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A meeting was held on Novembur 20, 1991 between Southern 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 critenion for tube support plate elevation outer diarneter intiated stress corrosion
cracking at Farley Units | and 2.

The meeting agenda included discussions on:

4,

5.

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

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

Steam Line Break Primary to Secondary Leakage Considerations.
Farley Units | 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.



FarLey APC ror ODSCC AT TSPs
NRC MeeTinGg, Novemser 20, 1991
Discussion Torpics

AGENDA

PRESENTATION FORMAT

@ APPROXIMATELY ORGANIZED BY SECTIONS OF
WCAP-12871, Rev. 1

¢ Summary oF WCAP Secrion RESULTS

¢ Summary oF NRC QuesTIion RESPONSES
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ALTERNATE PLuGGING CrrTERIA FOR ODSCC AT TSPs

OBJECTIVES

OBTAIN Tusg PLUGGING CRITFRIA THAT RELATE NDE
MEASUREMENT TO Tuse INTEGRITY (BURST, LEAKAGE) CRITERIA

or R.G. 1.121

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

ELIMINATE Negp T0 AsseEsSS NDE MEASUREMENTS NEAR
TuneswoLp of DertecrasrLity (40% Deptw)
0 ENMANCED PROBES AND EC ANALYSIS SKILLS HAVE MOVED
DETECTION TO LIMITS OF DETECTABILITY
0 PLUGGING CRITERIA INITIATED FOLLOWING UNDETECTED
INDICATION OF SHORT CRACK WITH 62% MAXIMUM DEPTH
AT FARLEY-1
0 NEED FURTHER DEMONSTRATED BY EXTENDED OUTAGE AT
TROJAN WHERE TUBE PULLS HAVE DEMONSTRATED TUBE
INTEGRITY FOR INDICATIONS MARGINALLY DETECTABLE

EXTEND OPERATING PErRIOD OF S/GS WITH LIMITED Tuse
PLUGGING AND/OR SLEEVING



GENERAL APPROACH TO PLUGGING CRITERIA
ror ODSCC ar TSPs

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

CONSERVATIVELY ASSUMING OPEN CREVICE CONDITIONS TO
MAXIMIZE LEAKAGE POTENTIAL.

SATISFYING THE R.G. 1.12]1 STRUCTURAL GUIDELINES FOR

TUBE BURST MARGINS BY ESTABLISHING A CONSERVATIVE
STRUCTURAL LIMIT ON VOLTAGE AMPLITUDE THAT PROVIDES

TIMES NORMAL OPERATING PRESSURE DIFFERENTIAL FOR TUBE

FOR TIMES NORMAL OPERATING PRESSURE DIFFERENTIAL FOR TUBE
BURST CAPABILITY.

ACRSARC 'O/




GENERAL APPROACH TO PLUGGING CRITERIA
ror ODSCC ar TSPs (Conr'p.)

SATISFYING THE FSAR REQUIREMENTS FOR ALLOWABLE LEAKAGE
UNDER ACCIDENT CONDITIONS BY DEMONSTRATING THAT THE
DOSE RATE ASSOCIATED WITH POTENTIAL LEAKAGE FROM TUBES
REMAINING IN SERVICE IS A SMALL FRACTION OF 10 CFR 100
LIMITS.

INCLUDING CONSIDERATIONS FOR CRACK GROWTH AND NDE
UNCERTAINTIES IN BOTH THE STRUCTURAL ASSESSMENT AND
LEAKAGE ANALYSIS.

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

ACRSAPC  10/9Y



Table 6.3
Fleld Experience: Suspected Tube Leakage for ODSCC AT TSPs(")

— -1 el —
Blasl  lcapecticn Xglis Regth Comments

i

hgles:
1 Field experience noted is for nominal 0.750" OD tubing with 0.043" wall thickness. No
data are known 10 be available for tubes with 0.875"° OV,

2 Reported voltages were adjusted (values given in parentheses) 1o the normalization in this
report of 2.78 volts for 20% ASME flaw and 400/100 kMz mix. Tne adjustment factor
was developed based on voltage ratios measured between a metric calibration standard as
used 1o obtain the onginal data and the reference ASME standard of this report. This
adjustment provides an order of magnitude conversion 10 make these data roughly
comparable 10 other data in this report. However, any conversion factor is disputable
because it depends on the procedural/environmental conditions and thus may vary from
CASE 10 case.
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PoTeENTIAL FOR TSP DIspiLacement
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

o TSP DISPLACEMENT PREVENTED BY TUBE DENTING, TSP
CORROSION LEADING TO INCIPIENT DENTING OR SMALL
"Tuse 1o TSP Gars

-

- EviLUAT;ons COMPLETED FOR FARLEY-1 aND

J
INCICATE NO TSP DISPLACEMENT WHICH
PRECLUDES TUBE BURST

« FJPECTED THAT ANALYSES COULD BE PERFORMED
ror FARLEY-2 AND OTHER MopeL 51 5/Gs




POTENTIAL FOR TSP DISPLACEMENT
AND Tuse BumrsT AT SLB Accipents (Cont'Dp.)

THROUGHWALL CrRACK LENGTH FOR BURST AT SLB GREATER THAN
TSP THIcknEss ) Y
¢ Tuse sursT FOR 2650 pst SLB cONDITION AT
¢ TSP Tuickness = 0.75"
® TUBE BURST AT ACCIDENT CONDITIONS NOT EXPECTED

ror ODSCC ar TSPs

-

Low ProsasILITy (~10°6/cvcLE) oF CRACK GROWTH FROM
4.0 voLT PLUGGING LIMIT TO VOLTAGE FOR BursT AT SLB
CONDITIONS
o CONSERVATIVE FARLEY S/G GROWTH RATES
® VOLTAGE/BURST CORRELATION APPLIED FOR PLUGGING
LIMITS

ACRSARC Y0/
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FARLEY S/G PLuGcGING CriTERIA FOR ODSCC AT TSPs

Tuse PLUGGING CRITERION
0 TUBES WITH BOBBIN COIL INDICATIONS EXCEEDING 4.0

VOLTS WILL BE PLUGGED OR REPAIRED

SLB LeakAGE CRITERION
0 PreprcTeD SLB LEAK RATES FROM TUBES LEFT IN
SERVICE MUST BE LESS THAN 55 GpM Fom EACH 5/G,
INCLUDING CONSIDERATIONS FOR NDE UNCERTAINTIES

AND ODSCC GROWTH RATES

INSPECTION REQUIREMENTS
o A 100% BOBBIN COIL INSPECTION SHALL BE PERFORMED

FOR ALL MOT LEG TSP INTERSECTIONS AND ALL COLD
LEG INTERSECTIONS DOWN TO THE LOWEST coLD LEG TSP
WwiTH ODSCC INDICATIONS

0 ALL TUBES WITH BOBBIN COIL IMDICATIONS >1.5 voLTs
AT TSP INTERSECTIONS SHALL BE INSPECTED USING RPC
PROBES. THE RPC RESULTS SHALL BE EVALUATED TO
supPORT 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 EXCeEeEps 150 Gro pPeErR S/G

ExcLustons FROM Tuse PLUGGING CRITERION
¢ Tuses WITH RPC INDICATIONS NOT ATTRIBUTABLE TO
ODSCC AND CIRCUMFERENTIAL INDICATIONS SHALL BE
EVALUATED FOR TUBE PLUGGING BASED ON A 40% DEPTH
LIMIT.

ACRSAPC 1 10/



OpeErATING LEAKAGE FOR ODSCC 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 CONTRIBUTZD TO
LEAKAGE
-« ToraL LEAK RATES ofF 63-140 cpp

NO REPORTED LEAKAGE IN FRENCH UNITS

0 OPERATION AT HIGHER EQUIVALENT INDICATION
VOLTAGES THAN PROPOSED FOR FARLEY

oo JACREAPC : 10/91




Tube Plugging Limits to Satisty Structural Requirements

Jem ~ARls 4 - —
Maximium Voltage Limit to ‘\ ) Burst Pressure vs. Voltage
Satis'y Tube Burst Correlation at -96%
Structural Requirement configence level.
Allowance for NDE 10% uncenainty increased 10
Uncenainty 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

) J to 50% of Tube Plugging Limit
10 provide conservative margin

for vanations in future cycles

Tube Plugging Voltage 40
Limit



RESPONSES TO GENERAL CONCERNS

BursT AND LEAK TeST DATA BASE (Pages 1-2)

Burst: 41 Pornts (27 MB, 14 FieLp)
@ Was 13 MB, 4 Frewp

Leax RaTe: 28 Porints (24 MB, 4 Frewp)
e Was 6 MB, 4 Frewp

PuLLep Tuses < 10v

MooeL BOILER SPECIMENS
@ CRACK MORPHOLOGIES SIMILAR TO PULLED TUBES
¢ EMPHASIZED > 8 V TO DEFINE STRUCTURAL LIMITS
AND LEAK RATES

EXTENDED DATA BASE PERMITS USE OF UNCERTAINTY BOUNDS
FOR VOLTAGE/BURST CORRELATIONY
- LowWweR 95% UNCERTAINTY BAND USED TO DEFINE
PLIGGING LIMITS
- ELIMINATES NEED FOR "ADDED MARGINS" IN DEFINING
PLUGGING LIMITS AS APPLIED IN Rev. 0

ACRSAPC: 11/91



PuLLep Tuse Data Base ror APC

31 PuLiLep Tuses, 58 INTERSECTIONS TO CHARACTERIZE
VOLTAGE RESPONSE AND CRACK MORPHOLOGY
o ODSCC wrtw MIncr orR No IGA -37 INTERSECTIONS
- 5 FrOM FArRLEY S/GS oF 14 INTERSECTIONS
EXAMINED \
- 6 FROM| e (
o IGA/SCC or IGA -19 INTERSECTIONS

- 3 raon[ ]

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

14 Tuse INTERSECTIONS OF 7/8" DIAMETER WITH BURrS1
PRESSURE TESTS
® 3 FrROM FARLEY
o 7 FROM| ;

e ’

| 9

SuPPLEMENTAL DATA FOR APC OBTAINED FROM LABORATORY
SPECIMENS GBTAINED IN MODEL BOILERS UNDER PROTYPIC
CONDITIONS

ACRSAPC: 11/™1
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Boton Col RexnaQive Sxam Leak Ratehn
Blant BowCol ISP yois Depth MaxDsoth Lengii(')  Normal Ooer,

Table 6.2

Pulled Tube Leak Rate and Burst Pressure Measurements

h

(in.)

biotes;
Crack network length for burst crack with through wall crack length given in parentheses.

_me

Negligible leak rate evaluated as no leakage for this report.

K-}

Burst
Erga:l ,yg
(P81

Measurements were not made and values are estimated based upon crack morphology

obtained from destructive examination.

Leakage not detected as pressure increased to indicated burst pressure.
Depth not determinable from phase angle.
Fieid measurement using §50/100 kMz mix for 0.75 inch diameter tubing.

«l



YoLTAaGE AMPLITUDES FOrR PuLLED TuBES

AMPLITUDE CORRELATED WITH BURST PRESSURE FOR APC

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

@ IGA INVOLVEMENT TENDS TO INCREASE AMPLITUDE

o IGA/SCC TENDS TO OCCUR WITH MULTIPLE CRACKS OF
COMPARABLE DEPTHS WHICH INCREASE AMPLITUDE

EarLy ODSCC DEVELOPMENT OCCURS AS SHORT (0.1-0.2")
MICROCRACKS WHICH CAN BE NEAR DETECTION THRESHOLD

® A FEW OCCURRENCES OF INDICATIONS TO 60-70%
MICROCRACK DEPTHS NOT DETECTED IN FIELD
INSPECTIONS '

ACRSAPC: 11/91



Pulled Tube Destructive Exam Data Including French Data a
r 1
i
!
|
2
©
>
I
0 Maximum Depth From Destructive Exam o
~ Farley © Plant B A Plant C * Plant D 2 Plant L
* Plant M ® Plant N X Plant P ® French Pulled
X Tubes

Note: Solid symbols represent tubes with IGA/SCT indications.
All other symbols represent tubes with SCC indications only.



RESPONSES TO GENERAL CONCERNS
IGA ano Circ. ODSCC AT TSPs (Page 3)

CircUMFERENTIAL ODSCC Nor Founpo AnD Not EXPECTED IN

FARLEY S/Gs
o Circ. ODSCC ASSOCIATED WITH SIGNIFICANT DENTING

a7 TSPs
« HistorIcAaLLy, AxIAL PWSCC HAS BEEN A

PREDECESSOR TU CIRCUMFERENTIAL CRACKING
¢ NEGLIGIBLE DENTING IN FArRLEY S/Gs

S1GNIFXCANT IGA Nor Founp 1N FARLEY S/Gs
¢ 8 Tuses, 14 TSP Intersections Over 1986-1990
@ MIinor IGA INVOLVEMENT FOUND AT CRACK FACES
- SLIGHTLY GREATER (~ 15 MILS WIDE) IN
PREVIOUSLY PLUGGED TuBe (R21C22) THAN
ACTIVE TuBg (6 MILs wIDE IN R4C73)

IGA OccurreNcCE AT TSPs DominantLy IGA/SCC
@ SCC EXPECTED IN TUBES STRESSED BY OPERATING
PRESSURE DIFFERENTIALS BASED ON LABORATORY

EXPERIENCE
® SLOWER GROWTH FOR IGA THAanN SCC

AvarLABLE Data SupporTs DeTecTtAaBILITY OF IGA/SCC
@ VOLTAGE RESPONSES AS HIGH OR HIGHER THAN FOR

SCC onLY

ACRSAPC: 11/



0DSCC

Types OF DEGRADATION AT TSPs
CRACK INDICATIONS

INITIATES AS MULTIPLE MICROCRACKS OF ~0.1" To

0.2" LENGTH 9

- EXAMPLES ARE| |R29C70, R30C64, FarLEY-2
R38C46 ano FarLEY-1 R20C26

- CAN BE NEAR THRESHOLD OF DETECTABILITY WITH A
LOCALLY DEEP MICROCRACK OF up TO 70% DEPTH

« TVYPICALLY LOWER VOLTAGES AND HIGH BURST
STRENGTH

GROWTH OCCURS AS ADDITIONAL MICROCRACKS AND

CORRNSION OF LIGAMENTS BETWEEN MICROCRACKS WITH

INCREASING DEPTH

- ExampLES ARE FARLEY-2 R4C73, R21L22

- TYPICALLY NU OPERATING LEAKAGE AND HIGH BURST
PRESSURES

Minok IGA AT CRACK FACES SEEN IN SOME TUBES



."

RESPONSES TO NRC QuUESTIONS
ODSCC Qursipe TSP Bounparies (p. 4)

No ODSCC Oursipe TSPs KNoOwN TO HAVE BEEN DETECTED BY

NDE
]

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

I0ENTIFIED CrRACKS EXTENDING OQutsiDe TSP ARE RESULT OF
PWSCC *n SigNIFICANTLY DENTED TUuBES

CONDITIONS NOT APPLICABLE TO FARLEY S/Gs

FarLey PurLLep Tuse R20C26

BAND OF MICROCRACKS (< 0.1" LonG) uep 10 0.27"
ABOVE TSP

Deptus up 1O 10%

ONLY PULLED TUBE OF 58 INTERSECTIONS wITH ODSCC
REPORTED OUTSIDE TSP

InspecTION FOR CrAacks Outrsipe TSPs

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

INDICATIONS OUTSIDE TSP pLUGGED TO 40% TeECH SPEC
LimIr




Tyres oF DEGRADATION AT TSPs
Crack Inprcatrrovs (Cont'p.)

IGA/SCC
0 TvpicatLy IGA rFInGers AND SCC WITH SOME
VOLUMETRIC IGA PATCHES OF VARYING AZIMUTHAL
EXTENT

0 COMMONLY MANY CRACKS AZIMUTHALLY AROUND TUBE

. -9
0 ExaMpLES AR!L JR12C8 {PREVIOUSLY PLUGGED)
AND FRENCH DATA

0 LIMITED DATA ON BURST (R12C8, TSP #3) BuT LOCAL
IGA NOT EXPECTED TO STRONGLY INFLUENCE BURST
CAPABILITY



Tyres oF DEGRADATION OF TSPs
VOLUMETRIC INDICATIONS

CORROSION
0 PITTING
- NOT FOUND TO DATE AT TSPs
0 Coup LeEG THINNING

- IDENTIFIED AT SOME LOWER COLD LEG TSPs, 1IN

MopeL 51 S/Gs
- EASILY DETECTABLE (HIGH VOLTAGES, RPC
CHARACTERIZATION) AND LIMITED IN EXTENT
0 WASTAGE
= INSIGNIFICANT WI.w AVT CHEMISTRY

WEAR
0 NOT FOUND IN FEEDRING S/Gs AT TSPs

VOLUMETRIC INDICATIONS 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 ABOVE 1.5 voLTts

o i st o il
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Macrocrack Length ¢ 3 .50 inches
Througiwall Length « 0 1S inches

Numper of Microcracks » 4 (two lTigaments with intergran, ar
fFeatures, one with ductiie over'oad feit.res

Morphology = Intergranylar SCC with significant [GA
characteristics {(wigth of IGA 0.030 i'ncnes)

0.7% inches - | - SP top

2.25 inches -

2.0 inches =~ - SP bottom

180° 270° 0% 90° (80°

skatch of Cragk Distridution

Description of QD ongin comosion at the first support plate crevice
region of tube R21-C22.



Figure 4-9. Sketch of crack distribution and depth within the first support plate crevice
region in tube R21-C22.



Top micrographs are from a transverse section through one half of the main
burst crack. The morphoiogy is that of IGSCC with significant IGA
charactenstics (wdth of IGA is 0.015 inch on one side of the crack) Bottom
micrograph is from a transverse section through the only other crack found

n the crevice region. s morphoiogy is more that of IGSCC. (Note: crack ha
heen opened wide by tubé deformation)

S



Skgash oF Burcs regeg

Macrocrack Length ¢ 0,75 imch

’h 0 4
Throughwall Length « 0.88 inch (combined through wall lens:

Numbar of Microcracks « at least 6 fgaments have mest,

intergranylar feat.res

—

\
\
|
Morsho'ogy o  15SCC

0.75 inches - x ) - SP tos
0.6 inches - } E E{
R
' }\‘ |
0.2 inches - | “l “
e
0.8 inches =« 1 - SP bottom

$romam im

Summary of the burst crack and overall crack distridut:c
the crevice region of tube $32-2.
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RespoONSES TO NRC QUESTIONS
Crack GROWTH ALLOWANCE (P. 3)

VOLTAGE GROWTH METHOD MODIFIED FOR REvISION 1

% GROWTH NOW APPLIED - PREVIOUSLY ABSOLUTE
VCLTAGE 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 3. Py . BumrsT

LIMIT

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

Factors ConTrIBUTING TO ODSCC AnDp CrACK GROWTH

ACRSARPC: 11/

DOMINANTLY INFLUENCED BY CREVICE CHEMISTRY
CONDITIONS
LOCAL, OPERATING A\ RESIDUAL STRESSES OF
SECONDARY IMPORTANCE TO CREVICE ENVIROMMENT
- ODSCC occurs IN UNDENTED TSP CREVICES
AND SLUDGE PILES
FARLEY ODSCC INITIATION PRINCIPALLY IN PERIODS
OF CHEMICAL IMBALANCE PRIOR TO 1986
- MODEST 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
- UriLizatioN oF RPC prOBE



VOLTAGE GROWTH RATES

ALLOWANCE FOR GROWTH INCLUDED IN PLUGGING LIMITS

DeveELOPED FROM FARLEY S/G HISTORICAL INSPECTION
RESULTS

CONSERVATIVELY APPLIED % GROWTH INDEPENDENT OF
AMPLITUDE

o ENVELOPES DATA FOUND IN SOME EUROPEAN
PLANTS

0 FARLEY DATA SHOWS DECREASING % GROWTH WITH
HIGHER INITIAL AMPLITUDE

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

ACRSAPC: 10/91



Table 6.4
Comparisons of Voltage Ampl'\udes Between U.S.-ASME and European Standards
U. 8. - ASME Standard French Beigian US.

4-hole. 4-hole. 4-hole
1mm 1.25mm 33 mil

dia, dia. dia.
Suppon  holes holes holes
Channel aQ% 40% £0% B0% 100% Elats 100% 100% 100%

U.S. Calibration Procedure <
«00/700 mix 278 2.8 53 56 8.7 <0.6 10.7 18.96 64

400 kM2 4.0 35 §5 §5 78 82 98 17.19 4
240 kHz 6.3 54 7.8 73 85 17.4 12.4° 21.18* 7.8
200 kM2 59 49 ] 6.3 8.0 17.8 109 18.08
100 kM2 §9 28 36 31 38 145 54 85 8.2
French Calibration Procedure
240 kM2 0.66 0.56 0.82 076 0.99 18 1.3
Jdelgian Calibration Procadure
240 kM2 0.58 0.51 0.74 0.68 0.90 1.64 20*

Q  U.S. procedure involves setting up the signal for 20% ASME holes at 4 volts for 400 kHz

¢iterential channel or 2.75 volts for 400/100 kM2 differential mix and then using the
*Save/Store" functions of the Zetec DDA-4 software for carrying over the calibration to
all other channeis.

When using the U.S. calibration procedures, the French 4-hole standard gives 12.4 volts
at 240 kHz and 10.7 volts with the 400/100 kHz mix. It is 1.3 voits for the French
calibration. Thus U.S. values at 240 kHz/French values at 240 kHz equals ~$.5. U.S.
values at 400/100 mix/French volues at 240 kHz equals ~8.2.

When using the U.S. calibration procedures, the Beigian 4-hole standard gives 21.15
volits at 240 KMz and 18.96 volits with the 400/100 kMz mix. 1t is 2.0 volts for the

Belgian calibration. Thus U.S values at 240 kHz/Belgian values at 240 kHz equals

~10.6. U.S. values at 400/100 kHz mix/Belgian values at 240 kHz equals ~8.5. For
general data comparisons, Belgian and French data can be reasonably compared without
adjustments or by multiplying the Belgian data by ~0.9 10 obtain French volts.
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Distribution of TSP Indications for Plant K- (1986 10 1990)
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mparson of Voltage Indications @ TSPs Between U S ang European Plants
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Figure 6-10

TSP Indication Voltage Growth Rates for Plant M-1
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Figure §-11

Scatter Piot of Voltage Growth in Fariey-2 for Last Two Cycles
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;u S. VOLTAGE NORMALIZATION

INITIAL BOBBIN AMPLITUDE, VOLTS
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VOLTAGE GROWTH, PERCENT / CYCLE

i | U8B VOLTAGE NORMAL ZATCN
i
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Average Percent Voltage Growth Rates for Farley, Plant F and Plant M-1
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Table 123
" Estimated Probabllity of Tube Burst at SLB Conditions
Eaney) Eamey-2
Yale Brobability Yalue 2abakit
indication at Plugging 40V 10 40V 1.0
Lima
Maximum NDE Uncertainty 15% <0.1(1) 15% <0.1(1)
Gromth/Cycle at 99% 180% 0.01 172% 0.01
Cumulative Probability
Based on Last
Operating Cycle
Maximum EOC Indination(2) 12.9V <103 125V «10-3
4 Tube Burst Votage at 12,8V Ax10-3 129V 3x10-3
Lower 99.7% Lirnit
Estimated Probability of <3X10-6/cycle <3Xx10-6cycie
Tube Burst at SLB
Conditions
Notes:

1. From Figure 8-19, even assuming a worn probe (0.02° wear) the 15%
uncenainty corresponds 1o »1.5 standard deviations or <10% probability .

2 Obtained as product of indication votage, NDE uncertainty and growth.

i



RESPONSES TO NRC QuisTIONS
CIRCUMFERENTIAL BrancHING oF ODSCC Cracks

MinorR CIRCUMFERENTIAL BRANCHING OF ODSCC 1s Foumnp 1IN
MopeL BorLErR AND PUuLLED Tuees
® ACCEPTABLE WITHIN TUBE PLUGGING CRITERION
® BRANCHING CAN INCLUDE SOME IGA EFFECTS AS WELL
as 0DSCC

BRANCHING HAS NO SIGNIFICANT INFLUENCE ON BURrsT
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 SPECIMENS) INDICATE BRANCHING
MAY RESULT IN REDUCED BURST CAPABILITY

No CIRCUMFERENTIAL CrACkS HAVE BEEN FOUND AT FARLEY
o EXTENSIVE RPC PERFORMED FOR RESOLUTION OF
INDICATIONS AT TSPs

RPC rFor >1.5v BOBBIN INDICATIONS IS ADEQUATE FOR FARLEY
TO MONITOR FOR LOW LIKEL. 20D CIRCUMFERENTIAL CRACKS
® RPC RESOLUTION ADEQUATE TO DEFINE CLEAR
CIRCUMFERENTIAL CRACKING
@ INITIAL ZDENTIFICATION ON WELL DEFINED
CIRCUMFERENTIAL INDICATION AS CONTRASTED TO
INADEQUATE RPC RESOLUTION

ACRSARC:1Y/OY



Table 124
Examples of Circumierential Branching for ODSCC st TSPs

Burst Pressure

mmwmwm

A-2 R3BC46

A2 RIC4E
81 RaCHY

528.2

5321

8381
§85-3

Pulled Tubes

9 41110413 Numerous microcracks of axial and
ciraumierential onemation

451042 Minor circummierential branching
4310 4.4 Shon ciroumterential cracks with IGA paiches
Model Boller Specimens

10-18 10 10:21  Bur* ope: . 4 includes circurmierentially
onerdey ligaments

10-2210 10-25 Burst opening includes miner circumferential
onen ation

10-26 10 10-29  Irmeguiar burst cpening involving tearing o
interconnecting ligaments

10-30 10 10-31  Example o' nminor branching within tube wall

10-32 10 10-34  Burst involves irreguiar pattern with tum
o connecting leages between cracks



. J

Macrocrack Length « 0.52 inch
Throughwa!l Length « 0.02 inch

Number of Microcracks « at least ]

Morphology =  1GSCC with moderate 1GA components

0.7% inches - - SP top

“ L /<

0.0 inches - - SP bottom

160° 270° 0° 90° 180°

sketch of Crack Distribution

Figure 4-1.  Summary of crack distribution and morphology observed on the first suppon
plate crevice region of tube R31-C46, Farley Unit 2.
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Macracrack Length = 0.4 inch
Throughwall Length « 0.01 ineh

Numper of Microcracks « 7 (all ligaments have predominant)y
intergranular features)

Morphology =  1GSCC with some IGA aspects (~ircumferentia) cracking
has more [GA characteristics)

0.7% inches - s - SP top
(i
/'/ ~=
'R
0.0 inches - « SP bottom
I

180° 270° 0% 90° 180°

Sketch of Crack Digtribution

Figure 4-3. Description of QD origin corrosion at the fifth support plate crevice region of
lube R4-CE1, Plant B-1
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10
toh *
Macrucrack Length « 0.37 inches
Throughwall Lenrgth « 0 (78% throughwall)
Number of Microcracks = numerous ()igaments have intergranylar
features)
Morphology = Intergranular SCC with minor 1GA features
(Unusual spider-shaped crack distribution)
burst opening
loultion
} 0.75 inches -« - SP top
: N
oo E
“3 .
oyl
¢k
J
1 .
0.0 inches -~ - SP bottom
180° 270° 0° 90 180°
Sketch of Crack Distribution
. Figure 4-11.  Description of OD origin corrosion at the first support plate crevice

region of tube R38-C46.
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L

Macrocrack Length « 0.67 inch
Throughwall Length » 0,50 inch

Number of Microcracks = 4t least 6 (1igaments have intergranuiar

features)
Morphology » 1GSCC
0.7% inches - - §SP top
0.6 inches - % )
L'i {
{
gt B
I ¢
\f )
0.2 inches - { s
g
0.0 inches - - SP bottom

180° 270° ¢° s0° 180°

Sketch of Crack Distribution

Figure 10-21 Summary of overall crack distribution and morphology
observed on tube 528-2.
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£ P am ¢ r i
SER3L 0F Buret Cepeg

Macrocrack Length « 0.78 ineh
Throughwall Length « 0 42 inen

Number of Microcracks « 2 (separated By quctile ligaments)

Morphology = 135CC

% 0.7% inches - - SP top

i
0.6 inches - IS

0.2 inches -
A : |
©.0 inches - - SP bottonm
180°  276° o 90° 100
seh of Crack Digeribution
“ Figure 10+34 Summary of burst crack observations and the overall crack

distribution observed at the crevice region of tube $3%-3



STRUCTURAL INTEGRITY
KEY ISSUES

SAatisFy Rec. Gurpe 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
<AUSE RAPID PROPAGATION TO RUPTURE.

OPERATION THAT IS LESS THAN THE LEAK RATE OF

A TUBE WITH THE LARGEST PERMISSIBLE CRACK.

ESTABLISH LEAKAGE INTEGRITY DURING POSTULATED
ACCIDENT CONDITIONS.

\
|
\
l
l
|
|
\
b ESTABLISH A LEAKAGE RATE LIMIT DURING NORMAL

KEYISSUE: 10/%




MARGINS TO BURST

NOorRMAL OPERATION
e 3 P (4380 ps1) esvaansnto AT 95%
CONFIDENCE LEVEL TO ll' 1

AccIDENT CONDITIONS
@ SLB (or FLB) MOST LIMITING FOR BURST

(2650 psx).

® VoLTAGE MARGIN OF 31.0 voLTs veErsus 6.85
VOLTS AT END OF cYcLE (EOC) usiwnG
CONSERVATIVE AVERAGE GROWTH.

o ProsaBILITY OF 3+10-6/cvcLe esTaBLISHED
WITH BURST VERSUS VOLTAGE PROBABILITY OF
3+10°3 ron maxiMum EOC voLTAGE OF 12.9
VOLTS.

FARLEYODSCC VY /0



BursT PRESSURE - BoBBIN YOLTAGE
RECRESSION ANALYSIS

SEcoOND ORDER REGRESSION SOLUTION
o BURST PRESSURE VERSUS Log (voLTs)

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))?

Tre -95% CONFIDENCE PREDICTION INTERVAL:
BP.¢,t = BP - T._ggy+S«N

WHERE

T.95¢ = STUDENTS T VALUE
S = 0.957

N PREDICTION INTERVAL FACTOR

THE -95% CONFIDENCE CURVE WITH | OWER
TOLERANCE LIMIT (LTL) STRENGTH PROPERTIES
AT OPERATING TEMPERATURE IS OBTAINED BY
SCALING BY 0.857.




Burst Pressure. ks

B

Burst Pressure VYersus Bobbin Vol tage
.. (7/8x0,050 Inch Tubina)

Bobbin Voltoge, Volts

s ————————————-



Bobbin Vol toge At SLB Burst Presswe

Bobbin Voltage Versus Probability

For SLB Burst Copab ty
- | 4
s
.__’_,_—--"‘_"—-’""-‘—_,—
_se————
———
- /—//
/"‘//
- //
P -
>
&
Nk /
- f

4 |

a

|

i
|

-1.000 -U. 595 0,990 -0.985 -0.880 -0.975 -0.970 -0. 968 -0,960 -0, 955 -C. 650
Probabi ! ity (One-Sided)



Burst Pressure. ksi

Burst Pressure Versus Hobbin Vol tage
... £7/8x0.080 Inch Tubina)

Bobbin Voltoge., Volts




OPERATING LEAKAGE RATE LIimrTt

LEAK BEFORE BREAK

ASSUMING 0.1 GPM LEAK RATE LIMIT AND BELGIAN BURST
CAPABILITY

NOMINAL LEAKAGE VS CRACK LENGTH

@ 3..P BURST CAPABILITY IS ASSURED;
" BURST vs LEAK.

<95% CONFIDENCE LEAKAGE VS CRACK LENGTH

-

e SLB sumrsT carnuxux;v IS ASSURED; |
:} BURST VS LEAK,

FARLEYODSCC : 1A/



Normalized Burst Pressure (P)

T—

Normahized Crack Length (A)

Comparison of Several Tube Burst Test Correlations Along with
Lower Bound Tube Rupture Equation (Ref. EPRI NP 6864 -1.)



BURST PRESSURE VERSUS CRACK LENGTH

i 7/78X0.050 INCH TUBING -4

BURST PRESSURE. KSI

|
|

|
!
|
|
|

AXIAL 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-LoG SD = 0.4614

M (or AcTUAL) = P « 10N*0.3614+T

' ERE
T = STUDENTS T VALUE AT SPECIFIED
CONFIDENCE LEVEL (95%)
N = PREDICTION INTERVAL FACTOR

FARLEYORSCC 1/






NORMAL OPERATING CONDITIONS
LEAK RATE VS AXIAL CRACK LENGTH
7/8* TUBING AT B00F AND 1457 PSI

AXIAL CRACK LENGTH, INCH




ALLOWABLE AxiAL Crack LENGTH

CoMpINED ACCIDENT EVALUATION
e SSE pLus SLB/FLB
PriMary STRESS AT Toep TSP
¢ PrESSURE DIFFERENTIAL
- NorMaL OpekratiOon (1457 PSI)

- SLB/FLB (2650 PSI ArTER BLOWDOWN)

o 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)

o 19800 PSI versus YIELD STRENGTH (35500
PSI)

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

FARLEYODSCC: 11 /9



COMBINED BENDING AND INTERNAL PRESSURE 8
RST TESTY
ON TUBES WITH THROUGH WAL L SLOT‘: .

- he

p/2 P/2

2'

P/2 p/2

Externally Applied Bending Load and Locations of Through Wall Penetrations



CALCULATION OF FOTENTIAL 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:

o Boesin YOLTAGE UNCERTAINTY

® GROWTH ALLOWANCE UNCERTAINTY

® Leak RATE-YOLTAGE VARIATION WITHIN THE

PREDICTION INTERVAL

THUS, AN END OF CYCLE VOLTAGE DISTRIBUTION IS
ASIESSED 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.

CEYISEUR:\0/%



SLB Leax RATeE - BoesIN VOLTAGE
REGRESSION ANALYSIS

FirsT ORDER REGRESSION

re

FARLEYODSCC: 11 /91

-



e N S a—

SLB Leak Rate VYersus Bobbin Vol tage
£7/8%0.080 Inch Tubingl

Bobbin Voltoge, Volts

Blic it it dia



COMBINED LOCA + SSE ACCIDENT CONDITION ANALYSIS

COMBINED ACCIDENT HAS POTENTIAL IMPACT

ON_USE OF ALTERNATE CRITERIA
@ YIELDING OF TSP ApJAcenT 1o WepGe Groups
¢ DerorMATION OF TUBES
¢ Loss oF FLow AREA
@ OPENING OF PRE-EXISTING CRACKS/PROPAGATION OF

Ex1sTING CrACKS THROUGH WALL WITH SUBSEQUENT
IN-LeakaGeE WHIcH Can ErrFect Core PCT

ANALYSIS RESULTS

@ No Tuses Wourp ReacH CorLapse £. 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

-

|
-

(SSRRT ¥ BRI A

ANALYSIS METHOD

-~ ac




Semres 51 Sersmic Fiwive ELEMENT MODEL GEOMETRY




Finive ELEMENT MODELS FOR
SrauctTunraL LOCA Time MISTORY ANALYSIS




For TSP 1. Wedge Groups Rotated 38 From Posions Shown Above

TSP 16 WeoQe Orovp Wicth = 8 0
TSP 7 Weage Oroup WAdth = 10N

WepGge Grour ORIENTATION
Looking Down on TSP




COM” NED LOCA + SSE ACCIDENT CONDITION ANALYSIS
ANALYSIS METHOD (Cont'pD.)

rnRMATION/COLLAPSE
2 To Cause CoLiLarseE Basep oN CoLLarep Tuse

TS
. D RESULTING FroM TSP Loaps BaSeD oN RECENTLY
. 4PLETED CrusH TriTs For SErIES 51 PLATES
- Fnur PLATE GEOMETRIES TESTED
- THREE WEDGE ORIENTATIONS/TwWO
WEDGE WIDTHS
- Tests Measurep ForRCE VERSUS
DerLecyionN & —. D versus Loap

KEYISSUE: 10/91



ALLOWABLE COLLAPSE PRESSURE VS ID DEFORMATION
r WCAP 8420 DATA (COLLAR A) he

.

|
|
|
"

A

IR

= PRESSH

CUL LS

AL L OWAELE
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SERIES §. CRUSH “EST RESULTS
FORCE vERSLS CEFLECTION

A




I

SERIES S| CRUSH "EST RESULTS
NuMBER CF DEFORMED TUBES VERSUS =ORCE

bC




SummMary o; WepGe LOADS
ComsIned LOCA « SSE Loapiwncs
STEAM GENERATOR INLET BrEak

LOCA Raretacvon

LOCA Shaking
Combinea LOCA

Sesmic

Combined LOCA + Seismi

ANGLE

Wedge Load
a LOCA
D Sesmc
a LOCA + Sesmic

Wedge Load

a LOCA

b Seism

a LOCA + Seismc

Weage Load
a. LOCA
b Sesmic
a2 LOCA + Seamc

* ANGLES FOR TSP 1

LOAD TSP 1 TSP 26 TSP ?
FACTOR mn] (PS) (PS)
8 bt
.4

DiSK 82-PORO&-10/3/9"



Summary oF WEDGE LoADs
Compinep LOCA + SSE Loapiwngs
AccumuLATOR LINE BREAx

RS S m_
ANGLE Loap TSP 1 TSP 246 TSP 7
4 KPS (KPg)
LOCA Shaking
Combined LOCA

LOCA Rarefaction ‘1),!
|
|
l

DIsK 82-POROL-'0/3/9)




-1

Numser or Derormep Tuses As A Funcriow oF Loap
Serzes 51 Srteam GENERATOR

6 WEDGE GROUP
[ ’ ‘HQIENTATION

e B

oIsK 8228 10/3/



LEAKAGE RATE CALCULATION

LOCA InN-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)

FARLEYODSCC: 11/91
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FARLEY 1 AND 2
STEAM GENERATOR
INSPECTION RESULTS

November 29, 1991




Table 5.1

Summary of EC Indications in Last inspection of Fariey SGs

~=0A
H Q

UNIT 1 (MARCH 1991)

Bobbin Signals
<20% Depth
20-29%
30-39%
40-49%
50-59%
60-69%
70-79%
80-89%
90-100%
Distoned

Coammmnoocoo

—a
ac

RPC Results
Degradation Verified

Tubses Plugged for
QDSCC Indication 58

N

Bobbin Signals
<20% Depth
20-29%
30-39%
40-49%
50-50%
60-65%
70-79%
80-89%
90-100'%
Distorted

So..;---auuu

RPC Resuits
Indications Probed 48
Degradaticn Verified i

Tubes Pluggec '«
QDSCC Indicat * 29

= ReeReRellsllellelle

--cH- .

=18

CON -~ NODOOO

2

n
»

24

a

C OO0 O0O0D0COO N -

UNIT 2 (OCTOBER 1890)

COO0OO0OO0DDO0OCONNN

Lfosvma-mon

NODOCOOOCONM

o K

el
o Q
0 0
0 1
0 1
0 0
0 0
1 0
1 0
0 0
0 0
208 0
20 0
18
1 0
1 1
4 1
6 0
1 0
17 0
23 0
8 0
0 0
114 0
178 0
151 0
147



Figure 5.8
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Figure 5-9

Farley-2 RPC Characterization (November 19%0)

R40C43I S G N R3I8CES S.G 31

R21C228/G 1




NUMB-ER OF OBLERRAVATIONS
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FiQure 5-1

™~ Ay . - - - S ana 4 < -
vi$ionea Incication S.gnal Amplitudes in Farley-1 S/Gs (March 1991

J. M. FARLEY UNIT 1 4/91 INSPECTION

DISTORTED INDICATION VOLTAGE DISTRIBUTIONS
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NUMBER OF INDICATIONS
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Jication Signals in Farley.1

ELEVATION
L Rl Eald boke

S/Gs (March 1891




NUMBER OF INDICATIONS

F.v;_re 5.4

Axial Distribution of TSP Indications in Fariey-2 S/Gs October 1980)

180 e e e e m

1401
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iH 24 3H 44 SH 6H 7H 7
ELEVATION
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NUMBER OF INDICATIONS
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» - P . reme - - . - - -
stribution of TSP Indication Amplitudes in Farley-2 S/Gs (October 1830)

J. M. FARLEY UNIT 2 10/90 INSPECTION
DISTRIBUTION OF TSP INDICATION AMPLITUDES
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CHANGE IN PHASE ANGLE (DEG)

Figure 5-8

Suppon Plate Indication Progression in Farley-2 SGs
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AVERAGE CHANGE IN PERCENT DEPTH

w

Figure §-3

Average Growth in Depth for Farley-* S/Gs Over Last 2 Cycles

40 4 ,\- ,,,,,

1988 TO 89 1989 TO ©1
OPERATING CYCLE

—&— AVERAGE —% UPPER SIGMA —+— LOWER SIGMA J




Figure 5.12

J M. FARLEY UNIT 1 88 -89
HISTOGRAM AND CUMULATIVE PROBABILTY
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J. M. FARLEY UNIT 1 89 - 91
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Hisiogram and Cumuiative Probability of Vo itage Growth in Faney-1 for Last Two Cyoles
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Figure 5-13

Histogram and Cumylative Probability of Voltage Growth in Fariey-2 for Last Tv 0 Cveles

. J. M. FARLEY UNIT 2 87 -89
SUPPORT PLATE DEGRADATION PROGRESSION
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J. M. FARLEY UNIT 2 88 - 80
SUPPORT PLATE DEGRADATION PROGRESSION
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Figure 5-14

Cumulative Probability of Valtage Growth per EFPY for p.my Units 1 ana 2

J. M. FARLEY UNIT 1
SUPPORT PLATE DEGRADATION PROGRESSION
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Figure 5-1§

Historical Average Voltage Growth Trends in Farley SGs
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PERCENIAGE CHANGE BETWEEN 1988 anD 19689

PERCENTAGE CHANGE BETWEEN 1989 AND 1991

Figure 5.10

Scatter Piot of Voltage Growth in Fariey-1 15 Last Two Cycles
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Percentage Chonge Between 1987 and 19M9

Percentage Chonge Between 1989 ang 19%0

Figure §-11

Scatter Plot of Voltage Growth in Fariey-2 for Last Two Cycles
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NDE EVALUATION OF TSP ODSCC
MAJOR 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 augmenr’ bobbin probe
iInspections.
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400 kHz Primary Analysis Channel
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Figure A-1.  ODSCC at TSP - Bobbin Coil Amplitude Analysis
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Indications identified with bobbin coil as exhibiting
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examined with RIFC to characterize degradation

Contour plnt,‘u which contain axiallv-oriented linear

arrays suggestive of ODSCC without circumferential

linear elements will be regarded as confirmatory ot

the mechanism.

Crack signais not confined to the support plate
dimensions and signals resulting from pitting,
thinning or wear will be disposed of in accordance

with existing Tech. Specs.
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NDE EVALUATION OF TSP ODSCC
TYPICAL EDDY CURRENT SIGNAL

AMPLITUDES
Type of Degradation Voltage Examples
Wastage 451075V @ 60%
Characterized by depth
rnachined rectangu-
lar flaws
Fretting ~10 V @ 60% depth

Characterized by
machined tapered

flaws
Pitting ~7.5 volts for 60 mil
Single drilled hole dia., 100% deep
simulation ~5.3V for 109 dia.,
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



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 smaller 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 spaced slots show
insignificant voltage increase over single slot

Correlation exists between RPC and bobbin volt-
ages for single slots. However, bobbin voltage
increases wit multiple slots; RPC voltages can
be isolated on single slots

Presence of ligament between axial slots
reduces signal voltage

Signai 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.



Figure 81

Voltage Sensitivity to Crack Network Morphology




BOBBIN AMPLITUDE, VOLTS

Figure 8.2

Bobbin Cail Voltage Dependence on Siot Length ang Depth
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Figure 8.3

Bobbin Coil Volage Increase cue 1o Tapers at Ends of Through Wall Axial Siors
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ECT AMPLITUDE, VOLTS

Figure 8.6

voltage Dependence on Ligament Size Between Axial Siots
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BOBBIN AMPUITUDE, VOLTS

Figure 8.7

Bobbin Coil Vortage Depancence on Cireymterential Spacing Between Axial Slots
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Figure 8- 8

Burst Pressure vs. Voltage for EDM Siots
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Figure 8. ¢

Typical Boboin Coil vVoltage vs Depth for Simylated Volumetric Tube Degradation
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BOBBIN AMPLITUDE, VOLTS

Figure 8- 10

Bobdin Coil Vonage Depensence on Oiameter of Through wall Holes

HCLE DIAMETER, INCH



Percent of Indications Detected
Metallographically Found by Bobbin Probe

:

8

2

&

3

o

Detection Pr

89/9 6/6 19/19 4/4 4/4 imn 7/7
] | 77
| | _
M | |
9/ ! { ”
' w | |
! { d
| | 1
| LA A A
: L 174 A |
: RS R e |
47 | { LY A 074 174
7 A VA VA VA
| : . 1 .
LAt A A b
—tl-s?.ll...-ll.lllll!!l!!.d :
A O SRS KIerEie Tt oG ey w
A 4M I W Mﬂ ! |
| - k |
} | ~
AV 1
| VA VoAV
A Vor VA 1A |
i | 1 h |
“ : m { V4
| CAVAUVA VA 1
B : I LA U7 L
0/19 [ ! { V7] B _" |
[ | VA VAVAvAd A Al

5

dmwmwmammmmmwmmmwm

Midpoint of Range of Indication Size (% depth)
as Determined Metallographically



7p
Fae
O
-
W
-
=
&
Q.
&

SLOT LENGTH, INCH

@ THRUWALL O S0%DEEP » TAPERED




BOESIN AMPLITUDE, VOLTS

Figure 8.5

Correlation of Bobbin Coil 10 RPC Voltage
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IGA DETECTION - HISTORICAL

*» IGA was first noted by tube pull in the
tubesheet crevice on_ |tubes.

+ 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[ ]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.

. Detectiaon of IGA in the tubesheet crevices at
r\' }plant is routinely performed using the

‘absolute bobbin mode.

WALSGINASSY




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:
[ :] detected at ~25% depth
[ ] 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

[ ]wlnch 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.



« Work on samples with Lab. induced 1GA
confirms that the detection threshold in ~20%
depth.

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

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

purposes.
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Figuie 8- 14

Voltage Companson of Ingications Found With Two Eagy Current Protes
(400/100 kM2 Mix)
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Figure 8- 18

Comparison of 400/100 kHz Mix Amplitude Response trom Two Probes (Mocel Boiler Sarmple)
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Figure 8- 18

Comparison of 400/100 kHz Mix Phase Response form Two Probes (Mocei Boiler Sampe)
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Figure 8- 17

Comparison of Tight ang Open Crevice ingication Response
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Figure 8. 18

Probe Wear Calibration Stancard
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NDE EVALUATION OF TSP ODSCC

GUIDELINES - FIELD CONSIDERATIONS

1

4-"0le 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.
grobe centering) on field data. This standard will

hlight data uncertainties from probe wear,
udentlgnng when variation exceeds acc :ptable
limits for tube plugging criteria, requiring use of
new probe

Calibration should be normalized to 6.4V for
400/100KHz mix for 100% 4 hole 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 guudelmes implemented to enhence
consistency and repeatability of mspectlon data.

.



Tabe 8 9
Variables Influencing NOE Voltage and Burst Correlation Uncertainties
NCE Voltage Uncertainties (Voltage Receatability)

0 Probe centering. probe diameter and wear considerations' ')
o Calibration stancards dimensional iolerances <)
o Probe cesign difterences'd)

Burst Correlation Uncerainties

o Crack morphology (ength, depth, ligaments, multiple cracks, IGA involvement)

vanability for same voltage amplitude

Tubing dimensional 1olerances 4)

0 Human factors atfecting voltage repeatability that are not adequate'y
controlled by data analysis guidelines

o Vanations in fielg grmcc ccnditions (open. packed, deposits, TSP corrosion,
smai dents, eic. ()

o EMects of tube pull forces on crack momhology and associated burs! pressures (€

o Utilization of voltage measurements 1o pulled tubes cuomog rro' 10
implementing voltage measurement standards of this report(

o

hiolcs:

1. Minimized in the field during APC implementation by use of 8 4-hole probe wear
standard.

2. The infiuence of dimensional tolerances of the calbration standards on voltage
normalization is eliminated by calibrating the field standards 10 the laboratory
reference standard.

3. Uncenainty minimized by specitying coil 10 0ol spacing (coll centers are separated by
120 mils).

4 The influence of tubing dimensional 1olerances as they atect burst pressure are
iInherently inciuded In the spreac of burst pressures from pulied tubes and
laboratory specime s,

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

6 Results as pre-pull fiekd measured voltages rather than post-pu’ voltages are used in
DUrS! correlation.

7. The use of field votage measurements for pulled tubes oblained prior 10 implementing
the voltage calibration requirements contributes 1o the spread or uncertainty contained
in the burst correlation.



1

NDE EVALUATION OF TSP ODSCC
CONCLUSIONS

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

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

Small indications, with amplitude of response
approachin? 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 channel 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 based on lower 95% confidence
bound.



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



PULLED TUBE EXAMINATIONS

LABORATORY SPECIMEN PReEFPARATION

LEAK AND BURST TESTING
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sketch of Burst Crack

Macrocrack Length = 0.37 inches
Throughwall Length « 0 (78% throughwall)

Number of Microcracks = numerous (1igaments have intergranular
features)

Morpholiogv = Intergranular SCC with minor IGA features
(Unusual spider-shapea crack distribution)
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Figure 4-28. Description of 0D origin corrosion at the first support
plate crevice region of Tube R38-C46.
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THERMAL AND HYDRAULIC SPECIFICATION::

Primary loop temperature

Primary loop pressure

Primary boiler inlet temperature
Pramary boiler outlet temperature
Secondary Tm at 5.5 MPa (800 psi)
Steam bieed
Blowdown

Nominal heat flux

Table 6-1
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Figure 9-1

Burst Pressure Test Results versus Bobbin Voltage




Figure 9-3

LB Leak Rate Correlation With Bobbin Voltage




Table 3

Summary of Dented Specimens

Spec imen Dent Average Radial txposure Friction LeAr
. ldentification Voltage Dent (inches) 1ime (hours) Force (Ibs.) Zers ‘
Trial 1 wad e e B -!
j FAT 1 7..3 0.00037 24 |
FAT 2 6.09 000030 24 l
FAT 3 12.11 0. 00061 48 ’
FAT 4 12.0 000061 48 !
FAT_S 4.55 0.00023 6 ;
FAT 6 0.00 0.0 " ;
FAT 7 9.43 0.00047 24 |
FAT & 17.42 000087 48 7
FAT 9 3.40 0.00017 6 g
i 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
B¥ 9 6.38 0.00032 48
BW_14 7.03 0.00038 48 " 4




Table 12.1

Model Boiler Specimens: Test Data Summary

Moade! Burst Destructive Exam
Boier _BopbinColl . BPC = _leakRale(ho Press. _leagth:-inch

1 s004 [
2 5082
3 5093
< $10-1
§ 5251
€ 5281
7 5282
8 5324
9 5322
10 5334
11 5351
12 5361
1 5424
14 5431
15 5432
16 5434
17 5853
18 85741
. 19 §§7.2
20 5574
21 5881
22 5681
23 5682
24 5684
25 5686
26 57141
7 §744
28 5762
29 5764 i
r For specimaens without throughwall panetration, maximum depth of penetration is listed
g Destructive examination and review of RPC data shows that only 1 crack has a significant

rasponse tha! contributes to the bobbin signal

e Tube not burst tested due 1o physical limitation of specimen
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GBOBCRACK2 19-NOV-91 10: 30 Page 1

BOBBIN VOLTAGE VERSUS CRACK LENGTH

BOBBIN VOLTAGE, VOLTS

NORMALIZED CRACK LENGTH, IN.
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