 to 2018 included lower generation due to the refurbishment 


activities (in 2017-2019 compared to 2016-2018) and increased capital investment from 
2016 - 2019 that will serve the station in its life post-refurbishment. 
 
 


1 Normalization for Refurbishment and CANDU Technology applied from 2017 onwards in accordance with 


methodologies provided by ScottMadden. 
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Pickering 
 Pickering’s improvement in performance from 2018 includes higher generation and 


associated outage OM&A cost reduction due to fewer outage days, as well as decreased 
capital investment, and improved Fuel Costs/MWh. 


 
 Site capacity (reflecting unit size) as well as outage durations required to extend 


operations continued to contribute to Pickering’s TGC/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.  
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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)  
 


2019 (3-Year Rolling Average)  
 Best quartile level Non-Fuel Operating Costs per MWh (NFOC/MWh) was $20.84 while 


the median level was $24.65/MWh.  
 Darlington normalized1 (for Refurbishment only) – 4th Quartile: $37.85/MWh (non-


normalized $47.10/MWh) 
 Pickering non-normalized – 4th Quartile: $53.85/MWh  


 
 


Trend  
 Best quartile cost has decreased, reflecting a $1.84/MWh improvement over the trend 


period, and the median cost also declined, improving by $1.18/MWh.   
 Darlington normalized (for Refurbishment only) increased by $0.95/MWh since 2017 (non-


normalized rose by $19.00/MWh since 2014).   
 Pickering non-normalized decreased, improving by $3.16/MWh over the trend period. 


 
Factors Contributing to Performance  
 DNGS normalized (for Refurbishment only) 3-Year rolling average increased $1.47/MWh 


(non-normalized rose by $4.96/MWh) compared to 2018. The primary driver for the change 
from 2018 and over the trend period was lower generation associated with Darlington 
Refurbishment in years 2017 to 2019 compared to previous 3-year rolling averages.  


 Pickering’s non-normalized 3-Year rolling average decreased by $4.07/MWh compared to 
2018, mainly as a result of higher generation.  


 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 Normalization for Refurbishment applied from 2017 onwards in accordance with the methodology provided by 
ScottMadden. 
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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)  
 


2019 (3-Year Rolling Average)  
 Best quartile was $7.03/MWh for the panel of North American EUCG plants.  
 PNGS ranked at the top for the lowest fuel cost/MWh in the North American panel at 


$4.22/MWh and DNGS was ranked third at $4.38/MWh. 
 


 
Trend  
 The best quartile Fuel Cost/MWh improved by $1/MWh from 2014 to 2019.   
 DNGS and PNGS performed consistently better than the best quartile during the review 


period.     
 Fuel Cost/MWh for all OPG plants improved in 2019, as the improving trend continued 


since 2016.  
 
 


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


lower for OPG than North American Pressurized Water Reactors or Boiling Water 
Reactors (PWR/BWR) 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.   


 The downward trend in the Fuel Cost per MWh for both PNGS and DNGS is due to a 
combination of lower input uranium costs, offset by general escalation in the fuel 
conversion and fuel fabrication costs. 


 OPG’s best quartile fuel cost performance is also due to the fact that 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) 
 


2019 (3-Year Rolling Average) 
 The best quartile threshold for Capital Cost per MW DER across US and Canadian EUCG 


peer plants was $38.82 k/MW DER. 
 Median cost for the panel was $53.64 k/MW DER. 
 PNGS was in the first quartile at $30.66 k/MW DER.    
 DNGS was in the fourth quartile at $89.78 k/MW DER normalized and $116.67 k/MW 


DER non-normalized. 
 


Trend 
 Both best and median quartile thresholds decreased in 2019 due primarily to regulatory 


spending on Fukushima response ending.  That reduction was partly offset by increased 
spending on reliability improvements.  Spending on information technology and capital 
spares increased marginally with other categories being essentially flat over the trend 
period. 


 Pickering’s Capital Cost/MW DER improved in 2019 compared to previous years, due 
to reduced regulatory spending on Fukushima response, as well as reduced capital 
requirements as Pickering approaches end of commercial operations. 


 Darlington’s Capital Cost/MW DER rose year-over-year due to increased spending on 
life extension, performance improvements, sustaining investments, information 
technology and capital spares.  This was partially offset by a reduction in Fukushima 
response spending. 


 
Factors Contributing to Performance 
 PNGS is performing in the first quartile and showed improvement in 2019 by $2.73 


k/MW DER.  This change from 2018, and over the trend period, reflects reductions in 
spending while maintaining reliable operations in the period leading up to the end of 
commercial operations.  This is consistent with spending trends observed at other nuclear 
facilities approaching their end of commercial operations. 


 DNGS is performing in the fourth quartile in 2019 and increased by $16.32 k/MW DER 
on a normalized basis compared to 2018.  This change from 2018 and over the trend 
period reflects increased spending on life extension, sustaining investments, information 
technology and capital spares to support operations before, during and after 
refurbishment.  


 Historically, Darlington’s capital expenditures were better than the industry median.  
Once the decision to refurbish Darlington and extend end of life was made, OPG began 
an extensive program to replace obsolete and/or life-expired plant equipment.  
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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)  
 


2019 (18 Month Rolling Average)  
 
 The best quartile is 0 for the Human Performance (Hu) error rate for INPO plants.  The 


median is 0.053.  These rates reflect industry performance over an 18-month period. 
 Pickering Hu Error Rate is 0.02, and Darlington is 0.036, which reflect second quartile 


performance at both stations. Darlington Unit 2 began a long-term refurbishment outage 
on October 15, 2016 and has been excluded from benchmarking results. 


 Three site event free day resets (S-EFDRs) occurred in the 18-month period ending in 
2019, with two at DNGS and one at PNGS.   
 
 


Trend  
 PNGS and DNGS performance has improved significantly over the trend period.  
 The overall industry also improved steadily over the review period with best quartile at 


the end of 2019 being 0.00, improved from 0.04 in 2014.  
 


 
Factors Contributing to Performance 
 There are many successes in Human Performance that have contributed to Pickering and 


Darlington’s low error rates in 2019 and improvement over the trend period. Industry-
leading Human Performance practices have been built through innovation including:  


o the “iConnect” Mobile Observation & Coaching Application,  
o analysis tools for early detection of signs of decline in Hu performance, 
o associated Microsoft Power BI Dashboards to support data analytics and 


reporting, and  
o specialized training with the use of a simulator to teach Hu concepts and 


behaviours. 
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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.   
 
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. This view is 
consistent with ScottMadden’s Evaluation of 2019 OPG Nuclear Benchmarking, in which 
ScottMadden recommended that OPG focus on site-level comparisons of performance for 
Pickering and Darlington rather than operator-level comparisons.  
 
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 NPI results for the operators in 2019 are illustrated in the graph below.  OPG Nuclear 
performance ranking improved from 2018 by three rankings as shown in Table 2. 
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*See Table 7 in the Appendix for listing of operators and plants.  
**OPG Nuclear unit values averaging to a WANO NPI of 84.6 in 2019 are shown below:  
 


Unit 2019 WANO NPI 


Pickering 1 93.9 
Pickering 4 78.2 
Pickering 5 85.1 
Pickering 6 76.5 
Pickering 7 87.0 
Pickering 8 74.1 
Darlington 1 90.8 
Darlington 2 N/A 
Darlington 3 87.8 
Darlington 4 87.9 


 
 


 


Table 2: Average WANO NPI Rankings 


 
Note: The following operators are no longer ranked in 2019 (reason for 24 ranked operators in 2014 vs. 22 in 2019):  
 Omaha Public Power District was removed from the WANO data set as of October 2016 (Fort Calhoun no 


longer in service). 
 South Carolina Electric & Gas Co. is now a subsidiary of Dominion Generation since 2019. 
 All 2014-2018 rankings are carried over from previous Benchmarking reports.  


  


Operator 2014 2015 2016 2017 2018 2019


2 4 13 2 2 1


18 21 15 6 3 2


5 5 3 1 1 3


13 9 9 9 6 4


8 3 1 16 18 5


7 10 7 5 5 6


19 7 11 14 7 7


10 8 10 8 8 8


20 20 12 10 12 9


4 6 6 7 4 10


12 16 14 3 9 11


9 2 2 4 10 12


17 19 22 22 14 13


6 17 17 11 15 14


16 1 8 13 13 15


15 12 4 15 16 16


3 15 16 12 11 17


24 24 23 18 17 18


1 14 18 21 20 19


Ontario Power Generation 22 23 21 23 23 20


11 11 20 17 21 21


21 22 19 19 19 22


14 13 5 20 22 NA


23 18 NA NA NA NA


OPG ranked 20th, with an NPI of 84.6.  OPG’s 
NPI performance increased by 4.5 compared to 
the 2018 ranking.  
 
The NPI rankings of the major operators from 
2014 to 2019 are listed in Table 2.  The list and 
ranking of operators has been updated to 
reflect any applicable industry developments. 
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Unit Capability Factor Analysis 
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 applicable industry developments.   
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 historical outage cycle.  OPG Nuclear experienced a rolling average UCF of 
84.6% and ranked 22 out of 22 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 84.6% in 2019 are shown below: 
 
  


Unit 2019 Rolling 
Average UCF 


 
Unit 2019 Rolling 


Average UCF 


Pickering 1 95.1  Darlington 1 86.4 
Pickering 4 80.8  Darlington 2 N/A 
Pickering 5 82.1  Darlington 3 87.8 
Pickering 6 79.9  Darlington 4 87.0 
Pickering 7 83.5  


Pickering 8 78.4 
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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: The following operators are no longer ranked in 2019 (reason for 24 ranked operators in 2014 vs. 22 in 2019):  
 Omaha Public Power District was removed from the WANO data set as of October 2016 (Fort Calhoun no 


longer in service). 
 South Carolina Electric & Gas Co. is now a subsidiary of Dominion Generation since 2019. 
 All 2014-2018 rankings are carried over from previous Benchmarking reports.  


  


Operator 2014 2015 2016 2017 2018 2019


1 1 1 1 1 1


2 7 2 3 5 2


18 20 20 13 4 3


10 14 10 7 3 4


5 10 3 14 17 5


6 5 8 5 2 6


8 6 5 2 7 7


20 17 14 4 10 8


19 4 6 20 15 9


4 9 11 6 8 10


14 19 19 21 13 11


16 15 13 10 11 12


7 2 7 9 12 13


3 13 16 23 21 14


13 12 4 8 9 15


11 11 15 16 20 16


17 3 12 18 19 17


23 22 21 12 6 18


9 8 18 15 14 19


22 24 23 19 18 20


15 18 17 17 16 21


Ontario Power Generation 21 23 22 22 23 22


12 21 9 11 22 NA


24 16 NA NA NA NA
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Total Generating Cost/MWh Analysis  
The 3-year average Total Generating Cost (TGC)/MWh results for the major operators in 2019 are 
displayed in the graphs below.  On a normalized basis, OPG Nuclear ranked 11th, with a 3-year 
Total Generation Cost of $42.03 per MWh (non-normalized, ranked 13th with $64.58/MWh).   
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OPG plant values of 3-year rolling average TGC per MWh are shown below: 


2019 3-Year TGC/MWh 


Station Normalized Non-Normalized 


Darlington $38.84/MWh $67.00/MWh 


Pickering $44.85/MWh $62.39/MWh 
 


Table 4:  Three Year TGC/MWh Rankings 
  2014 2015 2016 2017 2018 2019 
 11 11 9 3 1 1 


 4 2 1 2 2 2 


 7 7 6 6 6 3 
 12 8 7 8 5 4 


 8 9 10 9 9 5 


 5 3 3 5 8 6 


 3 5 4 7 7 7 


 2 4 5 4 4 8 


 1 1 2 1 3 9 


 6 6 8 10 10 10 


 13 13 13 13 12 11 


 9 10 11 11 11 12 


Ontario Power Generation 10 12 12 12 13 13 


Ontario Power Generation - Normalized -  -  -  11 11 11 


              
 
Table 5 shows the relative contribution of Non-Fuel Operating Costs, Fuel Costs and Capital 
Costs to Total Generating Cost/MWh and compares OPG’s non-normalized costs to those of all 
EUCG operators. 
 


Table 5:  EUCG Indicator Results Summary (Operator Level) 
 
 


EUCG Indicator Results Summary OPG 
Average 


EUCG Major Operators* 
Unit of 


Measure Median Best 
Quartile 


Value for Money Performance         
3-Yr. Non-Fuel Operating Costs per MWh (non-normalized)  $50.65   $23.43   $22.48  CAD $/MWh 


3-Yr. Fuel Costs per MWh (non-normalized)  $4.30   $7.73   $7.17  CAD $/MWh 


3-Yr. Capital Costs per MWh (non-normalized)  $9.63   $9.02   $6.16  CAD $/MWh 


3-Yr. Total Generating Costs per MWh (non-normalized)  $64.58   $38.53   $37.12  CAD $/MWh 


3-Yr. Total Generating Costs per MWh - Normalized  $42.03   $34.79   $32.32  CAD $/MWh 


*See Table 8 in the appendix for list of operators included. 
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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 
EPRI Electric Power Research Institute 
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.   
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Airborne Tritium Emissions per Unit: Tritium emissions to air. 
 
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.  


Filed: 2021-05-21 
EB-2020-0290 


JI1.1 
Attachment 15 


Page 98 of 107







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 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 


 
 
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 2020 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. 
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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 operating costs, fuel costs and capital costs. 
 
Note: Total Generating Costs are divided by net generation to obtain per MWh results.  Capital 
costs are also divided by MW DER to obtain per 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) 
 
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. 
 


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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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. 
 
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 
V.C. Summer 


 
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 


 


 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 
V.C. Summer 


   
 


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  
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 
Fitzpatrick 


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 STP Nuclear Operating Co. South Texas 


Energy Northwest Columbia 
Wolf Creek Nuclear Operations 
Corp. 


Wolf Creek 


Luminant Generation 
Comanche 
Peak 
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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.  Hydro Quebec 
Algonquin Power & Utilities Corp.  IESO 
AltaLink  London Hydro 
ATCO Electric  Manitoba Hydro 
ATCO Power  Maritime Electric Company 
BC Hydro and Power Smart  Nalcor Energy 
Brookfield Renewable Energy Group  New Brunswick Power 
Capital Power Corporation  Newfoundland Power 
City of Medicine Hat, Electric Utility  Northwest Territories Power Corp. 
City of Red Deer  OEC 
Elexicon Energy  Ontario Power Generation 
Emera Power  Qulliq Energy Corporation 
ENMAX  Rio Tinto 
EPCOR  Saint John Energy 
Evolugen  Saskatoon Light & Power 
FortisAlberta Inc.  SaskPower 
FortisBC Inc.  TC Energy 
FortisOntario  Toronto Hydro Corp. 
Heartland Generation  TransAlta 
Hydro One  Utilities Kingston 
Hydro Ottawa  Yukon Energy Corp. 
Hydro Quebec   
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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      
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Table 12:  INPO Members for On-Line Maintenance Backlogs  
 


Plant 
Arkansas Nuclear One (ANO)                       McGuire                   


Beaver Valley             Millstone                 
Braidwood                 Monticello                


Browns Ferry              Nine Mile Point           
Brunswick                 North Anna                


Byron                     Oconee                    
Callaway                  Palisades                 


Calvert Cliffs            Palo Verde                
Catawba                   Peach Bottom              
Clinton                   Perry   


Columbia Gen     Point Beach               
Comanche Peak             Prairie Island            


Cook                      Quad Cities               
Cooper                    River Bend                


Davis-Besse               Robinson                  
Diablo Canyon             Salem                     


Dresden                   Seabrook                  
Farley                    Sequoyah                  


Fermi 2                   South Texas                       
Fitzpatrick               St. Lucie                 


Ginna                     Summer                    
Grand Gulf                Surry                     


Harris                    Susquehanna               
Hatch                      Turkey Point               


Hope Creek                Vogtle                    
Indian Point Waterford    


LaSalle                   Watts Bar                 
Limerick                  Wolf Creek          
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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 0.01 0.02 0.04


Rolling Average Collective Radiation Exposure (person-rem per 
unit) 80.00 23.40 32.00 70.32 83.23


Fuel Reliability Index (microcuries per gram) 0.000500 0.000001 0.000005 0.000187 0.000295


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


3-Year Auxiliary Feedwater System Unavailability (#) 0.0200 0.0020 0.0036 0.0039 0.0000


3-Year Emergency AC Power Unavailability (#) 0.0250 0.0076 0.0122 0.0003 0.0026


3-Year High Pressure Safety Injection Unavailability (#) 0.0200 0.0017 0.0024 0.0001 0.0000


Rolling Average Forced Loss Rate (%) 1.00 0.31 0.98 3.39 2.56


Rolling Average Unit Capability Factor (%) 92.00 95.10 91.43 83.31 87.06


Rolling Average Chemistry Performance Indicator (Index) 1.01 1.00 1.00 1.02 1.03


WANO NPI (Index) Not Applicable 100.0 98.1 82.5 88.9


2019 Actuals
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December 31, 2020 


VIA EMAIL 


Christine E. Long 
Registrar and Board Secretary 
Ontario Energy Board  
P.O. Box 2319 
2300 Yonge Street, Suite 2700 
Toronto, ON 
M4P 1E4 


Dear Ms. Long: 


Re: OPG Reporting and Record Keeping Requirements 


Further to the OEB’s direction in EB-2016-0152 (Decision and Order, pp. 44-45), please find attached 
the Darlington Refurbishment Program Annual Report. 


Thank you, 


Christopher Deschenes 


Att. 


cc: Nancy Marconi, OEB 
Christopher Kerr, OEB 
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  FOR INFORMATION to the Ontario Energy Board 
 ___________________________________________________________________________________ 


  
December 31, 2020  


DARLINGTON REFURBISHMENT PROGRAM 
 


INTRODUCTION 


This report provides the status of the Darlington Refurbishment Program, hereafter referred to as the 
“Program”. 


Unless otherwise noted, this report includes a summary and a review of the Program performance through 
September 30, 2020. 


This is an annual report to be provided by Ontario Power Generation (OPG) to the Ontario Energy Board 
(OEB) pursuant to the OEB’s decision and order in EB-2016-0152.1 


EXECUTIVE SUMMARY 


The Darlington Refurbishment Program is a multi-year, multi-phase, mega-project that will enable the 
Darlington Generating Station (“Darlington”) to continue safe and reliable operation until approximately 
2055. The Program includes the replacement of life-limiting critical components, the completion of upgrades 
to meet applicable regulatory requirements, and the rehabilitation of components at Darlington’s four units. 


The Release Quality Estimate (RQE) for the four-unit refurbishment is $12.8 Billion. Under the RQE, the 
refurbishment of the first unit (Unit 2) was to start in October of 2016 and be returned-to-service in the first 
quarter of 2020, with the last unit (Unit 4) scheduled to be completed in 2026. The RQE formed the basis 
of OPG’s May 2016 pre-filed evidence in EB-2016-0152. After the development of the RQE, OPG continued 
detailed planning and preparations for execution of Unit 2 and established a Unit 2 Execution Estimate 
(U2EE), which was approved by OPG’s Board of Directors in August 2016. The U2EE was a more refined 
estimate as compared to the RQE and was used to establish Unit 2 project baselines for cost and schedule 
monitoring. Therefore, OPG measured its performance over the Unit 2 refurbishment against the U2EE. 
Details of the U2EE were provided in EB-2016-0152 Ex. L-4.3-1, Staff-055. Detailed planning associated 
with the U2EE confirmed that the High Confidence schedule duration remained at 40 months as it was at 
RQE, and that the overall Program estimate remained $12.8 Billion as it was at RQE. U2EE planning also 
resulted in an $89 Million increase specific to program costs for Unit 2 and the Early In-Service (“EIS”) 
projects and Campus Plan projects (i.e. the Safety Improvement Opportunities (“SIO”), and Facilities and 
Infrastructure Projects (“F&IP”)). The OEB approved OPG’s nuclear revenue requirements in EB-2016-
0152 based on the earlier RQE forecasts per Ex. N2-1-1 in that proceeding, as opposed to the U2EE. 


OPG commenced the refurbishment of Unit 2 in October 2016. In its 2019 DRP Annual Report to the OEB, 
OPG had discussed that, while the first two segments of the Unit 2 refurbishment outage had been 
completed in accordance with OPG’s High Confidence Schedule, OPG encountered challenges in the third 
major segment involving the installation and reassembly of reactor components. The 2019 DRP Annual 
Report also noted that, as a result, the High Confidence scheduled completion of Unit 2 was revised from 
Q1 2020 to Q2 2020. 


Unit 2 was successfully returned to service on June 4, 2020. Of note, the final two-and-a-half months of the 
Unit 2 refurbishment execution were completed under the state of emergency declared in Ontario on March 
17, 2020, in response to the COVID-19 pandemic. 


Safety performance on the refurbishment of Unit 2 continued to be significantly better than the average 
construction industry performance in Ontario. 


1 EB-2016-0152, Decision and Order, dated December 28, 2017, p.44, Table 16. 


OPG Confidential Exclusive 
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The total capital and operations, maintenance and administration (OM&A) cost through Unit 2, including all 
EIS and Campus Plan projects (but excluding the Heavy Water Storage and Drum Handing Facility (“D2O 
Storage Project”)) was $5.7 Billion. This amount is $133 Million above the amounts approved by the OEB. 
Unit 2 (excluding Definition Phase) was returned to service on budget compared to the U2EE at a total cost 
of $3,417 Million, and $11 Million over the RQE forecast of $3,406 Million. 


Successful completion of the Unit 2 refurbishment on budget and with a schedule variance of just over three 
months represented a significant achievement in mega-project execution for OPG.  


During the course of the Unit 2 refurbishment OPG captured thousands of lessons learned and identified 
several strategic improvements, which have been incorporated into the planning and execution of the 
refurbishments of Units 3, 1, and 4 (the “Remaining Units”) and are expected to result in unit-over-unit 
efficiencies. 


While not included in EB-2016-0152 approved amounts, the D2O Storage Project is a F&IP needed for the 
overlapping refurbishments of the Remaining Units. The D2O Storage Project is available to support the 
refurbishment of the Remaining Units and is expected to be closed out within the $510 Million budget. 


Beginning in March 2020, OPG has taken a number of actions in response to the COVID-19 pandemic, 
including deferring the start of Unit 3 refurbishment during the height of the pandemic’s initial onset in the 
spring of 2020, to help protect the safety of the workers and the operation of the station. The planned start 
dates of Units 1 and 4 were correspondingly deferred to maintain the same degree of overlap in the 
refurbishment schedule. 


Based on impacts experienced to date, incremental costs of approximately $150 Million have been 
forecasted as a result of the actions OPG has taken on the Program in response to the COVID-19 
pandemic. Because of inherent uncertainties associated with the pandemic, OPG is monitoring, tracking 
and assessing related expenditures separately from the baseline project budget, which does not include 
contingency for ‘black swan’ events such as a pandemic. OPG will continue to seek ways to manage and 
explore potential efficiencies during the execution of the Remaining Units refurbishments in an effort to 
complete the Program inclusive of COVID-19 cost impacts within the $12.8 Billion budget. 


The Unit 3 Execution Estimate (U3EE) was completed in advance of the start of the refurbishment outage 
on Unit 3, and incorporated many lessons learned and strategic improvements. The final U3EE was 
approved by OPG’s Board of Directors in August 2020, and included the deferred starts to the refurbishment 
outages of the Remaining Units as a result of actions taken in response to the COVID-19 pandemic. The 
final U3EE has been used to establish Unit 3 project cost and schedule baselines against which 
performance on the refurbishment outage of Unit 3 is being measured. Per the U3EE, the budget to 
complete the Program remains $12.8 Billion, excluding cost impacts of the COVID-19 pandemic, and the 
Program is expected to be completed by Q4 2026. 


On September 3, 2020, OPG commenced defueling of the Unit 3 reactor, marking the start of Unit 3 
refurbishment execution. Defueling of the Unit 3 reactor was completed on November 28, 2020, ahead of 
schedule. Unit 3 is projected to be completed by Q1 2024. 


Planning for the refurbishments of Units 1 and 4 is progressing well. Work planning, design engineering, 
material procurement, and pre-requisite work for Units 1 and 4 continues on plan, with completion of the 
execution estimates for Units 1 and 4 planned for 2021 and 2023, respectively. The Units 1 and 4 
refurbishment outages are currently planned to start in Q1 2022 and Q3 2023 with return to service 
expected in Q2 2025 and Q4 2026, respectively. 
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DARLINGTON REFURBISHMENT PROGRAM STATUS 


OVERVIEW 


Key Program highlights include:  


 SAFETY: Safety performance continues to be significantly better than the average construction 
industry performance in Ontario. The Program is approaching 27 Million hours worked with only one 
Lost Time Injury2 since the start of the Program. 


 QUALITY: As part the quality management program used to identify issues during refurbishment 
execution and through return-to-service, there were four additional Significant Quality Events 
identified on Unit 2 since OPG’s 2019 DRP Annual Report. These were corrected prior to the return 
to service of Unit 2, and as a result, the quality of work on the completed Unit 2 was excellent. The 
quality of work on Unit 3 execution has been excellent to date. 


 SCHEDULE: Unit 2 was returned to service on June 4, 2020, just over three months later than the 
U2EE High Confidence Schedule and approximately three weeks ahead of OPG’s revised High 
Confidence Schedule. Unit 3 refurbishment execution commenced on September 3, 2020. The first 
segment of the Unit 3 refurbishment, defueling, was completed on November 28, 2020, ahead of 
schedule. Installation of the Accessibility Platform Trolley and End Fitting Seal Caps began 
immediately after defuel and was completed on December 4, 2020, ahead of schedule. Critical path 
work is now progressing through installation of the bulkheads, which started on December 4, 2020. 
Unit 3 is projected to be returned to service by Q1 2024. 


 COST: The total capital and OM&A cost through Unit 2, including all EIS and Campus Plan projects 
(but excluding the D2O Storage Project) was $5.7 Billion. This amount is $133 Million above the 
amounts approved by the OEB. Unit 2 (excluding Definition Phase) was returned to service on budget 
compared to the U2EE at a total cost of $3,417 Million, and $11 Million over the RQE forecast of 
$3,406 Million. 


The cost to complete the D2O Storage Project, which is the last F&IP project to be completed for the 
Program, is forecasted at $510 Million, in line with the revised budget. The D2O Storage Project was 
not included in EB-2016-0152 approved amounts, but is included within the $12.8 Billion Program 
estimate. 


Excluding COVID-19 impacts, life-to-date expenditures are $769 Million for Unit 3, $194 Million for 
Unit 1, and $137 Million for Unit 4. 


PROGRESS 


The following is a status summary, as of September 30, 2020, of the major work completed since the 2019 
DRP Annual Report filed December 21st, 2019: 


 Unit 2 reactor re-assembly was completed on December 21, 2019. 


 Unit 2 vault restoration was completed on March 26, 2020. 


 All 58 out of 58 systems for Unit 2 were declared available for service on May 12, 2020. 


 Unit 2 was returned to service on June 4, 2020. 


 Defueling of the Unit 3 reactor commenced on September 3, 2020 and was completed on November 
28, 2020, ahead of schedule. 


 The D2O Storage Project was made available to support the refurbishments of the Remaining Units. 


2 A Lost Time Injury is a work injury that results in lost days (minimum of one) beyond the date of injury as a direct result of 
a safety incident. 
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 The installation of the Accessibility Platform Trolley and End Fitting Seal Caps began immediately 
after defuel and was completed on December 4, 2020, ahead of schedule. 


 All 93 Integrated Implementation Plan ("IIP") tasks required to return Unit 2 to service are complete.  
All remaining IIP tasks, including 28 for Unit 3, are tracking to the current plan approved by the 
Canadian Nuclear Safety Commission (CNSC). 


SAFETY 


Safety is a priority for OPG. Because of this focus on safety, OPG has one of the lowest injury rates in the 
Canadian electricity sector.3 In order to maintain this safety performance, OPG continues to set challenging 
targets for its day-to-day operations. In Q3 2020, the Program reported a Total Recordable Injury Frequency 
(TRIF) of 0.20 against its internal target of 0.40 as a result of three medically treated injuries in Q1 2020. 
OPG sets very challenging targets for all aspects of its operations and the Program. This expectation has 
resulted in a Program safety performance that is significantly better than the overall construction industry 
average as illustrated in Table 1. 


The Program is approaching a total of 27 Million hours worked with only one Lost Time Injury, which 
occurred in May 2019 on Unit 2. There have been no Lost Time Injuries in 2020. 


OPG employs a variety of leading indicators to ensure that issues are addressed before incidents occur. 
OPG’s practice of proactively tracking events where no injuries occur, but where there is potential for harm, 
is one example of a leading indicator. OPG carefully logs and reviews each of these incidents and 
implements corrective actions to prevent future incidents. 


PERFORMANCE METRICS SUMMARY 


Table 1 provides a summary of the Program’s safety performance and includes OPG and contractor 
employees. 


Table 1 – Safety Performance Metrics 


 Historical Actuals 2020 


Category Measure 2016 2017 


 
2018 


2019 Sep 
YTD2 


OPG  
Target 


Ontario 
Construction 


Industry3 


Safety 
TRIF 
(per 200k hours)1  0.64 0.49 0.39 0.52 0.20 0.40 5.06 


Lost Time Injuries 0 0 0 1 0 0 N/A 


Notes: 
1 TRIF is the average number of fatalities, Lost Time Injuries, medical treatment injuries and restricted work injuries per 200,000 


hours worked. 
2 Year-to-Date (YTD). 
3 This rating is the most current safety rating for the Ontario Construction Industry (current as of 2019 year end). 


CAMPAIGNS, PROGRAMS AND INITIATIVES 


OPG’s safety performance is underpinned by the practice of monitoring low level precursor issues and 
proactively taking action to reduce the risk of serious events from occurring. The following are the key safety 
campaigns, programs and initiatives that OPG and its vendor partners launched in 2020: 


 


3 Compared to the Infrastructure Health and Safety Association injury rate. 
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 Response to COVID-19  


OPG remains focused on mitigating risks to its workers and operations, including the DRP, posed by 
the COVID-19 pandemic. To date, OPG’s emergency preparedness and implementation of enhanced 
safety measures have allowed essential workers and support staff to keep working safely, including 
in advancing the DRP. OPG has also been able to keep non-plant employees working from home, 
where possible. When conditions temporarily improve and risks reduce, these employees return to 
the worksites with COVID-19 safety protocols in place. 


The protocols implemented by OPG include: 


1. Physical distancing through reduced/amended capacity in certain buildings, staggered 
schedules and staggered lunches and breaks. 


2. Use of face coverings. 


3. Increased number of hand sanitizing stations and portable hand washing units. 


4. Increased cleaning of major touch points. 


5. Comprehensive response procedures including screening/identification/isolation procedures 
for suspected cases along with deep clean protocols. 


6. Ongoing monitoring, review and preparation for any continued COVID-19 impacts, taking into 
account operating experience, lessons learned and public health guidelines. 


 Unit 3 Proactive Human Performance and Safety Plan  


Completed in August 2020, this initiative involved a multi-disciplinary team consisting of OPG and 
vendor subject matter experts assembling to analyze the human performance, safety and quality 
events and lessons learned from Unit 2. This initiative included mapping these events onto the Unit 
3 schedule and developing actions to prevent recurrence of similar events on Unit 3.  


 Self-Assessments and Surveillances 


In addition to lessons learned, OPG’s Health and Safety group conducts a number of self-
assessments and surveillances on higher risk areas to ensure improvements are incorporated into 
planning to reduce the risk of injury. Examples of self-assessments and surveillances performed in 
2020 include: 


o Material Handling Surveillance  


o Falling Objects Department Self-Assessment  


o Heat Stress Snapshot Self-Assessment  


o Confined Space Surveillance  


RADIOLOGICAL SAFETY 


OPG’s Radiological Protection (RP) program continues to meet regulatory requirements and industry 
standards. No worker has received a dose above either regulatory limits or OPG’s more stringent internal 
targets. This performance is a result of OPG’s robust nuclear safety culture and its “As Low as Reasonably 
Achievable” (ALARA) radiological safety principles. Lessons learned on Unit 2 have been incorporated into 
training and into enhanced radiological safety measures on Unit 3. The Program’s ALARA committee 
continues to monitor and challenge RP performance to ensure ALARA principles result in lower doses to 
workers. 


PERFORMANCE METRICS SUMMARY  


Table 2 provides a summary of the program radiological safety performance and includes both OPG and 
contractor employees. 


 


Filed: 2021-05-21 
EB-2020-0290 


JI1.1 
Attachment 16 


Page 8 of 16







Table 2 – Radiological Safety Performance Metrics 


 
 


2018 Year End 2019 Year End 2020 End of Q3 


Actual Target Actual Target Actual2 Target2 


CRE (person-rem)1 784 770 520 430 80.1 245 


Unplanned Exposures 0 0 0 0 0 0 


Notes: 
1 A lower number represents a lower amount of radiological exposure. 
2 CRE Actual is well below Target due to the deferral of Unit 3 refurbishment execution in response to the pandemic; 


the Target will be revised for 2021. 


QUALITY  


Refurbishment of a Darlington unit involves many thousands of removal and installation activities which are 
required to be executed with a high degree of precision. Many of the installation activities involve precision 
fit-up tasks and critical and highly technical welding operations. A certain amount of rework is to be expected 
on a program of this nature. 


As part the quality management program, which is used to identify issues during refurbishment execution 
and through return to service, there were four additional Significant Quality Events identified on Unit 2 since 
OPG’s 2019 DRP Annual Report. These events were corrected prior to the return to service of Unit 2.  As 
a result, the quality of work on the completed Unit 2 was excellent. The quality of work on Unit 3 execution 
has been excellent to date with no Significant Quality Events. 


SCHEDULE 


OPG measures Program progress against two schedules: 


1. A High Confidence Schedule; and 
2. A shorter Working Schedule. 


The difference between these two schedules is that the High Confidence Schedule includes additional 
contingency amounts quantified based on detailed risk analysis. These contingency amounts are expected 
to be utilized over the course of the Program. The Working Schedule is used to calculate performance 
metrics, for example, the Schedule Performance Index (SPI)4, and manage day-to-day activities, allowing 
for early escalation of issues. The use of a Working Schedule and High Confidence Schedule is an industry 
leading best practice for large and complex projects. 


PERFORMANCE METRICS SUMMARY 


As discussed in the 2019 DRP Annual Report, OPG adjusted the Program schedule to account for the 
minor delay of Unit 2 returning to service from Q1 to Q2 2020.  


Unit 2 was successfully returned to service on June 4, 2020, just over three months later than the U2EE 
High Confidence Schedule and approximately three weeks ahead of OPG’s revised High Confidence 
Schedule. 


4 This strategy provides an early indication of potential risks or issues and allows OPG to proactively manage Program 
performance. 
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Table 3 provides a summary of the Unit 2 schedule performance relative to the RQE/U2EE Working 
Schedule and High Confidence Schedule. 


Table 3 – Unit 2 Schedule Performance Metrics 


Measure 
2016 


Year End 
Actual 


2017 
Year End 


Actual 


2018 
Q3 


Actual 


2019 
Q3 


Actual 


2020  
Q2  


Actual 
Days Ahead of / 


Behind 
High Confidence 
Schedule LTD1 


28 Days 
Ahead 


10 Days 
Ahead 


33 Days 
Ahead 


72 Days 
Behind 


98 Days 
Behind 


Critical Path Days 
Ahead of / Behind 
Working Schedule 


LTD3 


19 Days 
Ahead 


47 Days 
Behind 


50 Days 
Behind 


206 Days 
Behind 


259 Days 
Behind 


SPI 2 0.97 0.94 0.92 0.89 1.00 
Forecast Working 


Schedule 
Completion Date 3 


31-Aug-2019 5-Nov-2019 8-Nov-2019 20-May-2020 Completed  
4-Jun-2020 


Notes: 
1 Days Ahead/Behind is calculated as progress for all work currently completed relative to the LTD allotment of 


Contingency Days available in the High Confidence Schedule. 
2 SPI is calculated for construction, commissioning and inspection work packages only against the Working Schedule.   
3 Critical Path Days Ahead/Behind and Early Forecast Completion Date are calculated as progress for all work 


currently completed relative to the Working Schedule and does not consider projected gains or losses for future 
work. 


Beginning in March 2020, OPG took a number of actions in response to the COVID-19 pandemic, including 
deferring the start of Unit 3 refurbishment during the height of the pandemic’s initial onset in the spring of 
2020, to help protect the safety of the workers and the operation of the station. The planned start dates of 
Units 1 and 4 were correspondingly deferred to maintain the same degree of overlap in the schedule. 


Table 4 provides the current planned and forecast key milestone completion dates for Unit 3. 


Table 4 – Key Unit 3 Milestone Status 


Key Milestone High Confidence Schedule 
Planned Completion  Forecast 


Segment 1 [Defuel / Lead In] Complete February 12th, 2021 February 12th, 2021 


Segment 2 [Removal] Complete January 11th, 2022 January 11th, 2022 


Segment 3 [Install] Complete April 7th, 2023 April 7th, 2023 


Segment 4 [Lead Out / RTS] Complete  January 2nd , 2024 January 2nd , 2024 
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COST 


Total Program expenditures to date are $7.3 Billion with the current estimate to complete the Program at 
$5.5 Billion (excluding COVID-19 impacts). The total capital and OM&A cost through Unit 2, including all 
EIS and Campus Plan projects (but excluding the D2O Storage Project) was  
$5.7 Billion. 


As set out in OPG’s 2019 DRP Annual Report, after the approval of the RQE in 2015, OPG established the 
U2EE in August 2016. Detailed planning associated with U2EE confirmed that the overall Program and 
associated contingencies were within the $12.8 Billion set at RQE, and resulted in an increase specific to 
Program costs for Unit 2 and the EIS and Campus Plan projects. The U2EE established the detailed cost 
and schedule baselines against which OPG measured Unit 2 performance. OPG provided details of the 
U2EE in EB-2016-0152 (Ex. L-4.3-1, Staff-055). 


The OEB approved revenue requirement in EB-2016-0152 was based on the earlier RQE forecasts per 
Exhibit N2, Tab 1, Schedule 1 in that proceeding, as opposed to the more refined U2EE. Based on the 
forecast total cost at completion for Unit 2, the $133 Million variance to OEB-approved amounts, which is 
largely the same as the forecast variance in the 2019 DRP Annual Report, is attributed to: 


 $89 Million difference between RQE and U2EE for planned increases to Unit 2, and EIS and 
Campus Plan projects, and 


 $44 Million variance above U2EE for the EIS and Campus Plan projects. 


Unit 2 (excluding Definition Phase) was returned to service on budget compared to the U2EE at a total cost 
of $3,417 Million, and $11 Million over the RQE forecast of $3,406 Million. 


The D2O Storage Project, which is the last F&IP to be completed for the Program, was made available for 
service in 2020 with minor close-out costs expected to be completed in 2021. The cost to complete the 
D2O Storage Project is forecast at $510 Million, in line with the revised budget. The D2O Storage Project 
was not included in EB-2016-0152 approved amounts, but is within the $12.8 Billion estimate to complete 
the Program. 


Table 5 provides a summary of the cost performance metrics for thru Unit 2 and Unit 3. 


Table 5 – Cost Performance Metrics for Thru Unit 2 and Unit 3 1 


Unit CPI LTD Q3 2020 
Actual Cost 


Current Estimate to 
Complete 


Current Estimate at 
Completion 


Thru 
Unit 2 0.92 $5.7 Billion $0.0 Billion $5.7 Billion 


Unit 3 1.00 $0.8 Billion $1.8 Billion $2.6 Billion 


Note: 
1 Program expenditures include capital and OM&A costs consistent with OEB-approved amounts.   


In its EB-2016-0152 Decision and Order dated December 28, 2017, the OEB included Actual Versus 
Forecast Cumulative Capital Costs as part of OPG’s annual reporting requirements. This requirement was 
further defined in JT1.17C in the same proceeding as quarterly cost flows for the Unit 2 in-service amount 
of $4,800 Million approved by the OEB.  Table 6 and Figure 1 provide this information: 


Table 6 provides a summary of the Actual vs. Forecast Cumulative Capital Costs. 
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Table 6 – Actual vs. Forecast Cumulative Capital Costs 


M$ OEB Undertaking JT 1.17C  
(Forecast) Actual Cost Incurred1 


LTD 2016 2,280 2,118 


Q1 2017 2,501 2,350 


Q2 2017 2,721 2,616 


Q3 2017 2,960 2,886 


Q4 2017 3,188 3,175 


Q1 2018 3,433 3,348 


Q2 2018 3,674 3,536 


Q3 2018 3,909 3,742 


Q4 2018 4,147 3,955 


Q1 2019 4,292 4,146 


Q2 2019 4,435 4,360 


Q3 2019 4,563 4,557 


Q4 2019 4,689 4,727 


Q1 2020 4,800 4,839 


Q2 2020 4,800 4,837 


Q3 2020 4,800 4,837 


Total 4,800 4,837 


Note: 
1 Includes new EIS projects brought into service prior to the refurbished Unit 2. These projects were originally 


scheduled to be placed in service with Unit 2 as part of the $4,800.2 Million OEB-approved amount. Also includes 
the Low Pressure Service Water project delayed from early in-service. 


Figure 1 – Actual vs. Cumulative Capital Cost Curve 


 
Per the U3EE approved by OPG’s Board of Directors in August 2020, the estimated cost to complete the 
refurbishment of Unit 3 is $2,559 Million. Based on the U3EE, the estimated cost to complete the 
refurbishments of Unit 1 and Unit 4 are $1,954 Million and $2,106 Million, respectively. These figures 
exclude any COVID-19 impacts. 


Excluding COVID-19 impacts, life-to-date expenditures are $769 Million for Unit 3, $194 Million for Unit 1, 
and $137 Million for Unit 4, and the overall Program estimate remains within the $12.8 Billion RQE budget.  
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OPG will continue to monitor, track and explore potential efficiencies during the execution of the Remaining 
Units refurbishments in an effort to complete the Program inclusive of COVID-19 cost impacts within the 
$12.8 Billion budget. 


ENGINEERING 


Unit 3 design engineering is 99% complete. The last remaining design engineering package is related to 
fire protection and is on track to be completed ahead of the need date. 


Units 1 and 4 design engineering continues to progress well at 89% and 65% complete, respectively. 


Major engineering accomplishments in the period include: 


 Successfully returned all Unit 2 systems to service and completed 58 system available for service 
reports. 14 systems were improved from their previous system health rating, while other systems 
maintained their high performance. 


 Several Unit 2 complex modifications were put in service including:  


o Auxiliary shutdown cooling pumps modifications, which enhances the independence and 
diversity of heat sinks for use during outages, and minimizes susceptibility to common 
mode failure. 


o Four heat transport system liquid relief valves modifications, which mitigated a water 
hammer issue. 


o A new emergency heat sink system to improve the make-up capability to the primary heat 
transport system in the event of a beyond design basis accident. 


 Lessons learned and strategic improvements from Unit 2 were incorporated into subsequent unit 
designs, including incorporating field initiated changes (e.g. modified work table, pressure tube & 
calandria tube removal, and film forming amines, as discussed below):  


o To enable a greater degree of parallel work during the installation of calandria tubes, OPG 
acquired and tested a modified work table, which effectively doubles the number of 
installation tools available. 


o For the Remaining Units, the pressure tubes and calandria tubes will be removed 
simultaneously, using new tooling. This initiative is estimated to significantly reduce the 
critical path durations on each of these units compared to Unit 2. 


o Implemented a chemical protective film known as “film form amines” for the conventional 
side lay-up, a first-of-a-kind for OPG. Implementing this modification helps to avoid opening 
a large number systems for dehumidification which is necessary to preserve the asset 
during layup. 


 In addition, in order to mitigate risks on the first-of-a-kind Unit 3 Turbine Generator controls upgrade 
project, Engineering has designed and installed a standalone full scope maintenance simulator. 
This will be used during refurbishment commissioning, and for testing/training both during and also 
post refurbishment. 


PROCUREMENT  


PROCUREMENT STATUS FOR UNIT 3 


At the end of Q3 2020, 97% of Purchase Orders were issued and 92% of the requested materials for Unit 
3 refurbishment were on site, with delivery of the remaining material items on track to meet the planned 
need dates. 
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PROCUREMENT STATUS FOR UNIT 1 


At the end of Q3 2020, 80% of Purchase Orders were issued and 73% of all the requested materials for 
Unit 1 refurbishment were on site, with delivery of the remaining material items on track to meet the planned 
need dates. 


PROCUREMENT STATUS FOR UNIT 4 


The procurement process of long lead materials for Unit 4 refurbishment is in progress and on track to meet 
the planned need dates. 


CONSTRUCTION 


CONSTRUCTION PROGRESS SUMMARY 


As of September 30, 2020, the execution of Unit 3 is 10% complete and non-critical path activities are 15% 
complete. The following major accomplishments occurred within the period: 


 Application of permits for the Turbine Generator work and the degassing of the Unit 3 generator 
were completed. 


 Steam Generator layup skids were commissioned as scheduled in August 2020. 


 Turbine Hall Lunch Trailer was completed and declared available for occupancy. 


 The pre-requisite portion of the Unit Power Electrical Distribution System project was completed on 
September 30, 2020. 


 The Unit 3 work program continues with key work including: 


o Unit 3 Weather Enclosure 


o Temporary Power Distribution System 


o Re-tube Control Centre Internals 


o Radiation Protection Instrument and Dosimetry Centre 


o Full commissioning of the Remaining Units refurbishment Breathing Air System 


 Defueling of the Unit 3 reactor commenced on September 3, 2020 and was completed on 
November 28, 2020, ahead of schedule. 


 The installation of Accessibility Platform Trolley and End Fitting Seal Caps began immediately after 
defuel and was completed on December 4, 2020, ahead of schedule. 


 Critical path work is progressing through the installation of bulkheads, which started on December 
4, 2020. 


LABOUR RELATIONS ISSUES SUMMARY  


There have been no labour relations impacts on the Program to date and OPG is proactively taking steps 
to mitigate any risks of future issues.   


ENVIRONMENTAL ISSUES SUMMARY  


In 2020, the Program continues to have excellent environmental performance with no reportable spills or 
infractions. Emissions are better than target and well below regulatory limits. 
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TESTING, START-UP AND COMMISSIONING 


RETURN-TO-SERVICE  


All 58 out of 58 systems on Unit 2 were declared available for service on May 12, 2020. Unit 2 was returned 
to service on June 4, 2020. 


PROGRAM RISKS AND RISK MANAGEMENT  


OPG uses a robust risk management process where risks are identified, classified, quantified and mitigated, 
to the extent possible. Global experience dictates that there will be uncertainties that cannot be entirely 
mitigated or avoided on a project of this size. As such, OPG maintains a detailed inventory of risks and 
contingency amounts in accordance with the recommended practices of the Association for the 
Advancement of Cost Engineering, a leading authority in the area of project cost estimation.  These 
contingency amounts are expected to be used over the course of the Program.   


The following three major risks are being managed by OPG: 


1. Availability of Skilled Craft Resources for the Remaining Units: Given the increased trades 
demand resulting from concurrent projects at OPG, Bruce Power, and across Canada, there is a risk 
to ensuring sufficient skilled trades resources to execute the Program. OPG identified this risk early in 
the Program and has taken mitigating actions, which are tracked and regularly reported to senior 
management and OPG’s Board of Directors. 


OPG continues to address gaps in the availability of skilled trades through continued collaboration with 
Bruce Power, relevant unions, other construction industry associations, educational institutions, and 
other stakeholders in order to help mitigate potential impacts to the Program. Examples include: 


(a) Collaboration between OPG, Bruce Power, contractors and trade unions to develop enhanced 
skilled trades’ supply and demand data. 


(b) Initiatives to build capacity within the current supply of trades by: 


 Streamlining processes at both OPG and Bruce Power, including coordinated security 
processing. 


 Implementing job ready dispatch training that will allow for shared qualifications between OPG 
and Bruce Power. 


 Developing a hybrid shift schedule to attract and retain the right resources and implement a 
sustainable schedule for the duration of the Program. 


(c) Building up new sources of supply through: 


 Partnership with the OPG Indigenous Opportunities in Nuclear representatives and local 
indigenous employment offices focusing on ways to increase the level of interest of indigenous 
peoples in the trades. 


 Implementation of the Electrical Power Sector Resourcing Council to allow the hiring and 
movement of boilermaker Temporary Foreign Workers working in the nuclear industry (OPG 
and Bruce Power). 


 Establishing a boilermaker pre-apprentice program with Durham College in 2019 which saw 
the hiring of 100 new Boilermakers apprentices who can be referred for employment at OPG 
and Bruce Power. 


 Implementing a Boilermaker Helper program that will employ approximately 100 temporary 
Boilermaker “Helpers” for U3 that will perform work on the feeder removal series (thereby 
mitigating radiation dose for skilled craft that can be used later in the project). 


2. Vendor Performance: There is a risk of a limitation of vendor resources and their capability to meet 
contractual obligations. OPG is mitigating this risk by ensuring vendors have a management 
organization with strategies, such as succession planning, to successfully execute their scope of work 
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regardless of internal or external changes over the life of the Program. Bi-weekly succession planning 
meetings are held with OPG and CanAtom.  


3. Disruption of Refurbishment Program due to COVID-19 Pandemic: To help manage the COVID-
19 risk, a number of mitigating actions are in place including: 


(a) Activation of OPG’s business continuity plan and crisis management communication centre to 
manage the response, including the development of detailed plans to mitigate impact of any 
potential disruption. 


(b) Active COVID-19 daily screening. 


(c) In conjunction with the Government of Ontario, on November 25, 2020, implementation of an eight-
week pilot for both OPG and vendor contract workers of the Abbott Panbio rapid antigen test as a 
means to screen for asymptomatic workers. 


OPG is continuously monitoring the ongoing COVID-19 pandemic to determine whether the mitigation 
measures in place are appropriate or if adjustments are needed. 


STAFFING 


REFURBISHMENT RESOURCES  


Table 7 provides a summary of the OPG Resources on the Program: 


Table 7 – Full Time Equivalent (FTE) Resources by Year (plan vs. actual) 
Measure 2017 2018 2019 2020 


Planned at RQE 740 752 758 747 


Actual 779 869 854 6971 


Note: 
1 Actual FTEs for 2020 are as of September YTD. 


EFFORTS TO FILL OPEN POSITIONS  


OPG has a number of Talent Management programs in place to attract, retain and develop qualified 
personnel across the company, including for the duration of the Program. Management will continue to 
leverage industry best practices and utilize enterprise-wide talent and succession planning processes. This 
helps to ensure that employees continue to develop and improve in their current role and/or are prepared 
to be successful in a future role for which they have been identified as a potential succession candidate, 
ensuring capability is sustained throughout the Program. 


OPG’s Enterprise Projects Management Organization is focused on implementing a standardized and 
scalable project delivery model throughout the enterprise. This organization has developed a training 
program specifically designed to advance project management capability across the organization. 
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UNDERTAKING JI1.2 1 
  2 


Undertaking  3 
 4 
TO PROVIDE A CONSOLIDATION OF ALL THE COVID PANDEMIC-RELATED 5 
COSTS IN A SINGLE SPOT. 6 
 7 
 8 
Response  9 
 10 
With the exception of the Darlington Refurbishment Program (“DRP”) capital costs, 11 
OPG’s estimated COVID-19 cost and revenue impacts for 2020 (actual) and 2021 12 
(projected) can be found at Ex. L-A2-02-CCC-013, Attachment 1, which is reproduced 13 
in Attachment 1 to this response.  14 
 15 
With respect to the DRP capital costs, Ex. L-A2-02-Staff-018 parts (a)-(c) and Ex. JT3.5 16 
provide additional detail on the forecasted $150M impact associated with OPG’s 17 
response to the pandemic. In addition to the actual costs of $82M incurred toward this 18 
impact in 2020, there are forecasted impacts in 2021 and future years, as a result of 19 
the cascading changes to the schedule for executing the Units 3, 1, and 4 20 
refurbishment outages. None of these costs have been placed in service to date and 21 
none are included in the 2022-2026 capital in service amounts requested in this 22 
application. OPG continues to seek ways to manage the total cost of the project, 23 
including the COVID-19 impacts, within the $12.8 billion budget. In line with  24 
O. Reg. 53/05 requirements, any ultimate cost impact of the COVID-19 pandemic to 25 
the total DRP in-service amounts over the $12.8 billion budget would be subject to the 26 
Capacity Refurbishment Variance Account and a future prudence review. 27 
 28 
With respect to non-DRP capital costs, Ex. JT3.5 explains that OPG considers that 29 
there are no impacts of the COVID-19 pandemic on the 2022-2026 rate base amounts, 30 
as OPG has managed such impacts incurred to date (totaling $8.4M as of year-end 31 
2020) within existing project portfolio budgets. 32 
 33 
Ex. L-A2-02-Staff-019, Attachment 1, Tables 4 and 5 detail the impact of the  34 
COVID-19 cost and revenue impacts on OPG’s 2020 (preliminary actual) and 2021 35 
(projected) regulatory return on equity for regulated operations. In summary, this 36 
impact is +5.4% for 2020 and -4.2% in 2021.  37 
 38 
OPG’s proposed treatment of the 2020-2021 COVID-19 impacts, referenced against 39 
the categories of these impacts found in Attachment 1 to this undertaking, is set out in 40 
detail in Ex. JT2.34. 41 








Numbers may not add due to rounding.


2020 2020 2020 2021 2021 2021
Line Actual Actual Actual Plan Plan Plan
No. Note Nuclear Reg. Hydro Total Nuclear Reg. Hydro Total


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


1 Generation Revenue (note 1 x note 3, line 7) 1, 3 380.7 (7.8) 372.9 (188.4) (4.4) (192.8)
2 Fuel/GRC Expense (note 2 x note 3, line 7) 2, 3 22.3 (1.0) 21.3 (11.1) (0.6) (11.7)
3 Direct Operating Costs- Base OM&A 4 2.8 0.0 2.8 1.8 0.0 1.8
4 Direct Operatings Costs- Darlington Unit 1 Outage OM&A (75.5) 0.0 (75.5) 75.5 0.0 75.5
5 Direct Operatings Costs- Darlington Unit 4 Outage OM&A 0.0 0.0 0.0 97.4 0.0 97.4
6 Darlington Cyclical Outage OM&A (20.0) 0.0 (20.0) 7.6 0.0 7.6
7 Total (Line 1 less Lines 2-6) 451.1 (6.8) 444.3 (359.6) (3.8) (363.4)


OM&A Costs Net of Savings
8 Operations Base OM&A 8.1 (1.0) 7.1 5.0 0.0 5.0
9 Corporate Support OM&A 5.2 0.4 5.6 14.8 0.8 15.6


9a IT Asset Service Fee 0.3 0.0 0.3 0.6 0.0 0.6
10 Total (Line 8 + Line 9 + Line 9a) 13.6 (0.5) 13.0 20.4 0.8 21.3


Other OM&A Costs
11 Timing of Project OM&A (5.1) (17.5) (22.6) 5.1 17.5 22.6


CRVA Eligible OM&A Costs
12 Pickering Extension Enabling costs 0.2 0.0 0.2 0.0 0.0 0.0


12a Pickering Extension Enabling costs- Timing (1.2) 0.0 (1.2) 1.2 0.0 1.2
13 Fuel Channel Life Extension costs 1.6 0.0 1.6 0.0 0.0 0.0
14 Fuel Channel Life Extension costs- Timing (3.6) 0.0 (3.6) 3.6 0.0 3.6
15 Darlington Refurbishment- Timing (2.7) 0.0 (2.7) (0.4) 0.0 (0.4)
16 Total (Line 12 + Line 12a + Line 13 + Line 14 + Line 15) (5.7) 0.0 (5.7) 4.4 0.0 4.4


17 Total COVID-19 Related Imacts (Line 7 - Line 10 - Line 11 - Line 16) 448.3 11.2 459.5 (389.5) (22.1) (411.7)


1


2


3 Generation impacts comprise the following:
2020 2020 2020 2021 2021 2021


Line Actual Actual Actual Budget Budget Budget
No. (TWh)* Nuclear Reg. Hydro Total Nuclear Reg. Hydro Total


1 Darlington Refurbishment - Unit 3 2.5 0.0 2.5 0.0 0.0 0.0
2 Darlington Refurbishment- Unit 1 0.0 0.0 0.0 1.6 0.0 1.6
3 Deferral of Darlington Unit 1 outage 1.8 0.0 1.8 (1.8) 0.0 (1.8)
4 Addition of Darlington Unit 4 outage 0.0 0.0 0.0 (1.9) 0.0 (1.9)
5 Additional Pickering outage days (0.1) 0.0 (0.1) 0.0 0.0 0.0
6 Net forgone hydroelectric produciton 0.0 (0.2) (0.2) 0.0 (0.1) (0.1)
7 Total Production Impact 4.2 (0.2) 4.0 (2.1) (0.1) (2.2)


    *See Ex. L-E2-01-SEC-144 for Lines 1-5


4 Reflects costs associated with incremental operating period for Darlington Unit 3 and Unit 1.


Table 1
2020 and 2021 COVID-19 Related Impacts


At nuclear base payment amounts for 2020 and 2021 of $85/MWh and $89.70/MWh respectively plus interim shortfall rider of $5.64/MWh in 2020. At hydroelectric 
base payment amounts for 2020 and 2021 of $43.15/MWh and $43.88/MWh respectively plus interim shortfall rider of $0.24/MWh in 2020. 


Nuclear fuel rate ($/MWh)- 2020: Ex. L-A1-2-Staff-002, Table 16 col. e), line 12/ Ex. L-A1-2-Staff-002, Table 14 col. e), line 3; 2021: Ex. F2-5-1 Table 1, col. e-f, line 
7/Ex. E2-1-1 Table 1, col. e-f, line 3 ($5.31/MWh and $5.29/MWh respectively)
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