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, ‘) Pickering A Steam Generator Locking Tab Replacement 13 - 49248
. Developmental Release Business Case Summary NA44-BCS-33115-00001-R000

1/ RECOMMENDATION:

W recommend a refease of $1.2M (including contingency) to complete Preliminary Design of the preterred Steam
Generatar Locking Tab replacement option, develop a Full Release BCS, and generate a contract strategy tor the
Pickering A {Units 1 and 4) Locking Tab Replacement project by March 2008.

The cusiness obfective of this project is to avoid a signiticant forced outage due to a locking tab failure an the cold
leg of the Heat Transport System. A Fitniess for Service evaluation has indicated that the cold leg locking tabs
have a mimimum lifespan of 6.3 EFPYs. If a cold leg locking tab were to fail, it is speculated that it would cause
significant damage to the Heat Transport System, potentially including some components of the reactor core {i.0.
fuel bundltes) A forced outage would then be required to repair the damage at a projected cost of $100M and
duration of 90 days. Mora importantly, a locking tab failure could potentially affect OPG’s standing with the CNSC
and our Fower Reactor Operating License (PROL), Beyond 6.3 EFPYs in service, justification for continued
aperaton weuld be required for Units 1 and 4.

The deliverables of this project are:
= Lomplete a mini-tigld carmpaign to remove and re-install the SG Clamping Dogs in support of inspection by
IMS dunng the P71t Outage
« Develop a new locking tab replacement option which will minimize/eliminate interference with routine
maintenance activities as well as meet ar exceed SG life expectancy
« Develop a new locking tab replacement option which will minimize project cost, schedule, and dose uptake
« Replace the locking tabs currently installed in Unit 1 and 4 steam generators (SG) with a new design prior
_ ) ‘G the caiculated 8.3 year expected iifespan of the tocking tabs (2010 and 2011)

Currently, prabminary work has been conducted to acquaint the project team with the project objectives and
currant field conditions. in addition, a number of locking tab replacement options are being reviewed to determine
the most tzehmicaily visble and cost efective.

AS this project 1s relatad to Pickering A, there are no Issues/opportunitios with respect to the ongoing ife extension
assessment.
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2/ BACKGROUND & iSSUES

Adversa Condition

The Steam Generator Divider Plate sealing skin modification was performed on Units 1, 4, 5-8 starting with Unit 4
i1 2001 and fimshing with Unit 7 in 2004. The primary purposas of this modification were to address Divider Plate
bolt degradation as well as the steady increase in Reactor Iniet Header Temperature (RIHT) which was forging
several urits to run derated. All the modifications were completed successfully as measured by the decrease in
RIHT for each unit. The stearn generator inspections conducted in Unit 5 during the P551 (Spring of 2005)
Outage were the first to be done for the PNGS B units following installation of the sealing skin/locking tab
maoditication.  These inspections revealed that numerous pieces of locking tabs and divider plate sealing skin had
broken off in the hot feg (inlet) side of the steam generators (refer to SCR P-2005-03243) due to high cycle fatigue
cracking. Further inspections revealed that all 10 affected steam generators experienced locking tab failures, and
4 of 10 stearn generators experienced divider plate skin failures. The root causes of this event were deemed to
e insufficient design analysis for the new locking tabs and inadequate installation of the sealing skins to ensure
proper seal. Subsequent steam generator inspections in Units 6 and 8 uncovered more broken locking tabs and
sealing skins. It is expected that Unit 7 steam generators will exhibit the same adverse condition. There have
been no locking tab failures chserved in the cold leg (outlet) side of any steam generalor inspected. [Note that
Pickering A Units 1 and 4 have had no locking tab or skin failures to date but are considered vulnerable to similar
tadures found in Pickering B SGs.|

Required Repair
The sealing skin modification installed in the PNGS A units was similar to that of PNGS B, but not identical. Due
to the Unit 5 event, PNGS A was obligated to review locking tab design installed in Units 1 and 4 in order to allow
fur continuad operation of the units {refer to SCR P-2005-03370). An Engineering Assessment (NA44-33110) of
@he locking tabs installed in the PNGS A SGs was performed. In addition, steam generator inspections were
conducted and showed that there had been no focking tab failures in the SGs. These two activities allowed for
both PNGS A units to run for a pariod of 1.8 EFPYs since the sealing skin modification. The rationale for
continued operation was due to the determination that hot leg taby fallures can be tolerated from a reactor safety
paint of view. Cold leg tab failures were deemed unacceptable as they could produce debris of broken tabs
flowing downstream and blocking flow to the fuel bundle which could result in fuel failure. Thus, a Fitness for
Service Evaluation of cracked locking tabs for PNGS A and PNGS B (P-REP-33115-00001 R0O1) was conducted.
This evaluation proved that cold leg locking tabs will not fail prior to 8.3 EFPY. Thus, replacement of the locking
tabis must be completed prior to 8.3 EFPY or 2010 (Ud) and 2011 {U1).

Similar Previous Replacement Campaigns

As mantioned, hot leg locking tab faitures wera first found in Unit 5. Upon this discovery, all of the sealing skins,
'ocking tabs, and associated components in alt Unit 5 steam generators (except for two steam generators which
were previously modified in 1999 with a different design) and alf Unit 6 steam generators in the following outage
iUnds 7 and 8 were delayed in order to re-evaluate the rapair strategy) ware replaced. These repair campaigns
ware costly, lengthy, and dose intensive:

Lhvit 5 - approximately $11M, 2 months, 33 Rem (10 steam generators)
Ut 5 - approximately $12M, 2 months, 65 Hem {12 steam generators)

His replacerment stratagy for PNGS A will focus on locking tab replacement {currently installed sealing skins will
be: retained). and rmirimizing cost, time, and dose.

2
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3 ALTERNATIVES AND ECONOMIC ANALYSIS
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Status Quo - Not Recommended

Status Quo s not a recommended option, The Fitness for Service evatuation conducted on the Locking Tabs
proved that cold leg locking tabs have a minimum lifespan of 6.3 EFPYs, After 5.3 EFPYs in service, the risk of
cold leg locking tab failure increases, thereby increasing the risk to reactor safety. If a cold leg locking tab were to
fail it is speculated that it would cause significant damage to the Heat Transport System, potentially including
sGime components of the reactor core (i.e. fuel bundles). A forced outage would then be required to repair the
darnage at a projected cost of $100M and duration of 90 days. Mora importantly, a locking lab failure could
potentially aftect OPG's good standing with the CNSC and in turn OPG's Power Reactor Operating License
tPROLY  in additon, beyond 6.3 EFPYs in service, justification for continued operation would be required for Units

&1 ad 4.

Alternative 1 - Replace Locking Tabs with new design - Recommended

Hepiacing the current locking tabs instalted in Units 1 and 4 with a new design will allow for the following {which
are ahgned with the project objectives):

*  5Gs 1o run untl End of Life (EOL) without the possibility of locking tab failure

*  Abiity for maintenance to ba conducted with minimal interdference from the new design which will replace
the current locking tabs

»  Abilty lo remove and/or replace components of the new design with relative ease, if required

* installation to be less compiex, optimizing cost, schedule, and dose

The Locking Tab replacement option will be designed with a substantial amount of rigour as per CNE Directive 05-
9 As this madification cannot be commissioned, qualification testing along with required analysis will be
performed 1o ensure that the Locking Tab replacement option s robust and will not becaine Foreign Material.

This s the only alternative which achievas all of the project objectives and in doing so, is this least axpansive and
s the greatest Net Present Value (NPV).

Alternative 2 - Delay Project - Not Recommended

Werayivg the Project 15 not a recommended option. When the Technical Operabitity Evaluation {(TOE) was first
qenaratad, f was determined that all affected units (Units 1, 4, 5.6, 7. 8) would only be able to operate for 1.8
EEBYs aimca instafiation of the locking tabs and sealing skins. OPG Projects pursted locking tab Jife extension
{%ﬁm} suncesstully increased the minimum tab life from 1.8 EFPYs to 6.3 EFPYs. ¥f the project is datayed past 6.3
WEFPY s, there is a risk of cald ‘eg locking tab failure which increases over time. As in the Status Quo option, this
aok b Lokl kg tab falurs s very costly and has very severs Raacotor Szlely consequences. There is a
signt chance that locking tab fadure can he tolerated from 4 reactor safety pcint of view beyond 6.3 EFPYs in
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service, however justification for continued operation of Units t and 4 would be required.

Based on the current outage schedules for Units 1 and 4, the Locking Tab replacement will be canducted several
months before the end of the minimum tab life (6.3 EFPYs). Thus, there is no benefit to having a separate outage
specitically for the Locking Tab replacement, only a few months after the planned outage.

Alternative 3 - Replace Locking Tabs with Pickering B design - Not Recommended

Raplacing the current locking tabs installed in Units 1 and 4 with a design similar to that of Pickering B {(Units 5 and
6) s not a recommended option.  Although this option allows the SGs to run until EOL without the possibility of
locking tab faiture, it dees not meet all of the other project objectives previously outlined as is shown below:

« The lockmyg tabs Installed in Pickering B are welded on the Hot Leg side of the SG Primary Head and thus
are not conducive to removal and/or replacement if required during maintenance activities.

+ Due 10 the bolt configuration in the Pickering A SGs (i.e. uneven bolt spacing), installation of locking tabs
simitar to those in Units 5 and 6 would be quite difficuit.

+ Repiacement of the Units 5 and 6 locking tabs during 2005 involved a tremendous amount of inspections
and rewotk, and hence was costly, time consuming, and dose intensive.

fn addition to the above, this option is more costly than Alternative 1. Theretore, replacing the locking tabs with a
design similar to Pickering B is not recommended.

Aiternative 4 ~ - Not Recommended

Alternative 5 — - Not Recommendad
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4/ THE PROPOSAL

A Developmental Releasa will be used for a mini-campaign (1o remove and re-instail Clamping Dogs) in support of
P71t 5G mspections, Preliminary Engineering, to create a contract strategy and complete a Phase 1 BCS.

A Full releass will then be requested to:

.

-

L 4

FPerform the Detailed Engineering

Award a labour contract (for both units)

Perform all pre-installation activities for Unit 4 (i.e. workplan preparation, work permits, space allocation,
21¢.)

Install, commission, and AFS the modification for Unit 4

Revise Design Engineering documents as required (i.e. Design ECs, drawings, atc.) for Unit 1

Start pre-mnstatiation activities for Unit 1

Complets pre-installation activities for Unit 1

Install, Commission, and AFS the modification for Unit 1

Close-out the Project

Rater to Appendix C for a list of the project milestones.

@5; QUALITATIVE FACTORS

Successful implermentation of the locking tab replacement project will eliminate the reactor safety risk inharent to
the design of the current cold leg locking tabs. Ease of maintainability will be a consideration during the
developrnent of the design.
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6/ HISKS

Description of
Consequence

e,

Descripiion of Risk
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Appendix “A" Glossary (acronyms, codes, fechnical terms)

= AFS Available for Service

»  ONSC: Canadian Nuclear Safety Commission

« EGC Engineering Change

»  EFPY: Effective Full Power Year

« EOL: Endollife

« HTS: Heat Transpont System

= NPV:  Net Prasent Value

» RIHT. Reactor Inlet Header Temperature

«  PNGS: Pickering Nuclear Generating Station

»  PHOL: Power Reactor Opsrating License

« 5G:  Steam Generator

« TOE. Technical Operability Evaluation
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$000's | ]9 L} Previous Reieases (incl contingency) . |
ettt S e - | Cumulative Values : [
 Reteasa Type | Month ;- Year '|° 2006 | 2007 | 2008 | 2009 | 2010 !
. Davetopmental - | . 850 ¢ 385 | 50 7675
| I E
| 1 i
LTD Spent i i ] T S T L Y

Comments:

The Developmental Release will be used 1o cover the cost of a mini-campaign to support P711 SG inspections
and completa -40% of the design. The Full Helease will be used o complete 100% of the design, install,
commission, AFS the moedification in Unit 4. Additionally, it wil be used to prepare for Unit 1, install,

} cominission, and AFS the madification in Unit 1, as well as complete Project Close-out.



Filed: 2013-09-27

EB-2013-0321
Ex F2.3.3
[ QPG Confiderdial Page: Adtaghment 1 Tab 3
ONTARIOFOWIER
GENERATION BUSINESS CASE SUMMARY
Appendix “C” Financial Model - Assumptions

Project Cost Assumptions:

For the majority of engineering and design work, overtime has been assumed to be 10%. Far fleld
personnel, overtime has been assumed to ba 25%.

Financial Assumptions:

The rate of inflation estimated at 2% Is consistent with Carporate guidelines,

Project / Station End of Lite Assumptions:

Based on a memo to D. Power from P.R. Charlebois, “Pickering Units 1 & 4 End of Service Life
Predictions for Establishing Book Value”, January 12, 2008, we have assumed that Station End of Life
far Units 1 and 4 will be in 2021, thus requiring replacement of the Locking Tabs during 2011 and 2010

respectively.

ft is assumed that the Locking Tab replacement modification will be conducted during Fall 2010 for Unit
4 and Fall 2011 tor Unif 1.

It is agsumed that the majority of design work will be completed well befare the 2009 outage milestone.
Energy Price / Production Assumptions

The price of energy is estimated baged on Corporate System Economic Values. Production from each
Pickering A unit is assumed to be 516 MW at a capacity factor of 80%.

Operating Cost Assumptions

N/A

Other Assumptions:

N is assumed that if a Cold Leg locking tab were to fail, it would cause damage to the Heat Transport
System (HTS). The forced outage required to repair the HTS is assumed to cost $100M and be 90 days
i duration.

The risk of Cold Leg locking tab failure is assumed to be 5% starting in 2011 (U4) and 2012 (U1} and
increasing at a rate of 5% per year.

The probability of Cold Leg locking tab failure in Units 1 and 4 simultaneously is too low 1o be
considered. If a failure ware to occur in one unit, the 2™ unit would be shut down immediately.
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Pickering A Steam Generator Locking Tab Replacement 13- 49248

_Developmental Release Business Case Summary NA44-BCS-33115-00001-R000

Attachment “A” Project Cost Summary
; o LT RE L ThIET S Te [ Futare [ Future | Fuiures T
] { - .Release | Release | Release | Reloasa | Release
il OMBA-< 7 [¥2008° | “2007" { -2008-| 2009 | 2010 | 2011 | 20
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Exgneanng 4 0ahing 0PG) 1 © - T e e[ i) iee
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{m G T Ty b N YT S R e T R , 7
Desrgn Cnrn_p!ete I Up o - 40% _W,L()ua _tlof Esnmata LConceptuaHGO% to - 25%
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“Tre eshrn'ued vartance(s) to the 2006- 2010 Busrness Plan will be addressed through the porﬁoiio managemenl process.
A PORAF will be approved by May 2007.
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Attachment *8”

Project Variance Anaivsis

|

T T T e e |
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: re Parts, Inventory O P _
Total Release (i contingencr) (AR
Jotal Reiease (exci contingency) e
JJngnmg Ellnl.!rl. ;Lmn-rnﬂhﬂl i ___,___ 205 F ‘
fiemoval Costs fincl in above) T ER e i X ' i Sl ' s
Comments:
This presect was deotfied in June 2005. Currently, conceptual funding is being used to perform minimai design

work and to generate the Developmental BCS.
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) Attachment “C” Key Milestones
EA : Cm;;nUu; e e VA ST T e S e e S
BN S  Bescrpton T
i\Qr | 2007 | BCS: Developmental Release Approved _
;__3_‘{ B LJun | 3007 PSM: Plan Start Milestone
BN L Bat ’ 2007 | 501 Start of mini Field Campgain (P711 Clamping Dog Removal/Re-install) ]

FR1: Full Reisase BCS Approved

FD1: Final Design Complete (Unit 1 and Unit 4)
. MCA: Major Contrasts Awarded
i SO1: Start of Installation (Unit 4)
AFS: Available for Setvice Meating (Unit 4)
ECC: EC Close-out (Unit 4)

1 SOk Start of Installation (Unit 1)

| AFS: Availabie for Service Meeting (Unil 1)
LAY Jun PCS: Closa-out Starts

¥ TDN:% ' 2011 | PCM: Plan Complete Milestone !

A Praject Execution Plan (PEP) will be approved by Jul 2008
Commaents:

Al apphcanie milestones will be in accordance with N-PROC-MA-0013 {Planned Qutage Management) as the
) Incking tab replacement will be conducted during the 2010 and 2011 outages.





