20697-8 (4/1/2004

A CALCULATION SUMMARY SHEET (CSS)
AREV A

Document Identifier _86 - 5058194 - 00

Title DCPP UNIT 2 R12 VOLTAGE-BASED ARC 90-DAY REPORT

PREPARED BY: REVIEWED BY:
METHOD: [X] DETAILED CHECK [[] INDEPENDENT CALCULATION
NAME  AlanMBrown ., 9 NAME  Jeffrey M Fleck y

SIGNATURE (jé’ //;7% ) Am Seown/ SIGNATURE
d— VIA @ MAr]
| TME  Principal Engineer DATE 32/[2005 TITLE  Manager DATE 3Z// [ﬂw{

cosT REF, TM STATEMENT:
CENTER 12742 PAGE(S)  113-114  REVIEWERINDEPENDENCE DNSC. L AR 3/ ey
a \"4

PURPOSE AND SUMMARY OF RESULTS:

This report summarizes the Diablo Canyon Unit 2 - 2R12 inspection of the steam generator tubing with respect
to the implementation of the voltage-based repair criteria as specified in NRC Generic Letter 95-05. This .
document provides the projected probability of burst and leak rate calculations needed for submittal to the NRC.
This report provides a non-proprietary summary of the results. The supporting proprietary calculations and
necessary code verifications required for safety-related calculations are contained in Reference 23.

* Appended pages include Pages A-1 to A-2

THE FOLLOWING COMPUTER CODES HAVE BEEN USED IN THIS DOCUMENT: . | THE DOCUMENT CONTAINS ASSUMPTIONS
. THAT MUST BE VERIFIED PRIOR TO USE ON
SAFETY-RELATED WORK
CODENERSION/REV CODENERSION/REV
1kr97v30.exe / Version 3.0 pob97v20.exe / Version 2.0

[] YES [X] NO -

Framatome ANP, Inc., an AREVA and Slemens company

Page _1__ of _114*




86-5059194-00
Page 2 of 114

RECORD OF REVISIONS

Revision Number Affected Page(s) Description of Change(s)

0 All Original Release



86-5059194-00

Page 3 of 114
TABLE OF CONTENTS
1.0 INTRODUCTION

2.0 EXECUTIVE SUMMARY 8
3.0 EOC-12 INSPECTION RESULTS AND VOLTAGE GROWTH RATES 10
3.1 EOC-12 INSPECTION RESULTS 10

3.2  VOLTAGE GROWTH RATES ...cceeevreeccsnseensereesssereseasessones 14
3.2.1 SELECTION OF LIMITING GROWTH DISTRIBUTION FOR EACH STEAM GENERATOR 15
3.2.2  VOLTAGE-DEPENDENT GROWTH ANALYSES FOR CYCLE 12...c.uuereimrerenicnsersersssesssnesosssssassorssoneens 16
3.2.3 VOLTAGE-DEPENDENT GROWTH ANALYSES FOR CYCLE 11 17
3.24  DELTAVOLTS ADJUSTMENT 17
3.2.5  SENSITIVITY STUDIES AND GROWTH SUMMARY ...eevrerreeerrensersonnssnsnsesseseses 17

3.3  VOLTAGE DISTRIBUTIONS USED FOR MONTE CARLO ANALYSES .....eevereveerersanceens 18

3.4  PROBE WEAR CRITERIA ..cecevereressseressseessasessssesssssessssessrnsessonaessasasssssaressassessanessnsassanns 19

3.5  UPPER VOLTAGE REPAIR LIMIT..cviiieciiieieriissseeiereseresesssssneessessasessassssesesessassenssesssansesersssssssssssssanssssssanansses 20

3.6 NDE UNCERTAINTY DISTRIBUTIONS .20

3.7 PLus POINT TO BoBBIN VOLTAGE CORRELATION.... 21

4.0 CHEMICAL CLEANING 74
5.0 DATABASE APPLIED FOR LEAK AND BURST CORRELATIONS . 75
5.1 CONDITIONAL PROBABILITY OF BURST .76

52 PROBABILITY OF LEAK AND CONDITIONAL LEAK RATE 77
6.0 EOC 12 CONDITION MONITORING BENCHMARKING OF EOC-12 CONDITIONS AND ASSESSMENTE
OF POTENTIAL UNDERPREDICTIONS 79
6.1 EOC-12 CONDITION MONITORING RESULTS 79

6.2 EOC-12 BENCHMARK CALCULATIONS .79

7.0 PROBABILITY OF PRIOR CYCLE DETECTION AND EOC-13 PROJECTIONS USING DCPP POPCD92
7.1 UrDATED DCPP POPCD CORRELATION 92

7.2  INPUT TO INDUSTRY POPCD DATABASE ...cccoersrersrerereesssassrsrsssssssesssossasesonsssssesssess 94

8.0 EOC-13 PROJECTIONS FOR PROBABILITY OF BURST AND LEAK RATE 107
8.1 INPUTS FOR CALCULATIONS ..cecerrererreeresssnrsssaressansessssnssnsssssssesssasessansessasesssnsaressesssssssssssssssssassssanease 107

8.2 PROJECTED EOC-13 VOLTAGE DISTRIBUTIONS 108

8.3 PROJECTED TUBE BURST PROBABILITY AND LEAK RATE FOR EQC-13 .....ueiiieierecrnnieccnssncsnseresnesssassnssssanes 112

9.0 REFERENCES 113




86-5059194-00

Page 4 of 114
LIST OF TABLES AND FIGURES

GloSSary Of ACTONYIMIS ..occviiieiririsineissniiisneinsitessseiisnesssaseessssessssssesssannessssssesssnesssassessanesssasssses 7
Table 3-1: 2R12 DOS Indications > 2.0 VOIS....cccccveiiieircceriiiiciiiriensneesicncsnesssinsesssssseesesnes 22
Table 3-2: 2R12 AONDB INdiCatioNS ........ceeiiiireiiiecrnnienerseniinicenetiesiiniecessesssecessisesssssssssassone 23
Table 3-3: Summary of Inspection and Repair for Tubes Affected by ODSCC at TSPs........ 25
Table 3-4: Summary of Largest Voltage Growth Rates per EFPY .....ccoovevivvneinvcnennnnnnes 27
Table 3-5: DOS/AONDB Voltage and Growth Distribution by TSP.......cccivirirrnneen 28
Table 3-6: Voltage Growth for Cycles 8 through 12.......cccivvvveireiininneiniineeinnennneeiineeecnnne. 29
Table 3-7: Summary of Independent Cycle 12 Voltage Growth per EFPY ........ccccceecvneennuene 30
Table 3-8: Delta Volts AQIUSIMENES ....ccuveeriiicnriiiicirccetiicinc s saneee 31
Based on Cycle 12 Breakpoints (Information Only)....... N PN 31
Table 3-9: Delta Volts Adjustments Based on Cycle 11 Breakpoints........c.cceccciviivnicnncnnnne. 32
Table 3-10: Supplemented Cycle 12 Voltage Dependent Growth »
for SG 2-1 (INformation ONIY) ..c.ecevceericenniinriiriineintintnrenn s ieesssnessresanssssessssesssesssesans 33
Table 3-11: Supplemented Cycle 12 Voltage Dependent Growth :
for SG 2-2 (Information ONY) ....cccverineiiiniiiiinciinniccnen e e 34
Table 3-12: Supplemented Cycle 12 Voltage Dependent Growth - C
for SG 2-3 (Information ONlY) ....ccccveivivieiiiiniininiiininnieneen i, eereessrrenneaeerensans 35
Table 3-13: Supplemented Cycle 12 Voltage Dependent Growth
for SG 2-4 (Information ONIY) ...c.ccoiiiivieiinniiintinrcneecnie e as e 36
Table 3-14: -‘Supplemented Cycle 12 Voltage Dependent Growth S .
for All Steam Generators (INfOrmMation ONIY) ......ccccveeeereerrecreereerisessssesssisassesnsssesssesnssesasnsenns 37
Table 3-15: Cycle 11 Voltage-Dependent Growth for SG 2-1 (Used for SG 2-1) .........c........ 38
Table'3-16: Cycle 11 Voltage-Dependent Growth for SG 2-4 (Used for SG 2-4) ........... rennee 39
Table 3-17: Cycle 11 Voltage-Dependent Growth for All SGs (Used for SGs 2-2 and 2-3)... 40
Table 3-18: BOC-13 Voltage Distribution Used for Monte Carlo Analyses for SG 2-1........... 41
Table 3-19: BOC-13 Voltage Distributions Used for Monte Carlo Analyses for SGs 2-2, 2-3,

=1 o To [ SO TN 42
Table 3-20: Re-tested DOSs > 1.5 Volts that Failed the Probe Wear Check................. evereee 43
Table 3-21: New 2R12 DOSs >=0.5 Volts In Tubes Inspected With A Worn Probe In 2R11. 44
Table 3-22: Summary of New DOS Indications for Probe Wear Comparison.........cccccecueruee.. 45
Table 3-23: Summary of ARC Out Tube Inspections in 2R11 .......cocvviivvinriencinienicniieennns 45
Table 3-24: NDE Uncertainty DistribUtions ......cccccevvrciniveninniicnniinnirinneiininenen, 46
Figure 3-1: As-Found Voltage Distributions SGs 2-1 and 2-2..........cccocvveirivenniirninnninennnns 47
Figure 3-2: As-Found Voltage Distributions SGs 2-3 and 2-4............corvieninvierieennnncennnne 47
Figure 3-3: 2R12 Repaired Voltage Distributions SGs 2-1 and 2-2.............cccocviiervvrinecniueenns 48
Figure 3-4: 2R12 Repaired Voltage Distributions SGs 2-3 and 24 .........ccccevvvvrvrnrnusncnens 48
Figure 3-5: RTS Voltage Distributions for RPC Confirmed or
Not Inspected SGS 2-1 and 2-2.......ueierveiimirtiiiiiitineercieiicintnres i ssssesssssesens 49
Figure 3-6: RTS Voltage Distributions for RPC Confirmed or
Not Inspected SGS 2-3 and 24 .......ueeiiiiiiiiiieerciec et saasesssnanes 50
Figure 3-7: Indications RTS Voltage Distributions SGs 2-1 and 2-2.........cccccecvvrveeniccnnnnne 51
Figure 3-8: Indications RTS Voltage Distributions SGs 2-3 and 2-4............ccccovirervvecrrnnenns 51
Figure 3-9: 2R12 DOS vs. TSP Elevation.........cccovvnerniinsinniiinenniinnicneecnmenennennenee, 52
Figure 3-10: Cycle 12 Growth Distributions SGs 2-1 and 2-2...........cccccvvvrervenivnninernvecsnnennns 53
Figure 3-11: Cycle 12 Growth Distributions SGs 2-3 and 2-4..........c..eevrviinimerniieicineniiiennans 53

Figure 3-12: Cycle 12 Independent Growth Curves — All SGs.......coocviiimiiciiiiiriiicneiniieens 54



86-5059194-00

Page 5 of 114
Figure 3-13: Historical Change in Growth and BOC Voltage - All SGs.......coocccrievirrcvcnrrenen, 54
Figure 3-14: SG 2-1 Cycle 12 Growth vs. BOC Voltage........ccocceivvueeriirccinerinnecrcseessenncnes 55
Figure 3-15: SG 2-2 Cycle 12 Growth vs. BOC Voltage.........cuueevveierivieirinneeicneeinninennnannnn. 55
Figure 3-16: SG 2-3 Cycle 12 Growth vs. BOC Voltage........ccceceeivrcurirnseeiensnniinsnercsnniosaneens 56
Figure 3-17: SG 24 Cycle 12 Growth vs. BOC Voltage..........cocveivrverrcrerrcnnerinnncnsienieannens 56
Figure 3-18: Cycle 12 Growth vs. BOC Voltage for All Steam Generators..........ccecererervevrene 57
Figure 3-19: Cycle 11 vs. Cycle 12 Growth Comparison for SG 2-1........cccevcerirvrvrnvninrenenne 58 .
Figure 3-20: Cycle 11 vs. Cycle 12 Growth Comparison for SG 2-2.........ccceeveererinecssirenennne 58
Figure 3-21: Cycle 11 vs. Cycle 12 Growth Comparison for SG 2-3.......ccccceeverevirirnvinncssnnnne 59
Figure 3-22: Cycle 11 vs. Cycle 12 Growth Comparison for SG 2-4..........ccccevvervrsveeriruccnsenss 59
Figure 3-23: SG 2-1 Supplemented Cycle 12 VDG Breakpoint Analysis Results.................. 60
Figure 3-24: SG 2-2 Supplemented Cycle 12 VDG Breakpoint Analysis Results.................. 60
Figure 3-25: SG 2-3 Supplemented Cycle 12 VDG Breakpoint Analysis Results.................. 61
Figure 3-26: SG 2-4 Supplemented Cycle 12 VDG Breakpoint Analysis Results.................. 61
Figure 3-27: Composite Supplemented Cycle 12 VDG Breakpoint Analysis Results ............ 62
Figure 3-28: SG 2-1 Cycle 11 VDG Breakpoint Analysis Results.........ccccevceernuirevcnenncncinenes, 63
Figure 3-29: SG 24 Cycle 11 VDG Breakpoint Analysis Results.................. erreerereseneesessannaes 63
Figure 3-30: Composite Cycle 11 VDG Breakpoint Analysis Results .........cccoccereierncecinnnen, 64
Figure 3-31: Supplemented Cycle 12 VDG for SG 2-1......vveriiriiinvienrrineniceecsecnne 65
Figure 3-32: Supplemented Cycle 12 VDG for SG 2-2........coovverieericreercierinnecnnneencnsnsinnes 65
Figure 3-33: Supplemented Cycle 12 VDG for SG 2- 3 ...................... 66
. - Figure 3-34: Supplemented Cycle 12 VDG for SG 2+4..........ccccoocievrernnnnnen. Sreenesinnesnesinnnee 66
- Figure'3-35: Supplemented Cycle 12 VDG for All SGs .........occeuuue. revreeiereesssesiosnnnnienearaaen ... 67
Figure 3-36: Cycle 11 VDG for SG 2-1.....eeiiiiivciriiicnincnnicesnieersssscnneiensssnnns resesresessesntarennns 68
Figure 3-37: Cycle 11 VDG for SG 2-4........coovivevinucciencnnnsssssssncssssscanes eeesenesieeretaesneseneneseene 68
Figure 3-38: Cycle 11 VDG for All SGS .......cumeiiienienieneniniiininecstenenisnsssisennssssssssnsssesnens 69
Figure 3-39: 2R12 Probe Wear Voltage COMPATISON ......c.cccvererereeeersecesesessssseeressessssasionssnes 70
Figure 3-40: Bobbin Voltage Uncertainty DistribUtions ..........ccocereeerieecinencrivnnicnenrcnnerecseens 70
Figure 3-41: Inferred Voltage / Measured Voltage Comparison .........cc.ceeeeeseessncisssnesneissenes 71
Figure 3-42: Plus Point to Bobbin Voltage Comparison for SG 2-1 .......ccccccevvniinvncrinceccnannss 72
Figure 3-43: Plus Point to Bobbin Voltage Comparison for SG 2-2.........ccviinueicinniiiieionnnen. 72
Figure 3-44: Plus Point to Bobbin Voltage Comparison for SG 2-3...........cccivinverinnivcncecrnenns 73
Figure 3-45: Plus Point to Bobbin Voltage Comparison for SG 24 ..........cccciivinnnieinnnniecsennne. 73
Table 5-1: Burst Pressure vs. Bobbin Amplitude Correlation.........cccccveererrvrreccieeerveeeesienenn. 76
Table 5-2: Probability of Leak Correlation ........cceeeeviineiisniicniininenincncsiecneciecsnsenene 77
Table 5-3: Leak Rate vs. Bobbin Amplitude Correlation (2405 pSI) ....................................... 78
Table 6-1: Inputs for EOC-12 Benchmark Projections............civeverevciiiniveinneeicinvenieeccnneenens 80
Table 6-2: Voltage Distribution Used for EOC-12 Benchmark Projections for SG 2-1........... 82
Table 6-3: Voltage Distributions Used for EOC-12 Benchmark Projections for SGs 2-2, 2-3,
=] o 122 84
Table 6-4: Cycle 11 Growth Distributions for SG 2-1......ccccovvviriniiiineniinecciiinncneeecsnnen. 86
Table 6-5: Cycle 11 Growth Distributions for SG 2-4.........ccoociiriviiiviniiiiinnecininecicnneennas 87
Table 6-6: Cycle 11 Growth Distributions for All SGs .......ccccvivviriiiinnniiiniinicenies i 88
Table 6-7: As-found EOC-12 vs. Projected EOC-12 Conditions Without the 11 .89 V/IEFPY
€] (071 o 1N 89
Figure 6-1: As-found SG 2-1 vs Projected Voltage Distributions (DCPP POPCD)................ 90
Figure 6-2: As-found SG 2-2 vs Projected Voltage Distributions (DCPP POPCD)................ 90

Figure 6-3: As-found SG 2-3 vs Projected Voltage Distributions (DCPP POPCD)................ 91



86-5059194-00

Page 6 of 114

Figure 6-4: As-found SG 2-4 vs Projected Voltage Distributions (DCPP POPCD)................ 91
Table 7-1: 2R11 POPCD RESUILS ....cciiiiirnriiciinriiinnnieiinieiiissnneeiissnssssssssnssssisssssnsssssssses 95
Table 7-2: DCPP Composite POPCD ReESUIS....ccovcirreeiircerisicnerircsiiiesinneeinissineescesssseenssene 96
Table 7-3: POPCD Matrix Table for Tracking Indications Between EOC,and EOCp41........... 97
Table 7-4: 2R11 POPCD Voltage-Specific Summary from 2R12 Inspection Results ............ 98
Table 7-5: 2R11 POPCD Summary from 2R12 Inspection Results Regardless of Voltage... 99
Table 7-6: DCPP Composite Voltage-Specific POPCD Summary........cccccccerninvverirccsnuncennes 100
Table 7-7: DCPP Composite POPCD Summary Regardless of Voltage ...........cccervcvuueennnee 101
Table 7-8: DCPP POPCD LogLogistic Parameters .........coecimeeniiiinnnnemeeeineininincneeneecnnnes 102
Table 7-9: New POPCD Correlation Comparison to Previous POPCD Correlations

(2T 1= 1 L) T 103
Table 7-10: 2R11 POPCD Results In Industry Format ... 104
Table 7-11: DCPP Composite POPCD Results In Industry Format.........ccccoocvvuiiiiniineennneee 105
Figure 7-1: 2R11 POPCD Comparison to Composite POPCD...........cccoureeunnee. reerresnnneeerens 106
Table 8-1: Inputs for EOC-13 POB and Leak Rate Projections..........cccuveecnuniccnnrccssunisnae, 107
Table 8-2: Projected EOC-13 Voltage Distributions (DCPP POPCD).......ccccevererinnecnneerannes 109
Figure 8-1: SG 2-1 EOC-13 Projected Voltage Distributions Using POPCD ..........ccceueeueae 110
Figure 8-2: SG 2-2 EOC-13 Projected Voltage Distributions Using POPCD ..............c...c.... 110
Figure 8-3: SG 2-3 EOC-13 Projected Voltage Distributions Using POPCD................ veerens 111
Figure 8-4: SG 2-4 EOC-13 Projected Voltage Distributions Using POPCD ............... eerenens 111

Table 8-3: Projected Leak Rate and Burst Probability at EOC-13 Using DCPP POPCD .... 112



Glossary of Acronyms

Term Definition

AONDB Axial ODSCC Not Detected by Bobbin
ARC Alternate Repair Criteria

BOC Beginning of Cycle

CDSs Computer Data Screening

CPDF Cumulative Probability Distribution Function
CFR Code of Federal Regulations

CLT Cold-Leg Thinning

DCPP Diablo Canyon Power Plant

DIS Distorted ID Support Signa! with possible Indication
DOS Distorted OD Support Signal with possible Indication
DNF Degradation Not Found

EFPD Effective Full Power Day

EFPY Effective Full Power Year

ECT Eddy Current Test

EOC End of Cycle

FS Free Span

FANP Framatome Advanced Nuclear Power
GL NRC Generic Letter 95-05

GPM Gallons per Minute

INR Indication Not Reportable

ISI In-service Inspection

LRL Lower Repair Limit

LU Lookup \

MSLB Main Steam Line Break’

NDE Non Destructive Examination

NDD No Degradation Detected

NRC Nuclear Regulatory Commission

oDSsCC Outside Diameter Stress Corrosion Cracking
PG&E Pacific Gas and Electric Company

POB Probability of Burst -

POD Probability of Detection

POPCD Probability of Prior Cycle Detection

POL Probability of Leak

PWSCC Primary Water Stress Corrosion Cracking
RPC Rotating Pancake Coil .

RSS Retest Support Plate Signal

RTS Return to Service

SG Steam Generator

SER Safety Evaluation Report

TS Technical Specification

TSP Tube Support Plate

VDG Voltage Dependent Growth

86-5059194-00
Page 7 of 114



1.0

2.0

86-5059194-00
Page 8 of 114

Introduction

The Diablo Canyon Power Plant (DCPP) Unit 2 completed the twelfth cycle of operation and
subsequent steam generator ISI in November 2004. The unit employs four Westinghouse-
designed Model 51 SGs with %-inch OD mill annealed alloy 600 tubing and %-inch carbon
steel drilled-hole tube support plates.

In accordance with the Generic Letter 95-05, ARC implementation requires a pre-startup
assessment (Ref. 1) and a 90-day post-startup tube integrity assessment. The NRC Generic
Letter 95-05, Reference 2, outlines an alternate repair criterion (ARC) for allowing tubes
containing ODSCC indications to remain in service if the indications are contained within the
TSP structure and the measured Bobbin voltage is <2.0 volts. A complete list of criteria for
excluding TSP intersections from ARC application is provided in section 1.b of Reference 2
and in Reference 3. The NRC has approved implementation of the voltage-based repair

-criteria at both DCPP units per Reference 3. The steam generator TSP inspection results and

the postulated MSLB leak rate and tube burst probabilities are summarized in.this report.
FANP uses Monte Carlo codes, as described in References 4 and 5, to provide the burst and
leak rate analysis simulations. These evaluations are based on the methods in Reference 6
(for burst) and the slope sampling method for calculating the leak rate as defined in Section
9.5 of Reference 8. These evaluations also use the voltage-dependent POPCD (Probability of
Prior Cycle Detection) and the new growth methods as defined in References 16, 25, and 28,
and approved by the NRC in Reference 29.

Executive Summary

During the 2R12 inspection, a total of 2102 DOS indications were detected with the bobbin
coil. There were an additional 59 support plate intersections that were identified as containing
AONDB (axial ODSCC not detected by bobbin). Since there were no DOS indications at
these intersections, a bobbin voltage was inferred from the Plus Point results per the
methodology provided in Reference 8. All of the inferred bobbin voltages were less than 1
volt.

There were 10 DOS indications greater than the lower repair limit of 2.0 volts. All of these
indications were confirmed as axial ODSCC with Plus Point and were subsequently plugged.
An additional 29 DOS and AONDB indications less than or equal to 2 volts were also plugged
for other reasons, such as ODSCC in the wedge region and pluggable indications at another
location in the same tube.

A review of the growth rates over the previous cycle shows that axial ODSCC at support
plates is most active in SG 2-4. SG 24 had the highest average growth rate and two of the
three highest growth rates during Cycle 12. Voltage dependent growth was clearly evident in
SGs 2-1 and 2-4. SGs 2-2 and 2-3 showed slight effects of voltage dependent growth.
Following the DCPP Unit 2 2R11 inspection in 2003, a significant amount of analysis and
evaluation was performed on voltage growth for ODSCC at TSPs. The evaluations primarily
involved statistical breakpoint analyses to determine where the data suggests a change in the
slope of the regression curve that defines the growth data. These efforts led to the
development of guidelines for determining the breakpoints and growth distributions. These
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guidelines were provided to the NRC via Reference 24, and were used to determine the
breakpoints and growth distributions for the OA.

The POB and leak rate projections for EOC-13 provided in this report use the DCPP-specific
POPCD. The use of the voltage-dependent POPCD was approved in Reference 29. The
updated POPCD correlation is provided in Section 7. Using the DCPP-specific POPCD and
the conservative growth rate analyses discussed in Section 3.2, the prOJected POB at EOC-13
for the limiting steam generator (SG 2-4) was determined to be 2.75 x 103. The projected
leak rate for the limiting generator (SG 2-4) was 3.25 gpm. Both of these results are below
the acceptance criteria of 1 x 102 and 10.5 gpm, respectively.

Section 6 provides the as-found EOC-12 condition monitoring results and results of a
benchmarking study that compares the projected EOC-12 conditions to the as-found
conditions. The as-found leak rate and POB at EOC- 12 for the limiting steam generator (SG
2-4) were determined to be 0.47 gpm and 1 42 x 10™, respectively, and are both below the
acceptance criteria of 10.5 gpm and 1 x 102 EOC-12 projections have been previously
provided to the NRC in Table 5 of Reference 25. The projections provided in Reference 25
used an estimated Cycle 12 operating interval of 1.54 EFPY and also used the Extreme
Growth methodology as described in Reference 22. Since the NRC has not approved the
Extreme Growth methodology and the actual Cycle 12 operating interval was 1.52 EFPY, the
EOC-12 projections have been recalculated without the Extreme Growth methodology and
with a cycle length of 1.52 EFPY, and.with and without the SG 2-4 R44C45 11 volVEFPY
extreme growth rate in cycle 11. -As shown in Section 6, the POB, leak rate, and number of
indications were over predicted in all cases for EOC-12.
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3.0 EOC-12 Inspection Results and Voltage Growth Rates
3.1 EOC-12 Inspection Results

The DCPP 2R12 bobbin coil inspection consisted of a 100% full-length bobbin coil
examination of in-service tubes in all four steam generators except for Rows 1 and 2 U-bends
which were inspected with Plus Point. 0.720" replaceable feet bobbin probes were used for
the straight length examinations. All in-service TSP intersections were inspected with a
0.720" bobbin probe. :

Special interest Plus-point examinations were conducted as follows in support of the voltage-
based ARC, and in accordance with the Degradation Assessment (Ref. 9) and Surveillance
Test Procedure STP M-SGTI (Ref. 12).

100% of DOS 2 1.7 volts

100% of DOS in dented intersections

100% of DIS (distorted 1D support signal at dented intersection)

100% of hot leg SPR (Support Plate Residual) 2 2.3 volts; minimum of five largest
hot leg SPRs in each steam generator

100% of prior cycle AONDB indications

100% of cold leg DOS - .o

Dented TSP examinations

Other Special Interest or test programs that may test TSP intersections

Based upon the bobbin inspection of all steam generators, a total of 2102 DOS indications
were identified. The results of the inspections are summarized as follows:

1) Voltage Dependent Growth was evident in SGs 2-1 and 2-4. lIts effect was mlnlmal in SGs
2-2 and 2-3.

2) 10 DOS indications were greater than the lower repalr limit (LRL-2.0 volts). Each of the
indications were confirmed as ODSCC, required repalr by plugging, and were distributed
as follows: 5in SG 2-1, 1in SG 2-2, 0in SG 2-3 and 4 in SG 2-4. Table 3-1 lists the DOS
indications that were above the LRL (2.0 volts).

3) No indications were identified that exceeded the upper repair limit of 5.51 volts.

4) No less than or equal to 2.0 volt bobbin indications exceeded the 1.9 volt Plus Point
threshold for preventive plugging, although several less than or equal to 2.0 volt bobbin
indications were preventively plugged as a precautionary measure, as discussed later.

5) 59 indications were identified as AONDB (axial ODSCC not detected by bobbin). Table 3-
2 lists the indications that were identified as AONDB. These are Plus-Point indications of
axial ODSCC that have no signal present in the bobbin coil data (no DOS signal). These
locations are typically smaller voltage ODSCC, by Plus Point, and can be accompanied by
a dent that masks the bobbin voltage. Per Reference 8, a methodology has been
developed to assign a bobbin voltage based on a correlation to the Plus-Point voltage.
Once the calculated voltages are obtained per Reference 17, the locations are subjected
to exclusion criteria defined in Reference 12.
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6) Overall, 39 DOS/AONDB indications were repaired during 2R12. The breakdown is: 8 in
SG 2-1, 10 in SG 2-2, 1 in SG 2-3, and 20 in SG 2-4. This population was used in
computing the BOC-13 distributions for the OA calculations.

The average voltage was 0.61 volts, including AONDB indications. The 2R11 average was
0.68 volts. The main reason for the decrease in the average volts is the preventative plugging
(down to 1.2 volts) that was performed during 2R11. The average voltage for new DOS
indications, excluding prior AONDB indications, was 0.40v. The majority of the largest
voltages were detected in SGs 2-1 and 2-4. SG 2-4 had the highest overall average voltage
of 0.68 volts. Table 3-3 summarizes the voltage distributions for the as-found condition of the
indications, the repaired indications, indications returned to service that were either confirmed
by Plus-point or not inspected with Plus-point, and the total indications returned to service.
Ten confirmed DOS had to be repaired because they exceeded the 2-volt repair limit. The
main reasons for repair of the other 29 DOS included DOS < 2.0v (preventively, as discussed
below), the wedge exclusion criterion, combined ID/OD degradation at the same mtersectnon
or other pluggable tube degradation.

NEI letter to NRC dated April 13, 2004, provided guidelines for preventive tube repair of less
than or equal to 2.0 volt bobbin indications to reduce the potential for finding large voltage
growth rates for indications left in service. PG&E committed to implement the guideline by
performing Plus Point inspection of 100% of greater than 1.7 volt bobbin indications, and to
repair any Plus:Point confirmed ODSCC with a Plus Point amplitude greater than 1.9:volts, as .
this could be near throughwall and potentially result in a large voltage growth rate in-the next
cycle. (Note: This NEI report guideline has been subsequently incorporated into Addendum
6 of the EPRI ODSCC Database, with a more conservative recommendation to Plus Point
inspect 100% of greater than 1.7 volt bobbin indications, consistent with PG&E’s commitment,

instead of performing a 20% sample) 20 greater than 1.7 volt bobbin indications were
therefore Plus Point inspected in 2R12 (that would not have been inspected otherwise) to
meet this commitment. All of the indications were confirmed as ODSCC, and all Pius Point
amplitudes were less than 1.9 volts, so none required preventive plugging.per the guideline.

Nonetheless, as an additional precautionary measure, the Plus Point and bobbin voltages
were reviewed for all confirmed ODSCC with less than or equal to 2 volt DOS, see Figures 3-
42 to 3-45. Based on review of these figures, 10 less than 2 volt DOS indications with Plus
Point amplitudes greater than about 1.4 volts (2 in SG 2-1, 2 in SG 2-2, and 6 in SG 2-4) were
preventively plugged, thereby removing from service all tubes with ODSCC Plus Point
amplitudes exceeding about 1.4 volts. A seventh indication in SG 2-4 in this category was
already required to be plugged due to its location in the wedge exclusion region. Since some
intersections contained more than one axial ODSCC indication, the figures noted above
indicate that more than 10 Plus Point ODSCC indications were preventively plugged. The 10
indications with Plus Point amplitudes greater than about 1.4 volts were also depth profiled
using phase angle analysis, and the profiles were adjusted using the Plus Point amplitude
sizing correlation in Figure 8-23 of Addendum 6 of the EPRI ODSCC Database. The-
maximum depths of the adjusted profiles of these indications ranged from about 89% to 93%
throughwall. Therefore, it is concluded that the preventive plugging program removed all
confirmed ODSCC indications from service with a Plus Point amplitude greater than about 1.4
volts (and associated maximum depths in excess of about 83%), which is more conservative
than PG&E’s commitment to the NRC.
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Based on preventive plugging of all greater than 1.2 volt DOS in 2R11, the largest Plus Point
amplitude found in 2R12 was 2.37 volts and the largest bobbin voltage growth rate was 1.43
VvIEFPY, therefore validating the basis that preventive plugging will significantly reduce the
potential for large growth rates.

The Plus Point inspections required for DOS indications were accomplished as a part of the
special interest exams. 330 Plus-point inspections were performed where DOS indications
were called by bobbin, excluding the AONDB intersections. Of these inspections, 237 were
confirmed yielding an overall confirmation rate of about 72%.

The 2R12 Plus Point TSP inspection scope also included intersections with signals that could
potentially mask or cause a flaw to be missed or misread. These inspections included dented
intersections based on the criteria in the degradation assessment (Ref. 9) and hot leg
intersections with support plate residuals (SPR) 2 2.3 volts. Per GL 95-05, a large mixed
residual is one that could cause a 1.0 volt bobbin signal to be missed or misread. In
Reference 9, DCPP determined that a 2.3 volt SPR is the threshold that could potentially
mask bobbin indications 2 1.0 volt. Per the inspection requirements specified in References 9
and 12, all hot leg intersections with SPRs with voltages 2 2.3 volts were inspected with Plus
Point. In addition, References 9 and 12 require that, if there are less than five hot leg SPRs 2
2.3 volts in a given steam generator, the five largest hot leg SPRs in that steam generator be-
inspected with Plus Point. A total of 10 hot leg SPRs 2 2.3 volts were identified. Since none
- +0f the steam generators contained five SPRs 2 2.3 volts, a minimum of the five largest SPRs
- -were inspected in each steam generator. A total of 24 SPRs were inspected with Plus Point.
No confirmed ODSCC indications were detected from these Plus Point inspections. ‘

To augment the mixed residual -inspection program, PG&E proactively :implemented the
recommendation in report “Noise Requirements for Voltage-Based ARC”, transmitted in NEI
letter to NRC dated April 13, 2004 (Ref. 10, but also later incorporated into EPRI ODSCC
Database Addendum 6). Section 4 of the report provides a recommendation for performing a .
minimum of 100 (up to 200) hot leg TSP noise measurements per SG (prior or current outage
data) and recommends rotating coil inspection of a minimum of 25 intersections exceeding the
noise threshold value or the 25 TSP intersections with the highest noise levels. The noise
threshold value is calculated using the DCPP POPCD curve that indicates a 0.86 POD
assuming a 1.0 volt repair limit at noisy TSP intersections, which in turn correlates to a signal
to noise (S/N) value of 1.6 by applying Figure 6 of the NEI report. Therefore 1.0/1.6 is 0.63
volts, or the DCPP specific noise threshold. To implement this recommendation, PG&E
performed noise measurements (peak to peak) of the prior outage bobbin data for about 1000
non-dented, non-flawed hot leg intersections (250 per SG), biased to the lower TSP
elevations. Only nineteen of the noise measurements exceeded 0.63 volts and were
inspected along with an additional 6 TSPs for a total of 25. 24 of these inspections were NDD
by Plus Point. One TSP had two AONDB indications detected in this inspection (SG 2-4
R14C7 2H), with an inferred bobbin voltage of 0.70 volts (see Table 3-2), and the intersection
was determined to have a small 0.73 volt dent. The indication was returned to service under
voltage based ARC, and no further sample inspections were performed based on the NEI
report.



86-5059194-00
Page 13 of 114

Figures 3-1 and 3-2 show the as-found voltage distribution (including AONDB) for all
indications detected during-the 2R12 inspection. Figures 3-3 and 3-4 show the indications
removed from service at 2R12. Figures 3-5 and 3-6 illustrate the indications returned to
service that were confirmed as axial ODSCC or were not inspected with RPC. Figures 3-7
and 3-8 illustrate all of the indications returned to service following the 2R12 ECT inspection.
Table 3-1 shows all of the indications greater than the 2.0-volt lower repair limit. As previously
stated, all of these indications were confirmed as axial ODSCC and were removed from
service by plugging.

Of the intersections containing DOS/AONDB indications that were returned to service, 241
contained confirmed axial ODSCC at dented intersections. 224 of these intersections
contained dents <2.0v, 16 of these intersections contained dents between 2 and 5 volts , and
one intersection contained >5 volt dent and was therefore plugged. Of these indications, the
largest bobbin voltage was 1.94v. This indication had six axial ODSCC indications with a
maximum Plus Point voltage of 0.49v. The largest Plus Point voltage from this populatlon was
1.36v with a corresponding bobbin voltage of 1.60v.

The DOS voltage distribution as a function of TSP elevation is provided in Table 3-5. Table 3-
5 and Figure 3-9 show that the ODSCC mechanism is most active at the lower hot leg TSPs
and the number of indications tends to decrease as a function of higher TSP elevations. This
distribution shows the temperature dependence of ODSCC.

HECE » i ey

Table 3-5 also includes a small number of cold leg DOS |nd|cat|ons that were NDD by Plus
Point based on the 100% Plus Point inspection of cold leg DOS performed in 2R12. 100% of
cold leg DOS were Plus Point inspected to validate the cold leg thinning reglon [Note:
100% Plus Point inspection of cold leg DOS inspections is not conducted, as is normally the
practice, potential cold leg ODSCC indications are distinguished from cold leg thinning
indications by requiring that bobbin indications in the region of occurrence for cold leg thinning
be Plus Point inspected (and confirmed as volumetric indications by Plus-Point) at the first
occurrence of the bobbin indication). No cold leg ODSCC has been confirmed by Plus Point
to date at DCPP-2. Non-confirmed bobbin DOS indications in the cold leg are retained in the
ODSCC ARC calculations.
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3.2 Voltage Growth Rates

For projection of leak rates and tube burst probabilities at the EOC-13 operation, voltage
growth rates were developed from the 2R11 and 2R12 inspection data. Cycle 12 was 1.52
EFPY in length per Reference 12. For repeat indications reported as DOS in both 2R11 and
2R12, growth rates were determined based on comparison of the voltages called in 2R11 and
2R12. For indications not reported during the 2R11 inspection (i.e. new at 2R12), the
indications were sized using the 2R11 ECT signals based on a lookup review. Lookups were
also performed for all of the 2R12 DOS locations that were previously reported as DIS. In
some of these cases, an OD component could not be found in the 2R11 bobbin lookup
results, and these intersections were excluded from the growth distributions.

As discussed in Section 3.2.1 below, the Cycle 12 growth rates for each SG were less than
Cycle 11 growth rates. As mentioned above, repeat indication growth rates are determined
based on comparison of the voltages called in the current and prior cycle (without lookup of
prior cycle data). To validate this process and to investigate if potential analyst
variability/sensitivity in 2R11 could have contributed to a growth rate reduction, the 2R11 and
2R12 bobbin data for all repeat indications were re-reviewed by two analysts. Minor changes
were noted in some of the voltages, but were within the expected tolerance of the bobbin
voltage analyst uncertainty distribution. The resultant Cycle 12 growth distributions were
unaffected when compared with the growth distributions using.the.as-found 2R11 voltages
and .no changes were discernible. Therefore, the repeat indications’ voltages as reported in
2R11 were used in the analysis in the following sections that assess limiting growth
distributions, and potential analyst variability was not a factor in the Cycle 12 growth rate
reduction.

There were 615 newly reported DOS indications in 2R12. This value excludes those
intersections which had DIS indications reported in 2R11. 509 of these new indications were
detected during the 2R11 lookup and were assigned a 2R11 voltage and subsequently
included in the growth distributions. There were 106 new DOS indications that were not
detected during the 2R11 lookup and were, therefore, not included in the growth rate
analyses. The largest of these indications was 1.04v in SG 2-1 R36C71 2H. The upper 95%
growth rates of all new and repeat indications were 0.23 and 0.39 V/EFPY, respectively. The
average growth rates for new and repeat indications excluding prior AONDB were 0.08 and
0.12 v/IEFPY, respectively. - These data indicate that the new indications are growing at a
slower rate than the previously detected indications, which is consistent with prior inspection
results at DCPP.

Table 3-4 provides a summary of indications with the largest growth during Cycle 12. Table 3-
5 provides the maximum and average voltage growth distribution by TSP. Table 3-6 provides
the average BOC voltage, average growth rate data and average percent growth for the last
five cycles at DCPP-2. Figure 3-13 depicts this information graphically.

Table 3-7 shows the voltage independent growth distributions for each SG, the composite
distribution for all four SGs, and the cumulative probability distribution function for each
distribution. Figures 3-10 and 3-11 show the voltage growth distributions depicted in bar
charts.
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Reviewing the Table 3-5 average and maximum voltage growth for all indications for each SG
as well as the number of new indications in each SG shows that the ODSCC mechanism is
most active in SG 2-4. This phenomenon of a leading SG in plants affected by ODSCC is
common in the industry. Reviewing Table 3-6 and Figures 3-10 and 3-11 also supports this
conclusion.

3.2.1 Selection of Limiting Growth Distribution for Each Steam Generator

In June 2004, PG&E received a set of RAls from the NRC on their submittal for a
permanent POPCD approval. The responses to these RAls were provided in
Reference 25. In response to one of the questions, PG&E prepared a guideline for
determining the appropriate growth distribution to use for the operational assessments.
This guideline was used for the determination of the growth rates used for the EOC-13
projections provided in this document. This guideline either meets, or is more
conservative than the guidance provided in References 2 and 6 and Enclosure 3 of
Reference 24.

The first step in determining the most conservative growth distribution for each steam
generator is to compare the SG-specific and the composite growth distributions for
each of the last two cycles. In accordance with Reference 28, the large growth from
Unit 2 Cycle 11 (11.89 v/EFPY) was excluded from the growth assessments since no
growth rates greater than 8 V/EFPY were observed during Cycle 12. These
comparisons are initially done without considering the impact of voltage dependent
growth. In order to determine which growth distribution to use for each steam
generator, four different growth curves must be compared (SG-specific for Cycle 11,
SG-specific for Cycle 12, composite for Cycle 11, and composite for Cycle 12). In
order to provide a fair comparison between Cycle 11 and Cycle 12, the Cycle 12 growth
data was supplemented with Cycle 11 data for those indications which were >1.2v at
BOC-11. This was done because all indications >1.2v were plugged during 2R11.
Without this adjustment, the results would have been heavily skewed toward Cycle 11
being bounding due to the voltage-dependent growth effects.

Figures 3-19 through 3-22 provide these comparisons for each steam generator.
Figures 3-20 and 3-21 show that the Cycle 11 composite curve is bounding for SGs 2-2
and 2-3. From Figure 3-19, it appears that the Cycle 11 composite curve is bounding
for SG 2-1. However, the Cycle 11 SG-specific curve for SG 2-1 is bounding above 2
volts per EFPY. For this case, sensitivity calculations were performed as discussed in
Section 3.2.5 to determine which growth curve is bounding. Figure 3-22 appears to
show that the Cycle 11 SG-specific curve is bounding for SG 2-4. However, following
the voltage-dependent growth analyses, it was unclear if the Cycle 11 specific or
composite growth curve was bounding for SG 2-4. Therefore, sensitivity calculations
were also performed for SG 2-4 to determine which growth curve was bounding.
These sensitivity calculations are also discussed in Section 3.2.5.
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3.2.2 Voltage-Dependent Growth Analyses for Cycle 12

Even though the Cycle 11 growth rates were determined to be bounding, the voltage-
dependent growth analyses for the Cycle 12 data are documented in this report for
future reference. For Cycle 12, growth rates were plotted against the BOC voltage for
all steam generators. Their data are shown in Figures 3-14 through 3-18. As
demonstrated by the figures, a positive slope exists in all SGs. The slope is minimal
(near 0.1) in SGs 2-2 and 2-3. A slope of 0.1 was included in Reference 25 as the
point at which voltage-dependent growth should be considered in the operational
assessment. The slope of the curve for SG 2-3 is slightly below this value. However,
these curves include only indications that were <1.2v at BOC-12 since all indications
>1.2v were plugged at 2R11. The fact that there are no data points >1.2v is likely
lowering the slope because the indications with the highest likelihood of experiencing
higher growth rates were removed from service during 2R11. In addition, a review of
similar figures for Cycle 11 show slopes significantly greater than 0.1 for SGs 2-2 -and

- 2-3. For these reasons, it is considered prudent to consider voltage-dependent growth
to be active in all four steam generators.

Voltage-dependent growth is not a new concept, and has been documented by the
European steam generators affected by ODSCC. Because of their higher repair limits,
their data encompasses a much broader and higher.range of data than at DCPP and
the US plants and provides significant basis for the VDG approach.

A significant amount of analysis and evaluation was performed following the 2R11
inspection on voltage growth for ODSCC at TSPs. The evaluations primarily involved
statistical breakpoint analysis to determine where the data suggests a change in the
~ slope of the regression curve that defines the growth data. These efforts led to the
development of a guidelines document for determining the breakpoints. This document
was transmitted to the NRC via Enclosure 3 of Reference 24. These methods were
used to determine breakpoints for the Cycle 12 growth data. :

Cycle 12 VDG breakpoint analyses were performed for each steam generator and for a
composite growth distribution (including all steam generators). Since all DOS
indications greater than 1.2 volts were plugged in 2R11, there are no Cycle 12
indications in the 1.2v-2.0v range. Therefore, as discussed previously, the Cycle 12
growth data was supplemented with Cycle 11 data for those indications that were
greater than 1.2 volts at BOC-11.

Figures 3-23 through 3-27 show the scatter charts and the resulting breakpoints for all
of these analyses. The analyses for SGs 2-1, 2-2, and 2-3 each yielded one breakpoint
at 1.12v, 1.00v, and 0.96v, respectively. The SG 2-4 analysis yielded two breakpoints
at 0.47v and 1.038v. The composite analysis yielded two breakpoints at 1.10v and
1.71v.
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Voltage-Dependent Growth Analyses for Cycle 11

As discussed in Section 3.2.1, the Cycle 11 growth rates were determined to bound the
Cycle 12 growth rates, and the extreme 11 volt/EFPY Cycle 11 growth rate can be
excluded from Cycle 13 projections. This section provides the VDG breakpoint
analyses for the growth curves used in the Monte Carlo analyses. These Cycle 11
growth curves include SG-specific curves for SGs 2-1 and 2-4, and the composite
curve which was used for SGs 2-2 and 2-3. Figures 3-28 through 3-30 provide the
results of the breakpoint analyses for these three data sets. As shown in the figures,
SG 2-1 yielded one breakpoint at 1.06v. Both SG 2-4 and the composite data set
yielded two breakpoints of 0.59v and 1.66v. These breakpoint values are the same as

- those determined in the prior cycle 90 day report, and used in the Section 6 benchmark

assessment.

Delta Volts Adjustment

Another part of the growth guideline provided in Reference 25 involves implementation
of a “delta volts adjustment” when implementing POPCD. The purpose of this
adjustment is to account for the possibility that the growth rates may increase over the
next operating cycle. The-amount of this adjustment is determined by comparing -the °

- average growth from Cycle 12 to the average growth from Cycle 11 foreach voltage -

bin. Tables 3-8 and 3-9 provide the required adjustments based on the Cycle 12 and

- Cycle 11 breakpoints, respectively. Per the Reference 25 guideline, if the Cycle 12

3.2.5

data has a higher average growth rate than the Cycle 11 data, then the difference
between the average growth rates should be added to each growth rate value in the
distribution being used prior to binning the data. If the Cycle 12 growth rates for SGs 2-

-1 and 2-2 were being used for the Monte Carlo analyses, which is not the case, small

adjustments would have been required in Bins 1 and 2 based on Table 3-8. Table 3-9 -
shows the average growth rates and required adjustments for SG 2-1, SG 2-4, and the
composite distributions because these are the bounding Cycle 11 growth curves that
were used for these analyses. As shown in Table 3-9, only Bin 1 in SG 2-1 requires an
adjustment.

Sensitivity Studies and Growth Summary

As discussed in Section 3.2.1, the Cycle 11 composite growth curves should be used
for SGs 2-2 and 2-3. For SG 2-1, however, it is not readily apparent from examining -
Figure 3-19 if the Cycle 11 composite or the Cycle 11 SG-specific growth is bounding.
Therefore, probability of burst and leak rate calculations were performed using each
curve (after the VDG breakpoint analyses and the delta volts adjustment) to determine
the more conservative growth rate. These calculations showed that the Cycle 11 SG 2-
1 growth curve was more conservative.

For SG 24, it was not clear after the VDG analyses which growth curve was bounding.
A comparison of Figures 3-37 and 3-38 shows that the Bin 2 curve is more
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conservative for the SG-specific Cycle 11 data, but the Bin 3 curve is more
conservative for the composite Cycle 11 data. In addition to the question over the
Cycle 11 growth curves, the supplemented Cycle 12 growth curve for SG 2-4 yielded
an upper breakpoint of 1.038v. This is much lower than the 1.66 volt breakpoint for
either the SG 2-4 Cycle 11 or the composite Cycle 11 curves. A lower breakpoint
means that more indications are having growth rates applied from the upper bin. Even
though the average growth in the upper bin for the Composite Cycle 12 curve is lower,
it was believed that this Cycle 12 curve could be more conservative since it would be
applied to more indications. Therefore, leak rate and probability of burst calculations
were performed using the SG 2-4 Cycle 11 growth curves, the composite Cycle 11
growth curves, and the supplemented SG 2-4 Cycle 12 growth curves. For both leak
rate and probability of burst, the SG 2-4 Cycle 11 growth curves gave the most
conservative results.

Tables 3-10 through 3-14 show the supplemented Cycle 12 growth distributions for
each steam generator as well as the composite growth distributions. These growth
distributions were not used in the EOC-13 projections and are provided for information
only. Tables 3-10 and 3-11 for SGs 2-1 and 2-2 respectively, reflect the delta volts
adjusted growth rates as discussed in Section 3.2.4. No delta volts adjustments were
required for the other growth curves. These results are shown graphically in Figures 3-
31 through 3-35.

. - Tables 3-15 through 3-17 show the Cycle 11 growth distributions that were used in the
Monte Carlo analyses for SG 2-1, SG 2-4 and SGs 2-2/2-3, respectively. Table 3-15
for SG 2-1 reflects a +0.002v adjustment applied to Bin 1. The composite' growth
distributions shown in Table 3-17 were used for both the SG 2-2 and the SG 2-3 Monte
Carlo analyses. These curves are shown graphically in Figures 3-36 through 3-38. As
required by Generic Letter 95-05, the negative.growth values were included as zero
growth rates in the ARC calculations.

3.3 Voltage Distributions Used for Monte Carlo Analyses

Now that the breakpoints for the growth bins have been defined, the voltage distributions to be
used in the Monte Carlo simulations can be defined. Tables 3-18 and 3-19 show the voltage
distributions used for the Monte Carlo analyses. As shown in the tables, additional voltage
bins are inserted at the value of the VDG breakpoints: an additional voltage bin at 1.06v was
inserted into the SG 2-1 voltage distribution and additional voltage bins at 0.59v and 1.66v
were inserted into the voltage distributions for SGs 2-2, 2-3, and 2-4. Adding these additional
voltage bins forces the Monte Carlo simulation codes to apply each growth bin to the correct
number of indications. As a result, these voltage distributions are slightly different than the
distributions shown in Table 3-3.
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3.4 Probe Wear Criteria

In order to maintain consistent detection and sizing capabilities throughout the inspection,
probe wear is monitored by following the requirements of Reference 15. The first NRC
requirement regarding probe wear is to minimize the potential for tubes to be inspected with a
probe that had failed the probe wear check. This was accomplished by implementing the
bobbin Examination Technique Specification Sheet (ETSS) #1 (Ref. 11), which required the
probe have its feet replaced when failing the probe wear check, or in the case of non-
changeable feet probes, the probe discarded. Review of the probe wear log sheets and the
eddy current test results indicate that no tubes were inspected with a probe known to have
failed the probe wear check.

If the DOS voltage is at or above the retest threshold (1.5 volts or higher) and the cal is
designated as "ARC Out" on the cal board, the indication code is changed from a DOS to a
RSS (retest support plate signal) indicating that a retest is required with a new probe. No new
indications were detected in the tubes when retested with the new probe.

The 2R12 eddy current inspection resulted in 25 bobbin indications in excess of 1.5 volts that
- were inspected with a worn probe. These indications are shown in Table 3-20. Figure 3-39

shows a comparison of the worn probe and good probe voltages. The final acceptable DOS
«: « voltage values compare reasonably well with the RSS voltages in all cases except .one.

1+ R25C47-in SG.2-4 had an RSS voltage of 2.19v with a DOS .voltage of ;1.46v. Since the
voltage with the worn probe was overestimated relative to the voltage with the good probe,
this discrepancy is not a concern. The average change between the DOS and RSS voltage
was -1.1% with the maximum increase in voltage being +13.9%. Therefore, continued use of
the 1.5-volt retest threshold is justified (Ref. 13). :

The next requirement involves monitoring tubes that contain new DOS indications that were
inspected with probes that failed the wear check in the previous outage. This evaluation is
intended to look for "new" large indications or a non-proportionately large percentage of "new"
indications in tubes that failed the check in the previous outage. Table 3-21 shows the new
2R12 DOS indications that were 20.5 volts and were inspected on cal groups that failed the
probe wear check in 2R11. As shown in Table 3-21, there are no newly reported DOS
indications greater than 1 volt in tubes that were inspected with worn probes in 2R11.

Overall, there were 2102 DOS indications detected in the 2R12 inspection. 615 (or ~29%) of
the DOS indications were new indications. In order to assess the number of new indications
against the probe wear requirements, Table 3-22 and 3-23 are presented. Of the 615 total
new indications, 137 (~22%) were in tubes inspected with a worn probe in 2R11 and 478 were
in tubes inspected with a good probe in 2R11. Additionally, the number of new indications >
0.5 volts was determined to be 133. Out of these, about 18% were in tubes that were
inspected with a worn probe in 2R11.

Table 3-23 shows the ratio of the number of 2R11 examinations performed with worn probes
versus good probes. The total number of examinations shown in this table is greater than the
number of tubes in service because several tubes have multiple examinations. This table
shows that approximately 29% of the tubes were inspected with a worn probe in 2R11. This
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percentage compares reasonably well with the percentages of new DOSs inspected with worn
probes in 2R11 (about 22%) and new > 0.5 volt DOSs inspected with worn probes in 2R11
(about 18%). This demonstrates that the number of new indications is not biased towards the
tubes that were inspected with worn probes in 2R11.

In summary, the NRC analysis requirements regarding probe wear monitoring were met
during the 2R12 bobbin coil inspection and a more stringent wear tolerance is not required at
DCPP.

Upper Voltage Repair Limit

Per Generic Letter 95-05, the upper repair limit must be calculated prior to each outage. The
more conservative of the plant-specific average growth rate per EFPY or 30 percent per EFPY
should be used as the anticipated growth rate input for this calculation. Since the average
growth rate for Cycle 11 was 38.7% (Ref. 7 and Table 3-6), the actual Cycle 11 average
growth was used for the upper repair limit calculation. The structural limit used for this
calculation was taken from Reference 27 and is based on the Addendum 5 database
supplemented with the tube pull results from 2R11. Based on the following formula, the upper
repair limit was calculated to be 5.51v.

" i’um. = Vst R * -
%Vioe %Veo
1+ +
100 100
where: VurL = upper voltage repair limit,

Vioe = NDE voltage measurement uncertainty = 20%,

Vee = voltage growth anticipated between inspections = 38.7%/EFPY x 1.33 EFPY = 51.5%,

Vs = voltage structural limit from the burst pressure — Bobbin voltage correlation, where the
limit of 9.45 volts was used based on Reference 7.

NDE Uncertainty Distributions

NDE uncertainties must be taken into account when projecting the end-of-cycle voltages for
the next operating cycle. The NDE uncertainties used in the calculations of the EOC-13
voltages are described in Reference 6. The acquisition uncertainty was sampled from a
normal distribution with a mean of zero, a standard deviation of 7%, and a cutoff limit of 15%
based on the use of the probe wear standard. The analyst uncertainty was sampled from a
normal distribution with a mean of zero, a standard deviation of 10.3%, and no cutoff limit.
These uncertainty distributions are shown in Table 3-24 and Figure 3-40.
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3.7 Plus Point to Bobbin Voltage Correlation

In Reference 28, PG&E committed to providing an assessment in each 90-day report to
ensure that the bobbin voltages assigned to AONDB indications continue to be conservative.
That is, for those prior cycle AONDB indications that become detectable by bobbin (DOS), this
assessment was to include a review of the current cycle bobbin voltages against the expected
bobbin voltages assuming that all of these indications grew at the average growth rate for the
DOS population.

In 2R12, none of the three 2R11 returned to service AONDB indications were detected with
bobbin and were reported as AONDB again. Therefore, an assessment is not required to be
performed.

As a prudent measure, the bobbin to Plus Point voltage correlation continues to be assessed
by comparing the inferred bobbin voltages against the measured bobbin voltages for all of the
intersections that had both bobbin DOS indications and Plus Point indications of axial
ODSCC. The 2R12 Plus Point indications were assigned bobbin voltages based on the
following equation from Reference 17.

Veumsnoosucy =Vipr *1.0161+0.2835 + Jo 00024 +0.0011(V, . — 0 45)

For cases where more than one Plus Point md|cat|on was reported at the same intersection,
each indication was assigned an inferred voltage. These multiple voltages were then
combined via the square root of the sum of the squares method (SRSS) to obtain a single
inferred bobbin voltage for those intersections.

These inferred bobbin voltages were then compared to the measured bobbin voltages to
ensure that the inferred voltages are generally conservative relative to the measured bobbin
voltages. There were a total of 235 intersections with DOS indications that were confirmed as
containing axial ODSCC with Plus Point. In 148 of these 235 cases (about 63%), the inferred
voltage was over predicted relative to the measured bobbin voltage. The average difference
between the inferred voltages and the measured voltages was a 0.026v over-prediction.

In 2R12, the largest inferred voltage for an AONDB indication was 0.842v. Since the Plus
Point to bobbin voltage correlation was only used for intersections with inferred voltages less
than 0.842v, this is the voltage range of interest for this comparison. When only the inferred
voltages less than 0.842v are considered, 89 of 138 (about 64%) inferred voltages were over
predicted relative to the measured voltage. The average difference between the inferred
voltages and the measured bobbin voltages for this population was a 0.034v over-prediction.

Figure 7-41 shows this comparison graphically. This figure shows the ‘inferred voltages
plotted against the measured bobbin voltages. The linear regression fit shows that, in the
region of interest (<0.842 inferred volts), the voltage is generally over predicted. Based on the
facts that about 64% of the voltages are over predicted and the average difference in voltages
is a 0.034v over-prediction in the range of interest, the Plus Point to bobbin voltage correlation
is shown to provide generally conservative results.
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Table 3-1: 2R12 DOS lndications > 2.0 Volts

SG Row Col Ind Elev Volts
SG 21 38 46 DOS 2H 2.38
SG 21 3 47 DOS 1H 2.14
SG 21 6 85 DOS 2H 2.11
SG 21 25 42 DOS 1H 2.1
SG 241 17 45 DOS 1H 2.02
SG 22 29 70 DOS 2H 2.03
sG24 2 65 DOS 2H 2.87
SG 24 33 50 DOS 2H 2.62
SG 24 27 43 DOS 2H 243
SG 24 14 41 DOS 2H 2.09
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Inferred Bobbin Volta
SG | Row | Col | Elev vgﬁ;‘; . \';claliltsagpttz ®
Indication | Intersection

SG 2-1 2 47 | 2H 0.81 0.21 0.514 0.514
SG 2-1 22 | 58 | 2H 1 0.40 0.706 0.706
SG 2-1 44 | 55 | 1H 0.91 0.09 0.395 0.395
SG 2-1 44 | 57 | 2H 0.55 0.11 0.414 0.414
SG2-2 8 13 | 1H 2.91 0.22 0.524 0.524
SG 2-2 8 30 | 1H 2.47 0.24 0.544 0.544
SG 2-2 11 12 | 1H 7.7 0.21 0.514 0.514
SG 2-2 13 } 22 | 1H 3.92 0.16 0.464 0.464
SG 2-2 14 | 42 | 1H 3 0.23 0.534 0.534
SG2-2 17 | 42 | 1H 3.69 0.29 0.595 0.595
SG 2-2 19 1 75 | 1H 0.87 0.19 0.494 0.494
SG2-2 | 22 | 28| 2H 2,71 0.21 0.514 0.514
SG22 | 22 | 62 { 1H 0.93 0.14 0.444 0.444
SG2-2 | 24 | 40 | 2H 1.11 0.16 0.464 0.464
SG2-2 | 25 8 1H 4.16 0.24 0.544 0.544
SG22 | 25 | 46 | 2H 1.19 0.26 0.564 0.564
§G2-2 | 26 |17 | 3H| 047. |. 0.18 0.484 0.484
§G2-2 | 31 | 22 | 2H 1.49 0.30 . 0.605 0.605
8§G22 | 37 | 46 | 2H 1.18 0.30 0.605 0.605
SG22 | 45 1 39 | 2H 1.14 0.44 0.746 0.746
SG 2-3 5 66 | 3H 1.53 0.19 0.494 0.494
SG 2-3 6 76 | 2H 0.68 0.08 0.385 0.385
SG 2-3 13 [ 68 | 1H 0.58 0.20 0.504 0.504
SG 2-3 16 | 32 | 1H 0.62 0.09 0.395 0.395
SG 2-3 18 [ 63 | 2H 1.11 0.21 0.514 0.514
SG2-3 | 22 |10 | 1H 0.52 0.14 0.444 0.444
SG2-3 | 24 |45 | 1H 0.56 0.09 0.395 0.395
SG2-3 | 29 | 61| 1H 1.14 0.29 0.595
SG2-3 | 29 | 61} 1H 1.14 0.16 0.464 0.842
SG2-3 | 20 |61 | 1H 1.14 0.07 0.375
SG2-3 | 29 | 66 | 2H 0.81 0.13 0.434 0.434
SG2-3 | 33 | 35 | 2H 0.96 0.09 0.395 0.395
SG2-3 | 33 | 57 | 2H 0.73 0.17 0.474 0.636
SG2-3 | 33 | 57 | 2H 0.73 0.12 0.424 ’
SG2-3 | 37 {19 | 1H 1.21 0.36 0.665 0.665
SG2-3 | 37 |61 | 1H NA 0.14 0.444 0.444 -
SG 2-4 2 21 | 3H 2.77 0.20 0.504 0.504
SG 2-4 2 36 | 2H 0.86 0.18 0.484 0.484
SG 2-4 5 27 | 1H 1.01 0.14 0.444 0.444
SG 2-4 5 67 | 2H 0.91 0.15 0.454 0.454
SG 24 7 65 | 3H 0.47 0.28 0.584 0.584
SG 24 8 41 | 1H 0.76 0.22 0.524 0.524
SG 24 10 | 29 | 3H 2.2 0.12 0.424 0.424
SG 24 10 | 77 | 3H 0.66 0.14 0.444 0.601
SG 24 10 | 77 | 3H 0.66 0.10 0.404 )
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Table 3-2: 2R12 AONDB Indications
Inferred Bobbin Voltage
SG | Row | Col | Elev vgl‘t’:;e \';")‘,‘;:; g
Indication Intersection

SG 24 10 | 84 | 2H 1.23 0.22 0.524 0.687
SG 24 10 | 84 | 2H 1.23 0.14 0.444

SG 24 13 | 77 | 4H 0.37 0.14 0.444 0.444
SG 24 14 7 | 2H 0.73 0.26 0.564 0.700
SG 24 14 7 | 2H 0.73 0.11 0.414 )

SG 24 16 | 36 | 1H 0.8 0.25 0.554 0.704
SG 24 16 | 36 | 1H 0.8 0.13 0.434 )

SG 24 19 | 82 | 2H 1.14 0.13 0.434 0.600
SG 24 19 | 82 | 2H 1.14 0.11 0.414 ’
SG24 | 20 | 78 | 4H 0.35 0.21 0.514 0.514
SG24 | 22 | 16 | 1H 0.74 0.27 0.574 0.574
SG24 | 22 | 22 | 3H 0.88 0.14 0.444 0.444
SG24 | 24 | 10 | 1H 0.78 0.18 0.484 0.484
SG24 | 25 {27 | 1H 0.84 0.12 0.424 0.424
SG24 | 25 | 66 | 2H 0.46 0.38 0.685 0.685
SG24 | 30 | 3 | 3H 4,08 0.22 0.524 0.524
SG 24 35 | 65| 2H 1.1 0.18 0.484

SG24 [.35 | 65| 2H 1.1 0.14 0.444 0.777
SG 24 35 | 65 | 2H 1.1 0.11 0.414

SG24 | 36 | 28 | 2H 1.08 0.13 0.434 0.594
SG24 | 36 | 28 | 2H 1.08 0.10 0.404 ’
SG24 | 36 | 29 | 1H 1.13 0.26 0.564 0.689
SG24 | 36 | 29| 1H 1.13 0.09 0.395 ’
SG24 | 36 | 33 | 2H 0.94 0.09 0.395 0.395
SG 24 37 | 29 | 2H 0.6 0.22 0.524 0.650
SG24 | 37 | 29 | 2H 0.6 0.08 0.385 )
SG24 | 41 | 61 | 4H 0.8 0.156 0.454 0.454
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Table 3-3: Summary of Inspection and Repair for Tubes Affected by ODSCC at TSPs

SG 241 SG 2-2 SG23
DOSs DOSs DOSs
As- Retumned to Service As- . Retumed to Service As- . Returned to Service
Volt‘age Found Repaired Found Repaired Found Repaired
Bin EOC-12 Tubes | Conf. ODSCC EOC-12 Tubes | Conf.ODSCC Eoom2 Tubes | Conf.ODSCC
orNotinsp | Total or Not Insp Total or Not Insp Total
w/ +Pt w/ +Pt w/ +Pt
0.1 0 0 0 0 0 0 0 0 1 0 1 1
0.2 29 0 28 29 28 1 24 27 17 0 17 17
0.3 74 0 72 74 54 0 46 54 42 0 35 42
0.4 97 0 84 97 70 1 59 69 65 0 61 65
0.5 55 1 52 54 72 2 64 70 35 0 33 35
0.6 54 0 48 54 47 2 43 45 38 1 4 37
0.7 43 0 42 43 31 0 -28 31 20 0 20 20
0.8 33 0 32 33 24 1 20 23 18 0 18 18
0.9 25 0 23 25 23 0 21 23 11 0 11 11
1 14 0 13 14 15 0 15 15 5 0 5 5
1.1 11 0 1 11 5 0 5 5 2 0 2 2
1.2 10 0 10 10 5 0 5 5 5 0 5 5
1.3 2 0 2 2 7 0 7 7 5 0 5 5
1.4 4 0 4 4 4 0 4 4 1 0 1 1
1.5 8 0 8 8 6 0 6 6 5 0 5 5
16 1 0 1 1 1 0 1 1 2 0 2 2
1.7 3 0 3 3 2 0 2 2 0 0 0 0
1.8 2 1 1° 1 1 1 0 0 0 0 0 0
1.9 2 1 1° 1 0 0 0 0 0 0 - 0 0
2 0 0 0 0 1 1 0 0 0 0 0 0
21 2 2 0 0 1 1 0 0 0 0 0 0
22 2 2 0 0 0 0 0 0 0 0 0 0
2.3 0 0 0 0 0 - 0 0 0 0 0 0 0
24 1 1 0 0 0 0 0 0 0 0 0 0
25 0 0 0 0 0 0 0 0 0 0 0 0
2.6 0 0 0 0 0 0 0 0 0 0 0 0
27 0 0 0 0 0 0 0 0 0 0 0 0.
2.8 0 0 0 0 -0 0 0 0 0 0 0 0
29 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0
>3 0 0 0 0 0 0 0 0 0 0 0 0
Total . 472 8 435 464 397 10 350 387 272 1 255 271
>V 48 7 41 - 41 33 3 30 30 20 0 20 20
>2V 5 5 0 0 1 1 0 0 0 0 0 0
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Table 3-3 (cont): Summary of Inspection and Repair for Tubes Affected by ODSCC at TSPs

SG 24 Composite of All SGs
Retumet lo Sen Retumed o &
As- . eturned to Service As- . etumed to Service
vellage | poung | RePaed \cone obsce Found | RePaired = obsce
EOC-12 orNotinsp | Total | EOC-12 orNotinsp | Total
w/ +Pt w/ +Pt
0.1 0 0 0 0 1 0 1 1
0.2 31 0 31 31 105 1 100 104
0.3 104 0 99 104 274 0 252 274
0.4 134 0 128 134 366 1 332 365
0.5 141 3 137 138 303 6 286 297
0.6 127 1 126 126 266 4 251 262
0.7 100 0 100 100 194 0 190 194
0.8 77 2 73 75 152 3 143 149
0.9 66 2 64 64 125 2 119 123
1 56 0 56 56 90 0 89 90
1.1 45 0 45 45 63 0 63 63
12 38 0 38 38 58 0 58 58
13 26 0 26 26 40 0 40 40
14 20 0 20 20 29 0 29 29
1.5 18 0 18 18 37 0 37 37
1.6 5 0 5 5 9 0 9 9
1.7 1 1 10 10 16 1 15 15
1.8 7 2 5 ..-56 -10 4 6 6
1.9 6 3 3 -3 -8 4 4 4
2 4 2 2 2 5 3 2 2
21 1 1 0 0 4 4 0 0
22 0 0 0 0 2 2 0 0
23 0 0 0 0 0 0 0 0
24 0 0 0 0 1 1 0 0
25 1 1 0 0 1 1 0 0
26 0 0 0 0 0 0 0 0
2.7 1 1 0 0 1 1 0 0
28 0 0 0 0 0 0 0 0
29 1 1 0 0 1 1 0 0
3 0 0 0 0 0 0 0 0
>3 0 0 0 0 0 0 0 0
Total 1020 - 20 986 1000 2161 39 2026 2122
>1V 184 12 172 172 285 22 263 263
>2V 4 4 0 0 10 10 0 0
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Table 3-4: Summary of Largest Voltage Growth Rates per EFPY

Prev | Growth! | Plus Pt
SG Row Col Elev | Volts (‘2’;!::) EFPY | Results New?
SG24 2 65 2H 2.87 0.69 1.434 SAl Repeat
SG21 6 85 2H 2.11 0.56 1.020 SAl New
SG24 33 50 2H 2.62 1.1 0.993 SAl Repeat
SG21 3 47 1H 214 0.70 0.947 SAl Repeat
SG21 38 46 2H 2.38 1.01 0.901 SAl Repeat
SG24 27 43 2H 243 1.080 0.888 SAl Repeat
SG21 16 49 3H 1.84 0.58 0.829 SAl Repeat
SG24 37 23 2H 1.88 0.65 0.809 SAl Repeat
SG24 10 60 2H 1.80 0.62 0.776 SAl Repeat
$G22 29 70 2H 2,03 0.85 0.776 SAl Repeat
SG21 12 40 1H 1.78 0.64 0.750 SAl Repeat
SG21 1 47 2H 1.79 0.710 0.711 SAl Repeat
SG24 7 78 3H 1.72 0.66 0.697 SAl Repeat
SG24 1 60 2H 1.41 0.36 0.691 New
SG24 32 66 2H 1.97 0.95 0.671 SAl Repeat
SG21 25 42 1H 210 1.09 0.664 SAl Repeat
SG24 20 43 2H 1.41 0.420 0.651 Repeat
| 8G21 17 45 1H 2.02 1.04 0.645 - SAl 'Repeat
|1 sG24 18 25 1H 1.39 0.43 0.632 - Repeat
SG22 2 88 3H 1.79 0.87 0.605 SAl Repeat
SG24 13 88 2H 1.67 0.75 0.605 Repeat
SG22 4 67 1H 1.96 1.07 0.586 SAl Repeat .
SG24 14 41 2H 2,09 1.20 0.586 SAl Repeat
SG24 9 61 1H 1.69 0.80 0.586 -| Repeat
SG24 25 34 1H 1.99 1.12 0.572 SAl Repeat
-S$G23 22 52 2H 1.40 0.54 0.566 Repeat
SG21 40 56 1H 1.89 1.04 0.559 SAl Repeat
SG24 7 10 2H 1.64 0.79 0.559 Repeat
SG24 16 84 2H 1.80 0.97 0.546 SAl Repeat
SG24 36 34 3H 1.92 1.09 0.546 SAl Repeat
SG24 33 55 2H 1.60 0.78 0.539 Repeat
SG24 19 43 2H 1.75 0.94 0.533 SAl Repeat
SG24 8 76 2H 1.94 1.13 0.533 SAl Repeat
SG24 30 16 2H 1.80 1.01 0.520 SAl Repeat
SG24 17 43 1H 1.87 1.08 0.520 SAl Repeat
SG22 29 44 2H 1.62 0.84 0.513 Repeat
SG24 9 79 2H 1.31 0.53 0.513 Repeat
SG24 40 47 2H 1.69 0.91 0.513 Repeat
SG24 4 60 - 1H 1.61 0.84 0.507 Repeat
SG24 27 31 2H 1.19 0.42 0.507 Repeat
SG24 20 46 1H 1.78 1.01 0.507 SAl Repeat
SG21 25 52 1H 1.44 0.68 0.500 Repeat
SG24 11 63 2H 1.14 0.38 0.500 Repeat
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Table 3-5: DOS/AONDB Voltage and Growth Distribution by TSP

SG 241 SG 2-2
Tube Tube
Support No. of Max Average Max Average | Support No. of Max Avera Max Average
Plate Mg 9 | Growth/ | Growth/ Plate g 9€ | Growth/ | Growth/
Indications | Voltage | Voltage EFPY EFPY Indications | Voltage | Voltage EFPY EFPY
1H 294 2.14 0.59 0.89 0.11 1H 138 1.96 0.59 0.55 0.10
2H 102 2.38 0.53 0.96 0.10 2H 156 2.03 0.57 0.73 0.08
3H 31 1.84 0.53 0.78 0.09 3H 58 1.79 0.50 0.57 0.07
4H 5 0.89 0.50 0.34 0.14 4H 18 1.16 0.50 0.14 0.03
S5H 18 0.93 0.51 0.16 0.01 SH 3 0.98 0.57 0.32 0.13
6H 3 0.9 0.65 0.37 0.12 6H 1 0.35 0.35 '0.09 0.09
7H 7H 2 0.51 0.51 0.16 .0.07
CL 19 0.91 0.47 0.06 0.01 ~ CL 21 0.83 0.40 0.22 0.03
All Inds 472 2.38 0.57 0.96 0.10 AllInds 397 203 0.55 0.73 0.08
§G2-3 .8G24
Tube Tube }
Support No. of Max Average Max Average | Support No. of M A Max Average
Plate Mg 9€ | Growth/ | Growth/ Plate 0. O ax VErage | Growth/ | Growth/
Indications | Voltage | Voltage EFPY EFPY Indications | Voltage | Voltage EFPY EFPY
1H 148 1.60 0.53 0.34 :0.05 1H 371 1.99 0.66 0.60 0.12
2H 83 1.49 0.55 0.53 0.06 2H 436 - 2.87 0.76 1.35 0.15
3H 23 1.18 0.46 0.16 0.02 3H 148 1.92 0.57 0.66 0.10
4H 1 0.30 030 | -0.01 -0.01 4H 47 1.19 0.51 0.34 0.10
5H 4 0.86 0.44 0.14 0.03 SH 7 0.71 0.39 0.12 0.05
6H 2 0.32 0.30 0.05 0.03 6H 1 0.20 0.20 -0.03 -0.03
7H 1 0.21 0.21 0.04 0.04 7H .
CL 10 042 0.30 0.09 0.00 CL 10 0.75 0.39 0.19 0.04
All Inds 272 1.60 0.52 0.53 0.05 AllInds 1020 2.87 0.68 1.35 0.13
Composite of All Four SGs '
Tube
Support No. of Max Average Max Average
Plate . 9€ | Growth/ | Growth/
Indications | Voltage | Voltage EFPY EFPY
1H 951 214 0.61 0.89 0.10
2H 777 2.87 0.67 1.35 0.12
3H 260 1.92 0.54 0.96 0.09
4H 71 1.19 0.51 0.34 0.08
SH 32 0.98 0.48 0.96 0.03
6H 7 0.90 0.44 0.37 0.07
7H 3 0.51 0.41 0.16 0.06
CL 60 0.91 0.40 0.22 0.02
All Inds 2161 2.87 0.61 1.35 0.10
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Table 3-6: Voltage Growth for Cycles 8 through 12
, S§SG21 | §G2-2 | SG2-3 | SG24 All

Avg BOC Volts 0.338 0.358 0.403 0.415 0.385

Cycle 8 Average Growth Per EFPY 0.054 0.054 -0.008 0.059 0.051
Average Percent Growth Per EFPY | 16.0% 15.2% -1.9% 14.3% 13.3%

Avg BOC Volts 0.388 | 0.362 | 0.324 | 0.387 | 0.377

Cycle 9 Avg Growth Per EFPY 0.036 0.087 0.168 0.173 0.134
Average Percent Growth Per EFPY 9.2% 242% | 520% | 44.7% | 35.6%

Avg BOC Volts 0.42 0.43 0.48 0.53 0.49

C‘{g'e Avg Growth Per EFPY 014 | 008 | 012 | 020 | 0.6
Average Percent Growth Per EFPY | 33.2% 19.0% 25.5% 37.5% 33.4%

Avg BOC Volts 0.423 0.437 0.379 0.514 0.467

Cycle Avg Growth Per EFPY 0131 | 0103 | 0431 | 0233 | 0.181
Average Percent Growth Per EFPY | 30.9% | 23.5% | 34.7% | 45.3% || 38.7%

Avg BOC Volts 0419 | 0.432 0.448 0.496 0.461

Cgle Avg Growth Per EFPY 0.106 | 0.085 0.050 0.136 0.110
’ Average Percent Growth Per EFPY | 25.3% | 19.8% | 11.2% | 27.4% | 23.8%

3
v
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Table 3-7: Summary of Independent Cycle 12 Voltage Growth per EFPY

SG 2-1 SG 2-2 SG 23 SG 2-4 Total
Delta Volts
Per EFPY | No.of | cppr | M9- o | cpor | 2-F | cpor | M0-F | croF | Mo-°F | cpoF
<=0.0 75 0170 | 71 |o0196] 79 | 0324 | 75 | 0.080 | 300 | 0.151
0.1 198 | 0620 | 163 | 0645 | 110 | 0.775 | 389 | 0.492 | 860 | 0.583
0.2 88 | 0820 | 84 | 0876 | 39 | 0934 | 266 | 0774 | 477 | 0.823
0.3 43 | 0918 | 27 | 0950 | 10 | 0975 | 121 | 0.902 | 201 | 0.924
0.4 20 |0964| o |oo75| 4 |0992| 44 |osas | 77 | 0962
0.5 7 |oes0| 5 |oose| 1 |09 | 21 | o971 | 34 |osero
0.6 1 |o09s2| 2 |oo9a| 1 |1.000( 16 | 0988 | 20 | 0.989
0.7 2 |o09s6| 1 |o0e7| o0 |1000] 6 |05 9 | 0994
0.8 2 |oea1| 1 |1000| o0 |1000| 1 |o0s9%| 4 | o099
0.9 1 |o0o93| o0 |1000f o0 |100] 2 |o09%| 3 | 0997
1 2 |oe| o |41000| o |1000| 1 |osge| 3 | o0o99
11 1 |1000] o |1000] o |1000| o |o®se| 1 | 0999
12 0 |1000| 0 |1000| o0 |1000| 0 |o0%e| o0 | 099
13 0o | 1000 o0 . 1000 0 |1000|] 0 |o0se| o0 | 099
14 0 | 100 0 |1000| 0 |1000] o0 |o0s99| o0 | o0s99
15 0 |1000f o |1000| 0 |1000] 1 |1000] 1 [ 1.000
16 0 |1000 0 |1000| 0 |1000] o0 |4000| o0 | 1.000
17 0 |1000] o |1000] o0 |1000] O |1000]| o0 | 1.000
18 0 |1000] 0 |1000[| 0 |1000] o0 |1000| o0 | 1.000
19 0 |100f 0 [1000| 0o |1000| 0 |1000] o0 | 1.000
2 0 |100] o |1000| o |1000]| o0 |41000| 0 | 1.000
>2 0 |1000] o0 |1000] o0 |1000] 0 |1000] o0 | 1.000
Total | 440 | NA | 363 | NA | 244 | NA | 943 | NA | 1990 | NA
Upper 95% 0.362 . 0.296 0.235 0.401 0.355
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Table 3-8: Delta Volts Adjustments
Based on Cycle 12 Breakpoints (Information Only)

Average Growth (Volts per EFPY)
SG Cycle Breakpoint(s)
Bin1 Bin2* Bin3
Cycle 11 0.104 0.198
SG 241 Cycle 12 1.12 0.105 0.204 NA
Delta +0.001 +0.006
Cycle 11 0.080 0.157
SG 2-2 Cycle 12 1.00 0.083 0.160 NA
Delta +0.003 +0.003
Cycle 11 0.114 0.654
SG 2-3 Cycle 12 0.96 0.046 0.130 NA
Delta, . <0 <0
Cycle 11 T 0.116 0.261 0.790*
SG 24 Cycle 12 0.47/1.03 0.095 0.178 0.284*
Delta <0 <0 <0
Cycle 11 0.140 0.384
Composite Cycle 12 1.10/1.71 0.108 0.205 NA**
Delta <0 <0

* Since no indications were retumed to service >1.2 volts at BOC-12, the averages for both cycles in
Bin2 (Bin3 for SG 2-4) only include indications up to and including 1.2v.

** Since all indications >1.2 volts were plugged at BOC-12, there are no Cycle 12 indications that fall into
the Bin3 category for indications >1.71 volts at EOC-12. Therefore, no comparison is possible.
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Table 3-9: Delta Volts Adjustments Based on Cycle 11 Breakpoints

Average Growth (Volts per EFPY)
SG Cycle Breakpoint(s)
Bin1 Bin2* Bin3
Cycle 11 0.103 0.286
SG 2-1 Cycle 12 1.06 0.105 0.219 NA
Delta +0.002 <0
Cycle 11 0.127 0.347
SG 24 Cycle 12 0.59/1.66 0.103 0.212 NA**
Delta <0 <0 '
Cycle 11 0.105 0.289
Composite Cycle12 | 0.59/1.66 0.085 0.182 NA**
Delta <0 <0
* Since no indications were retumned to service >1.2 volts at BOC-12, the averages for both cyclesin . - - *f

Bin2 only include indications up to and including 1.2v.

** Since all indications >1.2 volts were plugged at BOC-12, there are no Cycle 12 indications that fall into
the Bin3 category for indications >1.66 volts at EOC-12. Therefore, no comparison is possible.
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Table 3-10: Supplemented Cycle 12 Voltage Dependent Growth
for SG 2-1 (Information Only)

Growth
(volts/EFPY)

Cycle 12 Data

Cycle 11 Data

Combined

Bin1
(<=1.12v)

Bin2
(>1.12v)

Bin1
(<=1.12v)

Bin2
(>1.12v)

Bin1
(<=1.12v)

Bin2
(>1.12v)

<0

62

o

w

62

w

0.1

211

211

0.2

86

86

0.3

p-N
w

N
w

0.4

-
(o]

-
(o]

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

3

3.1

3.2

>3.2

O|O|O|O|O|O|O|0O|O|IOC|O|O|C|O|OC|O|C|C|O|C|C|O|=|N|=2|N|IN|INMN|O

O|O|O|O|OCIO|O|OC|IO|O|O|IO|O|C|IO|C|C|O|IC|IO|IC|O|=IN|=ININ|NIOD

QIO|IQC|O|=|O|IO|=|C|0O|=|O|0|C|C|(0|0|=|Q|0|C|QIC|=|=|O|0|0|C|=]|=|W|=

Total

437

wlo|o|lojo|o|jo|o|o|o|0|o|0o|o|o|o|C|0|o|o|o|o|jo|O|C|O|o|o|o|o|=|Oo|N|O

OO |O|Q|0O|0|0|0|OC|O|0|0O|0C|0|0O|C|0|0|0|0|C|o|C|o|o|Cjo|C|0|o|o|o(o|o|o

-
N

437

-
o
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Table 3-11: Supplemented Cycle 12 Voltage Dependent Growth
for SG 2-2 (Information Only)

Cycle 12 Data Cycle 11 Data Combined

Growth
(volts/EFPY)

Bin1
(<=1v)

Bin2
(>1v)

Bin1
(<=1v)

Bin2
(>1v)

Bin1
(<=1v)

Bin2
(>1v)

<0

53

-l

o

o

53

-

0.1

169

169

0.2

89

89

0.3

N
[3,]

N
[&)]

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

2.1

2.2

2.3

24

2.5

2.6

2.7

2.8

2.9

3

3.1

3.2

>3.2

O|O|C|0|0|C|O|0|O|C|O|0|O|C|O|O|IO|C|O|O|0|O|IO|I0|0|=|=2|=|0|c

O|O|O|O|O|O(C|O|IOC|IC|OC|O|O|C|(O|IO|O|O|C|O|0|O|C|0|O|0|0|=|O|=|WwWIN|Ww

O|O|O|C|O|O|C|O|O|C|O|C|O|C|O|O|O[O|O|O|O|O|QC|C|O|= |||

O|O|C|IC|C|CO|=|C|C|Q|O|QICIQ|Q|O|=|CO|C|=|(O(C|C|C|O|=|O|=|O|=|W|N]|w

Total

352

-
-

QO |O|C|C|C|C|O|C|Q|QC|QC|0|QC|O|QC|QC|0C|C|Oo|0|Q|C|o|o|o|o|o|0|o|ojo|o|o

HIOIO|O|IQC|C|O|=|C|C|IO|0|QC|C|C|O|O|=|C|OC|=|C|C|0|0|0|=|0O|0|jO|0|O|Q|0O

352

-
[$,]
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Table 3-12: Supplemented Cycle 12 Voltage Dependent Growth
for SG 2-3 (Information Only)

Growth
(volts/EFPY)

Cycle 12 Data

Cycle 11 Data

Combined

_ Bin1
(<=0.96v)

Bin2
(>0.96v)

Bin1
(<=0.96v)

Bin2
(>0.96v)

Bin1
(<=0.96v)

Bin2
(>0.96v)

<0

77

N

N

77

E-Y

0.1

107

107

0.2

w
D

w
D

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

AN

A

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

2.1

2.2

2.3

24

2.5

2.6

2.7

2.8

2.9

3

3.1

3.2

>3.2

OOOOOOOOOOOOOOOOOOOOObOOOOO—\—‘AUI

O|O|0|C|0|C|O|C|O|O|(OC|O|O|C|O|O|O|0|0|0|0|0|C|C|0o|o|o|o|ojoj||w]|w

QOO |O|C|O|O|O|CO|O|O|0O|QC|O|O|O|0|0|0|0|0o|0|C|o|o|O|=]|=|~]|O

OjO|O|0O|O|O|O|OC|O|O|0|0|0|0|0|o|0|o|o|o|o|o|=|Oj0o|o|0o|o|lo|jo|nnjw]|w

Total

231

-
w

WO |O|O|Q|C|O|O|Q|Q|Q|O|C|(O|0O|O|C|C|0|0|Q|Q|0|=|O|0|C|Q|0|0|0|0|0o|O

231

-
(o))
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Table 3-13: Supplemented Cycle 12 Voltage Dependent Growth
for SG 2-4 (Information Only)

Growth
(volts/EFPY)

Cycle 12 Data

Cycle 11 Data

Combined

Bin1
(<=0.47v)

Bin2
(0.48v-
1.03v)

Bin3
(>1.03v)

Bin1
(<=0.47v)

Bin2
(0.48v-
1.03v)

Bin3
(>1.03v)

Bin1
(<=0.47v)

-Bin2
(0.48v-
1 .03v)

Bin3
(>1.03v)

<0

47

25

47

25

[{«]

0.1

286

98

anlw

286

98

-
w

0.2

134

122

-
o

134

122

-
RN

0.3

H
~

68

H
~

68

-
w

0.4

38

38

B8

0.5

11

11

0.6

10

10

0.7

w

w

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

3

3.1

3.2

>3.2

O|O|0O|0|O|0|0|0|0|0C|O|O|O|O|0|O|0|O|Q|C|O|O|0|O|C|I0O|W|(=a]|~|Ww

O|O|O|OC|O|O|O|O|O|0|0C|0|C|O|C|O|O|O|C|O|O|C|Oo|= |2 |O|o|tn|O|Ww|d

ClO|O|= |00 |22 |2 |O|=2|Hh][O|=2|N|=2JO|N{W|[=2]IN|N|[O|=2]|N|N|IN|W|(a|=|NA~|lo|d

OlO|O|C|C(O|C|O|C|O|O|C|C|O|Q|O|OC|O|0|C|C|(O|C|O|0|C|W||h|wW

olo|o|olo|o|o|ojo|o|olo|olo]|lololo|o|a|olo|o|o]lo|a]a

QOO =|C|C|=2|=2|{=2|C|=2|H|[O|=2|N|2|OIN|W[=2IN|NIOIN][WIN|N]|o|N

Total

525

378

5
o

OlO|O|Q|Q|IQ|IOC|Q|O|C|QC|O|C|C|0O|C|C|0|0|0|Q|0|C|C|O|0|Q|O|C|0|0jo|0o|0o|O

OlC|C|I0O|C|C|O|0|0O|C|O|C|C|O|0|0C|0|C|0O|O|(O|I0C|0|Q|Q|Q|O|O|QC|O|O|0|0]|0]|0o

[=2]
o

525

378

100
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Table 3-14: Supplemented Cycle 12 Voltage Dependent Growth
for All Steam Generators (Information Only)

Growth
(volts/EFPY)

Cycle 12 Data

Cycle 11 Data

Combined

Bin1
(<=1.1v)

Bin2
(1.11v-
1.71v)

Bin3
(>1.71v)

Bin1
(<=1.1v)

Bin2
(1.11v-
1.71v)

Bin3
(>1.71v)

Bin2
(1.11v-
1.71v)

Bin3
(>1.71v)

<0

293

11

18

0.1

856

\'

11

0.2

468

14

0.3

192

15

0.4

w

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

3

3.1

3.2

olo|o|o|o|o|jo|o|o|o|o|o|o|o|O|(O|O|=|O|Oo|O|=|N|w| W

>3.2

olo|lo|o|o|o|o|o|o|o|o|o|jo|o|o|olo|o|a|o|o|jo|a|d|w|a|o|s| Bl

olo|lo|lolo|olo|o|o|o|o|o|lo|ojo|ojo|o|o|o|olo|o|~|olo|o|wW|aIN|Ov|O|~lIN

O|O|C|O|O|C|O]|2]|={O|N|W|O|=a2|=2|=2]|OIN|=2|2|NIN|=2|=2A~INW|IN]|=2 ||,

OO |O|N|=|O|0|O|=2|O|C|=|O|=a|=2]|N|2|Ooj0|O|o|O|Oo|O|=|O|O|N|O|N]|O

o

O|O|O|O|0|O|O|2|=|OIN|W(O|=2|=2{=2]|O|N|=2]|=2|N|IN|=2N|A]|N|w|OIO;

Total

1951

W
©

Ollolojo|o|o|o|ojo|o|o|o|0|o|o|C|C|O|O|0|0O|0C|0|0|0|o|o|o|O|o|0O|o|o|o|o

[22]
N

-t
N

1951

101

-
N




Growth
(Volts/EFPY)

Bin1
(<=1.06v)

Bin2
(>1.06v)

<=0

38

0.1

179

0.2

73

0.3

-
[le)

04

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

2.1

2.2

2.3

24

2.5

2.6

2.7

2.8

2.9

3

3.1

3.2

>3.2

O|O|0|0|0|IC|O|C|C|0|0|C|(O|0|C|C||C|C|= || |C|0|Q|C|—|C|w|®©

O|O|O|O|= OO 0|02 |C|IQ|0|C|Q|Q|=|O|Q|C|C|IO|O|N|C(ClOo|a|=]|=]=|N|w

Total

332

-
[$)]
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Table 3-15: Cycle 11 Voltage-Dependent Growth for SG 2-1 (Used for SG 2-1)
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Table 3-16: Cycle 11 Voltage-Dependent Growth for SG 2-4 (Used for SG 2-4)

Bin2
(0.59v to
1.66v)

<=0 48 28
0.1 307 - 50
0.2 220 37
0.3 79 29
04 24
0.5 21
0.6 13
0.7
0.8
0.9
1
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2
2.1
2.2
23
24
2.5
2.6
2.7
2.8
2.9
3
3.1
3.2
>3.2

Total 702 257

Growth Bin1
(Volts/EFPY) | (<=0.59v)

Bin3
(>1.66v)

(=]

O|O|O|=|CIO |2 |O|=2 |0 |02 (0O|O|=|O|O|=|N|2|O|C|O|0|O|O|C|=|C|C|W= N

Cl1O|0|O|0IQ|IO|= ||| |W[ O] |N|O|W|W|20|W|DD|N|B|D

~

-
(o]




Growth Bin1 (035'33 o| Bin3
(volts/EFPY) | (<=0.50v) | G 580° | (>1.66)
<=0 152 68 0
0.1 690 84 2
0.2 374 59 1
0.3 124 53 3
0.4 32 37 0
0.5 17 28 0
0.6 10 19 1
0.7 5 10 0
0.8 3 6 0
0.9 0 10 0
1 1 6 0
1A 0 7 0
12 1 3 0
13 1 7 0
14 0 3 3
15 0 3 2
16 0 3 2
17 1 1 1
18 0 2 0
1.0 0 2 1
2 0 1 0
2.1 0 0 0
2.2 0 3 1
23 0 2 0
2.4 0 1 0
25 0 1 1
2.6 0 1 1
2.7 0 0 2
28 0 0 0
2.9 0 0 1
3 0 0 1
31 0 0 0
32 0 0 0
>32 0 0 0

Total

-
F.N
-
-

420

N
-
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Table 3-17: Cycle 11 Voltage-Dependent Growth for All SGs (Used for SGs 2-2 and 2-3)
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Table 3-18: BOC-13 Voltage Distribution Used for Monte Carlo Analyses for SG 2-1

SG 21
Voltage
Bin Aégg_:gd Repaired
0.1 0 0
0.2 29 0
0.3 74 0
0.4 97 0
0.5 55 1
0.6 54 0
0.7 43 0
0.8 33 0
0.9 25 0
1 14 0
1.06 9 0
1.1 2 0
1.2 10 0
1.3 2 0
1.4 24 0
1.5 "8 0
1.6 1 0
1.7 3 0
1.8 2 1
1.9 2 1
2 0 0
2.1 2 2
2.2 2 2
2.3 0 0
2.4 1 1
2,5 0 0
2.6 0 0
27 0 0
2.8 0 0
2.9 0 0
3 0 0
>3 0 0
Total 472 8
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Table 3-19: BOC-13 Voltage Distributions Used for Monte Carlo Analyses for SGs 2-2,

2-3, and 2-4
SG 2-2 SG 2-3 SG 244
Voltage
Bin Aé'oFg_l_:gd Repaired Aéggf_