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A meeting was held on November 6, 1990, between Alabama Power Company
westinghouse, and the NRR to discuss alternate steam generator tube

t
criteria for the Farley Unit 2 steam generators

ics were discussed
Overview of the Farley \

r 2% - naer i 4 & D1 “ oy 3 S eTnn Tang
rariey 2- Specific Tube gging Criteria for Expansion Zone

- N

Primary Water Stress Corrosion Cracking in the Roll Transiti
steam Line Break Leakage Lin for Farley Unit
:,‘_"\6[‘ unit 2 .‘j;‘lv Current

-

fube Suppor




ODSCC AT TSPs
FARLEY-2 PLAN

TUBE PLUGGING FOR FARLEY-2 1990 OUTAGE

0 PLUG TUBES EXCEEDING 1.75 VoLt AMPLITUDE
0 Basis

~ PREVIOUSLY APPLIED FOR DIS 1IN 4 FARLEY - B
OUTAGES

0 NO LEAKAGE ATTRIBUTABLE TO INDICATIONS AT
TSPs

~ SUPPORTED BY PULLED TUBE, FLlELD 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 PROGRAM TO DEVELOP PLUGGING CRITERIA FOR OD
TSPs




0DSCC AT TSPs

EPRI ALTERNATE TuBe PLUGGING CRITERIA

0 DEMONSTRATE EITHER OR BOTH OF:
= TSP CONSTRAINT TO PREVENT TUBE RUPTURE
IS PRESENT AT SLB coNDITIONS
PLUGGING LIMITS PROVIDE ADEQUATE

MARGIN AGAYNST TUBE RUPTURE EVEN IF
TSP COMSTRAINT IS NOT PRESENT

0 Two PARAMETER PLUGGING CRITERIA
- BOBBIN COIL VOLTAGE AND DEPTH INDEX
LIMITS MUST BOTH BE EXCEEDED FOR TUBE
PLUGGING
VOLTAGE APPLIED AS A CRACK SEVERITY
INDEX BASED UPON VOLTAGE DEPENDENCE ON
CRACK LENGTH, DEPTH AND LIGAMENTS
(VOLUMETRIC FACTORS)
YOLTAGE, DEPTH INDEX LIMITS
ESTABLISNED 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 PLucGixG LimrT
- Tuee PLUGGING IF:

V>V - VNpE - Vg
AND D > D - Dypg - Deg




APC ror 0DSCC AT TSPs
VOLTAGE / Deprn INDICES

YOLTAGE - Crack SEVERITY INDEX
0 FeasierLiTy EC TESTS PERFORMED
] VOLTAGE INCREASES WITH CRACK SEVERITY
= WITH INCREASING CRACK LENGTH
= WITH INCREASING NUMBER OF Cracks
OF SIMILAR LENGTH
WITH INCREASING NuMBER OF CrACks
AROUNG Tupe CircumreErENCE
WITH Loss oF LicamEnTS

AVERAGE DepTH INDEX

¢ AVERAGE DEpPTH (PHASE AN.ipE) USED To SimpLIFy

INTERPRETATION AND IMPROVE CONSISTENCY BeETween
ANALYSTS

AVERAGE Crack DEPTH AND Crack NETWORK LENGTH (VoLTaGE)

CoNTROL LIGAMENT FRACTURE AND THus Leakage Unoer SLB
CONDITIONS
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EPRI ProGram
APC ror ODSCC ar TSPs

NDE EvaLuaTron
¢ MooeEL BorLer SPECIMENS
Dorep Steam SPECIMENS
AVAILABLE PuLLep Tuse Dara

ALTERNATE PLUGGING CRITERIA
& MooeL Bories SPECIMENS
¢ PuLLEp Tuee Darta
¢ FIELD DaTA FoR LEAKING Tuzes

INFLUENCE oF Tuse DenTINng ON LEAKAGE

¢ FATIGUE SPECIMENS
@ Dorep STEAM SPECIMENS

BursT TESTING

@ MooeL BorLem JPECIMENS
¢ Dorep StEAM SPECIMENS
¢ EDM Norcwu SPECIMENS




EPRI ProGrAM
APC ror ODSCC AT TSPs

PuLLep Tuee ano Frewo Data

LEAK RATE

3
-
PULLED TUBE DATA SUPPORTS | .]VOLTS (up 1o

100% DEPTH) AS ACCEPTABLE (NO LEAKAGE)

4
FIELD LEAKAGE EXPERIENCE (3 TuBES) Alov:[ ]
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
sptgcu:ns WITH THRU-WALL CRACKS AND
q OLTS (LOWER BOUND OF MB LEAKERS)

SLB TO NORMAL OPERATING LEAK RATE RATIO lounocg
BY FACTOR OF
VOLTS)
= INDICATIVE OF INSIGNIFICANT CRACK
DEFORMATION UNDER SLB cownDITIONS

TuBES CRACKED |

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

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



TABLE § 1

PULLED Tuge DATA . BURST PRESSURE

a w:i p..“ 'ﬂ Q: l
boleak B

———— ———————

1

Crack Tetwork eNQIhs with :.”.':.;hwa'. crack engthsg in 38’0“1’10338 * destructive
SNows many, smail 8xial cracks

NM o \ofMoasuoc

values in pareningses are estimated tube byrst Pressures based upon Crack momhoiogy

Ned from destructive examination metallography. This Pressure wouid be required 1o
oRlain a large leak a: SLB conditions for hese 1ubes with no ‘eakage at norma operating
whc:hoﬂs‘

Thin, Penpheral ligament remaining

'€ads 10 an eMective through.wall length of 0.1




TABLE 5.3-1

FIELD EXPERIENCE
SUSPECTED TUBE LEAKAGE FOR ODSCC AT TSPg

Bobbin Col
{apection x2lls Reath
Outage before
SUsSpecied e ak

Outage following
sSuspecied leak

Qutage tollowing
SUspected le akage

Outage lollowing

" EC calibration data nesded to confirm volage level

Notes

1

Reported voltages were adjusted to hormalization in this repon d[
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S‘GNAL AMPLITUDE

THROUGH-WALL PENETRATION (PERCENT)
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Sampie LD,

Dot
KL

Fatigue Specimens
FATY
FATZ2
FATS
FAT4
FATS
FATS
FAT?
FATS
FATS
FAT10
FAT11
FAT12

-

OOSCC Specimens

Bwi1 |
Bw3a(3)
Bw9
BW14

Motes

TABLF 11.2
LEAK RATE TEST DATA FOR DENTED
TUBE/TSP INTERSECTIONS

Dery Thru-Wal Open Crevice Measured Leak Rate (Lhn
Xotaoe ask dn) MEAK Rate (im0

1. Fatigue specimen leak rates are cakculated lewx rates

2. Crack network ongth (inciudes Igaments)

3. Through wall crack length extended aporox. 1/8* otuside TSP




EZPWSCC In RoLL TRANSITIONS

FARLEY 2 SPECIFIC PLuGGING CRITERIA

Tuse RupTugre CONSIDERATIONS
ALLOWABLE AXIAL Crack LengTH
ComsIned Accrpent EvALuaTION
LEAKAGE Rate CaLcutatron

OPERATING LEAKAGE RaTe Lxmrr




EZPWSCC IN RoLL TRANSITIONS

ALLOWABLE AxIAL CRACK LENGTH

EPRI NP-6864-L BASIS

CRITICAL CRACK LENGTHS

CRITICAL CRACK LEKGTH
NO TSC+  WITH TSCe
(INCH) (INCH)

0.99 0.99

0.64 0.72
0.35 0.52

*

TSC 1S TuBE SHEET CONSTRAINT.




EZPWSCC In RowLL TRANSITIONS

ALLOWABLE AxzaL Crack LengTH

EPRI NP-6864-L Bas:s
NORMAL UPERATION PRESSURE DIFFERENTIAL
® LiMITinGg CAsE WITH FACTOR oF 3
- 34LF =3 (2250-793)
= 3 (1457)
= 4371 PSI

= REFERENCE Crack LENGTH = (.35 INCH

ALLOWABLE AxtaL Crack LenaTh, A

¢ ACCOUNTS ror GROWTH, EC UNCERTAINTY AND
SYSTEMATIC ERROR, AND TUBESHEETY (TS)
CONSTRAINT WHERE APPLICABLE

= A= 0,37 1ncH WITH TS CONSTRAINT
= A=0,20 1ncH WITHOUT TS CONSTRAINT




EZPWSCC IN RoLL TRANSITIONS

ALLOWABLE AxiaL Crack LENGTH

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

- NorMmAL OperaTION (1457 PSI)
- SLB/FLB (2650 PSI AFTER BLOWDOWN)
= LOCA (-793 PSI ArTEr BLOWDOWN)

0 Cross-SeEcTION BENDING STRESS

- b
-

|
I J
CROSS-SECTION BENDING STRESS IS WELL BELOW THE

MAGNITUDE REQUIREC TO HAVE AN EFFECT ON BURST
rrRESSU»E (WCAP 7832-A)

= - 4,2, C
o |
L f'

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



COMBINED BENDING AND INTERNAL Pl

L

P/2

ESSURE BURST 7* N
ON TUBEF WITH THROUGH W

ALLSLOTS

o

P/2
s
l

/2

e
JH

Externally Applied Bending Losd and Locatiors of Through Wall Penetrations

“wd, b




EZPWSCC In RoLL TRANSITIONS

LEAKAGE RATE . ULATION

JOVERVIEW

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 BY RPT INSPECTION ABOVE THE F™ DISTANCE
WITH CRACK LENGTH LESS THAN ALLOWABLE.



EZPWSCC In RouL TRANSITIONS

LEAKAGE RATE CALCULATION

AxiaL Crack FLow MopeL

(CrACKFLO)

ASSUMPTIONS

- it




EZPWSCC In RoLL TRANSITIONS

LEAKAGE RaTE CALCULATION

AxiaL Crack FLow MopEeL
(CraCkFLO)

FLuto ano Pressure Drop CHARACTERISTICS £




EZPWSCC In RoLL TRANSITIONS
LEAKAGE RaTE CALCULATION
AxiaL Crack FLow MopeL
(CrRACKFLO)

AXIAL CRACK OPENING AREA MODEL

r




EZPWSCC IN RoLi TRANSITIONS

LEAKAGE RATE CALCULATION

AxzaL Crack FLow MopEL
(CraCKFLO)

SOLUTION PROCEDURE

-

4, C




EZPWSCC In RouL TRANSITIONS
LEAKAGE RaTe CaLcutaTrON
COMPARISON WITH EXPERIMENTAL RESULTS

NORMAL PLANT OPERATION

L3 IN GENERAL, MODEL YIELDS A GOOD PREDICTION
FOR THE TREND OF LEAK RATE WITH CRACK
LENGTH,

W EXCELLENT AGREEMENT BETWEEN PREDICTED AND

MEASURED LEAK RATES IS SHOWN FoOR FATIGUE
CRACKS

L3 For STRESS CORROSION CRACKS, GREATER DATA
SCATTER IS SHOWN.

= SCC cracks are CHARACTERISTICALLY
SMALL ~ 0.1" Lone

= DIFFICULT TO DEFINE GEOMETRICALLY

~ SUSCEPTIBLE TO PLUGGING
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EZPWSCC IN RoLL TRANSITIONS

LEAKAGE RATE CALCULATION

COMPARISON WITH EXPERIMENTAL RESULTS

STEAM-LINE BREAK CONDITIONS

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

3 IN ORDER TO IMPROVE PREDICTION CAPABILITY,
EMPIRICALLY BASED ADJUSTMENTS ARE MADE TO
THE MODEL.

a,c
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EZPWSCC In Rort TRANSITIONS

LEAKAGE RATE CALCULATION

PROBABILISTIC METHODOLOGY

A MONTE CARLO TYPE EVALUATION IS PERFOPMED BY
SAMPLING CRACK LENGTH FROM A GIVEN POPULATION

TCGETHER WITH EACH OF THE FOLLOWING NORMALLY
DISTRIBUTED STATISTICAL PARAMETERS ;

ac




EZPWSCC In RoLL TRANSITIONS
LEAKAGE RATE CALCULATION

UNCERTAINTY ANALYSIS

MEASURED VERSUS PREDICTED VALUES (M vs. P) ARE FIT

BY
=d4.cC

o -4,
r

|

NORMAL OPERATION
r 7M€

| |

SLB ConorTION
r'

| I

FACTORS
AC
N.O. ’
SLB ‘




1

o —

MEASURED LESK RATE (GPM)

MERSURED VS PREDICTED LEAK RATES

PREDICTED LEAK RATE (GPM)

quc

{




MEASURED LEAK RATES. GPM

MERSURED VS PREDICTED LERK RATES

- =

J

PREDICTED LEAK RATES, GPM



EZPWSCC IN RoLL TRANSITIONS

LEAKAGE RATE CALCULATION

SLB LEAKAGE RATE COMPARISON
FOR EPRI DrsTrisurions

1000 Cracks rromM 0 TO 0.394 INCH (10 mMM) IN LENGTH

CALCULATION LEak RaTe
~—MODEL (G°M)

A B

EPRI/LABORELEC -9

K Curve 1 [

K Curve 2

CRACKFLO o tihe
NOMINAL i
NOMINAL

+ 2 SiaMA
NOMINAL
+ N Stoma




EZPWSCU IN RoLi TRANSITIONS

OPERATING LEAKAGE RATE LImrT

EPRI NP-6864-L Basis

REASONABLE AssuaANCt 4OF LEAK BEFORE BREAK IS
ACHIEVED WITH Av GPM LEAKAGE RATE LIMIT.

Hi. IRICALLY, AXIAL CRACKS IN ROLL TRANSITIONS HAVE
EXHIBITED LOW LEAKAGE, EVEN NO LEAKACE IN SoME
CASES.  AcCORDINGLY 100% EC InsPECTION IS PERFORMED
WITH MRPC PROBES TO COMPLETELY CHARACTERIZE THE
CONDITION OF THE BUNDLE IN AFFECTED REGIONS.

.
THE COMBINATION OF 100% MRPC INSPECTION AND THIL ]“
GPM LEAKAGE RATE LIMIT CONSTITUTE A DEFENSE IN
DEFTH AND ASSURE CONTROL OF TUBE BUNDLE STRENGTH
AND LEAKAGE INTEGRITY.



Jecttar

EZPWSCC In RoLL TRANSITIONS
OPERATING LEAKAGE RaTE Limrr

LEak BEFORE BREAK
[
r -
Assuuxuct_ JGPM LEAK RATE LIMIT AND MINIMUM BURST
CAPABILITY

NOMINAL RT LEAKAGE vs CRACK LENGTH

0 WIth TS CONSTRAINY, 3 P BursT CAPABILITY
IS ASSURED; 0.52 1ncH vs 0.40 INCH, BURST
VS LEAK.

=2 SIGMA RT LEAKAGE vs CRACK LENGTH

0 With 1§ CONSTRAINT, SLB BURST capABILITY
IS ASSURED; 0.72 1NcH vs 0.60 INCH, BURST
VS LEAK,

WITHOUT TS CONSTRAINT

0  SLB BURST CAPABILITY 1S ASSURED FOR -2
SIGMA RT LEAKAGE VS CRACK LENGTH; 0.64
INCH vs 0.60 INCH, BURST vs LEAK,
GROWTH AND UNCERTAINTY ALLOWANCES LIMIT
THIS CONDITION TO AN EOC LENGTH OF 0.35

L=



LEAK RATE VS AXIAL CRACK LENGTH
EXPANSION ZONE ROLL TRANSITION
) 7/8° TUBING AT BOOF AND 1457 PS]

-dlt‘pc

LEAK RATE, GPM

—

o~

AXIAL CRACK LENGTH, INCH



FARLEY UNIT 2

SALIENT ASSUMPTIONS USED TO DETERMINE
ALLOWABLE PRIMARY-T0-SECONDARY LEAK RATE
FOLLOWING A STEAMLINE RUPTURE

0  PRIMARY COOLANT INITIAL IODINE ACTIVITY:
1% DEFECTS

0  SECONDARY COOLANT INITIAL ACTIVITY:
0.1 MICRO Cx/eM D.E. I-131

0 LOCATION OF POTENTIAL TUBE LEAKS:
TUBE SHEET

0 PARTITION COEFFICIENTS:
SG 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 GENEFRATOR

Cl:16



FARLEY UNIT 2
STEAM GENERATOR OPERATING HISTORY

PRESENTED BY
D. D. MaLINOWSKY
MANAGER, STEAM GENERATOR DIAGNOSTICS
NucLEAR Service Divisiown
WESTINGHOUSE ELECTRIC CORPORATION

ALaBama Power Company/U.S.N.R.C./

WESTINGHOUSE ELECTRIC CORPORATION
MEETING

RockviLLE, MD
Novemeer 5, 1990



FARLEY UNIT 2

Prior S/G OPERATING HISTORY



J. M, Farrey Unzry 2
Tuse PLuGGIng CuroNOLOGY
By Cause

QAT CAuSE L6 A U6 B
PRESERVICE 3
6/8] VISUAL Leaxenr
10/82 Row 1 (Peev.)
F. 0,
ToraL

9/84 LEax (ML)
BeLow TSP 7
F. 0

ToraL

AVB-Wean

Tuse PuLL

Prev.

TusesnEET PWSCC
Ornen

|
OO

ToraL

AVB-Wean
Tusesseer PWSCC
0. TSP SCC

o &OOOO

=Y

-
«(2 puLLED)
44

TovaL
Tuseswegr PWSCC
0.0. TSP scC
Ferg-Span
AVB-Wean
Asove Tusesweer

ToraL
TunesneeT PWSCC
0.0. TSP scc

VB-Nean

ToraL




J. M. Fariey Unzr 2
STeam Genenraton
Tuse PLUGGING Summanry

PLuGGING el MBES PLUGGED AR L
DAte 26 A 2.6 8 2.6 C INCREMENTAL CUMULATIVE

Pre-Senvice i
8/80 2
6/81 1

10/82 283
9/84 3
1/85 14
4/86 15 70

11/87 13 35 109

4/8% A I8

TOTALS 148 160
(4.4%) (4.7%)




FARLEY UNIT 2

CURRENT INSPECTION RESULTS




FARLEY UNIT 2

S/G Epoy CURRENT INSPECTION PROGRAM
Ocroeer 1990 Ourtace

Pro®E iR IR
AND _S/G A - 9/6 B 9/6 C
EXTENT HL CL HL CL HL CL

BoeBIN
FuLL LencTH 3240 274 3228 276 3185 279

RPC
TUBESHEET 3240

RPC AT TSPs 82
RPC U-Benp 92

Boesin U-Beno 92
(PosT HEAT TreaT)




EY UNIT 2 BOBBIN INDICATION CALLS
EAM GENERATORS

| DATAASOF 11/4 |

»
<
=
<
O
O
<
0
L
’_
o
O
—
D
o

B
LLj
O
aC
T
o




LEY UNIT 2 RPC INDICATION CALLS
ALL STEAM GENERATORS

DATAAS OF 114 |

1))
=
-
<
O
-
O
}.—
<
O
0
<
<
=

+
<
o

P TSH
LOCATION

;-1989-1990 |
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F.= ALEY UNIT 2
DETERMINAI1ION OF AXIAL CRACK
LENGTHS

SOQURCE OF RPC RESULTS
DATA!:

APPLICATION: TUBE/TUBESHEET ROLL TRANSITION

METHOD:

1 ESTABLISH ROTATIONAL PITCH - USE MACHINED NOTCHES ON
CALIBRATION STANDARD

2 NPETERMINE NUMBER OF *HITS® (VERTICAL DEPARTURE F 30M
NUL EXHIBITING FLAW LIKE FEATURES. USE MOST ACCURATE OF

PSEUDO-ISOMETRIC RPC PLOT, EXPANDED STRIP CHARTS OR LIS-
SAJOUS FIGURES)

~

3 CALC'ILATE AXIAL LENGTH - MULTIPLY FOTATIL. o PITCH BY
NUMBER - "HITS" IMPLICI1 .Y ADDS 1/2 PITCH TO B 3INNING
AND END OF EACH INDICATION

ADDITIC « L CONSIDERATION:

CORRECTION FOR ELECTROMAGNETIC FIELD SPREAD OF COIL
IS NOT APPLIED AT PRESENT S'NCE MORPHOLOGIES OF INDICA.-
TIONS ARE NCT KNOWN ACCURATELY




NUMBER OF INSTANCES

FARLEY 2 CRACK LENGTH STATISTICS

DATA AS OF 11/5 (1500)

70~ 100
-90

a).. --------------------------------------------------------------------------------------------------------------------------
-80

= G-t W J . - 1

STD=0.11

«)_L ____________________________________________________________________________________________________ i Lw
50

“w——  aes 00 5
-30
-20

LI W B B B - R B
-10

0 0

8 065 @1 015 02 025 93 035 04 045 05 055 06 065 07 075 08

CRACK LENGTH (IN)
B NUMBER OF INSTANCES —— CUM. DIST. FUNCTION

CUMULATIVE PERCENTAGE PLOT



CRACK LENGTH MEASUREMENT
UNCERTAINTY a,,,

(EPRI Report NP-6864-L. Draft)

EPRI crack length measurement is the sum
of the systematic error and the random
error,

Systematic Error = True crack rize - NDE
crack size
(True crack size mea-
sured by metallography
or other acceptable
method.)

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

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



AVERAGE CRACK GROWTH RATES
BASED ON KISS-ROLL DATA

.
o
I

"y

s
-

...........................................................................................

ey
i

Faby2feswstomﬂ’0ddain19w
cannat be compared 1o prior resudl's since
hbuv‘twea-dahhue.d
m“nmhmalm.

EPRMM.\“GW
crack growth rates for various observed
lengths in the base inspection

Glmmbotn-wdtor-nm
mmbmm

AVERAGE GROWTH RATE (mm/efoy)

ot
&

' i i L

2 4 6 B 80 -t
INITIAL CRACK LENGTH (mm)

o

EPRICRAK W2
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Table 1la

{
. -

Summary o7 Examination Results or Farley Unit 2 SC C Tube Remova! 4ih R

Field

Y .

be/location Q!\Dpvni ".gr ructive l',.qnn.'w!ﬂ Dﬂﬁ »’Qx.i

RIIC4E 8l% 00 surface intergranular axtal crack

1st Sp 83% throughwall in one _ross section and
100% in another. Some secondary more
shallow ¢racks on 0D periphery away from
primary crack

0954860 /000,79
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CUMUJLATIVE DISTRIBUTION FUNCTION (%)
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FARLEY UNIT 2
GROWTH RATES FOR
TSP LEVEL ODSCC

OPERATING CYCLE ECIGROWTH
PERIOD

1985-1986 4 22%
1986-1987 5 7%
1987-1989 6 5%
1989-1 /90 7 <1%
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FARLEY -2 1990 Ourace
ProposSeED BAses FOR TuBE PLUGGING

PWSCC AT RoLL TRANSITIONS
0 LIMITED APPLICATION OF EPRI PROGRAM PLUGGING
CRITERIA
- DEMONSTRATION TO PFVELOP OPERATING EXPERIENCE
WITH CRACK LENGTH BASED CRITERIA
0 ProrPOSED DEMO OF EPRI ~RITERIA
- LEAVE IN SERVICE A LIMITED NUMBER OF TUBES
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 OR CRACKS EMANATING
FROM THE TUPCSHEET



FARLEY =2 1990 OurtacE
Prorosep BASES FOR TUBE PLUGGING

0D SCC aT TSPs
0 CONTINUE T0 APPLY 1.75 VOLT CRITERIA FO&
TUBE PLUGGING

- APPLIED FOR DI RESOLUTION IN LAST 2 OUTAGES AT FARLEY
-1 anp 2
~ NO LEAKAGE ATTRIBUTABLE TO CQDSCC AT TSPs
FOUND AT FARLEY-1 AND 2
0 NEGLIGIBLE GROWTH RATES FOUND FOR INDICATIONS
AT TSBs
0 SUPPURTING DATA INDICATES 1.75 voLTS IS A
CONSERVATIVE, NO LEAKAGE CRITERIA
~ PULLED TUBE, FIELD EXPERIENCE AND
LABORATORY TESTS APPLIED IN
EPRI PROGRAM YO DEVELOP PLUGGING
CRITERIA FOR O0DSCC AT TSPs



PLucGiNg LIMITS FOR PWSCC IN RoLL TRANSITIONS

INSPECTION REQUIREMENTS
0 100% NDE over ~ + 2" OF ToP OF TuBESHEET (1)
0 QuaLirrep NDE rTecunroue rFor PWSCC 1w RT
« NDE QUALIFIED FOR DETECTION OF PWSCC
IN ROLL TRANSITIONS BY ACCEPTABLE
DETECTABILITY THRESHOLD AND
DEMONSTRATED CRACK LENGTHM

MEASUREMENT UNCERTAINTY

- RPC appLIED FOR 1990 FARLEY-2
outace 1)

(1) REQUIREMENT CONSISTENT WITH EPRI RepoRrT



PLuGGTNG LIMITS FOR PWSCC N RoLL TRANSITIONS

DEFINITIONS

0 AxiaL Crack(1)
= AN AXIAL CRACK NETWORK LENGTH WITH
MAXIMUM INCLINATION FROM THE TUBE
AXIS SUCH THAT THE C.ACUMFERENTIAL
PROJECTION IS/ N

0 RotL Transrtron(l)
- TUBE AXIAL REGION OVER WHICH TUBE
DIAMETER CHANGES FROM FULL EXPANSION
IN THE TUBESHEET TO THE NOMINAL TUBE
DIAMETER

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

0 CRACK LENGTH CHARACTERIZATION(D)
= CRACKS EMANATING FROM TOP OF
TUBESHEET
= CRACKS INITIATING ASOVE ToOP OF
TUBESHEET

(1) DEFINITION CONSISTENT wiTH EPRI Reporr.



PLuGGING LiMITs rOom PWSCC IN RoLL TRANSITIONS

DerInzTrons (Cont'D.)

(1)

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 BASED
ON EPRI RerorT NP-6864-L

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

0 CRACK LENGTH MEASUREMENT UNCERTAINTY - A, . (1)

NDE
= DEMONSTRATED UNCERTAINTY ON CRACK LENGTH

MEASUREMENT BY NDE INSPECTION TECHNIQUE
BASED UPON QUALIFICATION OF FIELD NDE

AGAINST ACTUAL CRACK LENGTHS FROM PULLED
TURES

0 MaxiMum ALLowaeLe Crack LengTw(1)

= MAXIMUM CRACK LENGTH THAT CAN BE LEFT IN
SERVICE BUT SUBJECT TO CONSTRAINT THAT

PREDICTED SLB LEAK RATE 1§ LESS THAN
ACCEPTANCE LIMIT

DEFINITION CONSISTENT WITH EPRI REPORT.

-




PLUGC ING LIMITs ror PWSCC 1w RoLL TRANSITIONS

CRACK LENGTH Limrrs (1)

0 Cracks EMANATING FROM Top oF

TUBESHEET

=  MaxImum ALLOWARLE: AL = 0.52" - Acg - “NDE
Al = 0,35"

0 INCLUDES TUBESHEET CONSTRAINT
EFFECT ON ALLOWABLE LENGTH

0 AxxaL Crack

S INITIATING ABOVE Top or
TuBESHEST

= MAXIMULNM ALLOWABLE: &

gn

" el
CG NDE
20!!

0 Does ror INCLUDE TUBESHEET

CONSTRAINT AFFECT ON ALLOWABLE
LENGTH

L)

2 =0,
A2 =0,

0 Cracks Wrrtwin F* REGION

- CONSERVATIVELY GROUP

ED WiTH AXIAL CRACKS
EMANATING FROM TOoP

OF TUBESHEET

(1) DerinzrTrON CONSISTENT wITH EPRI KEPORT.




SLB Leax

0

PLUGGING LIMITS FOR PWSCC 1N RoLL TRANSITIONS

RATE EVALUATION REQUIREMENTS

THE PREDICTED SLB LEAK RATE BASED ON THE
DISTRIBUTION OF CRACK LENGTHS LEFT IN

SERVICE AFTER EACH INSPECTION SHALL NOT
exCEep 40 apMm PR S/G

CRACK LENGTHS FOR LEAKAGE CALCULATYON
= + .
AL ' A Ace * “woe

AN = MEASURED CRACK LENGTH

METHOD FOR LEAK RATE ANALYSIS

-~ THE METHOD USED TO CALCULATE LEAK RATES
SHALL BE DEMONSTRATED TC BE APPROXIMATELY
A PLUS 2-SIGMA CONFIDENCE LEVEL RELATIVE
TO LEAK RATE MEASUREMENTS N PULLED TUBE

ROLL TRANSITION CRACKS AND LABORATORY
INDUCED AXIAL CRACKS




