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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON D C 20656

June 10, 1992

LE TR e

Docket Nos. 50-348
and 50-364

LICENSEE:  Southern Nuclear Operating Company
FACILITY: Joseph M. Farley Nucli r Plani, Units | and 2

SUBJECT: SUMMARY OF NO.EMBER 20, 1891, MEETING WITH SOUTHERN NUCLEAR
OPERATING COMPANY

A meetiny was held with Southern Nuclear Operating Company, Inc. (SNC), on
November 20, }991. in Bethesda, Maryland, on behalf of the licensee, Alabama
Power Company . The purpose of the meeting was to ciscuss the steam
generator tube support plate alternate tube plugging criteria (APC) amendment
requests submitted by the licensee's letter dated February 26, 1¢71, as
supplemented by letter, dated November 13, 1991. Due to the extent of the
proprietary material being discussed, the meeting was not open to the public.
Attendees at the meeting are listed in Enclosure 1.

SNC and its contractor, Westinghous2 Electric Corporation, met with the NRC
staff and its contractors, Oak Ridge National Laboratory and Battelle-Pacific
Northwest Latoratory, to discuss the continuing staff review of the requested
APL amendments. The discussions were based on information contained in
Revision 1 to WCAP-12871 (Proprietary)., and Revision 1 to WCAP-12872 Non-
proprietary,, "J.M. Farley Units ] and 2 SG Tube Plugging Criteria for QDSCC
at Tube Support Plates," submitted by licersee letter, dated

November 13, 199].

The following cubjects were discussed at the meeting:

1. summary of the bobbin probe signal amplitude steam generator tube
plugging criterion,

% S steam generator tube structural integrity upon implementation of the
plugging criterion,

3. main steam lin~ break primary-to-secondary leakage considerations,

4, results of J~ + n M, Farley Nuclear Plant, Units 1 and 2 (Farley), steam

generator tur eddy current inspections,

$. examinations of pulled steam generator tubes.

' By Amendment Nos. 90 and &3 to Facility Operating Licenses NPF-2 and
NFF-B, respectively, Southern Nuclear Operating Company was subsequently
authorized to become the licensed operator of Farley. This change was
implemented on December 23, 1891.
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Details of the discussions are contained in the meeting handouts which include
proprietary information. Therefore, by letter dated February 13, 1992, the
licensee subsequertly submitted the handouts as WCAP-13138 (Proprietary) and
WCAP-13139 (Non-proprietary), "Steam Generator Tube/Tube Support Plate
Elevatinn Alternate Flugging Criterion Summary." Pursuant to the provisions
of 10 CFR 2.790, WCAP-13138 is being withheld from public disclosure.
Enclosure . is a copy of WCAP-13139 which contains the non proprietary
information discussed at the meeting.

Original signed by:

Stephen T, Hoffman, Project Manager
Project Directorate 11-1

Division of Reacter Projects - 1/11
Dffice of Nuclear Reactor Regulation

Enclosures:
1. List of Attendees
2. WCAP-1313%8
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See next page
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Mr. W. G. Hairston, 111
Southern Nuclear Operating
Company, Inc.

cC:

Mr. R. D. HilY, Jr,
General Manager - Farley Nuclear Plant
Southern Nuclear Operating
Company, Inc.
P.0. Box 470
Ashford, Alabama 363)2

Mr. 8. L. Moore

Manager, Licensing

Southern Nuclear Operating
Company, Inc.

P.0. Box 1285

Birmingham, Alatama 35201-1295%

James M. Miller, 111, Esq.
Balch and Bingham

P.O. Bex 30¢

1710 Sixth Avenue North
Birmingham, Alabama 35201
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Joseph M. Farley Nuclear Plant

Claude Ear) Fox, M. D.

State Health Officer

State Department of Pub)ic Health
State Office Building

Montgomery, Alabama 36130

Chairman

Houston County Commission
P.0. Box 6406

Dothan, Alabama 36302

Regiona’ Admin.strator, Region 11
U. §. Nuclear Regulatory Coamission
10] Marietta Street, Suite 2900
Atlanta, Georgia 30323

Resident Inspector

U.S. Nuclear Regu’atory Commission
P.0. Box 24 - Route 2

Columbia, Alabama 363:9
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ENCLOSURE 1

RTICIPANT
NOVEMEER 20, 1991
JOSEPH M. FARLEY NUCLEAR PLANT, UNITS | AND 2
ATOR N A
QRGANIZATION

NAME

Steve Hoffman
Brad Moore
T. A, Pitterie

D. E. Mansfield
Caius Dodd
Emmett Murphy
heorge Johnson
Mek Kurtz

C. Y. Cheng

J. L. Houtman
Robert J. Giardina
C. David Pugh
Allen Hansen

J. A. Begley
xen Eccleston
K. Decai

Dan Malinowskd
Tom Stetka

Ken Karwoskl
Gary Whiteman
Rick Mullins

Nuclear Regulatory Commission (NRC)

Southerr Nuclear Onerating Company (SNC)

Westinghouse Electric Corporation
(Westinghouse)

SNC

Oak Riuge National Laboratory

NRC
NRC

Battelle - Pacific Northwest lLaboratory

Nk
Westinghouse
§RC
SNC
NRC
westinghouse
NRC
NRC
West“nohouse
NRL
NRC
Westinghouse
SNC

—

.
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WESTINGHOUSE CLASS 3
WCAP-13139

FARLEY UNITS 1 AND 2

STEAM GENERATOR TUBE/
TUBE SUPPORT PLATE ELEVATION
ALTERNATE PLUGGING CRITERION SUMMARY

DECEMBER 199)

WESTINGHOUSE ELECTRIC CORPORATION
Nuclear and Advanced Technology Division
P.0. Box 355
Pittsburgh, Pennsylvania 15230

(C) 1991 Westinghouse Electric Corporation
A1l Rights Reserved
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Enclosure 2



A meeting was held on November 20, 1991 between Southemn Nuclear Corporation,
Westinghouse, and the NRR staff at the Bank of Maryland Building. Bethesda, Md , to
resolve a senes of NRR questions related to the implementation of a steam generator tube
plugging cniterion for tube support plate elevation outer diameter intiated stress corrosion
cracking at Farley Unuts 1 and 2.

The meeung agenda included discuss:ons on:

1.

4

5

Summary of the Bobbin Probe Signal Amplitude Steam Generator Tube Plugging
Cniterion,

Steam Generator Tube Structural Integrity upon Implementation of the Plugging
Critenon.

Steam Line Break Primary to Secondary Leakage Considerations.
Farley Unuts 1 and 2 Steam Generator Eddy Current Inspection Results,

Pulled Tube Examinations.

All aspects of the proposed criterion with the exception of radiological consequences and
systems review were presented to the NRR staff at this meeting.



Fari.ey APC ror ODSCC AT TSPs
NRC MeeTinGg, Novemser 20, 1991
DiscussioNn TorIiLs

AGENDA

PRESENTATION FORMAT

@ APPROXIMATELY ORGANIZED BY SECTIONS ¢

WCAP-12871, Rev. 1

® Summary oF WCAP SecTion RESULTS
@ Summary oF NRC QuesTiON RESPONSES

Top1:

Sections 6, 12, 1, 2

Secrions 4, 7, 9.1 710 9.5, 9.8, 10
SECTIONS 5, 8, App. A

Sections 9.6, 9.7, 11, 12.5
Secrron 11.3

ACRSAPC: 11 /91

PRESENTER
PITTERLE

BEGLEY
MALINOWSKI
HouTMAN
WHITEMAN

APPROXIMATE
Time

90 MINUTES
60 MiNUTES
90 mINUTES
60 MINUTES
15 MINUTES



ALTERNATE PLUGGING CRITERIA FOR ODSCC AT TSPs

OBJECTIVES

OBTAIN TuBE PLUGGING CRITERIA THAT ReLaTe NDE
MEASUREMENT TO Tuse INTEGRITY (BURsT, LEAKAGE) CRITERIA

ofF R.G. 1.121

CONTINUE TO MAINTAIN SAFETY MARGINS AND MINIMAL
POTENTIAL FOR SIGNIFICANT OPERATING LEAKAGE

ELIMINATE Negp 1o Assess NDE MEASUREMENTS Near
TuresHOLD oF DeTectasrirTy (40% DepTH)
0o ENHANCED PROBES AND EC ANALYSIS SKILLS HAVE MOVED
DETECTION TO LIMITS OF DETECTABILITY
0 PLUGGING CRITERIA INITIATED FOLLOWING UNDETECTED
inoICATION OF SHORT CRACK WITH 62% MAXIMUM DEPTH
AT FARLEY-1
o NEED FURTHER DEMONSTRATED BY EXTENDED OUTAGE AT
TROJAN WHERE TUBE PULLS HAVE DEMONSTRATED TUBE
INTEGRITY FOR INDICATIONS MARGINALLY DETECTABLE

ExTEND OPERATING PERIOD OF $/Gs Wit LIMITED TUBE
PLUGGING AND/OR SLEEVING



GENERAL APPRCACH TO PLUGGINA CRITERIA
ror ODSCC aT TSPt

SPECIFYING CONSERVATIVE BURCT CORRELATIONS BASED ON
FREE (UNCOVERED) SPAN ODSCC UNDER ACCIDENT CONDITIONS
TO DEMONSTRATE STRUCTURAL INTEGRITY.

CONSERVATIVELY ASSUMING OPEN CREVICE CONDITIONS TO
MAXIMIZE LEAKAGE POTENTIAL.

SaTISFYING THE R.G. 1.121 STRUCTURAL GUIDELINES FOR

TUBE BUFST MARGINS BY ESTABLISHING A CONSERVATIVE
STRUCTURAL LIMIT ON VOLTAGE AMP! ZTUDE THAT PROVIDES
TIMES NORMAL OPERATING PRESSURE DIFFERENTIAL FOR TUBE

FOR TIMES NORMAL OPERATING PRESSURE DIFFERENTIAL FOR TUBE
BURST CAPABILITY.

ACRSAPC : 10/



GENERAL APPROACH TO PLUGGING CRITERIA
ror ODSCC ar TSPs (Cont'D.)

SATISFYING THE FSAR REQUIREMZIKTS FOR ALLOWABLYL LEAKAGE
UNDE™ ACCIDENT CONDITIONS 3Y CEMONSTRATING THA"™ THE
DOSE RATE ASSOCIATED WITH POTENTIAL LEAKAGE FR(M TUBES
REMAINING IN SERVICE IS A SMALL FRacTION OF 10 CFR 100
LIMITS.

INCLUDING CONSIDERATIONS FOR CRA K £Z0WTH AND NDE
UNCERTAINTIES IN BOTH THE STRUCTURAL ASSESSMENT AND
LEAKAGE ANALYSIS.

SPECIFYING A REQUIREMENT TO PERFORM 100% BC INSPECTION
FOR ALL HOT LEG TSP INTERSECTIONS AND ALL COLD LEG
INTERSECTIONS DOWN TO THE LOWESY COLD LEG TSP WHERE
ODSCC INDICATIONS HAVE BEEN IDENTIFIED.

ACRSAPC 1090



PoTeENTIAL FOR TSP DIspLacement
anp Tuse Burst AT SLB Accrpents

POTENTIAL FOR TSP DISPLACEMENT
o SLB ANALYSIS FOR MopeL 51 S/G
- TSP DISPLACED RELATIVE TO NORMAL OPERATING
POSITIONS UNDER ASSUMPTIONS OF OPEN
CREVICES AND ZERO FRICTION INCLUDING WEDGES
AT TSP TO WRAPPER INTERFACE

@ TSP DISPLACEMENT PREVENTED BY TUBE DENTING, TSP
CORROSTON LEADING TO INCIPIENT DENTING OR SMALL
_JTUI: To TSP Gars
- EVALUAT}ONS COMPLETED FOR FARLEY-1 AND
_INDICATE NO TSP DISPLACEMENT WHICH
puchuo:s TUBE BURST
- EXPECTED THAT ANALYSES COULD BE PERFORMED
rorR FARLEY-2 AND OTHER MooeL 51 S/Gs

-

ALRSAPT -l



POTENTIAL FOR TSP DISPLACEMENT
AND Tuse BumrsT AT SLB Accipents (ConT'D.)

THROUGHWALL CRACK LENGTH FOR BURST AT SLB GREATER THAN
TSP THICKNESS
e Tuee BursT FOR 2650 ps1 SLB conpITION AT:
e TSP THrickness = 0.75"
@ TUBE BURST AT ACCIDENT CONDITIONS NOT EXPECTED
ror ODSCC ar TSPs

1 P

-

Low ProaBILITY (~10-6/cvcLE) OF CRACK GROWTH FROM
4.0 voLT PLuGGING LIMIT TO VOLTAGE FOR BURST AT SLB
CONDITIONS
® CONSERVATIVE FARLEY S/G GROWTH RATES
® VOLTAGE/BURST CORRELATION APPLIED FOR PLUGGING
LIMITS

ACRSAPC 1O /TY
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FARLEY S/G PLuGGING CRITERIA FOR ODSCC AT TSPs

Tusg PLUGGING CRITERION
0 TUBES WITH BOBBIN COIL INDICATIONS EXCEEDING 4.0
VOLTS WILL BE PLUGGED OR REPAIRED

SLE LeAxkAGE CRITERION
0 PRepICTED SLB LEAK RATES FROM TUBES LEFT IN
SERVICE MUST BE LESS THAN 55 GPA FOR EACH S5/G,
INCLUDING CONSIDERATIONS FOR NDE UNCERTAINTIES
AND ODSCC GROWTH RATES

INSPECTION REQUIREMENTS
0 A 100% BOBBIN COIl. INSPECTION SHALL BE PERFORMED
FOR ALL HOT LEG TSP INTERSECTIONS AND ALL COLD
LEG INTERSECTIONS DOWN TO THE LOWEST COLD LEG TSP
wITH ODSCC INDICATIONS

0 ALL TUBES WITH BOBBIN COIL INDICATIONS >1.5 voLTs
AT TSP INTERSECTIONS SHALL BE INSPECTED USING RPC
PROBES. THE RPC RESULTS SHALL BE EVALUATED TO
supPrORT ODSCC AS THE DOMINANT DEGRADATION
MECHANISM



FarLey S/G PLuGGING CRITERIA
ror ODSCC ar TSPs (Cont'D.)

OPERATING LEAKAGE LIMITS

® PLANT SHUTDOWN WILL BE IMPLEMENTED IF NORMAL
OPERATING LEAKAGE EXCEEDS 150 cpp pER S/G

ExcLusIons FrROM TuBe PLUGGING CRITERION
o Tuees WITH RPC INDICATIONS NOT ATTRIBUTABLE TO
ODSCC AND CIRCUMFERENTIAL INDICATIONS SHALL BE

EVALUATED FOR TUBE PLUGGING BASED ON A 40% DEPTH
LIMIT.

ACRSAPC : 10/



Tube Piugging Limits to Satisty Structural Requirements

QOENA

Maximum Voltage Limit 1o
Satisty Tube Burst
Structural Requirement

Allowance for NDE
Uncenainty

Allowance for Crack
Growth Between

Inspections

Tube Plugging Vokage
Limit

...mﬁ..._,

40

—BaSS

; Burst Pressure vs. Voltage
Correlation at -85%
confidence level.

10% uncertainty increased 1o
15% pending field expenence
with probe wear procedure and
conservatively increased 10
20% to estabiish plugging limits.

Overall average growthicycle
of 37% and 29% for Units 1
and 2. Allowance increased
to 50% of Tube Plugging Limit
0 provide conservative margin
for vanations in future cycies.



OPERATING LEAxAGE rFor 0DSCC AT TSPs

NO OPERATING LEAKAGE OCCURRENCES IN DoMesTic S/Gs

THREE OCCURRENCES REPORTED IN EUROPEAN UNITS

0 LEAK RATES NOT QUANTIFIABLE FOR INDICATIONS AT
TSPs

- LEAKAGE AT NON-TSP LOCATIONS CONTRIBUTED TO
LEAKAGE

- ToTAL LEAK RATES ofF 63-140 GpD

No REPORTED LEAKAGE IN FRENCH UNITS

0 OPERATION AT HIGHER EQUIVALENT INDICATION
VOLTAGES THAN PROPOSED FCR FARLEY

+« JACRSAPC: 10/91
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Field Experience: Suspected Tube Leakage for ODSCC AT TSPs ()

91“ jmempat an :'A"s "gaﬁv\ C-u—-gpls

hotes.
1 Field experience noted is for nominal 0.750° OD tubing » (h 0.043" wa. thickness. No
dala &re known 1o be aveilabie for twoes w*h 0875 QD

2 Reponed 'itages were adjusted (values given in parenthesss) 1o the normalizaton in this
report of 2.75 voits for 20% ASME flaw anc 400/100 kHz mix. The adjustment tactor
was deveioped based on voltage raics measured between @ metrc calibralion standard as
used to obtain the onginal data and the reference ASME standard of this report. Thie
adjustment provides an order of magnitude cConversion 1 maks thess data roughly
comparable 1o other data in this report. However, any conversion factor is disputadle
because t depends on the proceduralenvironmental conditions and thus may vary from
case © case.




RESPONSES TO GENERAL CONCERNS

BursT AND LEak TesT Data Base (Pages 1-2)

BursT: 41 Points (27 MB, 14 FieLp)
o MWas 13 MB, 4 Frzuo

Leak Rate: 28 Paints (24 MB, 4 Frewp)

@ Was o #b, 4 Frewp
PuLLep Tuses < 10v

MopeL BOILER SPECIMENS
o CRACK MORFHOLOGIES SIMILAR TO PULLED TUBES
¢ EMPHASIZED > 8 Vv TO DEFINE STRUCTURAL LIMITS

AND LEAK RATES

EXTENDED DATA BASE PERMITS USE OF UNCERTAINTY BOUNDS
FOR VOLTAGE/BURST CORRELATIONS
-~ LowER 95% UNCERTAINTY IJAND USED TO DEFINE
PLUGGING LIMITS
- ELIMINATES NEED FOR "ADDED MARGINS" IN DEFINING
PLUGGING LIMITS AS APPLIEL IN Rev. 0

ACRSAPC 11 /00



PULLED Tuee DATa BASE ror APC

31 PuLLeDp Tuses, 58 INTERSECTIONS TO CHARACTERIZE
VOLTAGE RESPONSE AND CRACK MORPHOLOGY
o ODECC wiTh Minor Or No IGA -37 INTERSECTIONS
« 5 FROM FARLEY S/GS OF 14 INTERSECTIONS

EXAMIN ‘O
-3
- 6 rnou |
o IGA/SCC or IGA -19 Inrznszcrxons
- 3 raon 17

o

- 13 rnom FRENCH UNITS
- 2 FROM NON-WESTINGHOUSE UNITS

14 Tuee INTERSECTIONS OF 7/8" DIAMETER WITH BURST

PRESSURE TESTS
¢ 3 FROM FARL!Y
o 7 m:omL

<
N

SUPPLEMENTAL DATA FOR APC OBTAINED FROM LABORATORY
SPECIMENS OBTAINED IN MODEL BOILERS UNDER PROTYPIC

CONDITIONS

KCRSAPT  11/91



1 Crack network length for burst crack with through wall crack length given in parentheses
Negiigible leak raie evalualed as no leaxage for thus repon
Measurements were NOt Made and vaiues are estimated based upon Crack Momhe
cblained from gdestructve examinaten

Leakage not detected as prassure increased 1o indicated Durst pressure
Depth not determinable from phase angle

s A T . N
Fieid measurement using S50/ 00 kM2 mix for 0.75 inch diametar tubing




YoLTaGE AMPLITUDES FOR PuLLED TUBES

AMPLITUDE CORRELATED WITH BURST PRESSURE FOR APC

AMPLITUDES FOR IGA/SCC TEND TO BE AS HIGH OR HIGHER
THAN For SCC ownLy

® IGA INVOLVEMINT TENDS TO INCREASE AMPLITUDE

@ JGA/SCC TENDS TO OCCUR WITH MULTIPLE CRACKS OF
COMPARABLE DEPTHS WHICH INCREASE AMPLITUDE

EArRLY ODSCC pEVELOPMENT OCCURS AS SHOrT (0.1-0.2")
MICROCRACKS WHICH CAN RE NEAR DETECTION THRESHOLD

® A FEW OCCURRENCES OF INDICATIONS TO 60-70%

MICROCRACK DEPTHS NOT DETECTED IN FIELD
INSPECTIONS -

ACRSAPC 11/%1



Pulled Tube Destructive Exam Data including French Data .

‘ - m——

Maximum Depth From Destructive Exam

Z Farley O Plamt B 4 Pant C - Planm D :PilmL
Mant M : Plant N X Plam P & French Pulied
Tubes

Noie: Solid symbols represent twoes with IGASCC Indications.
All other symbois reprosent tubes with SCC indications only.



RESPONSES TO GENERAL CONCERNS
ICA anp Crrc. ODSCC AT TSPs (Page 3)

CIrCUMFERENTIAL ODSCC Not Founo AND NoT EXPECTED IN
FarLey S/Gs
¢ CI1rc. ODSCC ASSOCIATED WITH SIGNIFICANT DENTING
AT TSPs
- HIsSTORICALLY, AXIAL PWSCC MAS sEEN A
PREDECESSOR TO CIRCUMFERENTIAL CRACKING
® NEGLIGIBLE DENTING In \RLEY S/Gs

S1GNIFICANT IGA Not Founp 1N FARLEY S/Gs
¢ 8 Tuses, 14 TSP InversecTiONs Over 1986-1990
¢ MInNOrR IGA INVOLVEMENT FOUND AT CRACK FACES
- SLIGHTLY GREATER (~ 15 MILS WIDE) IN
PREVIOUSLY PLUGGED TuBE (R21C22) THAN
ACTIVE Tuse (6 mILs wIDE IN R4C73)

IGA Occurrence AT TSPs Domrnantiy IGA/SCC
¢ SCC EXPECTED IN TUBES STRESSED BY OPERATING
PRESSURE DIFFERENTIALS BASED ON LABORATORY
EXPERIENCE
® SLOWER GROWTH FOR IGA THan SCC

AVAILABLE DAaTA SupporTs DeTecrasiLiTy oF IGA/SCC
® VOLTAGE RESPONSES AS Hicw OR HIGHMER THAN FOR

SCC onLy

ACRSAR 1191



Types oF DEGRADATION AT TSPs
CRACK INDICATIONS

0DSCC
0 INITIATES AS MULTIPLE MICROCRACKS OF ~0.1" To
0.2" LENGTH g
-  EXAMPLES Alt' 5R29C70 R30C64, FArLEY-2

R38C46 awxp FARL!Y 1 R20C26
- CAN BE NEAR THRESHOLD OF DETECTABILITY WITH A
LOCALLY DEEP MICRNCRACK OF up To 70% pEPTH
« TYPICALLY LOWER VOLTAGES AND HIGH BURST
STRENGTH
0 GROWTH OCCURS AS ADDITIONAL MICROCRACKS AND
CORROSION OF LIGAMENTS BETWEEN MICROCRACKS WITH
INCREASING DEPTH
- ExampLes AR FarLev-2 R4C73, R21C22
- TYPICALLY NO OPERATING LEAKAGE AND HIGH BURST
PRESSURES
o MinorR IGA AT CRACK FACES SEEN IN SOME TUBES



RESPONSES TO NRC QUESTIONS
ODSCC Qursipe TSP Bouwparies (p. 4)

No ODSCC Qursipe TSPs KnowN TO KAVE BEenN DETECTED BY

NDE
.

MECHANISM OF MULTIPLE INITIATION SITES AND GROWTH
LINKING INITIATION SITES REQUIRES CREVICE OR
SLUDGE PILE CONDITIONS WITH CONCENTRATION OF
CHEMICAL CONTAMINANTS

IoeEnTIFIED CrACKS EXTENDING QuTsIDE TSP ARE RESULT OF
PWSCC 1N SiGNIFICANTLY DenTen Tumes

CONDITIONS NOT APPLICABLE TO0 FArLEY S/Gs

FarLeEy PuLLep Tuse R20CZ26

BaAND OF mMicrocrAackSs (< 0.1" Lowng) up 10 0.27"
ABOVE TSP

DepTHs up 1O 10%

ONLY PULLED TUBE OF 58 INTERSECTIONS wWITH ODSCC
REPORTED ouTsipe TSP

INsPECTION FOR CrACkS Ourtsipe TSPs

100% BOBBIN INSPECTION FOR DETECTION OUTSIDE TSP
WHERE RPC APPLIED, ALSO ASSESSED FOR CRACKS
OUTSIDE TSP

INDICATIONS OuTSinE TSP pLUGGED TO 40% Tecw SeecC
LIMiT




Types OF DEGRADATION AT TSPs
Crack Inpicarions (Cont'p.)

TGA/SCC
0 TvpicaLLy IGA rINGERS AND SCC WITH SOME
VOLUMETRIC IGA PATCHES OF VARYING AZIMUTHAL
EXTENT

0 COMMONLY MANY CRACKS AZIMUTHALLY AROUMD TUBE

0 EXAMPLES ARE jhlzca (PREVIOUSLY PLUGGED)
AND FRENCH DATA

o LIMITED DATA ON BumrsT (R12C8, TSP #3) sut LoCAL
IGA NOT EXPECTED TO STRONGLY INFLUENCE BURSY
CAPABILITY



Tyres oF DEGRADA™ UN OF TSPs
YOLUMETR.. INDICATIONS

CORROSION
0 Prrrine
- NOT FOUND TO DATE AT TSPs
0 CoLp LEG THINNING
- Io:&rrrx:n AT SOME LOWER COLD LEG TSPs, IN
MopeL 51 S/Gs
- EASILY DETECTABLE (HIGH VOLTAGES, RPC

CHARACTERIZATION) AND LIMITED IN EXTENT
0 WASTAGE

= INSIGNIFICANT WITH AVT CHEMISTRY

WEAR
0 NOT FOUND IN FEEDRING S/Gs AT T3Ps

YOLUMETRIC INCICATIONS CHARACTERIZED BY HIGH VOLTAGES
0 READILY CHARACTERIZED BY RPC INSPECTION
0 INDICATIONS LESS THAN ABOUT 2 VOLTS ARE NOT A
CONCERN FOR TUBE INTEGRITY
= RPC CHARACTERIZATION REQUIRED BY APC roR
INDICATIONS AR" " 1.5 voLrs
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Top MICrographs 478 from 3 ransvenss section through one hall of the man
Durst oracx. The momphoiogy & that of IGSCC with sgnificant 1G4
Charactensucs (wadth of IGA @ 0.015 noh on one moe of the orack ) Bonom
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RESPONSES To NRC QuEsTIONS
CRACK GROWTH ALLOWANZE (P. 3)

VOLTAGE GROWTH METHOD MODIFIED FOR REVISION )

¥ GROWTH NOW APPLIED - PREVIOUSLY ABSOLUTE
VOLTAGE CHANGE

CHANGE BASED ON EVALUATING FRENCH DATA AT
HIGHER AMPLITUDES THAN DOMESTIC DATA
CONSERVATIVE ALLOWANCE OF 50% vOLTAGE GROWTH
PER CYCLE

AVERAGE GROWTH RATES APPLIED TO MEET 32PN.0. BumrsT

Limrr

AVERAGE GROWTH RATES LEAD TO LARGE MARGINS
AGAINST BURST AT SLB conDITIONS
ESTIMATED PROBABILITY OF BURST AT SLB < 10-6

Factors CoONTRIBUTING TO ODSCC AND CRACK GROWTH

ACRSAPC 1191

DOMINANTLY INFLUENCED BY CREVICE CHEMISTRY
CONDITIONS
LOCAL, OPERATING AND RESIDUAL STRESSES OF
SECONDARY IMPORTANCE TO CREVICE ENVIRONMENT
- ODSCC occurs IN UNDENTED TSP CREVICES
AND SLUDGE PILES
FARLEY ODSCC INITIATION PRINCIPALLY IN PERIODS
OF CHEMICAL IMBALANCE PRIOR TO 1986
- MODFST GROWTH SINCE 1986
INCREASES IN TUBE PLUGGING DUE TO ("INSPECTION
TRANSIENTS")
~ GREATER KNOWLEDGE ON INTERPRETATION OF
BOBBIN SIGNALS
-~ CHANGES IN INSPECTION GUIDELINES SUCH
AS ELIMINATING 1.75 VOLT CRITERION
- UriLizarion oF RPC proOBE



YOLTAGE GROWTH RATES

ALLOWANCE FOR GROWTH INCLUDED IN PLUGGING LIMITS

DEvELOPED FROM FARLEY S/G HISTORICAL INSPECTION
RESULTS

CONSERVATIVELY APPLIED § GROWTH INDEPENDENT OF
AMPLITUDE

0 ENVELOPES DATA FOUND IN SCME EUROPEAN
PLANTS

0 FARLEY DATA SHOWS DECREASING ¥ GROWTH WITH
HIGHER INITIAL AMPLITUDE

ALLOWANCE FOR 50% AVERAGE GROWTH IN AMPLITUDE PER
CYCLE APPLIED FOR PLUGGING LIMITS

. A

ACRSAPCVO/W!



Table €4
Comparisons of Voltage Amplitudes Between U.S-ASME ang European Stangards
U. S - ASME Stancarg French Belgan US

d-Mole. 4hple d-hole
1 mm 125mm 23 mi

ga ¢a ca
Suppon  holes holes holes
ot lolel 1 8% 425 £2% 2% 102% Pas d00% 182% p Radaiid

U.S. Calibration Procedure <

400/100 mix .78 2B .3 £6 87 <08 10.7 1896 €4
400 kM2 40 35 §§ £5 78 82 g8 17.19 §4
260 kg2 63 £4 7. 73 £ 174 12.4* 21.18" TE
00 k2 £9 48 7 63 8.0 178 10.9 18.08 .
100 kM2 £9 28 36 31 28 145 64 85 52
French Calibration Procedure

240 kM2 0.66 F 1] 0.62 0.7¢ 099 1.8 13

Belgian Calitration Procedure

240 kM2 058 0.81 0.74 0.68 c.80 1.64 20"

< U.S procecure inveives seting up the signal for 20% ASME holes at 4 voits for 400 kg
Cifferential channel or 2.78 volts for 400/100 kg diterential mix and then using the
*Save/Siore” tunctions of the Zetec DDA software for carrying over the calbration 10
all other channels.

. When using the LU.S. calibration procedures. the French 4-hole standard gives 12 4 volis
81240 kM2 and 10.7 volts with the 400/100 kiHz mix. It is 1.3 volts for the French
calibranon. Thus U.S. values at 240 kiH2/French values at 240 kMz equals ~95. US.
values a1 400/100 mu/French values at 240 kiz souals ~8.2.

" When using the U.S. calibration procedures, the Beigian 4-hole standard gives 21.15
voits a1 240 kMz and 18.96 volts with the 400/100 kHz mix. It is 2.0 volts tor the
Belgian calibration. Thus U.S values at 240 kHzBelguan values &t~ *0 k2 equals
~10.6. U.S. values a1 400/100 kHz miw/Belgian values at 240 kiz equals ~8.5. For
peneral data comparisons, Belgian and French data can be reasonably compared withou!
acjustments or by muttiplying the Beigian cata by ~0.9 1o obtain French volts.
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US VOLTAGE NOHMALIZATION

INITIAL BOBBIN AMPLITUDE, vOLTS

' ‘
TIOAD/ANIOBd 'HLMOED FOVAI0A

Grown Ratwe Dt kor Farey, Plant F and Plant M1

FARMEYZ2 M PLANTF PLANT M

FARLEY 1



VOLTAGE GROWTH, PERCENT / CYCLE

« 8 VOLTAGE NOAMALZATCN

60 i T
|
o 1Bl B | L
| | i ‘ |
a0 == * l
| | L
w-

| i
10.1 = ‘ I i
o+ ' : ; l -
0 . 2 a ‘ 5
INITIAL BOBBIN AMPLITUDE, VOLTS

Eé FARLEY.N B FAREYZ A PANTF X PLANTHI |

Avarage Percant Vorage Growth Qates for Farey, Plamt F and Plant M.
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Tadie 123

Estimatec Probab!ity ©f Tube Burst ot SLD Conditions

Laomet fawm2
\ i I n,,-lbtg J'l\' z-.hib‘t

Ingicaton at Piugsing 40V 10 a0V 10

Lima
Maxmum NDE Uncerairy 18% <0 1) 189, «0 1Y)
GrowminCycle 8t 99% 180% 0.01 172% 0.01
Cumulative Protabilty

Based on Last

Operating Cycle
Maximum EOC Ing.cation ) 128V «10-3 12.5v <103
Tube Burst Vehage at 12.9V 103 126V 103
Lower 99 7% Lima

LiMa1es Protabiity of «3X10°€ cycie X106 ¢ ce

Tube Burst at SLB

Conditions

Notes:

1 From Figure 819, even assuming a wom probe (0.02° wear) the 15%
UncenanTy Comespands 10 » 1.5 s1andart deviations of «10% probability.

g Obtained as product of indication voage. NDE uncerainty and growth



RESPONSES TOo NRC QuEsTiONSs
CIRCUMFERFNTI..L BRANCHING OF ODSCC CrACKS

MINoR CIRCUMFERENTIAL BRANCHING OF ODSCC 15 FOunD IN
MooeEL BoILErR AnD PuLLeD Tuses
@ ACCEPTABLE WITHIN TUBE PLUGGING CRITERION
® BRANCHING CAN INCLUDE SOME IGA EFFECTS AS WELL
as 0DSCC

BRANCHING HAS NO SIGNIFICANT INFLUENCE ON BURST
PRESSURES WITHIN VOLTAGE RANGE OF TUBE PLUGGING
CRITERION
® BURST TESTS OF TUBES IN >20 VOLT RANGE ARE
COMPARABLE WITH AND WITHOUT PRESENCE OF BRANCHING
® BURST TESTS AT VERY HIGH AMPLITUDES (>100 voLTS
FOR MODEL BOILER 5PECIMENS) INDICATE BRANCHING
MAY RESULT IN REDUCED BURST CAPABILITY

No CIRCUMFERENTIAL Cracks Have BEen Founp AT FARLEY
¢ ExTEnsive RPC PZRFORMED FOR RESOLUTION OF
INDICATIONS AT TSPs

RPC FOR >1.5v BOBBIN INDICATIONS IS ADEQUATE FOR FARLEY
TO MONITOR FOR LOW LIKELIHOOD CIRCUMFZRENTIAL CRACKS
¢ RPC RESOLUTION ADEGUATE TO DEFINE CLEAR
CIRCUMFERENTIAL CRACKING
® INITIAL IDENTIFICATION ON WELL DEFINED
CIRCUMFERENTIAL INDICATION AS CONTRASTED TO
INADEQUATE RPC RESOLUTION

ACRSAPC 1190



Tadbe 124

Examples of Circur srential Branching tor ODSCE ot TSP

Burst Pressure  Desrucve
Sanlle RO NoNage ElesTlies fuam Faues Soimterents Branchrg Descoaan
Pulled Tubes

A2 R3WCae T T8 4110413 NUMerous MiCrocracks of axal ang

i | ciraummierential one maton

|
A-2R1C4a8 | L et 42 Minor circurmierem al branching
8.1 R4CH! | adip 44 Shon ciraumierential cracks with IGA patches

Mode! Boller Specimens

£28.2 | i 10-1810 10-27  Burst opening includes circumiereniaily
| : onemed igaments
§421 ' 10-221010-25  Burst operung inciudes minor circumderertal
‘ | onemation
8322 ’ ‘ 10-2610 10-29  \reguiar burst opening irvoiving teanng of
| y IMErcONNeCing Wgaments
§361 , 10:3010 10-31  Exampie of minor branching withir tube wall
|
588-3 , 10-32 10 10-34  Burst invoives irmeguiar pamem with tum
- - CONNBCUING leages Detween Cracks
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5!‘0». nt i-—lo ’p.al

Macrocrack Lergth o 0.4 inch

Theaughwa!? Length o 0. 0] imeh

Nume o of Wigrocracks o T (2l Vigaments have pradominantly
inlergranuiar features)

Merghology «  1G5CC with some I%A dspects (circumferentia) crackirg
has more [GA characteristics)

0.7% inches - - SP top

>
t—

_.ll"i

S .

>

0.0 inches = « SP botiom

Figure 4-3. Deseription of OD ongin conosion at the fith suppon plate crevice region of
tube R4-CE1, Plant B-1
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Masrotrack Lengih o 0.37 inghes
Throughwall Length o O (78% throughwall)

Number of Microcracks » numercus (11gaments have intergrany ar
features)

Merphology « Intergranular SCC with minor 1GA features
(Unusual spider-shaped crack distribution)

burst opening
locatien
.
.75 inches e s top
™e i g
N -
- ¢
! \K ‘ : ‘
. |
/1 '
L
J
1 .
0.0 inches - = SP bottom

186°  279° 00 90° 1a0°

akesgh of Lragk Dlstribytion

Figure 4-11.  Description of OD orgin corrosion at the first suppon crevice
regen of ube R38-C4E. -



SEgiah of Sursd Loack
MISPOCTatk Lengih » 0. &7 ineh
Throughwsi] Length «  0.50 inch

Number Of H\CPOC'ICKS * at ]..’t ‘ (1‘9'Mﬂt‘ rave 1nte . ..'-"r

features)
Morphoiogy e 168CC
0.7% inches - - SP top
0.6 inches - B
t {
. »
):"' .
ot
\I
4)" ’
0.2 inches - {
4 ‘
0.0 inches = - SP bottom

180° 270° ¢° 90° 180°

Figure 10-2]1 Summary of overall crack distribution and morphology
observed on tube 526-2.
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Number of Migcracracshks o [ (sezarited Sy Guttiie 11gamenyy

Morpheiegy « [gsCe

0.75 inches - - SP tep
v & incter . | (!
i s
}4}1
¢.2 17ches -
' \
.0 inches = - 5P potton

1809  270° 0® 500 1pa®

ok £ Tpar fes s *

eraL . rall crack
10-34 Summary of burst Crack observations and the ove
iz g dtstr1guzaon observed at the crevice region of tube 585-3



STRUCTURAL INTEGRITY
KEY ISSUES

SATISFY ReGg. Guipe 1.121

DEMONSTRATE A FACTOR OF SAFETY OF 3 AGAINST TUBE

BURST UNDER NORMAL OPERATING CONDITIONS.

DEMONSTRATE ADEQUATE MARGIN BETWEEN ACCIDENT
CONDITION LOADINGE ANDU THE CRITICAL LOAD TO
CAUSE RAPID PROPAGATION TO RUPTURE.

ESTABLISH A LEAKACF RATE LIMIT DURING NORMAL
OPERATION THAT IS LESS THAN THE LEAK RATE OF
A TUBE WITH THE LARGESY PERMISSIBLE CRACK.

ESTABLISH LEAKAGE INTEGRITY DURING POSTULATED
ACCIDENT CONDITIONS.




MARGINS TO BursT

NorMAaL OPER. “ION

ACCIDENT
W

FARLEYARSCC YV /9!

3P (4380 pPS1) ESTABLISHED AT 95%
CONFIDENCE LEVEL TO BE 1

CONDITIONS
SLB (or FLB) MOST LIMITING FOR BURST
(2650 ps1).

VOLTAGE MARGIN OF 31.0 voLTs VERSuUS 6.85
vOLTS AT END OF cycLe (EOC) usineg
CONSERVATIVE AVERAGE GROWTH.

ProBABILITY OF 3#10°6/cvcLr esTapLisweD
WITH BURST VERSUS VOLTAGE PROBABILITY OF
3+103 ror maxrMum EOC voLTAGE OF 12.9
VOLTS.



BursT PRESSURE - BoBBIN VoLTAGE
REGRESSION ANALYSIS

Seconp Oroer REGRESSION SOLUTION
® BURST PRESSURE VERSUS Lo (voLTs)

L] FORTY DATA POINTS FROM PULLED TUBES AND
MODEL BOILER SAMPLES ~ ROOM TEMPERATURE
TESTS

® THE MEAN CORRELATION:
BP = 8.93-2.37 Loa(v)-0.29(Log(v))2

¢ THE -95% conFIDENCE PREDICTION INTERVAL:
BF.g5y = BF - T_ggy«SN

WHERE
T.95% = STubENTS T Varue
S = 0.957
N = PREDICTION INTERVAL FACTOR

® THE -95% CONFIDENCE CURVE WITW LOWER
TOLERANCE 1 IMIT (LTL) STREXGTH PROPERTIES
AT OPERATING TEMPERATURE IS OBTAINED 8Y
SCALING BY 0.857.

FARLEYRSIC 11799
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Hurat Pressure

Burst Pressure Versus Bobbin Vol tage
—{7/8x0.090 Inch Tubing)

Bobbin Voltoge. Volts

e O —————



SELE

S Burst Prega:

Bobdzin Vol tage At

Bobbin Voltage

-—- -

/ersus Probablluty

:

—-uv\ﬁs-
-

-1,000 -0.895 -0.830 -0.985 -0.880

Probab i |

-0.87%
Ly

-Q.
(Ore-

970 09:5-9&.-“
-8 i ded)

44



Burst Pressure Yersus Hobbin Vol taqe

\

(7/8x0.0%0 Inch Tubing)




OPERATING LZAKAGE RATE LImMIT

LEAK BEFORE BRrREAK

ASSUMING 0.1 GPM LEAK RATE LIMIT AND BELGIAN BURST
CAPABILITY

NOMINAL LEAKAGE VS CRACK LENGTH

® 3P BURST CAPABILITY IS ASSURED; |
¥ BuRsT vs LEAK.

-

~95% CONFIDENCE LEAKAGE VS CRACK LENGTH

¢ SLB sumrsT CAPAIILI;Y IS ASSURED;
_; BURST VS LEAK,

FARLETRDSCS: 11/
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BURST PRESSURE VERSUS CRACK LENGTH

X 7/8X0.050 INCH TUBING -

i

BURST PRESSURE, KSI

- AX 1AL CRACK LENGTH, INCH F



LEAKAGE RATE CALCULATION

UNCERTAINTY ANALYSIS

MEASURED VERSUS PREDICTED VALUES (M vs. P) ARE FIT
BY LINEAR REGRESSION AND A STANDARD DEVIATION (SD)
DETERMINED
THE LINEAR REGRESSION FIT IS ON
A LOG-LOG PLOT OF THE VALUES
= IT THEREFORE RESULTS IN A FACTOR TO
BE APPLIED TO THE PREDICTED VALUE

NorMAL OPERATION
- Log-Loa SD = 0.4614

- M (oR ACTUAL) = P = 10“*0.4614*T

WHERE
T = STUDENTS T VALUE AT SPECIFIED
CONFIDENCE LEVEL (95%)
N = PREDICTION INTERVAL FACTOR

FARLEYODSSC: 11/9
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_ MUHSURED LEVK _IIITE (6w

CRACKFLO CODE ERROR ANALYSIS
MEASURED vS PREDICTED LERK KATES

PRECICTED LERK RATE (GPM)



- NORMAL CRERATING CONDITIONS
LEAK RATE V8 AXIAL CRACK LENGT-
7/B° TUBING AT B00F AND 1457 PS] -4

AXIAL CRACK LENGTH, INCH

L | PN W =Y -

.




ALLOWABLE AxIAL CRACK LENGTH

COMBINED ACCIDENT EVALUATION
o S3E pLus SLB/FLE
PrIMARY STRESS AT Top TSP
¢ PReSSURE DIFFERENTIAL
- NormaL OperaTion (1457 PSI)

- SLB/FLB (2650 PSI AFTER BLOWDOWN)

¢ Cross-SecTion BENDING STRESS
- SSE + SLB/FLB (+ 19800 PSI)

CROSS-SECTION BENDING STRESS IS WELL BELOW THE
MAGNITUDE REQUIRED TO HAVE AN EFFECT ON BURST

PRESSURE (WCAP 7832-A)

e 19800 PSI versus YIELD STRENGTH (35500
PSI)

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

FARLEYORSCSC: 11/91



COMBINED BENDING AND INTER

NAL PR { .-
ON TUBESWiITwW THR e

CUGH waLL SLOTs

€575

| P/? P/2

?-.-2-—-.4-.-__3' P

P/2 ’1’2

Externally Appiied Bending Load and Locations of Through Wall Penetrations

-}z
-



CALCULATION OF POTENTIAL LEAKAGE
DURING A POSTULATED SLB

PROBABILISTIC METHODOLOGY

THE LEAK RATE VERSUS BOBBIN VOLTAGE CORRELATION AND
POPULATION OF VOLTAGE SIGNALS AT TSP INTERSECTIONS
TO BE LEFT IN SERVICE ARE EVALUATED USING MONTE
CARLO TECHNIQUES ACCOUNTING FOR VARIATIONS IN THE
FOLLOWING PARAMETERS:

¢ B308BBIN YOLTAGE UNCERTAINTY

® GROWTH ALLOWANCE UNCERTAINTY

® LEAK RATE-VOLTAGE VARIATION WITHIN THE

PREDICTION INTERVAL

THUS, AN END OF CYCLE VOLTAGE DISTRIBUTION IS
ASSESSED FOR ITS POTENTIAL FOR LEAKAGE DURING A
POSTULATED SLB.

@ THE METHOD HAS BEEN APPLIED TO THE FARLEY 2
VOLTAGE DISTRIBUTION IN 1990 FOR EACH STEAM
GENERATOR.

® THE MAXIMUM CALCULATED LEAK RATE 1s 0.34 GPM
PER STEAM GENERATOR.

KEYISSUE : 10/9Y



SLB Leaxk Rave - BosBIN VOLTAGE
REGRESSION ANALYSIS

FIrsT ORDER REGRESSION

-—

FARLEYODSEC 11/91



SLB Leak Rate Versus Bobbin Vol tage
L7/%X0.050 Inch Tubing)

Bobbin Voitoge. Volts

-4

B kS



SLB Leak Rate Versus Bobbin Vol tage
£7/8X0.050Q Inch Tubing)

Bobbin Voltoge. Volts

-4



COMBINED LOCA + SSE ACCIDENT CONDITION ANALYSIS

COMBINED ACCIDENT HAS POTENTIAL IMPACT

ON USE OF ALTERNATE CRITERIA
@ YIELDING OF TSP ApJACENT TO WeDpGE Grours
® DerorMATION OF TUBES
@ Loss oF FLow AREA
@ OrPeNING OF PRE-ExISTING CRACKS/PROPAGATION OF

Ex1sTING CrRACKS THROUGH WALL WITH SUBSEQUENT
In-LEAkAGE WHICcH CAn EFrFecT Core PCT

ANALYSIS RESULTS

¢ No Tuses WouLb ReacH CoLLarse £ D THRESHOLD

@ No Tuses WITH SIGNIFICANT DEFORMATION

@ No Tuses ExcLupep FrRoM ALTERNATE PLUGGING
CRITERIA

KEYISSUE: 10/



COMBINED LOCA + SSE ACCIDENT CONDITION ANALYSIS

SSE ANALYSIS

|
|

~

LOCA ANALYSIS

[
|
i
z
%

|

KEYISBE 10/

ANALYSIS METHOD

- a4

e
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Serres 51 Sexsmic Friwrve ELEMENT MODEL GEOMETRY

DISK B2-POROL-10/3/9



Fiwzte ELEMENT MODELS FOR
STRUCTURAL LOCA Timg Hrstomy ANALYSIS

pIsx B2-POROS-10/3/5



For TSP 1, Wedge Groups Rotated 38" From Postiorns Shown Above

TSP 146 Weoge (rowp Wi = &
TSP 7 Weage Group Wit = 10 1,

WEpGE Grour ORIENTATION
Looxking Doww own TSP

Pig &2 roROe

'.Cr'!.‘"‘



COMBINED LOCA + SSE ACCIDENT CONDITION ANALYSIS
ANALYSIS METHOD (Cont'D.)

Tuse DEFORMATION/COLLAPSE
@ D To Cause CoLrarse Basep oN CoLLARrRED Tuse
TESTS
@ D ResuLTIng FroM TSP Loaps BASED ON RECENTLY
CoMPLETED CrusH TesTs FOrR SERIES 51 PLATES
- Four PLATE GEOMETRIES TESTED
« THREE WEDSE ORIENTATIONS/TwoO
WEDGE WIDTHS
TesTs Measured FORCE YERSUS

DerrLecTION & . D vErRSus LoAD
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ALLOWAE € COLLAPOE PRESSURE |

ALLOWABLE COLLAPSE PRESSURE VS ID DEFORMATION

WCAP 8428 DRTA (COLLAR A) ~‘Ac
\

CHANGE IN ID. INCH
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SUMMARY oé WEDGE Loaps
CompIned LOCA « SSE Loapings
STEAM GENERATOR INLET BReax

==

ANILE boAD TSP 1 TSP 28 TSR ?
{ 14 f ) \
LOADING ConD™oN 2€3) ACTOR (oPs) VPg) 9 L g
LLCA Raretachon i b R
Combinee LOCA v

Sesmic ! !

Combined LOCA « Sesmc f

Wedge Loag ;
a LOCA ,
B Sesm.

a LOCA « Sewmc

Weage Load
2 LOCA
D Sesmc
a LOCA + Sesmc |

Weoge Load
a LOCA
b Sesmc ‘
i LOCA + Semmc |

W

Y ANOLES FOR TSP ¢

BISK B2-POMGe 10/3/91



SuMMARY OF WEDGE LoADS
CompInep LOCA + SSE Loapings
ACcumMuLAaTOR LINE Brrax

RS AL e SIESITL R R R T Y N T e

~AL TSP 1 TSP 26 TSP 7

oA P ~ . \ £y " OPe pe
:"_“.’.;z..._::::_—::: g"ﬁr‘;‘;‘?: o B T A 'tﬁz;‘:?.::‘r;-’vw-——w-—; ;a,.:_;:s._u T ,»S.___,: N— *,.::- : Ezn»s_—_.—:« }
LOCA Raretachon ,.

- -

LOCA S:anhg
Combuned LOCA




Numger oF DEFORMED TUBES AS A FuncTION OF LOAD
Serzee 51 Sveax Gewtmatonr

6*' WEDGE GROU?
[ ) prnyTATlON

et g e

ISR BR2-POROL-10/73/9°



LEAKAGE RATE CALCU'ATION

LOCA IN-LEAKAGE

ASSUMING 0.1 GPM NormaL OPERATING LIMIT

@ IN-LEAKAGE FROM SECONDARY TO PRIMARY
— P purinGg LOCA 1s LESS THAN 0.1 GPM

-~ SECONDARY TO PRIMARY .. P IS STEAM
PRESSURE MINUS AMBIENT (778 PSI)

- SECONDARY TO PRIMARY .. P CAUSES
MUCH LESS LEAKAGE THAN PRIMARY TO
SECONDARY . P OF SAME MAGNITUDE
(WCAP-9659)

FARLEYQDSCC:11/91



FARLEY 1 AND 2
STEAM GENERATOR
INSPECTION RESULTS

November 20, 1991

R@SZD DOW T
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Summary of EC irgications n Last nspaction of Feriey SGs

Bobbin Signals
<20% Dept
20-29%
30-39%
40.49%
50-59%
€0-69%
70-79%
80-89%
$0-100%
Distoned

RPC Resuits
Degracanon verfied

Tubes Plugged tor
QDSCC Indication

Bobbin Sigraie
«20% Depth
20-29%
30-39%
A0-49%
50-50%
60-69%
TOT%
80-69%
90-100%
Distones

APC Results
Inchcations Probed
Degradanon Verfies

Tubss Plugged for
ODSCC indication

a O & &
UNIT 1 (MARCH 1981)
0 0 0 1
¢ 0 0 Fy
0 0 0 0
0 0 0 0
2 0 ) 0
2 0 1 0
' 0 2 0
. 0 0 0
0 0 0 0
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Figure 514
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Figure 5-18
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Figure 511

Scaner Pict of voitage Growth in Fariey-2 for Last Two Cycles
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NDE EVALUATION OF TSP ODSCC
MAJCR CONSIDERATIONS

Bobbin probe voltage sensitive to crack
length, crack depth, presence of liga-
ments, multiple parallel cracks, oxide
coating on crack face

Variation of response from different
probes from different manufacturers

Influence of TSP crevice condition on
bobbin response. Possible conditions
are open crevices, packed crevices,
incipient denting, and fully developed
denting.

Sensitivity of probe response to probe
wear during inspections.

Variability among calibration standards,
and normalization to frequency mix.

Use of RPC to augment bobbin probe
inspections.



NDE CONSIDERATIONS
Identification of ODSCC Eddy Current Indications
Bobbin Coil Testing Guidelines
Four (4) frequency testing for 7/8" 0.050" tubing

- 400 kHz - prime test frequency

- 200 kHz - enhanced detection frequency

- 100 kHz - support plate mixing frequency

- 10 kHz - Sludge and support plate
characterization

- Support plate suppression mix

- 400 kHz/100 kHz
- eliminates carbon steel, magnetite, much of copper
interference but not tube deformation

- Calibr: Hon

- Field ASME standard with drilled holes lab-tested
with “tandard used for EPRI Alternate Repair
Limits program

- 4 Flat-bottomed 20% holes give  2.75 volts
4 Through-wall drilled holes give 6.4 volts

- Amplitude Measurement

- Flaw-like signal voltage determined from peak-to-
peak displacement including multiple crack
segments

MMSCOYDDMT 2



(400/100) kHz Mir Analysis Channel
!&-’L

Figure A-1.  ODSCC at TSP - Bobbin Coll Amplitude Analysis
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RPC CHARACTERIZATION ‘

- Indications identified with bobbin coil as exhibiting
significant amplitude (e.g., 21.5 volts) will be
examined with RPC to characterize degradation.

- Contour plots which contain axially-oriented linear
arrays suggestive of ODSCC without circumferential,
linear elements will be regarded as confirmatory of
the mechanism.

- Crack signals not confined to the support plate
dimensions and signals resulting from pitting,
>+ ving or wear will be disposed of in accordance
v.’.n existing Tech. Specs.



Figure A-14.  Axial ODSCC Indications (MAI) at Tor - Farley Unit 1
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NDE EVALUATION OF TSP ODSCC
TYPICAL EDDY CURRENT SIGNAL
AMPLITUDES

Type oi Degradation

Wastage
Characterized by
machined rectangu-
lar flaws

Fretting
Characterized by
machined tapered

flaws

Pitting
Single drilled hole
simulation

Pitting
Multiple pits

Voltage Examples

45075V @ 60%
depth

~10 V @ 60% depth

~7.5 volts for 60 mil
dia., 100% deep
~5.3V for 109 dia.,
60% deep
~2V for 30 mil dia.,
100% deep

~2V multiple indica-
tions for multiple pits
up to 60 mils dia.,
and 64% deep
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NDE EVALUATION OF TSP ODSCC
AXIAL SLOT TEST DATA

Both bobbin and RPC voltage amplitudes
increase sharply with axial crack length to ~ one
inch, 100% deep slots

Voltage increase is much smailer for partial depth
OD axial slots. Voltage does not increase signifi-
cantly with length for slots >1/4" long.

Signal amplitude dominated by 100% deep por-
tion of slot

Bobbin coil voltage function of spatial separation
of parallel axial slots. Closely spacec slots show
insignificant voltage increase over singla slot

Correlation exists between RPC and | - vin volt-
ages for single slots. However, bobbin \ dltage
increzses with multiple slots; RPC voltages can
be isolated on single slots

Presence of Ii?ament between axial £.0ts
reduces signal voltage

Signal amplitude responses to degradation, on
the order of the voltage plugging limits, are not
significantly dependent upon location of crack
within TSP

Slot data represents upper bound on signals
expected from cracks of similar length and depth.
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Figure 8. 9
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IGA DETECTION - HISTORICAL

» IGA was first noted by tube pull in the
tubesheet crevice of\_ Wtubes.

« Deep IGA was found in the entire
tubesheet crevice

« It was not reported in the field by E.C.
inspection.

« A review of the 100 kHz absolute data
produce "drift’ indicative of IGA along the
entire tubesheet crevice.

9
. At[ J1GA detection at the top of the
tubesheet was complicated because of presence
of dent at the top of tubesheet.

« A review of 100 kHz absolute data showed
indications of tube degradation at the top
of tubesheet future tubes.

Detectlon of 1IGA in the tubesheet crevices at
[ ]plant is routinely performed using the
absolute bobbin mode.

WALSC O ALRS




IGA DETECTABILITY

« Field and Lab. experience shows that the
threshold of detectability of volumetric IGA in
the support plate intersection using bobbin
probe is in the range of 20% depth.

Examples: .
L . ]- detected at ~25% depth
1 ] detected at ~15% depth

« The 400/100 diff. mix channel was used for this
detection although 400 kHz differential
channel alone was enough for the case of

[ th.ich has egg crate supports.

« In cases where both SCC and volumetric IGA
are present, SCC is often found to extend
beyond the IGA--and the SCC signal may
dominate.

OBALSO DV ARE L



« Work on samples with Lab. induced IGA
confirms that the detection threshold in ~20%
depth.

« The Lab. samples had ~4" long sections with
uniform IGA and one had to use absolute
mode for this work.

« The absolute mode data is easily convertible
to differential mode data for comparison

purposes.

Ol 80 Dr AB/E
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Figure 8- 14

Voltage Companson of Indications Founa With Twe Eddy Cument Probes
(400/100 kM2 Mix)
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OCCURRENCE

Figure 8. 18

Comparisen of 400/10C kM2 Mix AMplituce Response from Two Probes (Mocel Boer Samne)

EDDY CURRENT PROBE COMPARISON
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Stainisss

For bobbin voltages there i 31 most a
5% correction for different types of
tube support configurations and matenals
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Figure 8. 18

Probe Wear
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Voltage - Arbitrary Units

Figure 8-21

Signa! Amplitude (Arbitrary Uris' vs. Center-to-Center Coil Spacing
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NDE EVALUATION OF TSP ODSCC

GUIDELINES - FIELD CONSIDERATIONS

1

4-hole ASME standard with .033 inch dia. holes
place 90 deg apart should be used for field volt-
age normalizations. Hole diametral tolerance
should be .001 inch rather than .003.

Additional standard should be used in line with
ASME standard to limit effect of probe wear (i.e.
probe centering) on field data. This standard will
highlight data uncertainties from probe wear,
identifying when variation exceeds acceptable
limits for tube plugging criteria, requiring use of
new probe

Calibration should be normalized to 6.4V for
400/100KHz mix for 100% 4 hele ASME standard
to eliminate depth uncertainties in the standards,
calibration to 4V for 400KHz channel, and carry-
ing over conversion factors to mix channels.

WCAP-12871 Rev. 1, Appendix A data acquisi-
tion/analysis guidelines implemented to enhance
consistency and repeatability of inspection data.



Table 89
Variables influencing NDE Voltage and Burst Correlation Uncertainties
NCE Voltage Uncertaintes (Voltage Regeatadility)

©  Probe centenng: prede diameter ang wear consigerations! )
o  Calibration stancarcs: dimensional tolerances @)
o Probe cesgn cifterences S

Burst Correlation Uncertainties

©  Crack morphology (length. depth, ligaments, multipie cracks, IGA nvolvement)

vanability for same voltage amplitude

Tubing dimensional tolerances 4

° Human factors affectng voltage repeatadiity that are not adequately
controlled by data analysis guidelines

° Varations in field gnvco conditions (open, packed, depasits, TSP corrosion,
small dents, etc.)(®)

0 ENects of tube pul! forces on crack momphoiogy and associated burst pressures )

0 Utiization of voltage measurements for pulied tubes obtained prior 10
ImpleMmentng vollage measurement stancards of this report' )

o

bgles.

1. Minimized in the field dunng APC implementation by uss of 4 4-hole probe wear
standard.

2. The influence of dimensional tolerances of the calbration standards on voltage
normalization is eliminated by calibrating the field stancards 1o the laboratory
reference standard.

3. Uncertai'ty minimized by specitying coil 10 coil spacing (coil centers are separated by
120 mils).
F

4. The influence of tubing dimensional 1olerances as they affect burst pressure ar
inherently included in the spread of burst pressures from pulled tubes and
laborgtory specimens.

£, The influence of field crevice conditions as they affect burst pressure are inherently
included in the spread of burst pressures from pulied tubes.

.. Results as pre-pull field measured voltages rather than post-pull voia, +8 are used in
burst corralation.

7. The use of fieid votage measurements for pulled tubes obtained prior 1o Implementing
the voltage calibration requirements contributes to the spread or uncenainty contained
in the burst ce/relaton,



NDE EVALUATION OF TSP ODSCC
CONCLUSIONS

No difference observed be-ween Zetec and Echoram
probes on data acquisition for tube plugging criteria

Presence of support plate causes only small changes
in indication response (for responses > 2V) for ODSCC
specimens.

Small indications, with amplitude of response
approaching size of mix residual, can be influenced by
presence of support plate

Packed TSP crevice has little influence on eddy cur-
rent response

Large amplitude cracks, with oxide coating on crack
surfaces, are detectable by ECT in presence of minor
denting; small amplitude cracks, and oxide-free cracks
are masked by dent signal.

Probe centering characteristics, related to probe wear,
can contribute to uncertainty of eddy current signal.

Use of ASME standard for voltage calibration, and cali-
bration of 400/100 KHz channei are recommended for
tube plugging criteria. Calibration at mix frequency
recommended to minimize effects of variation of fre-
quency responses between probes

NDE uncertainties contribute to uncertainty in voltage
vs. burst pressure, and tend to lower structural limit for
tube burst, which is baced on lower 95% confidence

bound.



SUMMARY OF WCAP-12871
SECTIONS 4,7,9/2,10



PULLED TUBE EXAMINATIONS

LABORAT URY SPECIMEN PREPARATION

LEAK AND BURST TESTING



Area of Frectographic
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Figure 4-1
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hroughwall Length = 0.18 inches

o

Number of Microcracks « 4 (all ligaments with intergranuiar
features)

Morphology = Intergranular SCC with some IGA characteristics
(width of IGA 0.012 inches)
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Sketch of Crack Distribution

Figure 4-4. Description of OD origin corrosion at the {irst support
plate crevice region of Tube R4-C73
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pnaar 20° after burst

i Fractographic featuree seen on the large crack
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testing Areas sarked were exasined in greater detail; Tube R4-C73,
first support plate intersection
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Figure 2-30. Bobbin probe and EPC eddy current data from the
October-November 1990 field inspection of the
{irst support plate intersection of Tube Re-C73,
The bobbiz probe ¢ata shows a 2.54 volts amplitude
signal and an ipdicated crack depid of E1%
throughwall. The RPC data shows one .arge axial
indicarticas (0.43 :3)
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b) RPC

Figure 2-37. Bobbin probe and RPC eddy current data from the
October-Novepber 1990 field inspection of the
first support plate intersection of Tube R21-C22.
The bobbis probe data shows a 10.4 volts anplitude
signal with an indicated crack depth of BSR. RPC
data shows one axial crack indication whose length

&

rar estimated as 0.51 inches




SP Bottom

rod-bat bg




Macrocrack Length « 0.30 inches

Throughwall Length = 0.15 inches

Number of Microcracks = 4 (two ligaments with intergranular
features, one with ductile overload features)

Morphology = Intergranular SCC with significant IGA
characteristics (width of IGA 0.030 inches)

0.75 inches - \ -~ SP top
|
0.2%5 inches -
0.0 inches -—4‘ -~ SP bottom

180° 270° 0° 90° 180°

h of Crack Distry

Figure 4-21. Description of 0D origin corrosion at the first support
plate crevice region of Tube R21-C22.
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Figure 4-17

Fractographic festures seen on the opened burst crack at 3307, at

the first support plate intersectica in Tube R2I

were Jurther exasmined in greater detail
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. Tabie 6.1

: THERMAL AND MYDRALLIC SPECIFICATIONS

Prmary loop pressure
.‘ Frmary boder inlet lemperature |

Primary boller outie! temperature

Secondary T_,, a1 5.5 MPa (800 psi)
Steam bleed

Blowadown

Nominal heat flux

e

Primary ioop temperature r ’ i
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Figure 8-1

Burst Pressure Test Resuilts versus Bobbin Voltage



Figure 8-3

SLE Leak Rate Correlation With Bobbin Voltage
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observed on

tube 532-1.
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Symmary of overall crack distribution and morphology




. rack
“a:":'é‘.' _€>:o' . : -5 neh
Throughwall Length = 0,42 inch
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ketch of Burst Crack
Macrocrack Length = 0,30 inch
Throughwall Length = 0,22 inch
Number of Microcracks « 1 (no ligaments)
Morphology = [GSCC
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Figure 10-36

¢ and the overall crac
revice region of tube




Macrocrack Length = 0.4 inches
Throughwall Length = (0 (90% throughwall)

Number of Microcracks = § (ligaments have mostly
ductile features)
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