January 24, 1991

Docket Nos, 50-348
and 50-364

LICENSEF: Alabama Power Company
FACILITY: Joseph M, Farley Nuclear Plant, Units 1 and ?
SUBJECT:  MEETING SUMMARY OF NOVEMBER 6, 1960

A meeting was held with Alabema Power Company (APCO) on November 6, 1990, in
Rockville, Maryland, to discuss alternative tube plugging criteria for the
Joseph M, Farley Nuclear Plant (Farley), Unit 2, steam generators, During the
meeting, APCO presenied fnformatfion to support a proposed future request for
approvel of the following:

1. Allow 65 tubes to remain in service with known axial, primary water
stress corrosion cracks in the expansinn zone region of the tube
sheet. These cracks exceed the requirements of the Farley, Unit 2,
Technical Zovcifications for tube plugging, APCO's justification
for the reauest was based on a 1imited application of a new plugging
criteria being submitted to the NRC by the Electric Power Research
Institute (EPRI),

2, Continue to apply the 1.75 volt criteria for tube plugging previously
applied by APCO for the outside diameter (OD) stress corrosfon cracks
in the tube support plate regfon, APCO's justification, as described
at the meeting, was based on Farle oporatin? history and industry
data that, 2t this voltage, even through-wall cracks demonstrated no
leakage, and on a current program by EPRI to develop new plugging
criteria for OD cracks in the tube support plate region,

The NRC staff indicated that it would evaluate the information presented and
would respond to APCO's proposed request,

Handouts from the meeting are contained in WCAP-12803 (Proprietary) and WCAP-12804
(Non-Proprietary), "Steam Generator Tube Piugging Limits Presentation

Materiale.” Enclosure 1 contains a copy of WCAP-12B04, Enclosure ” contains a
11st of attendees, 0rig1na'l Signed By:

Stephen T, Moffman, Froject Manager
248 Project Directorate I1-1
R Division of Reactor Projects - 1/11
Office of Nuclear Reactor Regulation

Enclosures: As stated
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See next page
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Meeting Summary
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WESTINGHOUSE PROPRIETARY CLASS 3

This proprietary report bears a Westinghouse copyr!ght notice., The NRC
is permitted to make the number of copies of the information contained
in this report which are necessary for its internal use in connection
with generic and plant specific reviews and approvals as well as the
issuance, denfa’, amendment, transfer, renewal, modification,
suspension, revocation, or violation of a license, permit, order, or
regulation subject to the requirements of 10 CFR 2.790 regarding
restriciions on public disclosure. Copies of this report or port
thereof made by the NRC must include the copyright notice and the
proprietary notice.



A meeting was held on November 6,

between Alabama Power
westinghouse, and the

NRR to discus Iternate steam generator
aluaai v steam generators

plugging criteria for the Farley




ODSCC AT TSPs
FARLEY-2 PLAN

TUBE PLUGGING FOR FARLEY-2 1990 OQUTAGE
0 PLUG TUJES EXCEECING 1.75 VoLt AMPLITUDE
0 Basis
= PREVIOUSLY APPLIED FOR DIS 1N 4 FArRLey - 1, 2
OUTAGES
0 NO LEAKAGE ATTRIBUTABLE TO INDICATIONS AT
TSPs
= SUPPORTED BY PULLED TUBE, FIELD LEAKAGE
EXPERIENCE AND LABORATORY TESTING AS A
CONSERVATIVE, NO LEAKAGE TUBE PLUGGING
LEVEL
= SMALL GROWTH RATE FOR INDICATIONS AT TSPs

SUPPORTING DATA

0 Current EPRI PRIGRAM TO DEVELOP PLUGGING CRITERIA fFOR OD
TSPs



0DSCC ar TSPs

EPRI ALTERNATE Tuse PLUGGING CRITERIA

0 DEMONSTRATE EITHER OR BOTN or:
« TSP CONSTRAINT TO PREVENT TUBE RUPTURE
IS PRESENT AT SLB conprTIONS
= PLUGGING LIMITS PROVIDE ADEQUATE
MARGIN AGAINST TUBE RUPTURE EVEN IF
TSP CONSTRAINT IS NOT PRESENT

U Two PARAMETER PLUGGING CRITERIA
= BOBBIN COIL VOLTAGE AND DEPTH INDEX
LIMITS MUST BOTK BE EXCEEDED FOR TUBE
PLUGGING
= VOLTAGE APPLIED AS A CRACK SEVERITY
INDEX BASED UPOX VOLTAGE DEPENDENCE ON
CRACK .ENGTH, DEPTH AKD LIGAMENTS
(VOLUMETRIC FACTORS)
~ VOLTAGE, DEPTH INDEX LIMITS
ESTABLISHED BASED ON CORRELATION WITH
POTENTIAL FOR TUBE LEAKAGE
0 LABORATORY INDUCED CRACK
SPECIMENS, PULLED TUBE DATA
AND FIELD LEAKAGE EXPERIENCE
USED TO ESTABLISH LIMITS

0 PruceIne Limxr
- Tuse PLuGGING IF: V > V| - VNDE - Vo
AND D> DL - DNpg - Deg



APC ror ODSCC AT TSPs
YOLTAGE / Deprw InDICES

YOLTAGE - Crack SEVERITY INDEX
1 FeastsrLrry EC TESTS PErFORMED
¢ VOLTAGE INCREASES WITH CRACK SeverrTy
= WITH INCREASING Crack LEnGTH
= WITH INCREASING NuMBzR oF Cracks
OF SIMILAR LENGTH
= WITH INCREASING NuMBer oF Cracks
AROUND Tuse Cincumrerence
= WITH Loss or LrcamenTs

AVERAGE DepTH INDEX
@ AVERAGE Deprw (PHASE ANGiLE) Usep TC SIMPLIFY
INTERPRETATION AND ImpPrOVE ConszsTency BeTween
ANALYSTS

AVERAGE Crack DEPTH AND Crack NETWORK LENGTH (VoLTage)
ConTrOL LrGamenT FRACTURE AND Tius Leaxace Unoer SLB
ConpXTIONS
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EPRI ProGram
APC ror 0DSCC AT TSPs

NDE EvaLuaTtron
. MooEL BorLer SPECIMENS
® Dorep STEAM SPECIMENS
5 AVAILABLE PuLLep Tuee Data

ALTERNATE PLUGGING CRITERIA

? MooeL Borier SPECIMENS
& PuLLED Tuse Dara
[ FIELD DaTA FoR LEAKING Tuses

INFLUENCE o Tuse DENTING ON LEskage
' FaTiGue SPECIMENS
¢ Dored STEAM SPECIMENS

BursT TESTING
¢ MooEL BorLer SPECIMENS

w Dorep Steam SPECIMENS
5 EDM Notcw SPECIMENS




EPRI ProGrAM
APC ror 0DSCC AT TSPs

PuLLeEp Tuee ano Frewp Data

el
PULLED TUBE DATA SUPPORTS | jVOLrs (up 1O
100% DEPTH) AS AccEPTABLE (NO LEAKAGE)

FIELD LEAKAGE EXPERIENCE (3 Tuses) AIOVE[
VOLTS

- 9
INADEQUATE DATA IN| ] VOLT RANGE
= RANGE OF DATA NEEDED FROM
MODEL BOILER SPECIMENS

TESTING OF LABORATORY SPECIMENS

CURRENTLY INSUFFICIENT MODEL BOILER SPECIMENS
TO CONFIDENTLY ESTABLISH VOLTAGE CRITERIA

= DIFFICULTY IN GENERATING MODEL BOILER
spggcu:ns WITH THRU-WALL CRACKS AND
[ '|'VOLTS (LOWER BOUND OF MB LEAKERS)

SLB 1o NORMAL OPERATING LEAK RATE RATIO nouqug
BY FACTOR or[

VOLTS) ¥
- INDICATIVE OF INSIGNIFICANT CRACK
ODEFORMATION UNDER SLB conpITIONS

Tuses crackep E

1'SHOW NO™LEAKAGE EVEN AT SLB CONDITIONS
(8 SPECIMENS)

MAGNETITE PACKED CREVICES REDUCE LEAK RATE
COMPARED TO OPEN CREVICES (3 SPECIMENS)




TABLE 5.1

PULLED TUBE DATA . BURSTr RESSURE

a:h: C ‘==0r' ».;:‘. :!."\
p-aa'

M Nanth Lenan(l)
-M&~ .

s ———

. Craex network eNQths with INFOUQN-wall crack iengths in parentteses - destructive
shows many, smail axal Cracks
NM. « Not Measureq

Valyes in parenth VRN crack momhology
Odtained from de lography, This PreSSUre would be reqQuired to

odtain a 1as for these ubes with no leakags at normal Cpératng
onditions.,

Thin, peripheral ligament remaining leads 1o an efective through.wayl length of 0.1°




TABLE 5.3-1

FIELD EXPERIENCE
SUSPECTED TUBE LEAKAGE FOR ODSCC AT TSPy

Bottan Cod
Ean ospeguon Qs Regty Sommenis

81 Outage before
SUSDOCIA be ak

Outage following |
SUSPecied e ak |

E Outage following
SUSDeCten leakage

Outage folowing

. ECuMbnmnmbmmmm

Notes:
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Figure 5-2
Puiled Tube Destructive Examination Data
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SIGNAL AMPLITUDE (VOLTS)

SIGNAL PARAMETERS FOR CRACKING

THROUGH-WALL PENETRATION (PERCENT)
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TABLE 11.2

LEAK RATE TEST
TUBE/TSP IN

Dery
Sammsnm

Fargue Specimens
o
FATY
FAT2 |
FAT) |
FAT«
FATS
FATS
FAT?
FATS
FATY
FAT10
FAT1Y
FAT12

ODSCC Specimens

Bwy
Bw3a(d)
Bwe
BWi4

Notes:

Dery Thry-Wal
Soack (in)

DATA FOR DENTED

TERSECTIONS

Open Crevice
Laak Rate (inn

1, rmmumnmnum{

2 CMMM(MW)
3. Thmgnmmmommmx. »*

Otusice TSP

Measured Leak Rate (hn
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EZPWSCC In Rov: TRANSITIONS

FARLEY 2 SPECIFIC PLuGeIng CRITERIA

Tuse RupTure CoNSIDERATIONS
ALLOWABLE AxzaL CRACK LENGTH
ComeIned Accroent EvaLuaTzon
Leakacr Rave CaLcuLaTzon

OPERATING LEAKAGE Rate Limrr



EZPWSCC IN RoLL TRANSITIONS

ALLOWABLE AxIAL CRACK LENGTH

EPRI NP-6864-L BASIS

CRITICAL CRACK LENGTHS

BURST CRITICAL CRACK LENGTH
PRESSURE  NO TSC» WITH TSC»

(PSI) (INCH) (INCH)
1457 0.99 0.99
2650 0.64 0.72
4371 0.35 0.52

* TSC 1s TuBE SHEET CONSTRAINT.



EZPWSCC In RoLL TRANSITIONS

ALLOWABLE AxraL Crack LengTw

EPRI NP-6864-| Basre

NorMmAL OPERATION PRESSURE DrFFERENTIAL

®  LiMrting Case witw FacTor oF 3

- 3AP =3 (225C-793)
* 3 (1457)
= 4371 PSI

REFERENCE CRAcK LENGTH = (.35 INCH

ALLOwABLE AxIAL Crack LenaTh, A

® ACCOUNTS Fom GROWTH, EC UNCERTAINTY AND

SYSTEMATIC ERROR, AND TUBESHEET (TS)
CONSTRAINT WHERE APPLICABLE

- A=0,37 1

CH WITH TS CONSTRAINT
- A=

.20 INCH WITHOUT TS CONSTRAINT



EZPWSCC In RowL TRANSITIONS

ALLOWABLE AxIaL CrRack LENGTH

CoMBINED ACCIDENT EVALUATION
0 SSE pLus LOCA or SLB/FLB
PRIMARY STRESS AT Top OF TUBESHEET
0 PRESSURE DIFFERENTIAL

= NorMAL OperaTION (1457 PSI)
- SLB/FLB (2650 PSI Arren BLowDOowN)
= LOCA (-793 PSI ArTER BLOWDOWN)

0 Cross-Section BENDING STRESS

r ‘1’1’/(

t

L J
CROSS-SECTION BENDING STRESS IS WELL BELOW THE
MAGNITUDE REQUIRED TO MAVE AN EFFECT ON BURST
PRESSURE (WCAP 7832-A)

- "dlélc
{

0 |
i J

ALLOWABLE AXIAL CRACK LENGTH DETERMINED ON THE
BASIS CF INTERNAL PRESSURE ONLY IS JUSTIFIED



COMBINED BENDING anD INTERNAL PRESSURE BURST TEsTS

ON TUBES WiTH THROUGH WALL SLOTS md, 4
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EZPWSCC IN RoLL TRANSITIONS

LEAKAGE RATE CALCULATION

OVERVIEW

PROBABILISTIC TECHNIQUES ARE COMBINED WITH A
DETERMINISTIC MODEL FOR LEAKAGE FROM A SINGLE AXIAL
CRACK TO DETERMINE THE LEAKAGE RATE FOR THE
DISTRIBUTION OF AXIAL CRACK LENGTHS .

POTENTIAL LEAKAGE IS OBTAINED FOR ALL AXIAL CRaCKS
DETECTED ey RPC INSPECTION ABOVE THE F* DISTANCE
WITH CRACK LENGTH LESS THAN ALLOWABLE.



EZPWSCC In RowL TRANSITIONS

LEAKAGE Rate CALCULATION

AxzaL Cract Frow MopeL

(CrACKFLO)

ASSUMPTIONS




EZPWSCC In RowL TRANSITIONS

LEAKAGE RaTe CALCULATION

AxiaL Crack Frow MoDEL
(CrACKFLO)

FLuio ano Pressure Drop CHARACTERISTICS

+ AL
. !




EZPWSCC In RowL TRANSITIONS

LEAKAGE RaTE CALCULATION

AxIaL Crack FlLow Mook
(CrRACKFLO)

AXTAL CRACK OPENING AREA MODEL




EZPWSCC In RowL TRANSITIONS

LEAKAGE RaTe CALCULATION

AxiaL Crack Frow MODEL
(CrackriLo)
SOLUTION PR22EDURE

~ aC




EZPWSCC In RowLe TRANSITIONS

LEAKAGE RaTE CaLcutarion

COMPARISON WITH EXPERIMENTAL RESULTS

NORMAL PLANT OPERATION

C I GENERAL, MODEL YIELDS A Goop PREDICTION

FOR THE TrEND OF LEAK RATE

WITH CRACK
LENGTH,
¢ Exceiient AGREEMENT BETWEEN PREDICTED ANnp
MEASURED LEAK RATES IS SHOwWN FOR FATIGUE
CRACKS,
@

ForR stress CORROSION CRACKS,

GREATER DATA
SCATTER 18 SHOWN,

SCC cracks ARE CHARACTERISTICALLY
SMALL ~ 0.1" Lone

= DxrrrcuLt 1o DEFINE GEOMETRICALLY
- SusceprisLe TO PLUGGING
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EZPWSCC IN RoLL TRANSITIONS

LEAKAGE RATE CALCULATION

COMPARISON WITH EXPERIMFNTAL RESULTS
STEAM-LINE BREAK CONDITIONS

® IN GENERAL, THE MODEL OVER PREDICTS LEAK
RATES rOr SLB.

L3 In orDER TO IMPROVE PREDICTION CAPABILITY,
EMPIRICALLY BASED ADJUSTMENTS ARE MADE Ty
THE MODEL,

r -

ac
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EZPWSCC Ix RowL TRANSITIONS

LEAKAGE Rarte CALCULATION

PROBABILISTIC METHODOLOGY

A MONTE CaARLO TYpE EVALUATION IS PERFORMED BY
SAMPLING CRACK LENGTH FROM A GIVEN POPULATION
TOGETHER WITH EACH OF THE FOLLOWING NORMALLY
DISTRIBUTED STATISTICAL PARAMETERS :




EZPWSCC In RowL TRANSITIONS
LEAKAGE Rate CALCULATION

UNCERTAINTY ANALYSIS

MEASURED VERSUS PREDICTED VALUES (M
BY

—

¥S. P) ARE rF1v

“ 4.C

NORMA L OPERATION
™

SLB ConprTION

I

FACTORS




MEASURED LEAK RATE (OPM) 4

MERSURED VS PREDICTED LEAK RATES

PREDICTED LEAK RATE (GPM)

Tqéc




MEASURED LEAK RATES, GPM

MERSURED VS PREDICTED LEAK RATES

. -.cl/“b 3

o PREDICTED LEAK RATES. GPM -



EZPWSCC In RoLL TRANSITIONS

LEAKAGE Rate CALCULATION

SLB LeAxkAGE Rate ComparISON
FOR EPRI Drstrisurzons

1000 Cracks rrom 0 T0 0.394 1ncH (10 mm) IN LENGTH

CALCULATION LEAx RaTe

MopEL {G°W)

EPRI/LABORELEC -~ 9
K Cunve 1 (
K Curve 2 L

CrackrLO
NOMINAL
NOMINAL

+ 2 SiaMA
NoMInaL
+ N Srama

e
e i i

~

N

o



EZPWSCC In RoLL TRAKSITIONS

OPERATING LEAKAGE RATE Limrt

EPRI NP-6864-L Bas:s

REASONABLE AssunAuczqor
ACHIEVED wWITH A

LEAK BEFORE BREAK IS
GPM LEAKAGE RATE LIMIT.

HISTORICALLY, AXIAL CRACKS IN ROLL TRANSITIONS HAVE
EXHIBITED LOW LEAKAGE, EVEN NO LEAKAGE IN SOME
CASES. AccorpIneLy 100% EC xnsPecTION 1S PERFORMED

WITH MRPC proOBES TO COMPLETELY CHARACTERIZE THE

CONDITION OF THE BUNDLE IN AFFECTED REGIONS,

"9

THE coMBINATION OF 100% MRPC InsPECTION AND THE
GPM LEAKAGE RATE LIMrT CONSTITUTE A DEFENSE IN

DEPTH AND ASSURE CONTROL OF TuBE BUNDLE STRENGTH
AND LEAKAGE INTEGRITY.

|
h




EZPWSCC In RowL TRANSITIONS
OPERATING LEAKAGE RATE Limrr

LEAk BeForE Break

r o
ASSUMING JGPN LEAK RATE LIMIT AND MINIMUM BURST
CAPABILITY

NOMINAL RT LEAKAGE VS CRACK LENGTH

0 MWitw TS CONSTRAINT, 3 P gumrsT CAPABILITY
IS ASSURED; 0.52 IncH vs 0.40 1ncH, BURST
VS LEAK,

-2 SIGMA RT LEAKAGE VS CRACK LENGTH

0 Wit TS CONSTRAINT, SLB sursT CAPABILITY
IS ASSURED; 0.72 IncH vs 0.60 1NcH, BuRsT
VS LEAK,

WiTHouT TS CONSTRAINT

0 SLB surst CAPABILITY IS ASSURED FOR -2
SIGMA RT LEAKAGE VS cRaCK LENGTH; 0.64
INCH vs 0.60 1ncH, sursT VS LEAK,

0 GROWTH AND UNCERTAINTY ALLOWANCES LIMIT
THIS CONDITION TO AN EOC LENGTH oF 0.35



LEAK RATE VS AXIAL CRA
EXPANSION ZONE ROLL TRHNSE}flor% PR
i 7/8" TUBING AT BOOF AND 1457 P

d:f;"

-

GPM

_LEAK QAT

P

AXIAL CRACK LENGTH, INCH



FARLEY UNIT 2

SALIENT ASSUMPTIONS USED To DETERMINE

ALLOWABLE PRIMARY-TO-SECONDARY LEAK RATE
FOLLOWING A STEAMLINE RUPTURE

O PRIMARY COOLANT INITIAL IODINE ACTIVITY:
1% DEFECTS

0  SECONDARY COOLANT I“ITIAL ACTIVITY:
0.1 MICRO Cx/em D.E. I-131

O LOCATION OF POTENTIAL TUBE LEAKS :
TUBE SHEET

0  PARTITION COEFFICIENTS:
56 IN RUPTURED LOOP - 1.0
SG's IN INTACT LOOPS - 0.1

O  STEAM RELEASE FROM INTACT LOOPS (0-2
HRS.)

479,000 Lem

0 SITE BOUNDARY x/a : 7.6 E-4 SEC/M3

Cl:16



FARLEY UNIT 2
RESULTS OF ALLOWABLE LEAK RATE EVALUATION
DOSE ACCEPTANCE CRITERIA:

2 HOUR SITE BOUNDARY THYROID
DOSE LESS THAN 30 REM

ALLOWABLE LEAK RATE:

40 cpM PER GENERATOR

Cl:16



FARLEY UKIT 2
STEAM GENERATOR OPERATING HisTomry

PRESENTED BY
0. D. MaLinowsk:
MANAGER, STEAM GENERATOR DracnosTics
NuCLEAR Service Drvisrow
WESTINGHOUSE ELECTRIC CORPORATION

ALABAMA POWER Company/U.S.N.R.C./
WESTINGHOUSE ELECTRIC CorRPORATION
MEETING

RockvIiLLE, MD
Novemeer 5, 1990




FARLEY UNIT 2

PRIOR S/G OPERATING HISTORY




J. M. Famiey Untr 2
Tuse v;ucoxgc C:uouo;osv
Vs

By Ca
Rare Caust 36 A 368 36 C
PrESERvICE 3 1 -
6/81 VisuaL Leaxen b 0 0
10/82 Row 1 (Prev.) 92 94 94
F. 0. 'i
ToraL
9/84 L (HL)
g::gu T’S.? 7 4 0 0
'To§AL " '8
1/8% AVB-Wean ] 0
Tuse Pyt 1 g 0
Prev, 0
50!!3“[!7 PWSCC rg 0
THER
ToraL "} '8
4/86 AVB -Wean t 0
YUiltng;Y PWSCC 27
0.0. TSP scc 4 Al
(2 ruLLED)
ToraL 11 15 44
11/87 Tusesweey cC * < 16
:é& "sfu set’ 24 i
AVE -Nean 8
Angvu Tuseswery ,3 ‘*
OTAL
4/89 Tusesnerr PWSCC 1
gvf TSP e J 'i i
“WNean
OTAL

(2 ruLLEp)

oo
O -

L55 Fudz 3 opa o wlas



J. M. Famiey Usngr 2
Steam Genemaron
Tuse PLUGGING Summany

PLuGers - ——dUBRS PLUGGRD P T ——

—~RATE e A  S6R  S6C INCREMENTAL CuMulATIVE
Pre-Senvice 1 1 0 b 4
8/80 2 0 0 ‘ ¢
6/81 1 0 0 1 )
10/82 98 94 94 283 288
9/84 1 H 0 3 291
1/8% 13 1 0 14 308
4/86 11 15 a4 70 378
11/87 13 3 61 109 484
4/89 Al A2 - &2 sl
ToraLs 148 160 203 511

(4.4%)  (4.7%)  (6.0%) (5.08)



FARLEY UNIT 2

CURRENT INSPECTION RESULTS



FARLEY UNIT 2

S/G Eooy CURRENT INSPECTION PROGRAM
Ocroser 1990 Ourace

Pro®E Tuees INSPECTED

AND _S/G A /6 B .9/6 C
EXTENT HL  CL HL CL HL  CL
Bosmiwn

FuLl Lenetw 3240 274 3228 276 3185 279
RPC

TuBESHEET 3240 - 3228 - 3185 -
RPC AT TSPs 82 - 81 2 195 .
RPC U-Benp 92 - 92 - 9 -
Bosexy U-Beno 92 - 92 - 94 -

(PosT Heat Trear)



FARLEY UNIT 2 BOBBIN INDICATION CALLS
ALL STEAM GENERATORS

DATA AS OF 11/4 |
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SAl + MAI INDICATION CALLS

FARLEY UNIT 2 RPC INDICATION CALLS
ALL STEAM GENERATORS

3
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[DATA AS OF 11 /4_;!
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FARLEY UNIT 2
DETERMINATION OF AXIAL CRACK
LENGTHS

SOURCE OF RPC RESULTS
DATA:

APPLICATION: TUBE/TUBESHEET ROLL TRANSITION

METHOD:

1 RITGH - USE MACHINED NOTCHES ON
CALBRAVION S FANEAAD 2t

2 PE ;Eﬁqus : . (VERTICAL DEPARTURE FROM

NUL IBIT] WIEE ’EE?UAES. USE MOST ACCURATE OF

PSEUDO-ISOMETRIC RPC PLOT, EXPANDED STRIF CHARTS OR L!S-
SAJOUS FIGURES)

3 % MULTIPLY ROTATIONAL PITCH 8Y
NU ‘HITS® ICITLY ADDS 1/2 PITCH TO BEGINNING
AND END OF EACH INDICATION

ADDITIONAL CONSIDERATION:

CORRECTION FOR ELECTROMAGNETIC FIELD SPREAD OF COIL
IS NOT APPLIED AT PRESENT SINCE MORPHOLOGIES OF INDICA-
TIONS ARE NOT KNOWN ACCURATELY,



NUMBER OF INSTANCES

FARLEY 2 CRACK LENCTH ST ATISTICS
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CRACK LENGTH MEASUREMENT
UNCERTAINTY a,,,

(EPRI Report N.*.6864-L Draft)

CPRI crack length measuremnt is the sum
ot th.; systematic error and the random
errer.

“stem: tic Error = True crack size - NDE
crack size
(True crack siz¢: nea-
sured by metallcs.raphy
or other acceptabi.
method.)

Random Error = Expected NuE crack
size - lower bound NDE
crack size

o = 0.12" (3.04 mm) for
7/8" tubing



AVERAGE CRACK GROWTH RATES
BASED ON KISS-ROLL DATA

B ————— T ——————————

Consective meas somearnts of crack lengths
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Tadble 1la
Summary of Examination Results or Farley Unit 2 $G C Tube Removal 4th R

Field
Iube/location  [Robbin) Resiructive Examination Resylts
RI1C46 8l% 00 surface intergranular axial crack.
1st Sp 83% throughwall in one cross section and

100% in another. Some secondary more
shallow cracks on 00 periphery away from
primary crack.

0534840 /00m/ 73
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FARLEY UNIT 2
SUPPORT PLATE VOLTAGE DISTRIBUTIONS
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NUMBER OF MEASUREMENTS

FARLEY UNIT 2 S/G A SUPPORT PLATE
INDICATION GRCWTH RATE (%)

AVG = 0.9%]

—————————

Growth betweon |
4/89 and 10/90

-10 0 10 20
INDICATION GROWTH




FARLEY UNIT 2
GROWTH RATES FOR
TSP LEVEL ODSCC

OPERATING CYCLE ECIGROWTH
PERIOD

1985-1986 4 22%
1986-1987 S 7%
1987-1989 6 5%
1989-1990 7 <1%



FARLEY UNIT 2
GROWTH RATES FOR TSP GDSCC

e

FUEL CYCLE



FARLEY -2 1%90 OuTAGE
ProposSeED BASES FOR TuBE PLUGGING

PWSCC AT RoLL TRANSITIONS
0 LIMITED APPLICATION OF EPRI PROGRAM PLUGGING
lo CRITZRIA
| - DEMONSTRATION TO DEVELOP OPERATING EXPERIENCE
WITH CRACKX LENGTH BASED CRITERIA
0 PROPOSED DEMO OF EPRI CRITERIA

| - LEAVE IN SERVICE A LIMITED NUMBER OF TUBES

l THAT MEET EPRI CRITERIA

0 50 TUBES WITH SINGLE AXIAL INDICATIONS
ABOVE TOP OF TUBESHEET
0 TUBES WITH AXIAL CRACKS CONFINED TO
WITHIN THE TUBESHEET AND ABOVE F»
LENGTH
- CONSERVATIVELY EVALUATED ON
CRITERIA FOR CRACKS EMANATING
FROM THE TUBESHEET




FARLEY -2 1990 QutacGe
Prorosep BASES FOR TuBE PLUGGING

0D SCC AT TSPs
0 CONTINUE TO APPLY 1.75 VOLT CRITERIA FOR

TUBE PLUGGING

= APPLIED FOR DI RESOLUTION IN LAST 2 OUTAGES AT FARLEY
-1 AND 2
= NO LEAKAGE ATTRIBUTABLE TO ODSCC AT TSPs
FOUND AT FARLEY-1 AnD 2
0 NEGLIGIBLE GROWTH RATES FOUND FOR INDICATIONS
AT TSBs
O SUPPORTING DATA INDICATES 1.75 voLTS IS A
CONSERVATIVE, WO LEAKAGE CRITERIA
- PULLED TUBE, FIELD EXPERIENCE AND
LABORATORY TESTS APPLIED IN
EPRI PROGRAM TO DEVELOP PLUGGING
CRITERIA FOR ODSCC AT TSPs



PLucGInGg LIMITS rFor PWSCC IN RoLL TRANSITIONS
INSPECTION REQUIREMENTS
0 100% NDE over ~ + 2" oF Top oF TusesHEeT (1)
0 QuaiLxrreo NDE TecHnraue For PWSCC IN RT
= NDE QUALIFIED FOR DETECTION OF PWSCC

IN ROLL TRANSITIONS BY ACCEPTABLE
DETECTABILITY THRESHOLD AND
DEMONSTRATED CRACK LENGTH

MEASUREMENT UNCERTAINTY

= RPC appLIED FOR 1990 FaRLEY-2
outace (1)

(1) REQUIREMENT CONSISTENT WITH EPRI REPORT



PLUGGING LIMITS FroR PWSCC N RowL TRANSITIONS

DEFINITIONS

0

AxzaL Crack (1)
= AN AXIAL CRACK NETWORK LENGTH WITH
MAXIMUM INCLINATION FROM THE TusE
AXIS SUCH THAT THE CIRCUMFERENTIAL
PROJECTION 1§/ N
RoLL Transzrron(1)
~ TUBE AXIAL REGION OVER WHICH TUBE
OIAMETER CHANGES FROM FULL EXPANSION
IN THE TUBESHEET TO THE NOMINAL TUBE
DIAMETER

F* Regron (1)
= THE DISTANCE FROM THE BOTTOM OF THE
ROLL TRANSITION TO THE F* LENG !

CRACK LENGTH CHARACTERIZATION (1)
= CRACKS EMANATING FROM TOP OF
TUBESHEET
= CRACKS INITIATING ABOVE TOP oOF
TUBESHEET

(1) Derinzrron CONSISTENT wITH EPRI Repomr.



PLuGGInG LIMITSs FOR PWSCC 1N RoLL TRAKSITIONS

Derxnxrrons (Cont'p.)

0 CRACK GROWTH ALLOWANCE - ACG(I)

= ALLOWANCE FOR AVERAGE CRACK GROWTH
BETWEEN INSPECTIONS BASED UPON GROWTH OF
MAXIMUM TO MAXIMUM CRACK LENGTHS BETWEEN
INSPECTIONS

= FARLEY-2 1990 OUTAGE CRACK GROWTH “ASED
on EPRI ReporT NP-6864-L

= CRACK GROWTH AT SUBSEQUENT INSPECTIONS
TO BE BASED UPON FARLEY~-2 GROWTH RATES
FROM 50 TUBES LEFT IN SERVICE

0 CRACK LENGTH MEASUREMENT UNCERTAINTY - ANDE(I)

~ DEMONSTRATED UNCERTAINTY ON CRACK LENGTH
MEASUREMENT BY NDE INSPECTION TECHNIQUE
BASED UPON QUALIFICATION GF FIELD NDE
AGAINST ACTUAL CRACK LENGTHS FROM PULLED
TUBES

0 Maximum ALLowasLe Crack Lenerw (1)
= MAXIMUM CRACK LENGTH THAT CAN BE LEFT IN
SERVICE BUT SUBJECT TO CONSTRAINT THAT
PREDICTED SLB LEAK RATE IS LESS THAN
ACCEPTANCE LIMIT

(1) DeFINITION CONSISTENT wITH EPRI REPORT.



PLuGGING LIMITs ror PWSCC .n RowuL TRANSITIONS

CRACK LENGTH Lzmprs (1)

0 Cracks EMANATING FROM Top

OF TUBESHEET
= MAXIMUM ALLoOwABLE: Al = 0,52 . 4., . A
” CG NDE
Al = 0.35
0 InCLuDES TUBESHEET CONSTRAINT
EFFECT ON ALLOWABLE LENGTH
0  AxraL Cracks INITIA

TING ABOVE Top oF
TueEsHEET
= MAXIMUM ALLOWABLE: A2 = 0.35" . g © “NDE
A2 = (0, 20"

0 Does wor INCLUDE TUBESHEET

CONSTRAINT AFFECT ON ALLOWABLE
LENGTH

0 Cracks WITwin F* ReGcrown

= CoNsERvVATIVELY GR

OUPED wITH AXIAL CRACKS
EMANATING FROM TO

P OF TUBESHEET

(1) DeFINITION CONSISTENT wITH EPRI REPORT,



PLuGGING LIMITS FOR PWSCC IN RoLL TRANSITIONS

SLB Leax RATE EVALUATION REQUIREMENTS

0 THE PREDICTED SLB LEAK RATE BASED ON THE
DISTRIBUTION OF CRACK LENGTHS LEFT IN
SERVICE AFTER EACH INSPECTION SHALL NOT
EXCEED 40 GpM PER S/G

0 CRACK LENGTHS FOR LEAKAGE CALCULATION

A ® Ay * e * Mot

A“ = MEASURED CRACK LENGTH

0 METHOD FOR LEAK RATE ANALYSIS

- THE METHOD USED TO CALCULATE LEAK RATES
SHALL BE DEMONSTRATED TO BE APPRUXIMATELY
A PLUS 2-SIGMA CONFIDENCE LEVEL RELATIVE
TO LEAK RATE MEASUREMENTS ON PULLED TUBE
ROLL TRANSITION CRACKS AND LABORATORY
INDUCED AXIAL CRACKS
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ENCLOSURE 2

FARLEY STEAM GENERATOR ALTERNATIVE TUBE PLUGGING CRITERIA
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