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3 ,i NUCLEAR REGULATORY COMMISSION
* ! wAsmNcToN. o c. 2 msso,

'% , , ,# June 10, 1992

Docket Nos. 50-348
and 50-364

LICENSEE: Southern Nuclear Operating Company
'

FACILITY: Joseph M. Farley Nucl(- r Plani., Units 1 and 2

SUBJECT: SUMMARY OF N0'! EMBER 20,1991, MEETING WITH SOUTHERN NUCLEAR
OPERATING COMPANY

A meeting 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!91, 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, Westinghousa Electric Corporation, met with the NRC
staff and its contractors, Oak Ridge National Laboratory and Battelle-Pacific
Northwest Laboratory, to discuss the continuing staff review of the requested
APC 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 1 and 2 SG Tube Plugging Criteria for 00 SCC
at Tube Support Plates," submittd by licensee letter, dated
November 13, 1991.

The following :ubjects were discussed at the meeting:

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

2. steam generator tube structural integrity upon implementation of the
plugging criterion,

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

4. results of J? v n M. Farley Nuclear Plant, Units 1 and 2 (Farley), steam
generator tum eddy current inspections,

5. examinations of pulled steam generator tubes.

' By Amendment Nos. 90 and 83 to Facility Operating Licenses NPF-2 and
NPF-8, respectively, Southern Nuclear Operating Company was subsequently
authorized to become the licensed operator of Farley. This change was
implemented on December 25, 1991.
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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 subsequer tly submitted the handouts as WCAP-13138 (Proprietary) and
WCAP-13139 (Non-proprietary), " Steam Generator Tube / Tube Support Plate
Elevatian Alternate Flugging Criterion Su mary." Pursuant to the provisions'

of 10 CFR 2.790, WCAP-13138 is bein9 withheld from public disclosure.
Enclosure E is a copy of WCAP-13139 which contains the non-proprietary
information discussed at the meeting.

Original signed by:
Stephen T. Hoffman, Project Managnr
Project Directorate 11-1
Division of Reactor Projects - 1/11
Office of Nuclear Reactor Regulation

Enclosures:
1. List of Attendees
2. WCAP-13139

cc w/ enclosure:
See next page

LA:PD21hPh PM: PD2];DPJP D:Pk;DPIE

Pander 7b SHoffrMdh EAdeskm

b / (D /92 6 / /d /92 h / |O /92
Document Name: MIGMIN.NOV



. . - . . - _ _ . . - . . _. -. -- .. _. . _ _ . ~ .

Mr. W. G. Hairston, !!! Joseph M. Farley Nuclear Plant.

Southern Nuclear Operating
Company, Inc.

cc:

Mr. R. D. Hill, Jr. Claude Earl Fox, M. D.
4eneral Manager - Farley Nuclear Plant State Health Officer,

'

Southern Nuclear Operating State Department of Public Health
Company, Inc. State Office Building

P.O. Box 470 Montgomery, Alabama 36130
Ashford, Alabama 36312

Chairman
Mr. B. L. Moore Houston County Commission
Manager, Licensing P.O. Box 6406
Southern Nuclear Operating Dothan, Alabama 36302

Company, Inc.
P-.0. Box 1295 Regiona! Administrator, Region 11
Birmingham, Alabama 35201-1295 U. S. Nuclear Regulatory Commission

101 Marietta Street, Suite 2900
James H. Miller, 111, Esq. Atlanta, Georgia 30323
Balch and Bingham
P.O. Bcx 306 Resident inspector
1710. Sixth Avenue North U.S. Nuclear Regulatory Commission
Birmingham, Alabama 35201 P.O. Box 24 - Route 2

Columbia, Alabama 36319
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ENCLOSURE 1

MEETING PARTICIPANTS

NOVEMBER 20. 1991

JOSEPH M. FARLEY NUCLEAR PLANT. UNITS 1 AND 2

,

- STEAM GENERATOR TUBE PLUGGING CRITERIA

UsM1 ORGANIZATION

Steve Hoffman Nuclear Regulatory Commission (NRC)
Brad Moore' Southerr. Nuclear Operating Company (SNC)
T. A. Pitterle Westinghouse Electric Corporation

(Westinghouse)
D. E. Mansfield SNC
Caius Dodd Oak Ridge National Laboratory
Emmett Murphy NRC
George Johnson NRC

_

-dick Kurtz Battelle - Pacific Northwest Laboratory
C. Y. Cheng NRC
J. L. Houtman Westinghouse
Robert J. Giardina tRC
C. David Pugh SNC
Allen Hansen NRC
J. A. Begley Westinghouse
Ken Eccleston NRC
K. Detai- NRC
Dan Malinowski Westd nghouse
Tom Stetka NRC
Ken Karwoski NRC
Gary Whiteman Westinghouse
Rick Mullins SNC

|
|

|-
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Enclosure 2

WESTINGHOUSE CLASS 3
WCAP-13139

FARLEY UNITS 1 AND 2
-

,

STEAM GENERATOR TUBE / ,

TUBE SUPPORT PLATE ELEVATION
ALTERNATE PLUGGING CRITERION SUMMARY

DECEMBER 1991

,

.

WESTINGHOUSE ELECTRIC CORPORATION'

Nuclear and Advanced Technology Division
P.O. Box 355

Pittsburgh, Pennsylvania 15230

(C) 1991 Westinghouse Electric Corporation
Ail Rights Reserved

_. _ _ _ - _ _ _ _ . . . _
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.

A meeting was held on November 20,1991 between Southem Nuclear' Corporation,
; Westinghouse, and the NRR staff at the Bank of Maryland Building, Bethesda, Md , to.

resolve a series of NRR questions related to the implementation of a steam generator tube
plugging criterion for tube support plate elevation outer diameter intiated stress corrosion
cracking at Farley Units 1 and 2.

,

1

The meeting agenda included discussions on:

1. Summary of the Bobbin Probe Signal Amplitude Steam Generator Tube Plugging
Criterion.

2, Steam Generator Tube Structural Integrity upon Implementation of the Plugging
Criterion.

3. Steam Line Break Pnmary to Secondary Le*ye Considerations,

4 Farley Units 1 and 2 Steam Generator Eddy Current Inspection Results.

5. Pulled Tube Exammations.

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

I
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.FARLEY APC FOR ODSCC AT TSPS

NRC MEETING, NovEMsER 20, 1991'

DISCUSSION TOPILS |
!

.
,

' AGENDA,

,

PRESENTATION FORMAT-

e APPROXIMATELY ORGANIZED BY SECTIONS OF

WCAP-12871, REY. 1

e- SUMMARY'0F WCAP SECTION RESULTS

e SUMMARY OF NRC QUESTION RESPONSES

,

APPROXIMATE

TOPI; PRESENTER TIME

SECTIONS 6, 12, 1,.2 PITTERLE 90 MINUTES

SECTIONS 4, 7, 9.1 TO 9.5, 9.8, 10 BEGLEY 60 MINUTES-

SECTIONS 5, 8, APP. A ' MALINOWSKI 90 MINUTES'

SECTIONS;9.6, 9.7, 11, 12.5 HOUTMAN 60 MINUTES-

SECTION111.3 WHITEMAN 15 MINUTES

.

AcasAPC:11/91
'

,
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ALTERNATE PLUGGING CRITERIA FOR 0050C AT TSPs"

,

OBJECTIVES

:

,

OBTAIN TUBE PLUGGING CRITERIA THAT RELATE NDE
MEASUREMENT TO TUBE INTEGRITY (BURST, LEAKAGE) CRITERIA

!

0F R.G. 1.121- .

CONTINUE'TO' MAINTAIN SAFETY MARGINS AND MINIMAL

POTENTIAL FOR SIGNIFICANT OPERATING LEAKAGE

ELIMINATE: NEED TO As5Ess NDE MEASUREMENTS NEAR

THRE5NOLD. OF DETECTABILITY (40% DEPTH)
ENNANCED PROBES ANo EC ANALYSIS- SKILLS NAVE MOVED0

DETECTION. TO LIMITS OF DETECTABILITY

PLUGGING CRITERIA INITIATED FOLLOWING UNDETECTED0

InGICATION.0F SHORT CRACK.WITH 62% MAXIMUM DEPTN-

.AT FARLEY-1

NEED|FURTHER DEMONSTRATED BY EXTENDED OUTAGE AT0-

TROJAN'WHERE:TURE PULLS NAVE DEMONSTRATED TURE

INTEGRITY FOR INDICATIONS MARGINALLY DETECTABLE
,

EXTEND OPERATING PERIOD OF S/Gs WITM LIMITED TUBE
PLUGGING.AND/OR SLEEVING

- 9

*
._. . , , , , . . . , ,, . . , , , , , , , . - ,. - .-
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. .

1

GENERAL APPROACH TO PLUGGING CRITERIA

FOR ODSCC AT TSPt
1

SPECIFYING CONSERVATIVE BURCT CORRELATIONS BASED ON"

FREE (UNCOVERED) SPAN 00500 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 BUt3T MARGINS BY ESTABLISNING A CONSERVATIVE

STRUCTURAL LIMIT ON VOLTAGE AMPC ITUDE THAT PROVIDES

TIMES NORMAL OPERATING PRESSURE DIFFERENTIAL FOR TUBE

FOR TIMES NORMAL OPERATING PRESSURE DIFFERENTIAL FOR TUBE

-BURST CAPABILITY.

!

|

ActsAPC:10/91
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GENERAL APPROACH TO PLUGGING CRITERIA

FOR ODSCC AT TSPS (CONT'D.)

SATISFYING THE FSAR REQUIREMENTS FOR ALLOWABLL' LEAKAGE.

UNDER ACCIDENT CONDITIONS 3Y DEMONSTRATING THA7 THE

DOSE RATE ASSOCIATED WITH POTENTIAL LEAKAGE FRrM TUBES

REMAINING IN SERVICE IS A SMALL FRACTION OF 10 CFR 100

LIMITS.

INCLUDING CONSIDERATIONS FOR CRA IK GRDWTH 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 LOWEST COLD LEG TSP WHERE

ODSCC INDICATIONS HAVE BEEN IDENTIFIED.

.

A35APC:10/91
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O'
. POTENTIAL'FOR TSP. DISPLACEMENT

AND TURE BURST _AT SLB ACCIDENTS D
1

P,0TENTIAL FOR TSP DISPLACEMENT |
'

e SLB ANALYSIS FOR MODEL 51 S/G.

:< TSP DISPLACED RELATIVE T0 NORMAL OPERATING j-

POSITIONS UNDER ASSUMPTIONS OF OPEN
*

-CREVICES AND ZERO FRICTION INCLUDING WEDGES

AT TSP TO WRAPPER INTERFACE |
,

o TSP DISPLACEMENT' PREVENTED BY TUBE DENTING, TSP

CORROSION. EADING TO INCIPIENT DENTING OR SMALL
e- .

TUBE TO TSP saps-

~

- _

EVILuATIONS COMPLETED-FOR FARLEY-1'AND-

h J,e
-

INDICATE NO TSP DISPLACEMENT WNICNI

PRECLUDES TUBE BURST

EXPECTED THAT ANALYSES COULD BE PERFORMED--

FOR FARLEY-2 AND OTHER MODEL 51 S/G5

,

A3 tAPC:10/91
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POTENTIAL FOR TSP DISPLACEMENT

AND TUBE BURST AT SLB ACCIDENTS (CONT'D.)

THROUGHWALL CRACK LENGTH FOR BURST AT SLB GREATER THAN

' TSP THICKNESS , p, g,

e TUBE BURST FOR 2650 PSI SLB CONDITION AT
. _

e TSP THICKNESS = 0.75"

e TUBE BURST AT ACCIDENT CONDITIONS NOT EXPECTED

FOR ODSCC AT TSPS

LOW PROBABILITY (~10-6/ CYCLE) OF CRACK GROWTH FROM

4.0 volt PLUGGING LIMIT TO VOLTAGE FOR BURST AT SLB

CONDITIONS

e CONSERVATIVE FARLEY S/G GROWTH RATES

9 VOLTAGE /8URST CORRELATION APPLIED FOR PLUGGING

LIMITS

l

:

|

|
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:

FARLEY S/G PLUGGING CRITtRIA FOR ODSCC AT TSPS
*

TusE-PLUGGING CRITERION.

O TUBES.WITN B0BBIN COIL INDICATIONS EXCEEDING 4.0
4

VOLTS-WILL BE PLUGGED OR REPAIRED

SLB LEAKAGE CRITERION :
-

0 PREDICTED SLB LEAK RATES FRON TUBES LEFT IN

SERVICE MuST BE LESS THAN.55 GPA FOR EACM S/G,
.

INCLUDING CONSIDERATIONS FOR NDE UNCERTAINTIES
e

AND ODSCC GROWTN RATES

INSPECTION REQUIREMENTS

0 A 100% BOBBIN COIL INSPECTION SHALL BE PERFORMED

FOR ALL HOT LEG TSP-INTERSECTIONS AND ALL COLD

LEG INTERSECTION'S DOWN T0 THE LOWEST COLD LEG TSP.

WITH ODSCC INDICATIONS

0 ALL TUBES WITH BOBBIN COIL INDICATIONS >1.5-v0LTS

A7 TSP INTERSECTIONS SMALL BE INSPECTED USING RPC'

; PRostS.- THELRPC.RESuLTS SMALL BE EVALUATED TO

.-SUPPORT 00 SCC AS THE DOMINANT DEGRADATION

MECHANISM

. .

|
,

!
H

I
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3

h

FARLEY S/G PLUGGING CRITERIA !

FOR ODSCC AT TSPS (CONT'D.) ;

OPERATING LEAKAGE LIMITS.
'

j

e PLANT SHUTDOWN WILL- BE IMPLEMENTED IF NORMAL

' OPERATING LEAKAGE EXCEEDS 150 GPD PER S/G
,

EXCLUSIONS FROM TUBE PLUGGING CRITERION

e TUBES-WITN RPC INDICATIONS NOT ATTRIBUTABLE TO,

00S00 AND CIRCUMFERENTIAL INDICATIONS $NALL BE -

EVALUATED FOR TURE PLUGGING BASED ON A 40% DEPTM

LIMIT.

.

|

| .'

':
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,

Tube Plugging Limits to Satisfy Structural Requirements
- |

l
|

l

t'a m VoMs Basis,9
^"

Maximum Voltage Limit to j Burst Pressure vs. Voltage
Satisfy Tube Burst Correlation at 95%
Structural Requirement - confidence level.

Allowance for NDE 10% uncertainty increased to
Uncertainty 15% pending field experience

with probe wear procedure and
conservatively increased to
20% to establish plugging limits.

Allowance for Crack Overall average growth / cycle-

Growth Between of 37% and 29% for Units 1
Inspections and 2. Allowance increased -

*

to 50% of Tube Plugging Umit -.

to provide conservative margin
for variations in future cycles.

,

Tube Plugging Vokage 4.0
Umh -

.

__

4

9

4

.
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OPERATING LEAKAGE FOR ODSCC AT TSPs

4

NO OPERATING LEAKAGE OCCURRENCES IN DOMESTIC S/Gs
-

|
,

THREE OCCURRENCES REPORTED IN EUROPEAN UNITS

!

o LEAK RATES NOT QUANTIFIABLE FOR INDICATIONS AT
|

TSPS

LEAKAGE AT HON-TSP LOCATIONS CONTRIBUTED TO-

\
'

LEAKAGE
|

TOTAL LEAK RATES OF 63-140 GPD-

:

NO REPORTED LEAKAGE IN FRENCH UNITS

o OPERATION AT HIGNER EQUIVALENT INDICATION

VOLTAGES THAN PROPOSED FOR FARLEY

...A RSAPC:10/91

|
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Field Erperience: Suspected Tube Leakage for ODSCC AT TSPs(1)

9eto:a ce;l

W 1a tre r' r * ,y;j;g gg;3 e e - - . ts

g-

MQ!!E
1 Field experience noted is for nominal 0.750' OD tubirm rith 0.043' wW: thk:kness. No

data are known to be available for tubes wim 0.675' OD.

2 Reported vcitages were adjusted (values gNen in parentheses) to the normanzaten in this
report of 2.75 volts for 20% ASME flaw and 400/100 kHz mix. The adjustment factor
was developed based on voltage ratk:s measured between a metric calibration standard as
used to obtain the original data and the reference ASME standard of this report. This
adjustment provides an order of magnitude conversion to make these data roughly
comparable to other data in this report. However, any conversion factor is disputanto
because it depends on the procedural / environmental conditions and thus may vary from

|

case to case.
|

|

-
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RESPONSES TO GENERAL CONCERNS

BURST AND LEAK TEST DATA BASE (PAGES 1-2)

L
|

!
'

BURST: 41 POINTS (27 HB, 14 FIELD)

e WAS 13 HB, 4 FIELD
|

LEAK RATE: 28 POINTS (24 HB, 4 FIELD)

| e WAS 6 MB, 4 FIELD

PULLED IUBES < 10v

MODEL BOILER SPECIMENS

e CRACK HORPHOLOGIES SIMILAR TO PULLED TUBES

e EMPHASIZED > 8 V TO DEFINE STRUCTURAL LIMITS

AND LEAK RATES

EXTENDED DATA BASE PERMITS USE OF UNCERTAINTY BOUNDS

FOR VOLTAGE / BURST CORRELATIONS

LOWER 95% UNCERTAINTY llAND USED TO DEFINE-

PLUGGING LIMITS

ELIMINATES NEED FOR "ADDED MARGINS" IN DEFINING-

PLUGGING LIMITS AS APPLIED IN REV. 0|

|

l

|

ACRU#Ct11/f1
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-

'
PULLED T.usE DATA BASE FOR APC

'
D

31 PULLED IUBES, 58 INTERSECTIONS TO CNARACTERIZE '

VOLTAGE RESPONSE'AND CRACK-MORPNOLOGY-
.,

e 0DSCC WITN MINOR OR NO IGA -37 INTERSECTIONS

5 FROM FARLEY S/GS OF 14 INTERSECTIONS-

EXAMIN'D

]3
-

6 FROM-

,

e IGA / SCC OR IGA -19 INTERSECTIONS
' ~

3 FROM-

13 FROM FRENCN UNITS-

2 FRoM NON-WESTINGNOUSE UNITS-

14 TUBE INTERSECTIONS OF 7/8" DIAMETER WITN BURST

PRESSURE TESTS

e 3-FROM FARLEY

e 7 FROM
_ .

SUPPLEMENTAL DATA FOR APC.OBTAINED FROM-LABORATORY

SPECIMENS OBTAINED IN MODEL BOILERS UNDER PROTYPIC

CONDITIONS

,;
_

a 25APO11/91
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Table 6.2 --

Pulled Tube Leak Rate and Burst Pressure Measurements

&te cel Derw Emm t enk are'M - Burst
-M P ew'?!t MhM t 'ar Certai M (1) Ne-ni erce. g p e,ree,

M.) (psi)
> ;

, , - . j

, -

_

, -

p
#ii-

'
c.

'

_

fid!E
1.. Crack network length for burst crack with through wag crack length given in parentheses.
2. Negligible leak rate evaluated as no leakage for this report.
3. Measurements were not made and values are estimated based upon crack morphology

obtained from destructus eumination.
4 - Leakage not detected as prassure increased to indicatec curst pressure.

_

5.- Depth not determinable from phase angle.
6. Field measurement using 550/100 kHz mix for 0.75 inch diameter tubing.

_.

u -h:

- - - - - - - . -
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-

VOLTAGE AMPLITUDES FOR PULLED. TUBES- i
,

9

" AMPLITUDE CORRELATED WITH BURST PRESSURE FOR APC
'

.

.

AMPLITUDES FOR-IGA / SCC TEND TO BE AS HIGH OR HIGHER

THAN-FOR SCC ONLY-
'

e IGA INVOLVEMENT TENDS TO INCREASE AMPLITUDE*

.

e: IGA / SCC TENDS TO-OCCUR WITH MULTIPLE CRACKS OF

COMPARABLE-DEPTHS WHICH INCREASE AMPLITUDE-

-EARLY 00 SCC DEVELOPMENT OCCURS AS SHORT (0.1-0.2")

MICROCRACKS WHICH'CAN BE NEAR DETECTION THRESHOLD

e A FEW 0CCURRENCES OF INDICATIONS To 60-70%

MICR0 CRACK DEPTHS NOT DETECTED,IN FIELD
*

LINSPECTIONS -

,

!

!:

|

|.

p
|-

- A3SAPC 11/91
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i

Pulled Tube Destructive Exam Data Including French Osta ,j
* ,

. .

.]a. -
.

i
=.

:

!

!

2
e
>

*f

:

}
~-

Maximum Depth From Destructive Enam~

+ Plant D # Plant Li Farley - 0 Plant B a Plant C
0

.

'
.

' ant M ' E Plant N X Plant P ~ E French Pulled ;'

* Tubes |

Note: Solid symbols represent tubes with IGNSCC indications,
,

Mi other symbok represent tubes vntn SCC indicates only.

,

k

,w ,r - , -. ..m - - , - - -..,-ww+,..4-- * , . + . - . ,v- _ - . , y, .. - , , , , .-e.,--. -- ,-r < ,,- c , , --m,- -.,.., . . .
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RESPONSES To GENERAL CONCERNS

IGA AND CIRC. ODSCC AT TSPS (PA6E 3) i

!

1

CIRCUHFERENTIAL ODSCC NOT FOUND AND NOT EXPECTED IN.
,

FARLEY S/GS

e CIRC. ODSCC ASSOCIATED WITH SIGNIFICANT DENTING
AT TSPS

HISTORICALLY, AXIAL PWSCC HAS BEEN A-

PREDECESSOR TO CIRCUMFERENTIAL CRACKING

e NEGLIGIBLE DENTING Ir '\RLEY S/GS

SIGNIFICANT IGA NOT FOUND IN FARLEY S/GS
e 8 TusES, 14 TSP INTERSECTIONS OVER 1986-1990

e MINOR IGA INVOLVEMENT FOUND AT CRACK FACES

SLIGHTLY GREATER (~ 15 MILS WIDE) IN-

PREVIOUSLY PLUGGED TUBE (R21C22) THAN

ACTIVE TUBE (6 MILS WIDE IN R4C73)

IGA OCCURRENCE AT TSPS DOMINANTLY IGA / SCC

e SCC EXPECTED IN TUBES STRESSED BY OPERATING

PRESSURE DIFFERENTIALS BASED ON LABORATORY

EXPERIENCE

e SLOWER GROWTH FOR IGA THAN SCC
|

|

| AVAILABLE DATA SUPPORTS DETECTABILITY OF IGA / SCC

e VOLTAGE RESPONSES AS HIGH OR HIGHER THAN FOR

SCC ONLY

A3$AF :11/91
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,

;
'

TYPE 5 0F-DEGRADATION AT-TSPS
.

CRACKLINDICATIONS-
-

,

.

1 , - . - 0DSCCE

O ~ INITIATES AS MULTIPLE MICR0 CRACKS OF ~0.1" TO

0.2" LENGTH -

g

-EXAMPLES ARE R29070, R30064, FARLEY-2-

J-

R38C46 ANDLFARLEY-1 R20C26

CAN BE NEAR THRESHOLD OF DETECTABILITY WITH A-

"

LOCALLY DEEP-MICR0 CRACK OF^UP TO 70% DEPTH

TYPICALLY LOWER VOLTAGES AND HIGH BURST-

STRENGTH +

0 GROWTH OCCURS.AS ADDITIONAL MICROCRACKS AND -

,

CORROSION 0F LIGAMENTS 1BETWEEN MICR0 CRACKS - WITH

INCRF,ASING DEPTH

EXAMPLES ARE.FARLEY-2 R4C73, R21C22-

TYPICALLY NO OPERATING LEAKAGE AND HIGH BURST--

,

PRESSURES

0 MINOR IGA AT CRACK FACES SEEN IN-SOME TURES_

,

.

.

I.
;

;

- .

:

|

I- . . - . . - . . - . , . - . , _ . . . . . . --
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RESPONSES TO NRC QUESTIONS
ODSCC OUTSIDE TSP BOUNDARIES (P. 4)

NO ODSCC OUTSIDE TSPS KNOWN TO HAVE BEEN DETECTED BY
NDE,

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

IDENTIFIED CRACKS EXTENDING OUTSIDE TSP ARE RESULT OF
PWSCC IN SIGNIFICANTLY DENTED TUBES

e CONDITIONS NOT APPLICABLE TO FARLEY S/GS

FARLEY PULLED IUBE R20C26
e BAND OF MICROCRACxs (< 0.1" LONG) UP TO 0.27"

ABOVE TSP
e DEPTHS UP TO 10%
e ONLY PULLED TURE OF 58 INTERSECTIONS WITH ODSCC

REPORTED OUTSIDE TSP
-

INSPECTION- FOR CRACKS OUTSIDE TSPS-
e 100% BOBBIN INSPECTION FOR DETECTInN OUTSIDE TSP
e WHERE RPC APPLIED, ALSO ASSESSED FOR CRACKS

OUTSIDE TSP
e INDICATIONS OUTSIDs TSP PLUGGED TO 40% TECH SPEC

LIMIT

AC1t$AM t11/91

- - _ - - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _
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TYPES OF DEGRADATION AT TSPS

CRACK INDICATIONS (CONT'D.)

.
-

IGA / SCC
,

o TYPICALLY IGA FINGERS AND SCC WITH SOME

VOLUMETRIC IGA PATCHES OF VARYING AZIMUTHAL

EXTENT

0 Com0NLY-MANY CRACKS AZIMUTHALLY AROUND TURE

s--

o EXAMPLES ARE R12C8 (PREVIOUSLY PLUGGED)
~

AND FRENCH-DATA

o LIMITEo oATA-ON: BURST (R12C8, TSP #3) BUT LOCAL

IGA NOT EXPECTED TO STRONGLY INFLUENCE BURST

CAPABILITY _

'
.

a - -
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ -
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;

'

.

: TYPES OF DEGRADA' sN OF TSPS-

VOLUMETR.o INDICATIONS

- CORROSION
.

0 PITTING-
"

NOT FOUND TO DATE AT TSPS
"

-

O COLD LEG ININNING

IDENTIFIED AT SOME LOWER COLD LEG TSPS, IN-

MODEL 51 S/Gs

EASILY DETECTABLE (NIGN VOLTAGES, RPC-
;

.CNARACTERIZATION) AND LIMITED IN EXTENT
.

O WASTAGE

' INSIGNIFICANT WITN AVT CNEMISTRY--

.

WEAR
'

0 NOT FOUND IN FEEDRING S/GS-AT TSPS
"

VOLUMETRIC INDICATIONS CHARACTERIZED BY HIGH VOLTAGES
0 'READILY CNARACTERIZED BY RPC-! INSPECTION

O INDICATIONS LESS THAN ABOUT 2 v0LTs ARE NOT A

CONCERN-FOR.TURE INTEGRITY-

RPCL-CNARACTERIZATION REQUIRED BY-APC-FOR- - -

INDICATIONS AE? W -1.5 VOLTS

.

--7
- _.,y % - r ,m.. , ,,_.,_.s-s
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Figure 4 9, Sketch of crack distrbution and depth within the first support plate crevice
region in tube R21 C22.
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RESPONSES TO NRC QUESTIONS |
CRACK GROWTH ALLOWAN"E (P. 3) !

.

'

,

N !
'

VOLTAGE GROWTH METHOD MODIFIED FOR REVISION 1'

% GROWTH NOW APPLIED - PREVIOUSLY ABSOLUTEe

VOLTAGE CHANGE !"

e CHANGE BASED ON EVALUATING FRENCN DATA AT
HIGHER AMPLITUDES THAN DOMESTIC DATA
CONSERVATIVE ALLOWANCE OF 50% VOLTAGE GROWTHo

PER CYCLE

AVERAGE GROWTH RATES APPLIED TO MEET 3 AP .O. BunST |

,

NLIMIT
9 AVERAGE GROWTH RATES LEAD TO LARGE MARGINS

AGAINST BURST AT SLB CONDITIONS
'

e ESTIMATED PROBABILITY OF BURST AT SLB < 10-6

FACTORS CONTRIBUTING TO ODSCC AND CRACK GROWTH r

e DOMINANTLY INFLUENCED-BY CREVICE CNEMISTRY
CONDITIONS

9 LOCAL, OPERATING AND RESIDUAL STRESSES OF

SECONDARY IMPORTANCE TO CREVICE ENVIRONMENT
00 SCC OCCURS IN UNDENTED TSP CREVICES - ;

-

AND SLUDGE PILES-
e FARLEY ODSCC INITIATION PRINCIPALLY IN PERIODS 1

0F CHEMICAL IMBALANCE PRIOR TO 1986
NODEST GROWTH SINCE 1986

'-

9 INCREASES IN TURE-PLUGGING DUE T0 (" INSPECTION '

TRANSIENT 5")

GREATER KNOWLEDGE ON INTERPRETATION OF-

BOBBIN SIGNALS
CHANGES IN-INSPECTION GUIDELINES SUCH--

AS ELIMINATING 1.75 VOLT CRITERION
UTILIZATION-OF RPC PROBE-.c

i
r

|

,

ActSAPC 11/91

.

r. . , -,. - 3.-.,_,,,w. ,--,mw.--v---,m.,,,,-...~,,..wo,.-,-,,,,,,.-.,,,,,,,,-,,---,,-.g-,,,_,,_.w-v.._.~,~. nm m.- --- -,,...-,,.nm-_,--
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- . . .

VOLTAGE GROWTH RATES I
!

I

ALLOWANCE FOR GROWTH INCLUDED IN PLUGGING LIMITS

DEVELOPED FROM FARLEY S/G HISTORICAL INSPECTION
RESULTS

CONSERVATIVELY APPLIED % GROWTH INDEPENDENT OF
AMPLITUDE

,

O ENVELOPES DATA FOUND IN SCHE EUROPEAN

PLANTS
,

O FARLEY DATA SHOWS DECREASING % GROWTH WITH

HIGHER INITIAL AMPLITUDE
E

ALLOWANCE FoR 50% AVERAGE GROWTH IN AMPLITUDE PER

CYCLE APPLIED FOR PLUGGING LIMITS

;

'I
'

.

A:21APC 10/91

_ - _ . - _ . _ , _ . _ , ~ _ . . - , _ _ _ . . .._ . _ . . . . - . . - _ , , . _ _ . . . _ _ _ . . , . ~ _ _ __ _ _ - - _ - . - _ _ - .
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Tab!e 6.4

Comparisons of Voltage Amplitudes Between U.S. ASME and European Standards

i
U. S. ASME Standard French Bety:an U.S. |

4. hole. 4. hole. 4.h0!e |1mm 1.25 mm 33 mit i

dia. d;a. d.a.
'

Suppon holes holes holes&naae! c m c m c p'n's m n m
U.S. Callbration Procedure 3
400/100 mix 2.75 2.8 5.3 5.6 8.7 <0.6 10.7 12.96 64 !

,

400 kHz 4.0 3.5 5.5 5.5 7.8 8.2 9.8 17.19 5.4 !

240 kHz 6.3 5.4 7.9 7.3 9.5 17.4 12.4* 21.15 " 7.6200 kHz 5.9 4.9 7.1 6.3 8.0 17.5 10.9 18.08 -

100 kHz 5.9 2.8 3.6 3.1 3.8 14.5 5.4 8.5 5.2

French Calibration Procedure
240 kHz 0.66 0.56 0.62 0.76 0.99 1.8 1.3'

Belgian Calibration Procedure
240 kHz 0.59 0.51 0.74 0.68 0.90 1.64 2.0"

3 U.S. procedure invetves settmg up the signal for 20% ASME holes at 4 volts for 400 kH:
d.tferential channel or 2.75 volts for 400/100 kHz differential mix and then using the
*Save/ Store * functions of the Zetec DDA-4 software for carrying over the calbration to

4

all other channels.

*

When using the U.S. calibration procedures the French 4. hole standard skes 12.4 volts
at 240 kHz and 10.7 volts wrth the 400/100 kHz mix. It is 1,3 volts for the French
calibration. Thus U.S. values at 240 kHz/ French values at 240 kHz equals ~9.5. U.S.
values at 400/100 mix / French values at 240 kHz ocuals ~8.2.

.

"
When using the U.S. calibration procedures, the Beiglan 4 hole standard gives 21.15
volts at 240 kHz and 18.96 volts with the 400/100 kHz mix, it is 2.0 vetts ter the
Belgian calibration. Thus U.S values at 240 kHz/ Belgian values at!?'O kHz equals
-10.6. U.S. values at 400/100 kHz mix / Belgian values at 240 kHz equals -9.5 For
general data comparisons, Belgian and French data can be reasonably compared without
adjustments or by muttiptying the Behlan data by -0.9 to obtain French votts.

,

.

'
. . - . , . . _ , . . -, , . . . , , , , - . , -., . . , , . , , , . . . . .-
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Tatte 12.3 (

Estimated Probability of Tube Burst at SLB Conditions
f
|

If.1Y4.1 Eg2y.;2

h Dettsb % W Pattrenv (,

.

Ind:st.cn at Plug; lng . 4.0V 1.0 4OV 1.0 |

.

Lima ~ *

!

Maximum NDE Uncertairny 15 % <0.1(1) 15 % <01(1)
'

.

- GrowwCycle at 99% 180% 0.01 172 % 0.01 +

Cumulattve Probability
Based on Last

j
'

Operating Cycle

-i

Maximum ECC Ind.catien(2) 12.9V <10 3 12.SV <10 3 i
+
,

Tube Burst Vetta;e at 12.9V -3x10 3 12.9V 3x10 3Lower 99,7% Umst
i

1Estimated Pttbabihty ci : <3X10 6/ cycle <3x10 6 cy:.e ;

Tube Burst at SLB
Conditions '

- Notes: ,

1. From Figure 8.19, even assuming a wem probe (0.02" wear) the 15%
uncertairny corresponds to >1.5 standard deviations or <10% probabinty.

- 2. Obtained as product of indi:aton vettage, NDE uncertainty and growth. !

'
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RESPONSES TO NRC QUESTIONS |

CIRCuMFERrNTI L BRANCNING OF ODSCC CRACKS

;

HINOR CIRCUMFERENTIAL BRANCNING OF 005CC IS FOUND IN
MODEL BOILER AND PutLED TusES {

ACCEPTABLE WITNIN TUBE PLUGGING CRITERIONe
j

,

e BRANCNING CAN INCLUDE SOME IGA EFFECTS As WELL
'

A5 ODSCC |

BRANCNING HAS NO SIGNIFICANT INFLUENCE ON BURST
PRESSURES WITNIN VOLTAGE RANGE OF TusE PLUGGING I

CRITERION ;

e BURST TESTS OF TUBES IN >20 VOLT RANGE ARE
COMPARABLE WITN AND WITHOUT PRESENCE OF BRANCNING .

e BURST TESTS AT VERY NTGN AMPLITUDES (>100 v0LT5 I

FOR MODEL BOILER SPECIMENS). INDICATE BRANCHING !

MAY RESULT IN REDUCED BURST CAPABILITY |

NO CIRCUMFERENTIAL CP.ACKs HAVE BEEN FOUND AT FARLEY
e EXTENSIVE RPC-PERFORMED FOR RESOLUTION OF :

INDICATIONS AT TSPS

RPC FOR >1.5V s0BBIN INDICATIONS 15 ADEQUATE FOR FARLEY-

TO MONITOR FOR LOW LIKELIN000 CIRCUMFERENTIAL CRACKS
e RPC RESOLUTION ADEQUATE TO DEFINE CLEAR

CIRCUMFERENTIAL CRACKING '

o INITIAL IDENTIFICATION ON WELL DEFINED,

/
CIRCUMFERENTIAL INDICATION AS CONTRASTED To ,

INADEQUATE RPC RESOLUTION |

.
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tad!e 12.4
i

i

Examples of Circurr'erential Branching for 0DS00 at TSPs
,

)

Burst Pressure Desea2ve
o'a~ T+e P O Ve eem pa ee 5 er nam ca..e sn

ci w ,ee .m! p,me See m.-ne

'
Pulled Tubes

;

A 2:R3BO46 'g 411 to 413 Numerous merocrack.s et axial are
~

<

crcumferential onernaten

A 2.R31C46 41 to 4 2 Minor circurrierential branching

9 1:R4C61 4 3 to 4-4 Short droJmierentialcra:As with IGA patches

Model Boller Specimena

$26 2 1018 to 10 21 Burst opening inctuces orcurrierertialy
onerned ligaments

5J21 10 22 to 10 25 Burst opening includes rnnor circurrWerernial
onentation

532 2- 10-26 to 10-29 trregular burst opening IrwNing teanng of
interconnecttg hgaments

535 1 10 30 to 10 31 Exar@ of minor branching wnhin tube watt

555 3 10 32 to 10 34 Burst invokes irregular panem wan tum
connocung lodges between cracks

.

$

e

{
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fke*-6 e' 8v-st Ces:1

Macrecract ',ength * 0.52 inch
-

Throagrws11 Lee;th . 0.C2 inch

Nur.btr of Microcencks e at 1ellt 3

Morphology = IGSCC with moderate ICA components

.

0.75 inches c SP top-

,

!
t

/

Y Y)'
,

0.0 inches - SP bettem-

1800 2700 00 900 1800

Sketch of Cetek Distribution

Figure 41. Summary of cra::k distribution and morphology observed on the first support
plate cre.ioe region of tube R31.C46, Farley Unit 2.
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Skete" e' Eerst C*ack

Macrocrack Length = 0,4 inch

Thr9ughwa11 Length . 0.01 inch

Nue.L.'r ',f Kicrocracks . 7 (all ligaments have predominantly
intergranular features)

|
Morphology . IGSCC with some IILA aspects (circumferential cracktrg

has more IGA characteristics)

*
,

'

n

0,75 inches - SP top i-

'

I; )
|\

1 :
~

'' n

O.0 inches - SP botton-

1800 2700 00 900 1808

Sketch of Crack Distribution

.

*.

Figure 4 3, Description of OD ongin conesion at the fifth support plate crevice region of
tube R4-C61. Plant B 1
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-
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3

D**!' *' h*!! C ark f
'-

!
'

"4:r::Pa:k Length . 0.37 in:hes

Throughwa11 Length . 0 (78% throughwall) t

Num:ar of Micrecracks = numerous (ligtments have intergranular *

features)-

Mor;hology = Intergranular SCC with minor !GA features - *

(Unusual spider shaped crack distribution) '

burst opening
location

|
*

0.75 inches . gp ,,,.

,
''e' '

,,

I $ .

/< ' '|a , .
;

F*

) . . .

4
'

v

0.0 inches - SP bottem '.

1800 2700 00 900 1300

Sketch of Crack Distribution

i ..

Figure 411. ' Description of OD origin corrosen at the first support plate crevice
regen of tube R38 C46. ,

L
p ; , w --: - , . , . . . _ . . , , , _ _ , _ _ _ _

.



_

!

,
'

l
>

.,

.< .,

) \
' '

1 >

L :
i )

0 )
i

Skete d best C-stk3-

,

Ma:ro: rack Length . 0,67 inch - f

Throughwall Length = 0.50 inch

Number of Microcracks * at least 6 (ligaments have inteit.< anular
features) i

Herphology = IGSCC
i
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Sketch of-C a:k Distribution

Figure 10-21 Sumary of overall crack distribution and mor'phology :
observed on tube 528 2.
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h Figure 10 34 Sumary of burst crack observations and the overall
districution observed at the crevice region of tube ... .
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STRUCTURAL INTEGRITY

KEY ISSUES

SATISFY REG. GUIDE 1.121
.-

DEMONSTRATE A FACTOR OF SAFETY OF 3 AGAINST TUBE

BURST UNDER NORMAL OPERATING CONDITIONS.

DEMONSTRATE ADEQUATE MARGIN BETWEEN ACCIDENT

CONDITION LOADINGS AND THE CRITICAL LOAD TO

CAUSE RAPID PROPAGATION TO RUPTURE.

ESTABLISH A LEAVAGE RATE LIMIT DURING NORMAL

OPERATION THAT IS LESS THAN THE LEAK RATE OF

A TURE WITH THE LARGEST PERMISSIBLE CRACK. 1

ESTABLISH LEAKAGE INTEGRITY DURING POSTULATED

ACCIDENT CONDITIONS.

aussxo:m
]

-

. - _ . _.



RARGINS TO BURST

|

NORMAL OPERT.IION
'

e 3ciP (4380 PSI) ESTABLISHED AT 95%
q9<-

CONFIDENCE LEVEL TO BE , ,

,

ACCIDENT CONDITIONS

e SLB (OR FLB) MOST LIMITING FOR BURST

(2650 PSI).

9 VOLTAGE MARGIN OF 31.0 VOLTS VERSUS 6.85

VOLTS AT END OF CYCLE (E00) USING

CONSERVATIVE AVERAGE GROWTH.
.

e PROBABILITY OF 3*10-6/CYCLF. ESTABLISHED

WITH BURST VERSUS VOLTAGE PROBABILITY OF

3*10-3 FOR MAXIMUM EOC VOLTAGE OF 12.9

VOLTS.

7ARLtT:C$C111/91
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BURST PRESSURE - BOBBIN VOLTAGE I

REGRESSION ANALYSIS

i

SECOND ORotR REGRESSION SOLUTION,

BURST PRESSURE YERSUS LOG (VOLTS)
o

i

FORTY DATA POINTS FROM PULLED TUBES AND
e

MODEL BOILER SAMPLES -' ROOM TEMPERATURE
TESTS

:

o THE MEAN CORRELATION:
i

BP = 8.93-2.37 LOG (v)-0.29(LOG (v))2 ,

i

THE -95% CONFIDENCE PREDICTION INTERVAL:
e

BP-95% = BP - T-95%*S*H

WNERE

T-95% = STUDENTS T VALuE
S = 0.957

N = PREDICTION INTERVAL FACTOR ,

THE -95% CONFIDENCE CURVE WITH LOWER
o

TOLERANCE LIMIT (LTL) STRENGTH PROPERT ES

AT OPERATING TEMPERATURE IS OBTAINED BY
SCALING BY 0.857.

fatttt2 500 ii/91

,
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Burst Pressure Versus Bobbin Voltogo,
_

,

( 7 / 8 x0. 0_50 Inch Tubina) 1,
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Bobbin Voltage Versus Probability
:cr SLE Eurst Cc:cbi l i ty
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Burst Pressure Versus Bobbin Voltage
(7/8x0.060 Inch Tubina) -9-

-
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ecebin voi toge, voi ts

-
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _



OPERATING LEAKAGE RATE LIMIT

LEAK BEFORE BREAK

ASSUMING 0.1 GPM LEAK RATE LIMIT AND BELGIAN BURST
CAPABILITY.

NOMINAL LEAKAGE VS CRACK LENGTH

e 32 P BURST CAPABILITY IS ASSURED;
~

BURST VS LEAK.
.

-95% CGNFIDENCE LEAKAGE VS CRACK LENGTM
; .-

'
SLB BURST CAPABILITY IS ASSURED;

-

e
-g
, BURST VS LEAK.-

.

I

I

i

|-

|

FAaLE @ SCO 11/91
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BURST 3RESSURE VERSUS CRACK LENG~H
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LEAKAGE RATE CALCULATION

.

UNCERTAINTY ANALYSIS
1

s

HEASURED VERSUS PREDICTED VALUES (H v5. P) ARE FIT

SY 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-LOG SD = 0.4614
*

-

10 *0.4614*TNM (OR ACTUAL) = P *-

WHERE

T = STUDENTS T VALUE AT SPECIFIED

CONFIDENCE LEVEL (95%)

N = PREDICTION INTERVAL FACTOR

FAJtLETOO5 0:11/91
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CRACKFLO CODE ERROR ANALYSIS-

"
MERSURED VS PREDICTED LERK RATES-
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ALLOWABLE AXIAL' CRACK LENGTH!
:

CoMsINED-ACCIDENT EVALUATION

-

.
, ,

e SSE PLUS SLB/FLB-
4

PRIMARY STRESS AT TOP TSP
.

; -e PRESSURE DIFFERENTIAL

NORMAL OPERATION (1457 PSI)-

SLB/FLB (2650 PSI AFTER BLOWDOWN)-

e 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
:

i

'
FARLEY2 50C:11/91

'
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~. .-_ . - . _ - .

COMBINED SENDING AND INTERNAL PRESSURE BURST TESTS
ON TUBES Wi1H THROUGH WALL SLOTS

!-

i

|

.
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Externally Applied Bending Load and Locations of Through Wall Penetrations
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S

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:

0 BOBBIN VOLTAGE UNCERTAINTY

e GROWTN ALLOWANCE UNCERTAINTY

9 LEAK RATE-VOLTAGE VARIATION WITHIN THE

PREDICTION INTERVAL

THUS, AN END-0F CYCLE VOLTAGE DISTRIBUTION IS

i ASSESSED FOR ITS POTENTIAL FOR LEAKAGE DURING A

POSTULATED SLB.

O IHE METHOD HAS BEEN APPLIED TO THE FARLEY 2

VOLTAGE DISTRIBUTION IN 1990 FOR EACH STEAM

GENERATOR.

e THE-MAXIMUM CALCULATED LEAK RATE IS 0.34 GPM
'

~PER STEAM GENERATORo
u
|

!

aussa:1om

L !
:
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SLB LEAx RATE - BOBBIN VOLTAGE

REGRESSION ANALYSIS

,
. FIRST ORDER REGRESSION

8
-r

1

i .

4

|

6

|
I

!
,

f

.!
!

!
E
i

d

i

'

FARLET00500:11/91
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SLB Leak Rate Versus Bobbin Voltage,

'

(7/oX0.050 Inch Tubina) 1

|
!

l

I

!
,

JSobbin Vol tcGe. Vol ts'

.
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SLB Leak Rate Versus Bobbin Vol tageN

'

(7/8X0.QjiG Inch Tubino) -S |
1
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I

Bobbin voltoG8. Volts j-
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COMBINEDLLOCA + SSE ACCIDENT CONDITION ANALYSIS

COMBINED ACCIDENT HAS POTENTIAL IMPACT
ON USE a0F ALTERNATE CRITERIA'

e YIELDING OF TSP ADJACENT TO WEDGE GROUPS

e DEFORMATION OF TUBES

e LOSS OF FLOW AREA

1r OPENING OF PRE-EXISTING CRACKS / PROPAGATION OF
'

EXISTING CRACKS THROUGH WALL WITH SUBSEQUENT

IN-LEAKAGE WHICH CAN EFFECT CORE PCT

!

ANALYSIS RESULTS

e -NO TUBES WOULD REACH-COLLAPSE A D THRESNOLD

e NO TUBES WITH SIGNIFICANT-DEFORMATION

L e NO TUBES EXCLUDED FROM ALTERNATE PLUGGING

CRITERIA

L

L

|

|

GYISSUE 10/91

l

'

. . . _ _ _ . _ _ _ _ .
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COMBINED LOCA + SSE ACCIDENT CONDITION ANALYSIS

ANALYSIS HETHOD

SSE ANALYSIS
i e,c_

.

.

LOCA ANALYSIS 4.C
..

I

1

.i.

l G Tiss A 10/91

*
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-COMBINED LOCA + SSE ACCIDENT CONDITION ANALYSIS

ANALYSIS HETHOD (CONT'D.)

'

Tust DEroRMATION/ COLLAPSE

e d' D To CAUSE COLLAPSE BASED ON COLLARED TUBE-

TESTS

e La D REsULTING FRoM TSP loads BAsEn oN RECENTLY

COMPLETED crush tests Fon SERIES 51 PLATES
Foun PLATE GEoMETnIEs TEsTEn-

THREE WEDGE ORIENTATIONS /Two-

WEDGE WIDTHS

tests MEASURED FonCE VEasus-

DEFLECTION & asD VEnsus LoAo

.

KIfttsut:10/91

B

1

'
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ALLOWABLE COLLAPSE PRESSURE VS ID DEFORMATION-.
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SUMMARY OF WEDGE LOAD 5
~

CoMaxwED 1.0CA & SSE LOADINGS

STtAM GturnATom-INLET BacAx

!

AN M LOAo TSP 1 TSP 2 6 . TSF 7
.|

_
LCA0iNG_ CON:X"0N IDEG) FACOA (cos) (aces) tog)

LOCA Ratefaccon f - ), C ;
LOCA Shaking

i

Comeinec LOCA

$0tsmic

.

, Combinec LOCA + Seeme

Wedge Loac ~

a. LOCA
b. Seem/;.

,

, a. LOCA + Seesme
!

wooge Loac -

' a. LOCA
b. Seeme

1

a. LOCA + Seemc

W. ed9e Loac .

j a. LOCA
; b. Seemic
l

a. LOCA + Seeme
; i

p-
,

pa

* A*kas Post TSP 1i

|-
,

Ottg 42. Pan 04 10/3/91

. _ - -
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SUMMARY OF WEDGE LOADS
,

CoxsINED LOCA + SSE LoAoINos
ACCUMULATOR LINE. BREAK

\

a

ANod LCAD ! TSP ; TSP 24 TSP 7
! (cos)1!l LcAoiNo CONomc*# I (tto) FActom (ices) : (cos) -

i LOCA Rarstecnon ' I, C
_

"

LOCA Shaking

? ombined LOCAC

Seemic
i

h: Comuned LOCA + Seeme
' |

- Wooge Loac __

i

s.LOCA <

'

b. Seemc

a. LOCA + Seemic

'

Wooge Loac
,.

a. LOCA -
!i

| b. Seemic ,'
_

a. LOCA + Seemic ^

_F
jWedge Load

{| a. LOCA
! b. Somme

,

'
l* -
. a, LOCA + Seismic '
!

I'
6 |, i i :

* ANous Pcst TSP 1

OlK 82* POEM *10/3/U

,

' - - - ' - - - ' -
.A_______ _____________.___._____.____.______.________.______-_.___--_______-___.___-_..__-___._.____-___.-._._._._m



* . . .

-,
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Starat 51 SirAM-GENERAroR
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{ ,''gQl|NTATION
6 WEDGE GROU.*
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LEAKAGE RATE CALCl" ATION
,

LOCA IN-LEAKAGE
3-

ASSUMING 0.1 GPH NORMAL OPERATING LIMIT

S IN-LEAKAGE FROM SECONDARY TO PRIMARY

A P DURING LOCA IS LESS THAN 0.1 GPM '

SECONDARY T0-PRIMARY A P IS STEAM-

PRESSURE MINUS AMBIENT (778 PSI)

SECONDARY TO PRIMARY-A P CAuSES-

MUCH: LESS LEAKAGE THAN PRIMARY TO

SECONDARY A P -oF SAME MAGNITUDE

(WCAP-9659)

|

l-

!

i-

FAALEY 2 50:211/91

|
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FARLEY 1 AND 2
STEAM GENERATOR

INSPECTION RESULTS

November. 20,1991
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h ble 5,1

I*

Summary of EC fr.dications in Last inspection of Fatby SGs !

SG A , SG.9 SG.C
1 a d d d 5

,

UNIT 1 (WARCH 1991)Bobbin Signals
.

<209. Deptn 0 0 0 1 0 0
20 29% 0 0 0 2 0 1 ,

30 39% 0 0 0 0 0 1
40 49% 0 0 0 0 0 05059% 2 0 2 0 0 0
60 69% 2 0 1 0 1 0
70 79% 2 0 2 0 1 0
80 89% 4 0 0 0 0 0
90 100% 0 0 0 0 0 0
Distoned 180 0 126 0 208 0-

RPC Results
Degradaten Verr 6ed 72 0 24 0 20 0

Tubes Plugged for
ODBCC IndiceUon 55 24 18

UNTT 2 (OCTOSER 1990)u
Bobbin Signals
<20% Depth 3 2 2 4 5 0
20 29% 7 2 0 2 1-

30 39% 3 2 5 f 4 1
40-49% 1 0 1 0 6 0
50 59% 1 o 4 0 11 0
60 69% 1 0 8 0 17 0
70 79% 4 0 9 0 23 0
80 69% 1 0 4 0 8 0
90 100% 0 0 0 0 0 0
Distwied 40 0 54 2 114 0

RPC Results
Indlestions Probed 48 0 81 2 179 0
Degradat6on Venfled 31 0 68 0 151 0

Tubes Plugged for '

OD5CC Indication 29 64 147

.

_ . . , _ - * _ , . - - . . _ . _ . , , . , , . + . - _ . _ - . - + , .._,._y.--.4_, , _ - . , , , . , . - . _ , . , - . . ._wy ,,,,w.. s.-y- ,
-

. - _
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F;;ure58
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! O 5*0Nic !n:: Oat.On S.;nal ArrktL005 in Farityd S.'Gs (Maren 1991) Ii
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| J. M. FARLEY UNIT 1 4/91 INSPECTION ',

DISTORTED INDICATION VOLTAGE DISTRIBUTIONS:
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Axit' Oistitutten Of Dister*,ec Inc. cation Si;nats an Fariey 1 S/Gs (Mar:n 1991)
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F, gyre 54
4

4tal Distreution of TS A Incitations in Farley.2 BGs (October 1990)
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Fgure 5 5,

Sstrtut cr. cf TSP tr.:.:st en Amplitaces in Fahey.2 SJGS (C:10ber 1990)

i

'

J. M. FARLEY UNIT 2 10/90 INSPECTION
j

DISTRIBUTION OF TSP INDICATION AMPLITUDES i
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Figure 5 6
i

Sucoer: Plate ine;:a: en Sr:;tession in Fariey.2 SGs
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Figure !.3

Aerase crewm ,n :e m ,-r cari,y.i sas mer t.ast 2 cyees
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F:;ure 512

H:stegram anc CurNatNe Pretatd.ty Of Vc:ta;e Growth in Fariey 1 for Last Two Oy:!es
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Figure 514

cumulatn.e PretaMry of Vettage Grewth per EFPY for Fartey Units 1 anc 2
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Figure 515

Histene.al Avera;e Vettage Growth 7tends in Fariey SGs
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Figure 510

Sca*:er Olet Of V0ita;e Gr wth in Farley.1 f0f Last Two Cyc|es
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Figure 511

Scatter P!:t Of voltage Growth irl Farley.2 f0f Last Two Cycles
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NDE EVALUATION OF TSP ODSCC
MAJOR CONSIDERATIONS

1 Bo3 bin 3 robe vo tage sensitive to crac<
engtl, crac< deat1, 3resence o' iga-
ments, mu tia e 3 ara e crac<s, oxice ;

coa:ing on crac< " ace

2 Variation o" resoonse " rom ci"erent
aro 3es " rom ci"erent manufacturers

3 In"luence of ~~S 3 crevice condition on
Donin res3onse. Dossia e concitions ;

are open crevices, Jac<ec crevices,
incipient denting, and fu ly develo aec
c enting.

4 Sensitivity of aro3e res3onse to probe
wear during ins aections.

| 5 Variabili:y among ca i3 ration s:andarcs,
anc norma iza<: ion to " rec uency mix.

'

6 Use of RDC to augment bobbin pro 3e
ins aections.

,

, _ . ,y- . - . m, ,-._ --_ , _ . . _ - . , - . .
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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 - Slucfge and support plate-

characterization

Support plate suppression mix-

400 kHz/100 kHz-

eliminates carbon steel, magnetite, much of copper-

interference but not tube deformation

Calibration-

Field ASME standard with drilled holes lab-tested-

with itandard 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

NM$CO(DOM 1.3

I
.. . - - . , , - - ._, - ,.- _ ,-
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RPC CHARACTERIZATION

Indications identified with bobbin coil as exhibiting-

significant amplitude (e.g.,21.5 volts) will be
i

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,

Nr :nng or wear will be disposed of in accordance

whh existing Tech. Specs.
.

MM5CO'DDhyia
_ _ . _ . - - - - . . _ . ,. .- _ _ - _ _ _ _ _ . - __
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Figure 4 1

Des:ristion of 00 Origir, Corresion at the First Su: port Plate
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Macrocrack 1.ength = 0.42 inches

Throughwall Length = 0.18 inches

Number of Microcracks = 4 (all ligaments with intergranular
features)

Morphology Intergranular SCC with. some !GA characteristics
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NDE EVALUATION OF TSP ODSCC |
TYPICAL EDDY CURRENT SIGNAL :

|AMPLITUDES

ype of Degradation Voltage Exam ales
~~

,

Wastage 4.5 to 7.5 V @ 60%
Claracterizec by c ept, !

machined rec:angu-
lar f aws ;

Fretting ~10 V @ 60% de 3"1 !

Claracterized by '

machined taaerec :

faws |

Pitting ~7.5 volts for 60 mi
'

Sing e drilled hole dia.,100% deep
5.3V for 109 dia.,simulation ~

.

60% deep
2V for 30 mil dia.,~

| 100% deep

Pitting ~2V multiple indica-
Multiple pits tions for multiple pits

up to 60 mils dia.,
and 64% deep

,

r- 4 ,,. -- y- , w w -- vu-+w.-,-+---+-w-,my,,- w -rw-> rr -----vmm-e-,++vri---+ m-s.-mv-- -m --we v--r- ww--+s- -----*-w --m- * , - --w--e--* - e- r--- ew =w1- ---e*-,*=w-
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NDE EVALUATION OF TSP ODSCC
AXIAL SLOT TEST DATA

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

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

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

4 Bobbin coil voltage function of spatial separation
of parallel axial slots. Closely spaced slots show
insignificant voltage increase over single slot

5 Correlation exists between RPC and l' : bin volt-
ages for single slots. However, bobbin oltage
increaces with multiple slots; RPC voltages can
be isolated on single slots

6 Presence of ligament between axial e!ots
reduces signal voltage

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

8 Slot data represents upper bound on signals
expected from cracks of similar length and depth.
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Figure 81

Voltage Sensitivity to Crack Network Morphology
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F;ure 8 3

sece n Coil V:nage in:rease c' e :: Ta:ers at Encs of Through Wall Axial Slots.
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Figure 8 6

Voltage Oecencer:e en L; ament Si:e Between Arial Siets
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Figure 8 8

Burst Pressure vs. Volta;e for EDM Slots
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Figure 3 9
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Figure 8 10
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Figure 3 4

RPC V ::a;e Oe:encen:e en $!ct Length anc Cepin

_ 4, -
.-

!-

e
M-

I
,

_

SLOT LENGTH, INCH*

E THRU-WALL 0 50% DEEP W TAPERED

.
_ .



_- _. _. .. -. . _ . . . -_

..; ,

1

J -

Yigure 8 5*

Correlat:n Of P: cin Ceilto RPC Voltage

,?"

,

l
.

i

$@

I

.

~

RPC AMPLITUDE, VOLTS~
~

a mnuwAu. O a0% DEEP W TAMMED X o m ER

.

- - - - . _ _ - _ - - - - - - - - - - - - - - -



! !

,

g ka()dO o E|r+hw
:
|

|r- |

5 $ qN

a8 * s\
f

M\ \
'

\ ;i N'
x'$
\

tR 8 ,

-M
Y 9C Nd .\

\ 'NeP N

%
hs . _

s
\N \ 'Nc _

ey s

M~ N \\
tb .,. _e NDd

n o 8 , M
\ S )'s ' ~n N ,

\
,

\s u s '

M % X'x
:'

oF 'i

t

'N \ S
.

say
\ s xhl

N A _cl 'ia
dc \ [dop. ayR g nf _.

* x ,

nih 8 , \ N -I

f p \'
\- \ NN\'

s
_woa '

%
NXi \ Nr

t g
N'- \n

8 . N
M N

-s

N' \oel \ \

'%s
cla N

\ \\ \s ,Nr '
te e 'N N N N,N

P M

- d'N.b-
NN

- N N'
\\.

hs N
'K \\R. \

[x ..[|$ \
o

'm N $ $ 8 mm O@m - (

[E ; E xt5e b2c. $ @.N eae23. o a
(

g $ C5 " xeb._$V~7 g,.
_D
.

'



. .. . . _ _ _.-___ ___._ ._ _ _._ ____

IGA DETECTION - HISTORICAL '
!

1

'IGA was first noted by tube pull in the*

tubesheet crevice of( ]etubes.
:

-

r-

Deep IGA was found in the entire [
'

.

tubesheet crevice
n

. It was not reported in the field by E.C.
'iinspection.
I

A review-of the 100 kHz absolute data |.

produce " drift" indicative of IGA along the
entire tubesheet crevice.

t

9

. At ? IGA 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.

. Detection of IGA in the tubesheet crevices at.

,sp
_

plant is routinely performed using thei
absolute bobbin mode.c

-

MhN

_ _ - . - - _ . . _ _ _ _ _ _ _ _ _ . _ . . - - . . - . . . - . .-



IGA DETECTABILITY

Field and Lab. experience shows that the
-

threshold of detectability of volumetric IGA in
L the support plate intersection using bobbin |

'

probe is in the range of 20% depth.
?

Examples: g
_

- detected at ~25% depthg

} [- detected at ~15% depth:

|

. The 400/100 diff. mix channel was used for this
~

-detection although 400 kHz differentia 1

|
channel alone was enough for the case of

jwhich has egg crate supports.
L u

.

. 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.

|

|
|

06413C 3 A&t!

., .. - , . ,--- _ _ _ - . - _ _ - . _ - _ - - _ _ _ _ _ _ - - -
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:

.

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.

.

6

i

, . ,. . , _ , , . _ . . __ __ _ _ _ _ _ _ _ _ _
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- Figure ' 8 14

Voltage Compansen of indications Found With Two Eddy Cunent Probes
(400/100 kHz Mix)

_ PROBE |1' VOLTAGE VERSUS-PROBE-2 VOLTAGE
..

_.3
3

,

i
i *

,

4

i

=W
.J
O
>

h-< -

H
.

g ; Y

>
w

I

i

! -

.

!

-)
PROBE 2 VOLTAGE, VOLTS

,

_ . - . - - ~ . , e r .,w,m-_. ._,y , .-- , - - -



.. - . __ . ._ _ - . . . .

,

Figure 8.15

Comparison of 400/100 kH: Mix Amplituce Response from Two Prebes (Mecel Eoiler Sar ;!e)
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Figure 8 16

Comparison of 400/100 kHz Mix Phase Response form Two Probes (Modei Boiler Sam::!e)
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| Figure 8 17

Companson of Tignt and C en Crevice Indication Response

VOLTAGES RELATIVE TO CRILLED CARBON STEEL SUPPORTS
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Figure 8 18-
,

Probe Wear Calibration Standard
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Figure 8 21

Signal Amplitude-(Arbitrary Unhs) vs. Center to Center Cell 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 a3 art should be used for field volt-
age normalizations. Hole diametral tolerance
should be .001 inch rather than .003.

2 Additional standard should be used in line with
ASME standard to limit effect of arobe wear (i.e.
3 robe centering) on field data. This standard will
lighlight data uncertainties from 3 robe wear,
identifying when variation exceec s acceptable
limits for tube plugging criteria, requiring use of
new probe

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

4 WCAP-12871 Rev.1, Aapendix A data acc uisi-
tion / analysis guidelines im alemented to en1ance
consistency and repeatabilty of inspection data.

s

.
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Table 8.9
-

.

Variables influencing NDE Voltage and Burst Correlation Uncertaintles- !

NCE voltage Uncertainties (Voltage Repeatability)

o Probe centenng: proce diameter and wear considerations (1) |

o Calibration stancarcs: dimensional tolerances (2),

o. Probe desen differences (3)

Burst Correlation Uncertainties

io Crad morphology (tength, depth, ligaments, multiple crams, IGA involvement) ;

vanability for same voltage amplitude 1

o Tubing dimensional tolerances (4)
o Human factors affecting voltage repeatability that are not adequately

controlled by data analysis guidelines -
o- Variations in field crevice conditions (open, packed, deposits, TSP corrosion,

small dents, etc.)(5) q

o Effects of tube pull forces on crack morphology and associated burst pressures (6)
o Utilization of voltage measurements for pulled tubes obtained prior to

implementmg voltage measurement standards of this report (7)
)

Holast

1. Minimized in the fleid dunng APC implementation by use of a 4 hole probe wear
standard.

. 2. The influence of dimensional tolerances of the calbration standards on voltage
- normalization is eliminated by calibrating the fleid standards to the laboratory
reference standard.

3. Uncettniaty mirumized by specifyirw; coil to coil spacing (coil centers are separated by
120 mits). i.g

4. . The influence of tubing dimensenal tolerances as they affect burst pressure are
inherently included in the spread of burst pressures from puned tubes and -
taboratory specunene.

S. - The influence of fleid crevce conditions as they affect burst pressure are inherently*

included in the spread of burst pressures from pulled tubes.

Results as pre-pull field m' easured voltages rather than post pull vo%es are used inf.

burst correlation.-

= 7. The use of field voltage measurements for pulled tubes obtained prior to implementingp
the voltage calibration requirements contributes to the spread or uncertainty contained
in the burst conelation.'

i-
L-

4



NDE EVALUATION OF TSP ODSCC
CONCLUSIONS

1 No difference observed between Zetec and Echoram
probes on data acquisition for tube plugging criteria

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

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

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

5 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.

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

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

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

4
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Figure 4-4. Description of OD origin corrosion at the first support

plate crevice region of Tube R4-C73.
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!Table 61
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THERP.%L AND HYDRAUUC SPECFCATKyJS
-

Pnmary loop temperature -> 4,4, &

Primary loop pressure

Primary boiler inlet temperature

'

Primary toiler outlet temperature

Secondary T,,, at 5.5 MPa (800 psi)
,

Steam bleed

Bbwdown
,

ihminal heat flux
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Summary of Leak and Burst Test Results
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Figure 91

Burst Pressure Test Results versus Bobbin Voltage
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Figure 9 3 ,

a

SLB Leak Rate Correlation With Bobbin Voltage
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Table 3

Sumary of Dented Specimens

Spec imen Dent Average Radial Exposure Friction ( Cd5
Identification Voltage Dent (inches) Time (hours) Force (Ibs.) fr* " C

,

"

Trial _1
--

--- ---

i
FAT _1 7. 3 0.00037 24

I

FAT _2 6.09 0.00030 24

FAT _3 12.11 0.00061 48

FAT _4 12.0 0. 0''X)61 48

FAT 5 4.55 0.00023 6 .

.

FAT. 6 0.00 0.0 6

FAT 7 9.43 0.00047 24

FAT _8 17.42 0.00087 48

FAT 9 3.40 0.00017 6
-

\

FAT ,10 2.50 0.00012 6

FAT _11 2.75 0.00014 6

FAT _12
-----

BW 1 14.67 0.00073 24
_

BW 3 6.27 0.00031 24
_

~

BW 9 6.38 0.00032 48
_

BW 14 7.03 0.00035 48
. _

-

.*

- - - - - - - - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 12,1

Model Boiler Specimens: Test Data Summary .,

1

Model Burst Destnctue Exam.
Boikr WAn CM RPC t e9 Ree nM Press, tem ine*,

LL. S -ac. # M % D^S*h M # Cm xs N.Cm AP M g h Thwd* j
~~~

1 500 1
2 509 2 |̂

3 509-3
4 510-1
5 525-1
6 52B1
7 528 2 ,

B 532 1 7

9 532-2 3

to 533-4 4
11 535 1 j

J12 536-1
'

13 542-4 ,

14 543-1 g
J15 543-2 '

16 543-4
17 555-3 1

18 557 1
19 557 2
20 557-4
21 558-1
22 568-1
23 568 2
24 568 4
25 568-6
26 571 1
27 574-4
28 576 2
29 576-4

-
-

For specimens wtthout througtwat poneration, ma.ximum dep:h of penetration is listed-*

Destructive examination and re/ww of RPC data shows that crdy 1 crack has a signifcant"

response that contnbutes to the bobtxn signal.

Tube not burst tested due to physical frntiation of specimert |'"

.

._ _ . _ . _ _ _ _ _ . . . . . . . . . . . . . . _.
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Sketch of Burst track

Macrocrack 1.ength = 0.44 inches

0.35 inchesThroughwall 1.ength .

Number of Microcracks = 1 to 4

Horphology - IGSCC

.

.

.

SP top-

0.75 inches -
.

i
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.
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Sketch of Crack Distribution

_

i

Sumary of crack distribution and morphology observed on i
;Figure 10-10

Tube 571-1.
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Sketch of Burst Crack j!

1

Macrotrack Length = 0.70 inch |
'

i<

Throughwall Length = 0.52 inch |
i

Number of Microcracks = 5 (ligaments have intergranular features)

Morphology = IGSCC

,

.
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-

0
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,
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