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to final approval by the IESO, which can deny this approval at any time up to the start of the

outage.

For the test period, there is a single unit planned outage at Darlington in both 2014 and 2015.
In addition, there is a VBO in which all 4 units will be shut down A station-wide 4 unit
station VBO is required by the regulator every 12 years and a Station Containment Outage
("SCQO”") every 6 years. A SCO also requires that all 4 units be shut down, but for a shorter
duration. A Darlington VBO was last conducted in 2009. The next planned VBO that was
scheduled for 2021 has been moved forward to 2015, eliminating the need for a scheduled
SCO in 2015 and a VBO in 2021. OPG is seeking regulatory approval to eliminate the need
for SCO’s going forward. This will shift these 4 unit station outages from a 6 year cycle to a
12 year cycle. This change will result in savings in the number of outage days in 2021 and
beyond and will also reduce the complexity and resource demands during the Darlington

Refurbishment Project.

The six Pickering units are on a two year planned outage cycle and therefore Pickering will
be subject to 3 planned outages in both 2014 and 2015. In addition there is one mid cycle

planned outage in 2014.

The outage durations include a station level allowance for uncertainty related to potential
discovery work and a nuclear fleet level allowance under the control of the Chief Nuclear
Officer to address risks to the completion of the outage on schedule, risks that could emerge
from fleet aging issues, or the complexity in fleet level activities (e.g., availability of Inspection

Maintenance Service resources to service multiple outages).

3. 1.2 Forced Loss Rate (FLR)

Variances to planned generation result from forced production losses (i.e., unplanned
outages and derates). OPG projects FLR targets that reflect the risk of forced production
losses at Darlington and Pickering. The FLR targets are based on the plants’ historical

performance, any known improvements or plant material condition issues, and initiatives to

improve equipment reliability.
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Board Staff Interrogatory #081

Ref: Exh F2-4-1, F2-4-2, N1-1-1 (page 15)

Issue Number: 6.3
Issue: Is the test period Operations, Maintenance and Administration budget for the nuclear
facilities appropriate?

Interrogatory

The application notes actual and forecast outage OM&A costs over the period 2010 - 2015
primarily reflect items including preparatory work in 2013 and 2014 for the 2015 Darlington
Vacuum Building Outage (“VBO") followed by the four unit VBO outage in 2015. OPG also
notes outage OM&A expenditures are forecast to increase by $68.0M in 2015 from 2014 plan
levels, “primarily” due to the execution of the VBO at Darlington. In addition, outage OM&A
expenditures in 2013 were forecast to increase $96.7M from the 2012 actuals and the main
driver of that increase was the impact of Darlington’s 3-year outage cycle which also included
preparatory work for the 2015 Darlington VBO. The subsequent OPG Impact Statement stated
that 39 additional planned outage days would be required for VBO Outage.

a) Please identify the costs associated with the VBO execution in 2015 and the amounts in
2013 and 2014 related to the VBO preparatory work.

b) Please identify the actual 2013 costs incurred for preparatory work for the 2015 VBO.

¢) Please also identify the actual costs associated with the most recently completed VBO for
both Pickering and Darlington broken down based on VBO preparatory work and VBO
execution.

Response

a) In the 2013 - 2015 Business Plan, the costs associated with the VBO execution in 2015 is
$74.3M. The VBO preparatory work is $3.5M in 2013 and $11.1M in 2014.

In the 2014 - 2016 Business Plan, the VBO execution is $84.2M and the VBO preparatory
work in 2014 is $11.8M. The primary drivers for the increase in the 2014 - 2016 plan is the
additional funding for the Pressure Relief Valve replacement and Emergency Service Water
piping replacement. (

b) The 2013 actual costs incurred for preparatory work for the 2015 VBO was $0.5M. The 2013
actual VBO costs were lower than plan due to the need to focus on higher priority work
activities during Darlington’s two planned outages and forced outages which delayed outage
planning work for the VBO. The 2013 planned work will be completed in 2014.

c) The most recently completed VBO at Pickering was in 2010. The cost of preparatory work
for the 2010 VBO was $6.5M and the execution cost was $30.1M.

Witness Panel: Nuclear Business Planning, OM&A, Benchmarking
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The most recently completed VBO at Darlington was in 2009. The cost of preparatory work
for the 2009 VBO was $9.0M and the execution cost was $35.4M. The 2015 VBO costs are
significantly higher than the 2009 VBO as the 2015 VBO includes additional scope to allow
for the transition to a 12 year station outage frequency which will eliminate a full station
outage during the refurbishment project.

Witness Panel: Nuclear Business Planning, OM&A, Benchmarking
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AMPCO Interrogatory #030

Ref: Exhibit E2, Tab 1, Schedule 1 Page 3

Issue Number: 5.5
Issue: |s the proposed nuclear production forecast appropriate?

Interrogatory

Please provide the equivalent TWh for the following outages that OPG has accounted for in its
test period production forecast:

Darlington Vacuum Building Outage in 2015

Pickering Unit #1 mid-cycle planned outage of 20 days

Pickering’s forecast Forced Loss rate of 7.8% in 2014 and 5.5% in 2015
Darlington’s Forced Loss Rate of 1.3% in 2014 and 1.0% in 2015

Response

Darlington Vacuum Building Outage in 2015:
The Darlington Unit 3 planned outage overlaps with the Darlington VBO. The impact of the
VBO on the Unit 3 planned outage is 7.2 days

Unit 1 — 47.5 days

Unit 2 — 51.5 days

Unit 3 — 7.2 days

Unit 4 — 50.8 days

Total = 157.0 days (3.31 TWh)

Pickering Unit #1 mid-cycle planned outage of 20 days:
0.25 TWhin 2014

Pickering's forecast Forced Loss rate of 7.8% in 2014 and 5.5% in 2015:
1.82 TWh in 2014
1.29 TWhin 2015

Darlington’s Forced Loss Rate of 1.3% in 2014 and 1.0% in 2015:
The 2014 forced loss rate is actually 1.25% (i.e., was rounded to 1.3%), which is 0.31 TWh.
The comparable figure for 2015 is 0.27 TWh.

Witness Panel: Nuclear Business Planning, OM&A, Benchmarking
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AMPCO Interrogatory #032

Ref: Exhibit N1, Tab 1, Schedule 1, Page 15

Issue Number: 5.5
Issue: Is the proposed nuclear production forecast appropriate?

Interrogatory

Preamble: OPG indicates that the updated production forecast for Darlington for 2014 and
2015 in the 2014-2016 Business Plan shows a 1.6 TWh reduction in generation compared to
the 2013-2015 Business Plan, due to an increase of 61.9 planned outage days over the two-
year period:

Please provide the equivalent TWh for the following:

a) 39 additional planned outage days for VBO in 2015

Response
a) The 39.0 additional planned outage days is equivalent to 0.83 TWh.

Witness Panel: Nuclear Business Planning, OM&A, Benchmarking
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3.0 PERIOD-OVER-PERIOD CHANGES ~ TEST PERIOD

2009 Plan versus 2008 Plan

The OPG nuclear fleet production forecast for 2009 of 49.9 TWh is 1.5 TWh less than the 2008
plan of 51.4 TWh.

The reduction in planned production in 2009 compared to 2008 is driven by a significant
increase in the number of planned outage days at Darlington due to the station
containment/vacuum building outage (“VBQ"). This outage will take all four Darlington units off-
line for approximately four weeks. The VBO is required to complete a thorough
inspection/maintenance program of the station's containment system, one of its major safety
systems. The inspection/maintenance activities are prescribed by the Canadian Nuclear Safety
Commission and are required to maintain Darlington’s operating licence (Canadian Nuclear
Safety Commission licensing is further discussed at Ex. A1-T6-S1). Consequently, in 2009
Darlington will require 100.3 additional outage days versus the 2008 plan and produce 2.1 TWh
less generation than the 2008 plan.

Other outage work activities planned for Darlington include replacement of feeders which cannot
be completed in tandem with the VBO, but must be undertaken by way of a series of separate
planned outages. The VBO makes the containment function unavailable, thereby restricting
operations and maintenance on systems/equipment that require containment availability. There
are also logistical and resource constraints that limit the outage work activities during the VBO.

While 2009 production for the combined nuclear fleet is forecast to be lower than in 2008 due to
the VBO at Darlington, OPG is forecasting an 0.3 TWh generation increase at Pickering B due
to a 14 day reduction in Pickering B’s planned outage program. The reduction in planned outage
days at Pickering B in 2009 compared to 2008 reflects completion of steam generator repairs
and service water work in 2008. Pickering A’s planned outage program for 2009 also contains 3

fewer Planned Outage days then the 2008 schedule.




O X0 2 O i A W N —

[ S N N I S N e N I S R S R S S I R R
= O N 0 NN W R W= O D 00N RWN = O

Filed: 2010-05-26
EB-2010-0008
Exhibit E2

Tab 1

Schedule 2

Page 5 of 9

transformer, and three separate forced outages, totaling 74 days, due to problems with Unit
4’s liquid zone control system. Pickering A’s FLR benefited from a decision by the CNSC on
November 16th, 2009 to remove the forced derate (3.0 per cent annually) at Pickering A.

Pickering B’s actual 2009 production was 1.0 TWh less than budget primarily as a result of a
27.7-day forced extension to the Unit 5 planed outage to address high pressure service
water and shutdown cooling pump discovery work. Pickering B’s actual FLR in 2009 was 5.8
per cent, an improvement over the forecast FLR of 6.2 per cent. A significant achievement at
Pickering B during 2009 was the successful completion of the 70 day planned outage at Unit

6 ahead of schedule.

2009 Actual versus 2008 Actual

The nuclear production for 2009 of 46.8 TWh was 1.4 TWh lower than the 2008 actual
nuclear production of 48.2 TWh. As shown in Ex. E2-T1-S2 Table 1b, Darlington and
Pickering A production in 2009 is lower than in 2008, while Pickering B’s production is

greater.

The main reason that Darlington’s production in 2009 was lower than 2008 is the increase in
the number of planned outage days due to the 2009 VBO. This outage resulted in all four
Darlington units being off-line for approximately four weeks. The VBO was required to
complete a thorough inspection/maintenance program of the station’s containment system,
one of its major safety systems. The inspection/maintenance activities are prescribed by the
CNSC and are required to maintain Darlington’s operating licence (CNSC licensing is further
discussed at Ex. A1-T6-S1). Consequently, in 2009, Darlington required 101.2 additional
outage days as compared to 2008 resulting in a production decline of 2.9 TWh compared to
2008. Darlington’'s performance was also impacted by a total of 11.9 days of forced

extension to the planned outages related to the VBO.

Darlington’s 2009 FLR also increased from 2008. Darlington’s FLR in 2008 was exceptionally
good at 0.7 per cent. While Darlington’s FLR in 2009 of 1.6 per cent exceeded Darlington’s
2008 FLR, Darlington’s 2009 FLR was still better than forecast.
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Board Staff Interrogatory #67

Ref: Exh N1-1-1 pages 15-23

Issue Number: 5.5
Issue: Is the proposed nuclear production forecast appropriate?

Interrogatory

Planned outage days for Darlington are increased by a total of 61.9 days, with 93% (57.6 days)
of the outage occurring in 2015. 39 additional planned outage days are added because of an
increase in the vacuum building outage (“VBO”) scope.

a) What factors were involved in changing the planning for VBO outages from the 2013-2015
Business Plan to the current plan?

b) In Exh E2-1-1, page 6, OPG states that it is seeking regulatory approval (presumably from
the CNSC) to eliminate the station containment outages going forward and that this strategy
of moving forward the VBO to 2015 is part of that regulatory plan.

i.  How critical is CNSC approval to the outage plans?
i.  When will OPG know if they are successful with this strategy?
ii.  If requlatory approval is not obtained, what is OPG’s plan to accommodate this
scenario?

c) On page 15, the evidence contains the following statement: “....the 2015 VBO eliminates
the need for the 2021 VBO, reducing the complexity and resource demands during the
Darlington Refurbishment Project.” To support this statement, did OPG prepare any
analysis of the cost and benefits of moving the VBO forward to 2015?

Response
a) Please see the response to Ex. 05.5-17 SEC-074.

b)
i. CNSC approval is required to change the frequency of the SCO as the requirement for
the SCO is documented in the Darlington License Condition Handbook/Darlington
Power Operating License.

ii. During the SCO that has been combined with the VBO, OPG will complete the required
testing to demonstrate future SCO's are not required. It is anticipated that the results will
support OPG's request to the CNSC to eliminate the need for any future SCO outages.

iii.  Darlington submitted a request to the CNSC for approval to eliminate the 2021 SCO. If

regulatory approval is not obtained, OPG will perform additional inspections or analysis
to confirm to the CNSC that future SCO's are not required.

Witness Panel: Nuclear Business Planning, OM&A, Benchmarking
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¢) A high level summary was prepared which established a positive payback to implementing a
12 year VBO/SCO cycle for the life of the plant compared to a 12 year VBO/6 year SCO
cycle. Also, eliminating the VBO/SCO in 2021 will have a benefit when Darlington is
scheduled to have two units in refurbishment by reducing complexity and resource
demands.

Witness Panel: Nuclear Business Planning, OM&A, Benchmarking
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SEC Interrogatory #077

Ref: N1-1-1/p15

Issue Number: 5.5
Issue: Is the proposed nuclear production forecast appropriate?

Interrogatory

Please provide the basis for updating Lake Ontario water temperatures (.28 TWH reductions).
Also provide OPG’s budget forecasts for the last 5§ years for lake temperature forecast and the
actual average. Please describe the relationship between lake temperature and generation
output (e.g. in terms of temperature vs. output).

Response

The basis for the forecast losses due to high lake water temperature was the trend in actual
production losses from 2009 to 2012. The actual production losses due to high lake water
temperature (“HLWT") for the period 2009 - 2013 are shown in the table below:

Actual HLWT Production Losses (TWh)
Station 2009 2010 2011 2012 2013
DN 0.23 0.22 0.23 0.27 0.19
PN 0.08 0.07 0.08 0.13 0.07
Total 0.30 0.28 0.32 0.40 0.26

OPG's forecast for production losses due to high lake water temperature for the last 5 business
plans are summarized in the following charts. Darlington accounted for HLWT as a contributor
to FLR in the 2010 - 2014 Business Plan and not as a separate component. However, following
a review of past production losses in 2011, OPG determined that it had overstated the
production forecast due, in part, to the impact of HLWT and began to separately account for
HLWT in the production forecast.

Forecast HLWT Production Losses (TWh) - 2014-2016 BP
Station/Year 2014 2015 2016
DN 0.34 0.34 0.34
PN 0.06 0.06 0.06
Total 0.40 0.40 0.40

Witness Panel: Nuclear Business Planning, OM&A, Benchmarking

[
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Forecast HLWT Production Losses (TWh) - 2013-2015 BP
Station/Year 2013 | 2014 2015
DN 0.20 | 0.20 0.20
PN 0.06 | 0.06 0.06
Total 0.26 | 0.26 0.26
Forecast HLWT Production Losses (TWh) - 2012-2014 BP
Station/Year 2012 | 2013 2014
DN 0.20 | 0.20 0.20
PN 0.06 | 0.06 0.06
Total 0.26 | 0.26 0.26
Forecast HLWT Production Losses (TWh) - 2011-2015 BP
Station/Year 2011 | 2012 | 2013 | 2014 2015
DN 0.15 | 0.15 | 0.15 0.15 0.15
PN 0 0 0 0 0
Total 0.15 | 0.15 | 0.15 0.15 0.15
Forecast HLWT Production Losses (TWh) - 2010-2014 BP

Station/Year 2010 | 2011 | 2012 | 2013 2014
DN 0 0 0 0 0
PN 0 0 0 0 0
Total 0 0 0 0 0

As lake water temperature rises, so does the condenser temperature and pressure increase
which leads to a decrease in generator output. The decrease in generator output is a result in a
reduction of thermodynamic efficiency as a result of an increase in condenser pressure. The
relationship is shown in the attached graph is similar to what would be seen in any thermal unit

(be it nuclear or a conventional unit).

The relationship is shown in the attached graph

Witness Panel: Nuclear Business Planning, OM&A, Benchmarking

I
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to final approval by the IESO, which can deny this approval at any time up to the start of the

outage.

For the test period, there is a single unit planned outage at Darlington in both 2014 and 2015.
In addition, there is a VBO in which all 4 units will be shut down A station-wide 4 unit
station VBO is required by the regulator every 12 years and a Station Containment Outage
(“SCO”) every 6 years. A SCO also requires that all 4 units be shut down, but for a shorter
duration. A Darlington VBO was last conducted in 2009. The next planned VBO that was
scheduled for 2021 has been moved forward to 2015, eliminating the need for a scheduled
SCO in 2015 and a VBO in 2021. OPG is seeking regulatory approval to eliminate the need
for SCO’s going forward. This will shift these 4 unit station outages from a 6 year cycle to a
12 year cycle. This change will result in savings in the number of outage days in 2021 and
beyond and will also reduce the complexity and resource demands during the Darlington

Refurbishment Project.

The six Pickering units are on a two year planned outage cycle and therefore Pickering will
be subject to 3 planned outages in both 2014 and 2015. In addition there is one mid cycle

planned outage in 2014.

The outage durations include a station level allowance for uncertainty related to potential
discovery work and a nuclear fleet level allowance under the control of the Chief Nuclear
Officer to address risks to the completion of the outage on schedule, risks that could emerge
from fleet aging issues, or the complexity in fleet level activities (e.g., availability of Inspection

Maintenance Service resources to service multiple outages).

3. 1.2 Forced Loss Rate (FLR)

Variances to planned generation result from forced production losses (i.e., unplanned

outages and derates). OPG projects FLR targets that reflect the risk of forced production
losses at Darlington and Pickering. The FLR targets are based on the plants’ historical
performance, any known improvements or plant material condition issues, and initiatives to

improve equipment reliability.

12
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AMPCO Interrogatory #033

Ref: Exhibit N1, Tab 1, Schedule 1, Page 16

Issue Number: 5.5
Issue: Is the proposed nuclear production forecast appropriate?

Interrogatory

a) Please confirm the total allowances in the production forecast for 2014 and 2015 separately
for Darlington and Pickering.

Response

a) The 2014 - 2016 Business Plan has a nuclear fleet level allowance for Pickering planned
outages in 2014 and 2015 of 102.8 days. The equivalent TWh is 1.27 TWh.

The 2014 - 2016 Business Plan has a nuclear fleet level allowance for Darlington planned
outages in 2014 and 2015 of 23.7 days. The equivalent TWh is 0.50 TWh.

Witness Panel: Nuclear Business Planning, OM&A, Benchmarking
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s due to an increase of 86.6 planned outage days over the two-year period, as follows:
An additional 23 day mid-cycle Unit 5 outage in 2014. In the 2013 Unit 5 outage,
unexpected reductions in pressure tube to calandria tube gaps were noted. The 2014
mid-cycle planned outage is therefore required to measure the gap and to perform
maintenance as required. Monitoring and maintaining the gap between calandria and
pressure tubes is critical since there is the potential for blistering if the pressure tube
and calandria tube touch which can result in failure of the pressure tube.

The 2013 Unit 4 outage was deferred to January 2014. This resulted in the timing of all
future Unit 1 and 4 planned outages being similarly deferred (e.g., the 2014 Unit 1
outage is deferred to 2015; and, the 2015 Unit 4 outage is deferred until 2016). The
deferral of the 2013 Unit 4 fall outage into 2014 results in an additional seven planned
outage days over the test period due to additional scope.

An additional 28 day 2015 mid-cycle outage has been added to the 2014 - 2016
Business Plan in support of OPG’s 2016 targeted reduction in FLR to 5.0 per cent.
Pickering has a two year planned outage cycle (i.e., each Pickering unit is subject to a
planned outage once every two years). However, starting in 2012, OPG began
implementing short duration, mid-cycle planned outages (i.e., an additional planned
outage within the two year cycle) for Pickering Units 1 and 4 to focus on preventative
maintenance and to lessen the risk of future forced outages thereby improving reliability
and reducing the FLR.

OPG'’s generation plan includes allowances (Ex. E2-1-1, p. 6) to account for risks that
can result in an extension of an outage. The reassessment increased the allowance for
Pickering planned outages by a total of 28.6 outage days (0.30 TWh) over the two-year
test period. This increase is based on an assessment of historical performance which
showed that over the period 2005 to 2013, the average annual forced extension to

planned outages at Pickering was 82.5 days (0.87 TWh per year).

2.3.1.2 Darlington
The Darlington production forecast for 2014 and 2015 in the 2014 - 2016 Business Plan has

al1.6

TWh reduction in generation compared to the 2013 - 2015 Business Plan.

'Y
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be the last 4-unit station outage for 12 years including the term of the entire

refurbishment project.

The reassessment also increased the allowances for Darlington planned outages by a
total of 22.0 outage days (0.49 TWh) over the two-year test period. This increase is

based on historical performance over the period 2005 - 2013. During this period the

average forced extension to planned outages at Darlington was 0.24 TWH per year.

Nuclear fuel bundle costs have decreased by $19.3M over the test period (Table 4), primarily

as a result of the lower forecast production.

Chart 8
Fuel Bundle Costs: Plan over Plan Changes
Total
OPG Nuclear 2014 | 2015 .
Variance
($M) | (SM) ($M)
Total Fuel Bundle
2014-2016 Nuclear Business Plan 208.4 | 199.6
Cost
2013-2015 Nuclear Business Plan 220.3 | 207.0
Variance ( BP2014-16 vs 2013-2015) -119 | -74 -19.3

2.3.2 Previously Regulated Hydroelectric
The updated previously regulated hydroelectric production forecast for 2014, included in the

2014 - 2016 Business Plan, is 20.1 TWh, or 1.0 TWh more than the forecast included in the

2013 - 2015 Business Plan. Increased production is forecast as a result of higher flows

forecast for the Niagara and St. Lawrence Rivers.

Along with the higher production, the GRC costs for 2014 in the 2014 - 2016 Business Plan

are $14.0M more than the original forecast. GRC costs for Niagara and Saunders increased

as a result of higher forecast production.

1S
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Filed: 2014-05-16
EB-2013-0321

Exhibit N2
Tab 1
Schedule 1
Page 7 of 12
1 24 Nuclear Production Forecast
2  The updated nuclear production forecast for 2014 is 0.5 TWh lower than in the 2014-2016
3 Business Plan due to lower forecast production for Pickering in 2014. There is no change to
4  the Darlington forecast for 2014 and no change to the 2015 production forecast for both
5 Pickering and Darlington. The changes in 2014 are summarized in Chart 4.
6
7 Chart 4
8 Updated Nuclear Production Forecast'
OPG Nuclear 2014 2015 | Total Variance
Updated Forecast 48.5 46.1
Generation - TWH 2014-2016 Nuclear Business Plan 48.0 | 4641
Variance (Updated Forecast vs. BP 2014-16) -0.5 0.0 0.5
Updated Forecast 4.6 3.1
FLR % 2014-2016 Nuclear Business Plan 4.1 3.1
Variance (Updated Forecast vs. BP 2014-16) 05 0.0 0.5
Updated Forecast 430.3 | 585.1
Planned Outage Days | 2014-2016 Nuclear Business Plan 409.3 | 585.1
Variance (Updated Forecast vs. BP 2014-16) 21 0 2
1 Numbers may not add due to rounding
9

10 The Pickering production forecast for 2014 shows a 0.5 TWh reduction compared to the
11  2014-2016 Business Plan due to the following:
12 e The projected number of Pickering outage days has increased by a net 21 days (0.26

13 TWh) from 327.9 days to 348.9 days. This is due to a combination of an increase in
14 forced extension to planned outages for Pickering Units 4 and 8 in spring 2014, and the
15 cancellation of the 23 day mid-cycle Unit 5 outage, which was identified in the first Impact
16 Statement filed in December as being required to address the gap between calandria
17 tubes and pressure tubes (see Ex. N1-1-1, page 14, lines 2-7). The Pickering Unit 4 and
18 Unit 8 outages were extended primarily due to increased discovery work and parts quality
19 issues. The mid-cycle outage has been cancelled following CNSC acceptance of the fuel
20 channel component disposition, which eliminated the requirement for pressure tube
21 inspections for Unit 5 in 2014.

22 ¢ The FLR projection for Pickering in 2014 has increased from 7.8% to 8.9% (0.24 TWh).
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