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A meeting was held on August 28, 1992 between Duke Power Company, Westinghouse.
and the NRC Staff to discuss the application of a voltage-based interim plugging criterion
(IPC) for the tube support plate elevation outer diameter initiated stress corrosion cracking

oceurning on the Catawba Unit | steam generator tubes. The presentation materials are
included within,

The following topics were discussed by Westinghouse:

1 The development of a bobbin probe voltage-based IPC ‘or Catawba Ugit !
considenng:

Pulled tube database for 3/4" tubing.

NDE Uncenainties

Voltage Growth Rates

Bounding SLE Leak Rate/Voltage Increments.

Steamn Generator Tube Burst and Leak Rate Correlations.




Catawea-1 NRC MeeTrng

ON IPC (8/28/92)
Ntsrxucuous: Pr

FSENTATION
AGENDA
PRESENTOR  Tyug
SUMMARY oF IPC EvaLuarion PITrerLe 9:00
NDE UNCERTAINTIES PITTERLE
BrEAk 10:45
VoLTAGE GrowTH RATES PrABHY 11:00
Bounorng SLB LAk Rate/
YoLrace INCrREMENTS PrABHY
Luncy 12:00
PuLLED Tuse DaTasasr « g
3/4" Tusing PITrence 1:00
BURST aND Leax RATE CorreLATIONS Hourman 2:00
LOCA + SSE ConsIDERATIONS
Drscussron ALL 3:30
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SumMary OoF IPC EvALUATION

Discussion Topics

INTERIM IPC

CAtawBa-1 Reparr LiMiT rFor FuLL APC IMPLEMENTATION

BOC Inprcartions AND FOC VOLTAGE PROJECTIONS

MARGINS AGAINST BursT
® VYOLTAGE/BURST CORRELATION
® MARGINS AGAINST 3AP AnND SLBE BursT

SLB Leax RaTe

¢ BounpinG SLB Leak RATE INCREMENTAL WITH VOLTAGE
¢ PrOJECTED LeEAxk RATES

CONCLUSIONS




CATAwBA-1 INTERIM PLUGGING CRITERIA (IPC)

TuBe RepalIr Basis

BOBBIN COIL INDICATIONS HAVING FLAW VOLTAGES
GREATER THAN 1.0 VOLT AND CONFIRMED AS A FLAW
BY RPC INSPECTION SHALL BE REPAIRED.

BOBBIN COIL INDICATIONS HAVING FLAW VOLTAGES
GREATER THAN 2.5 VOLTS SHALL BE REPAIRED
INDEPENDENT OF RPL CONFIRMATION OF A FiAW.

PROJECTED LEAKAGE FOR A PNSTULATED SLB EVENT AT
EOC CONDITIONS SHALL BE LESS THAN 1.0 GPM FOR THE
MOST LIMITING S/G. BOBBIN COIL FLAW INDICATIONS
INSPECTED BY RPC AND FOUND TO HAVE NO RPC

INDICATION DO NOT NEED TO BE INCLUDED IN THE
LEAKAGE ANALYSES.

TUBES IDENTIFIED AS SUBJECT TO SIGNIFICANT

DEFORMATION AT A TSP ELEVATION UNDER A POSTULATED
LOCA + SSE EVENT SHALL BF EXCLUDED FROM

APPLICATION OF THE JPC AT THAT T3P LOCATION.




Carawsa-1 INTERIM PLUGGING CrRiTErRIA (IPC) (ConT'D.)

INSPECTION REQUIREMENTS

® THE INSPECTION SHALL INcLUuDE 100% BOBBIN COIL
INSPECTION OF ALL HOT LEG INTERSECTIONS AND COLD
LEG INTERSECTIONS DOWN TO THE LOWEST TSP ror
WHICH THE IPC 1S TO BE APPLIED.

@ ALL BOBBIN COIL FLAW INDICATIONS ABOVE 1.0 voLr
AND BELOW 2.5 VOLTS SHALL BE INSPECTED BY RPC 710
EVALUATE FOR DETECTABLE RPC INDICATIONS AND, FOR

INDICATIONS, TO SUPPORT ODSCC AS THE DEGRADATION
MECHANISM,

® EDDY CURRENT ANALYSIS GUIDELINES SHALL BE
CONSISTENT WITH GUIDELINES UTILIZED IN NRC
SUBMITTALS SUPPORTING APC ror ODSCC AT TSPs.

OPERATING LEAK RATE Limir

¢ THE NORMAL OPERATING LEAK RATE REQUIRING PLANT
SHUTDOWN SHALL BE LIMITED TO 0.1 cpM (150 Gpo)
PER S/G.

AP %0 082792



EaurvaLenT Cavawsa-1 APC Reparr LimiT

FaurtvaLenT Furt APC Limzrt Use 1w IPC
¢ ESTABLISHES MAXIMUM BOBBIN FLAW VOLTAGE TO BE
LEFT IN SERVICE EVEN IF NOT CONFIRMED BY RPC

8 UriLxzartion BasE0 ON PRIOR IPC PRECEDENT (FARLEY,
Cook Un1iTs)

APC VoLTAaGE Reparr LIMIT
@ VOoLTAGE FOR BURST AT 3JAP (-95%) REDUCED BY
ALLOWANCES FOR GROWTH AND NDE UNCERTAINTY

Bur-, AT 3AP
¢ PRELIMINARY EVALUATION OF 4.1 voLTs fFORr 3/4"
TUBING
- PENDING FINALIZATION OF BELGIAN VOLTAGE
RENORMALIZATION

¢ PRELIMINARY CONSIDERED ADEQUATE FOR CONSERVATIVE

REPAIR OF BOBBIN FLAW INDICATIONS WITHOUT RPC
INDICATIONS

TAF2090 082192



EaurvaLent Catawea-1 APC Peparr LIiMIiT

ALLOWANCE FOR GROWTH
¢ GROWTH EVALUATED FOR LARGEST 541 _NDICATIONS
FOUND IN 1992
¢ CvcLe 6 crowtH (1991 1o 1992)
¢ GROWTH FOR ALi INDICATIONS IS BEING EVALUATED
-~ EXPECTED TO BE SMALLER OR APPROXIMATELY
EQUAL TO LARGEST INDICATIONS
¢ AVERAGE GROWTH OF 25% FOR CyCLE 6 INCREASED TO
45% roR EQUIVALENT APC

ALLOWANCE FOR NDE UNCERTAINTY
o EC ANALYST VARIABILITY
«  ALLOWANCE OF 10% ofF 90% cuMULATIVE
PROBABILITY FROM PRIOR APC SUBMITTALS
AND WCAP-13464
¢ °roBE WEAR
=  ALLOWANCE OF 13% ESTIMATED FOR CATAWBA-1
(WITHOUT WEAR STANDARD) AT 90% cum.
PROBABILITY
- CompARES TO 9% 1IN WLAP-13464 wiTH WEAR
STANDARD
¢ RMS AveERAGE OF 16% 1ncreaseD 1o 20% FOR
EQUIVALENT APC

EQUIVALENT APC REPAXR LIMIT ESTABLISH'D AT 2.5 voLTts

TAP 2090 : L82192



ks

Burst Pressure.

Figure |

Burst Pressure Versis Bobbin Yol tage

Bobbin Voltoge, Volts




Table |

Voltage Erowth Per Cycle for Catawba-1 (199] to 1392, Cycle 6)

Number of Lierage ~Yoltage Growth % Yoltage Growth
Indications BOC-6 Yolts Cucle§ fxcle ') Cycle g gucle (M)

[niire “oitage 641 (2) 0.1 0.8  0.i9 25% 441
Kunge

Vaoc( 0.7 218 0.5 021 .9 W% oo

Ygoc2 .78y 22} 0.96 0.4 .. 15% e

Notes:

1. Projected Cycle 7 growth based on raticing Cycle 6 growth for 0.83
EFPY expected for Cyzle 7 compared to 0.80 EFPY for Cycle 6.

¢. Represents largest indications found in 1992 and used for growth
study.  Smaller 1992 indications conservatively not inc)uded.

TAPZOSS . 042192



Summary of Catawba-1 EC Uncertainty

Aralvst Variability Probe Wear EMS Average
Distribution for Cumylative Prob. of Normal Distr. Apply separate
Monte Carlo Figure 5. Applied means=0,0«]0% distributions
%
Value at 30% 1% 13% (1.280) 16%
Cum. Prob,
Value at 99% e 23% (2.330) 4%
Cum.Prob.

TAP2090 . 082192



Tatle 3

fquivalent Tube Plugging Limits to Satisfy Structura) Requiremenis

liem

Maximym VYoltage Limit to
Satisfy Tube Burst
Structura! Requirement

Allowance for NDE
Uncertainty

Allowance for Crack
Growth Between
Inspections

Equivalent Tube Plugging
Voltage Limit

0 Acceptrbie Limit

to Meet Structura)
Requirement

Note:

—d0lts
'

0.8 (20%) (1)

1.1 (asm'h

2.5

~Basis

Burst Pressure vs. Voltage
Correlation at -95%
confidence level (Fig, 1)

From Reference 3, 16%
unzertainty at 90% cumulative
probability. Conservatively
increased to 20%.

Table 1 shows average
xrovth/cycln of 27%.

|1owance increased to
45% of Tube Plquln! Limit
to provide conservative margin
for variations in future cycles.

(1) Veoltage percentage allowances for NDE and growth/cycle applied to
Equivalent Tube Plugging Voltage Limit of 2.5 volts.

Thr2088: 082192
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BOC 7 INDICATIONS

1992 INSPECTION
® INDICATIONS EVALUATED AT APC vOLTAGE
NORMALIZATION
o ASME STANDARDS CROSS CALIBRATED TO LAB.
REFERENCE STD.
¢ CROSS CALIBRATION ADJUSTMENTS INCLUDED IN
1992 voLTAGES

ALL BOBBIN INDICATIONS <1.0 VOLT LEFT IN SERVICE
FOR IPC EVALUATION
¢ NO REDUCTION FOR LACK OF RPC CONFIRMATION
¢ S/G D MOST LIMITING FOR SLB LEAKAGE (LARGER
NUMBER OF IND.)
¢ S/G C JUDGED MOST LIMITING FOR SLB BumsT
PROBABILITY

TAP 2090 082192
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DISTRIBUTIGN OF VOLTAGSS AT EOC 7
BY MOMTE CARLO AN, " */SES

BOC DISTRIBUTION USED IN 0.05 VOLT INTERVALS
FOR EACH BOC INTERVAL, SAMPLING OF ET ANALYST

VARIABILITY, PROBE WEAR AND GROWTH
DISTRIBUTIONS YIELD AN EOC SAMPLE o8t

TOTAL BOC DISTRIBUTION SAMPLED 100,000 TIMES

RESULTS YIELD EOC DISTRIBUTION/CUMULATIVE
PROBABILITY ey

L
MAXIMUM EOC V'OLTAGE OF 3.28 VOLTS FOR S/G D

|
1
|
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Oistribution of Voltage Ditterences Betwaen individual Angygty 810 Mean Valyey
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Figure 3

CATAWBA UNIT1 1881.1882 VOLTAGE GROWTH

NOLLONN A NOULNGIKLSIO JALVININND
° 8 8 2 88 9 8 g§

i . F

200 280
126 1.78 226 278

1

L\

100 160G

-1.00 060 Q00 Q60
Q76 028 028 076
VOLTAGE GROW .4 DURING CYCLE




Cumulative Probability (%)

Figure 8

CATAWBA-1:S/GD

Proiected EOC-7 Bobbin Voltage Probahility

3 3 8 8 3 8 8

3




S/GD
BOC-7 < 1.0 VOLTS and PROJECTED EOC-7 BOBBIN VOLTAGE DISTRIBUTION

CATAWBA-1

29 33
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BOC-7 Indications left in
{(Rounded to integer or Mo. of indications)

service < 1.0 volt

Projscted BOC-7 Voltage Distribution
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AppLICATIONS OF EOC-7 YoLTAGES

Use oF MonTeE CariLo EQOC VoLTAGES

'DETERMINISTIC" SLB LEAK RATES rrROM EOC
INDICATIONS VS VOLTAGE INTERVAL
DisTrIBUTION OF SLB LEAK RATES FROM TOTAL
DISTRIBUTION OF EOC vOLTAGES
- EVALUATED AT 90% CUMULATIVE PROBABILITY
FOR LEAK RATES
- MAY NOT BE MOST APPROPRIATE METHOD FOR
APPLIED STEP FUNCTION CHANGES IN LEAK RATE
CORRELATION
PROBABILITY OF BURST AT SLB FROM TOTAL
DISTRIBUTION OF EOC voLTAGES

EOC VoLTAGES FOR DETERMINISTIC BURST MARGIN ASSESSMENT

NDE UNCERTAINTY AND GROWTH AT +90% CUM. PROB. FOR
COMPARISONS WITH 3AP BURST cCAPABILITY (-95%)
- EOC voLTaGe ofF 1.78 voLTs
NDE UNC. AND GROWTH AT +99% FOR COMPARISONS WITH
SLB BURST CAPABILITY AT -99% PREDICTION INTERVAL
- EOC voLrvace of 2.81 voLTts




TUBE BURST MARGINS
3AP DETERMINISTIC ANALYSIS

0  £0C VOLTAGE OF 1.78 VOLTS VS 4.10 VOLT 3AP
CAPABILITY
- MARGIN OF 2.32 VOLTS EXCEEDS
PROJECTED 1.78 VOLT INDICATION

o  EOC VOLTAGE OF 2 81 VOLTS VS 5.87 VOLT SLB
CAPABILITY
MARGIN OF 3.06 VOLTS EXCEEDS
PROJECTED 2.81 VOLT INDICATION

MONTE CARLO ANALYSIS FOR SLB BURST CAPABILITY
0  ESTIMATED AT 3 x 10° PROBABILITY OF BURST
FOR S/t D BOC DISTRIBUTION
©  NEGLIGIBLE BURST PROBABILITY COMPARED
TO NUREG-0844 GUIDELINE OF 2.5 x 10?



Table 4

Margin Evaluation

Based on Catabwa-1 evaluation for growth and NDE uncertainty
without probe wear standard.)

Growth and NDE uncertainty at 50% cumulative probab’iity for Plant
A-2 (WCAP-13484)

NOE uncertainty of 37% at S9% cumulative probability based on 34%
for analyst variability and 15% for probe wear with implementation
of probe wear standard

Burst capabiiity for preliminary 3/4" evaluation and estimated
lower bound for final evaluaticn in parentheses.




SLB Leak Rares

STer FuncTION CHANGES USED FoR SLE LEAKAGE As FuncTION
OF VOLTAGE

® CONSISTENT EVALUATION FOR 3/4" TUBING WITH

DISTRIBUTION APPLIED FOR Cook-2 IPC (WCAP-13464,
7/92 mr6.)

No LeakaGE]

¢ LEAK RATE OF 1 LITER/HR BETWEEN
¢ Leak RATE oF 10 LITER/HR

-3

—3

"DETERMINISTIC" SLB LEAK RAYE

® 33 Inoxcartions (S/G D) proJecTep >1.8 YOLTS UP TO
3.28 voiLTs

® SLB Leax rATE = 0.15 gpM

® LEAK RATE <1.0 GPM ALLOWABLE LIMIT

® APPLYING +90% UNCERTAINTIES YIELDS EOC VOLTS OF
1.78 voLTs or NO SLB LEAKAGE

MONTE CARLO SLB LEAk RATE AT 9C% Cus. Pros.
@ ESTIMATED LEAK RATE OF 0.54 gpM
- DIFFERENCES FROM 0.15 GPM JUDGED TO
LARGELY RESULT FROM STEP FUNCTION
CHANGES IN LEAK RATE DISTRIBUTION
® ESTIMATED 71% PROBABILITY OF ZERO LEAKAGE

TAP2090: 082192
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Bounding
Yolage Range  SLBLleakRaie  Lmiung Indicalions for Leakage

[

1)

2)

Summary of Bounding SLB Lenk Rates for 3/4 Inch Tubsing Voltage Ranges

24
1 L 0.0 { |
|
- g !
1.0 MW )
|
, !_ :
10 M Based on NRC recommendation for I1PC implementation
= (D. C. Cook)
“ ~ q
] " Itprojected EOC ampitude for indications in 34 inch tube excesds |
additional evaluation on bounding SLB leak rate will be required v

Maximum comosion depth was §7%. Post-pull voltage increased 10 5.08 volts, It is
Jjuaged that throughwall penetration resuling in leakage occurred as a consaquence of
the wbe pull operations (as supporied by the posi-pull bobbin volt._Je) rather than
opening dunng the leak lest

Utilizes minimum volage increase in renormalizing Beigian data 1o APC nomalization.
Final renormalization factor is expected io significantly increase voltage.



ExcLusion oF Tuses rroM IPC FOrR LOCA+SSE CONSIDERATIONS

ComeIneo LOCA+SSE Loaps Can LEAd 1o TSP anp Tuee
DEFORMATION
¢ SIGNIFICANT TUBE DEFORMATION COMBINED WITH
APPLICATION OF APC COULD RESULT IN SECONDARY

TO PRIMARY LEAKAGE NOT ACCOUNTED FOR IN LOCA
ANALYSES

¢ APC APPLICATION EXCLUCES TUBES SUBJECT TO
SIGNIFICANT DEFORMATION

ConsERVATIVE LoADS APPLIED TO BOUND POTENTIAL

DerForMATION FOR CATAWBA-1
¢ CATAWBA-1 SPECIFIC ANALYSES IN PROCESS

TAP 2090 : 082192



CATAWBA UNIT 1 IPC ASSESSMENT
CONCLUSICNS

THE CATAWBA UNIT | IPC REPAIR LIMIT OF 1.0 VOL TS
PROVIDES LARGE MARGINS AGAINST BURST AND SLB
LEAK LIMIT OF 1.0 GPM
0 BURST MARGINS OF 2.3 VOLTS @ +90% UNC.
FOR 34P AND 3.1 VOLTS @ +99% UNC. FOR SLB
EXCEED PREDICTED EOC VOLTAGES
©  SLB LEAK RATE MARGIN A FACTOR OF 2 70 7
WITH ~ 71% CHANCE OF ZERO LEAKAGE

CATAWBA UNIT | IMPACTED FOR IMPROVING EC
INSPECTION AND ANALYSIS ("INSPECTION TRANSIENT")
PENDING APPROVAL OF MEANINGF UL APC
0  DISCOURAGES FURTHER IMPROVEMENTS IN EC
INSPECTIONS



NDE UNCERTAINTY rFOR CATAWBA-1

EC ANALYST VARIABILITY

PrROBE

TAP20°( : 082192

DisTrisutioN oF WCAP-13464 (7/92 NRC #71G.)

NDE uUNCERTAINTY OF 10% AT 90% cuMULATIVE

PROBABILITY

TOTAL DISTRIBUTION (NO CUTOFF) USED IN ANALYSES

- INSPECTION PRACTICES USING INDEPENDENT

ANALYSES AND A PROCESS FOR RESOLUTION OF
SIGNIFICANT DIFFERENCES RESULYS IN A CUTOFF
(TypicaLLy <20%) OF VOLTAGE DIFFFRENCES.

WEAR UNCERTAINTY
PROBE WEAR STANDARD NOT IMPLEMENTED AT CATAWBA-1
EC UNCERTAINTY ESTIMATED FOR ZETEC PROBE USING
DATA OF WCAP-13464
- WITH WEAR STANDARD, DATA FOR WEAR UP TO 5
MILS USED TO DEFINE UNCERTAINTY (S™D. DEV.
oF 7%)
- WITHOUT WEAR STANDARD, DATA FOR WEAR UP TO
7.5 MILS USED TO DEFINE UNCERTAINTY (STD.
pEv. ofF 10%)



ProBE Wear EVALUATION FOR CATAWBA-1

Data UriLizep
® VARYABILITY OF 100% ASME ::OLE FROM REPEAT PROBE
CALTBRATIONS PRIOR TO PROBF REPLACEMENT

METHOD
® SAME METHOD AS USED WITH WEAR STANDARD
¢ DATA FOR EACH CALIBRATION RUN NORMALIZED TO 2.75
vOLTS FOR 20% ASME woLE
@ ALL DATA USED TO DEFINE DISTRIBUTION OF VOLTAGES

ESTIMATED PROBE WEAR UNCERTAINTY
¢ STANDALD DEVIATION OF XX%

TAP2090 . 082192



NUMBER OF OCCURRENCES

Figure 1
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NUMBER OF OCCURRENCES

Figure 2

Distridution of Voitage Differances Betwaen Individual Analysts and Mean Vaiues

PLANT |

DISTRIBUTION OF ALL DIFFERENCES
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Figure 3

Bobbin Coll Ampitude Dependence on Probe Weer
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Table |

. Summary of Catawba-] EC Uncertainty
Anglyst Variability Probe Wear RMS Average
Oistribution for Cum. Prob. in % Normal Distr, Apply separite
Monte Carlo Columns 2 and 3 of means0,o0«]0% distributions
Table 2
Value at 90% 10% 13% (1.280) ) 4
Cum.Prob.
Value at 99% 4% 23% (2.3%) 414
Cum.Prob,

P ]

TAPUSA : 081992



L]
Table 2 Cumulative Probability for EC Analyst Variability

% Uncertainty Percent

Voltage Bin . for Voltage Bin(l) n i

-1.0 71 0.11
«1.00 to -.78 -53 0.39
-0.7% to -0.50 -35 0.93
-0.50 to -0.2§ -18 3.94
<0.25 to -0.20 -14 5.49
-0.20 to -0.1% -11 8.56
-0.18 to -0.10 -7.1 12.6
-0.10 to -0.08 -3.% 21.8
-0.05 to 0.00 0.0 48.3
0.00 to 0.05 3.5 75.3
0.05 to 0.10 7.1 86.9
0.10 to 0.15 11 91.8
0.15 to 0.20 14 95.1
0.20 to 0.2% 18 87.2
0.25 to 0.50 35 99.2
0.50 to 0.75 53 9.8
0.75 to 1.00 : $9.97
1.00 to 1.30 82 100.0

Note 1: % Uncertainty obtained as mid-voltage value for each bin divided
by mean voltage of 1.41 volts from Figure 2.

TAPZOBA 1 0819



v

VOLIAGE COMRARISON FOR THE LAXKE OF A _RPOLE
38 C-IN]
Probe S/N /33493 , same probe from tape &£ to 3.
robe typs 57 L Sl
ASME std. 8/N nﬁr
Calibration setup IAW RESIZE quidelines. Voltage normeilzed at 2.7% P/P on
20% FEH’S on $50/120 nix-iesassraiiomesmme .nd not changsd for measurements
taken for the life of the probe.
Approximate number of tubes examined with this probe: _{_“_?_ )

Voltage messurements taken peak-~tc: peak on $550/130 mix.

TAPE CALZ ASc. FLAT BOTTOM HOLES ASME 10% |ASME 20%
INITIAL=01 ‘ oD I
FINAL-02 1008 | 29%| 60%[|40% |4 X 20%|{4 X 100%| GROOVE | GROOVE
01-1st pull| 4 o5 .9 | 459

04S$101=2nd pull| s.0g ¥ | 4.3
01-3rd puli| So1 |62 [ &l (2.3 | 33 4 (¢ &3¢ §7 3¢

10€% | o2 S04 |s58.14.00 (243 233 | 4.7

- i

g 01 | .73 (S49 | 456|380 | Q49 b.af

0«6 | 02 so3 |55% |4sgl3sc| a2t | «42

‘ o1

. 02 Pr—

L——c#.—" e

‘ioé?- 01 biy |Se3 |ad2 |30 | 13 ¢

} 92-18t pull| G.0¢ |$30 (433 |24 L3¢ [ 458 | &5/ FXR

| 043 102-2nd pulll fek die 4. 52
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VOLTAGE COMPAPIswN FOR THE LIFE OF A PROBE
$.C S=INLET
Probe S/N 0144619, sane probe from tapel0l to 014.

Probe type .51C M/ULC
ASME Std. §/N 050418

Calibration setup IAW FES1ZE guidelines. Voltage rormalized at 2.75 P/P on

208 FBH’Ss on $50/130 mix at tapeC0l.calOl and not changed for measurenents
taken tor the life of the probe

Approximate number of tubes exam.ned with this probe: 1456
Voltage measurements taken peak-to-peax on £50/130 =mix,

TAPE CALF ASME FLAT BOTTCM HOLES ASME 10%|ASME 20%
INITIAL-QL oD Ip
FINAL-02 100% BO%| 60%|40% [4 X 20%]4 X 100%| GROOVE GROOVE
O1-1st pullj4.68 2.74 4.66

001 |01=2nd pull|4.€0 2.7% 4.69
01=3rd pull{4.57 |5.13(4.29|3.02) 2.79% 4.61 4.3%2 86.02

3
001 02 4.59 [5.0414.33|3.06] 2.79 4.47
01 4.6 |4.95/4.04]3.01] 2.90 4.77
008 02 4.32 [4.84]4.12]2,90| 2.87 4,61
01 4.36 |4.8%14.23(2.98) 2.86 4.72

slo} 02 4.56 15.14[4.36[3.10) 2.87 4.81

|014 01 4.09 |4.%2]3.83|2.8C| 2.9% 4.90 |

} 02-1st pull|d.92 [4.%50(3.80,2.77| 3.08 §.82 4.%2 84.07

014 |02-2nd pull|d.9o 3.00 4.86

Circumferentially Circumferentially
Assymetrical Symetrical
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. Catawba Unit 1

1891-82 Growth Rate Evaluation
&
Distribution of 1892 TSP Indications

Preliminary Results

8/28/1992

P.J. Prab*
Westinghouse Electric Corporation



Catawba Unit |
Voltage Growth Rate for 1991-92

400/130 kHz mix signal used for 1992
400/100 kHz mix signal used for 1991

Eoth 1991 and 1992 data adjusted up by # “actor (determined
for 400/100 kHz) to convert to 550/100 k..z equivalent

Resulting growth rates adjusted by a factor of 0.95 to ac.ount
for the difference in conversion factors for 400/130 and
400/100 kHz

Projected growth rate for Cycle 7 (1992-93) obtained based on
0.83 EFPY for Cycle 7 versus 0.80 EFPY for Cycle 6 {1991-
92)



Catawba Unit 1

Frequencies Used for Bobbin Coil Inspection

1291 1992
100 kM2 130 kHz
300 400

400 550




CATAWBA 1 Pulled Tubes
Correlation 550/130 to 4100 KHz mix

Linear Regression
Slope 1.094
intercept 0.143
R Sguared 0.999
StdDev  0.012

&
i~
. m
x
-
M
2
2
=
(@
-

R A

Volts 400/100 KHz mix




VOLTAGE AT 5501 30 kHz

CORRELATION OF §580/130 TC 400/130 kHz
RESULTS FROM 1992 CATAWBA-1 INSPECTION

44

3.64

3+

2.5

24

1.89

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

13 T T 1 T & T
0 0Ss 1 1.8 2 25 3 35
VOLTAGE AT 400/1 30 kiHz
B DATA ——y = 1.038x-0047




Voltage Normalization Trends Between Frequency Mixes (1)

~Signal Amplitudes for ASME Standard Hole Sizes
Erequency Mix 0% 0% 60 % 80 % 100 %
Voliages
550/130 kHz 275 3.40 512 5.80 583
400/130 k2 2.75 3.30 480 .26 515
400/100 khz 2.75 326 4.80 5.01 488

Ratio of Voltages

550/130 1.00 1.03 1.07 110 113
400/130
230/130 1.4 104 1.11 1.16 1.18
400/100

1) Adjustments applied for Catawba-1 growth rates at 400/130 and
400/100 kHz to $50/130 kHz are based on voltage ratios for field
indications. Evaluation of the ASME standard described in this
table independently demonstrates larger renormalization factor for
adjusting the 400/100 data of 1991 than for the 400/130 data of
1992.



CATAWBA UNIT 1 1981-g2 GROWTH
OVER 800 LARGEST INDICATION

o

———p —_—

1] 45 £ 14
i 1.2 1.4 1.6 18
1891 (BOC) AMPLUITUDE, VOLTS

Figure 3 Voltage growth rates of TSP indications
BOC amplitude

Versus their




NUMBER OF INDICATIONS

CATAWBA UNIT1 1891.19g2 VOLTAGE GROWTH

YO0

180 - 00
64
160+ ' -80
140 -70
120+ 680
1004 -850
80+ -40
80+ 30
40+ -20
20+ 10
022 211001

0 ' 0

Q75025 025 075 126 175 225 278
VOLTAGE GROWTH DURING CYCLE

Figure 4. Frequency distribution of veltage growth rates
during the 1991-92 cycle at Catawba Unit 1

CUMULATIVE DISTRIBUTION FUNCTION
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Table &
Results from Cross Calibration of ASME Standards

PROBE 590 610 MLC 610 SFRN 630 mnc
1 °

e 1 ACORS I TR T i rha i A B
1-9617 3.3 2.37m7 3.382 2.389 3.329 2.3%4% 3.37¢ 2.38%
TAPE 2 50390 C.287 2.99% 3.980 2.783 6.032 2.806 6. 112 .87
50391 3.95¢4 2.760 3..;; 2.710 3.853 2.670 3.786 2.63%
50392 4,408 3.1%1 4.1 2.9%% 4,089 2.8» «.055 2.849
50415 6.229 3.141 3.992 2.849 .3.,10 2.749 3.977 2.81%
50416 3.985 2.83%¢ 3.852 2.7% 1.885 2.7% 377 2.7
50417 .69 3.178 4,35 3.1% 4293 3.067 &, 199 3.004
50418 4. 180 2.967 3.895 2.746 .80 2.67% 3.8 2.6%
50419 3.823 2.661 3.607 2.546 X.61% 2.507 3.617 2.%62
AS-01591 4. 561 3.183 6.560 3.22¢4 4.5 3.207 4.560 3,256

1 550 W2

P1: 5507130 Nz Nix



Catawba Unit-1, 1992 Inspection

ASME Standards Used and COmnpondlng Calibration Corrections

Steam

Ceneralor ASME Standard

A SC391
A 50417
B 50415
B 50417
B 50418
C 50415
C 50417
c 50418
D 50391
D 50416
D 50417
D 50419

Tape Numbers Calibrated

Maing the ASME Standarg

110 37
39 to 84

50 to 85
11049
86

11048
49
50 to 88

38, 39, 41

39, 41 0 50, 52 to 80, 82, 83
84,85

110 37, 40, 51, 88, 87

Calibration

Lorrection

0.9855
1.1396

1.0331
1.1396
0.9988

1.0331
1.1396
0.9685

09855
09949
1.1396
0.9258



CATAWBA-1: 1992 Indications at TSP's
ALL STEAM GENERATORS

1600 100

- 80 '
Voltages
[&n O.JOJ 70
gtd Dev 0.26
60
- 50
40
30

1400+

1200+

1000+

, 600
4001
20
zw-i 1‘1‘5 »10
L 2104 4 1 o
01 03 0©5

07 09 125 175 30
02 04 06 08 10 15 20 38
Bobbin Volts



A CATAWBA-1: 1992 Indications at TSP's

Steam Generator A
160 4
1201 R Voltages ¥
Avg 0.32
100+ std Dev 0.22
801
B
g w-
w‘
20+ |
0 \ .
0.1 03 05 07 09 11 13




CATAWBA-1: 1992 Indications at TSP's

Steam Generator B
200 ( 100
1&4 bw
160+ 80
Voltages
140+ Avg 0.37 70

Std Dev 0.21

1201 60

‘w* r-w
B

80‘ »w

601 30

01 03 05 07 09 11 13
02 04 06 08 1 12 14
Bobbin Volts



CATAWBA-1: 1992 Indications atTSP's

Steam Generator C
100
- 90
- 80 '
0.46 '70
/ std Dev 0.30
»& )
5 50
3 ,
- 40
: 2
- 20
b‘o
73 3
-0




CATAWBA-1: 1992 Indications at TSP's

Steam Generator D
//"M_‘_‘_—.—_—‘ 100
804 :
! "l -
1 80
N B . Voltages
KA Avg  0.34 - 70
A std Dev 0.2)
§ :; | ; bm
- 30
- 20
10
: .—2—————J-o




Bounding SLB Leak Rates

for 3/4 Inch OD Tubing

8/28/1992

P. J. Prabhy
Westinghouse Electric Corporation
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SLB LEAKAGE - VOLTAGE DISTRIBUTION
¥4 INCH TUBE VOLTAGE NORMALIZATION

NUMBER OF NDICATIONS

[CZWTH LBAK [ WITHGUT LBAK

Figure 6. Probability of leakage at varfous voltage ranges
for 3/4 inch tubing :




PROBABLITY OF SLB LEAKAGE

SLB LEAKAGE PROBABILITY

%4 INCH TUBE VOLTAGE NORMALIZATION

Figure §,

Frequency distribution of voltage for leakers
and non-leakers (3/4 inch tubing)
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PROBABLITY OF SLB LEAKAGE > 1 MR

SLB LEAKAGE PROBABILITY
V4 INCH TUBE VOLTAGE NORMALIZATION

Figure 8, Probability of exceeding 1 1/hr leakage at various
voltage ~anges for 2/4 inch tubing




Summary of Bounding SLE Leak Rates for 3/4 Inch Tubeing Voltage Renges
YQlage Range it LBk BalE . g.lodications 107 Leakags
~
o
Vhe Based on NRC recommendation lor IPC implementatior
\ D. C. Cook)
' ected EOC amplitude for indhications in 34 inch 1ube exceeds
¥ addivvonal evaluation on bounding SLB leak rate will be requived
Maximum corrosion depth was §7%. Post-pull vollage Increased 10 5.06 volts. It is
’ woQed that throughwall penetration resulting In leakage occurred as a consuguencs of
the tube pull operations (as supporied by tha post-pull bobbin vollage) rather than
pening during the leak lest
g zes minimum voltage increase in renomalizing Belgian data 1o APC normalization
p Final renormalization factor is expected 1o significantly increase voltage
o
o 4 3 -
»



PuLLeo Tuse Datasase ror 3/4" Tusing
Discussion Topics
Eooy CurrRenNT DATA RENORMALIZATION TO APC CALIBRATION

Catawea-1 DATA SVALUATION
® VYOLTAGES

¢ PBURST TESTS: ADJUSTMENTS *OR INCOMPLETE BURST

® Dara Summary

SumMmary oF OveraLL DaTa

TAP20654:082192



Eooy CurrenT DATA RENORMALIZATION

APC NORMALIZATION
@ 2.75 voLrts AT 550/130 kHz ror 20% ASME wWOLE

Catawpa~1 PuLLeDp Tuee FIELD NORMALIZATION
¢ 5.0 vours AT 400 xHz ror TSP STANDARD

BELGIAN NORMALIZATIOCH
® 2.0 voLvs AT 300 xHz ror 4 TW 0.049" (1.25 MM)
HOLES
® LATESY PULLED TUBES OBTAINED ALSO FOR APC
NORMALIZATION

BASES FOR RENORMALIZATION
® CORRELATION OF APC TO FIELD VOLTAGES
® Catawsa-1: LAB DATA ON PULLED TUBES FOR RPOVH
NORMALIZATIONS
@ BeELGIAN: FI1ewp DATA FOR BOTH NORMALIZATIONS
= FURTHER ADJUSTMENT MADE BASED ON ASME
STANDARD EVALUATIONS INDICATING ADDITIONAL
1.5 70 1.7 FACTOR DUE TO DIFFERENCES IN
DOMESTIC AND BELGIAN PROBE RESPUNSES AT
DIFFERENT FREQUENCIES
- LABORELEC TO OBTAIN DATA AT APC anp
BELGIAN FREQUENCIES WITH DOMESTIC PROBE
IN UPCOMING TIHANGE~3 INSPECTION

TAP2065A 1 082192



Table Ad4-1. Voltage Adjustment Factors to Obtain APC Normalization for 550/130 kMz Mix

factor for Adjusting Field Post Pull 550/130 Mz scd 400/100 kHz Datal®)

ISP Norm. to 20% ASME Norm. — %00/]00 kHz 950/1%0 Mz

Jupe ISP IsP Yolts‘)) voltace Adiustment Facter(®  _ yoips Volts
RSCi12 2 6.92 1.38 0.25° 0.37
3 T 5.06

R10CS 2 6.4 i.28 1.82 2.07
3 an 5.34

RIOCES 2 6.4(3) 1.28 .y NOP
3 2.92 3.3

R20C46 2 6.04 1.21 0.59 0.32
3 0.75 1.04

R7C47 2 7.8 1.56 1t
3 3.65 a.13

Notes:

1. Westinghouse measure of standard TSP volts when 20% ASME volts set at 2.75 volts.
2. UoltT adjustment to convert voitages nermalized to 5.0 volts at standard TSP to
normalization of 2.75 voits for 20% ASME hole.

3. Adeguate TSP not available on standard. Assumed same as tube RIOCH.
4. B&M evaluations of poest-pull data.

5. The 400/100 %Mz data were renormalized te 2.75 volts for the 20% ASME hole.

TAP2065:082192



Volts 550/130 KHz mix

CATAWBA 1 Pulled Tubes

FIGURE A2-6

Correlation 550/130 to 400/100 KHz mix

67
5- Lnearﬂeg'essnon\ /’/
Slope 1.094
intercept  0.143
4 R Squared 0.999
SidDev 0.012
) e
3..
2
1-
G ' T T
0 1 3 -




BELGIAN VOoLTAGE RENORMALIZATION

BeLcian FIewo EvALuATION

EVALUATION OF 53 INDICATIONS INCLUDING 1992
PULLED TUBES
MEASUREMENTS AT 300 kHZz WITH BELGIAN PROBE AND
EQUIPMENT AND BELGIAN NORMALIZATION
MEASUREMENTS AT 550/130 kHz witH APC
NORMALIZATION AS WELL AS 300 xHz wiTH BeLGIAN
PROBE AND ZETEC EQUIPMENT
VOLTAGE RENORMALIZATION FOR BELGIAN PROBE
DETERMINED BY CORRELATING 550/130 xHz wiTW
300 xHz

- SLoPe oF 4.93
FIELD DATA INDEPENDENTLY REVIEWED BY WESTINGHOUSE
WITH EXCELLENT AGREEMENT WITH BELGIAN VOLTAGES
CALLS

PRINCIPAL ISSUE OF VOLTAGE RENORMALIZATION

AP20MZ 0T229?

RaTIO oF 550/130 xHz To 300 xMz oBTAINED WITH
U.S. proBES 1S FACTOR OF 1.5 10 1.75 HIGHER THAN
OBTAINED WITH BELGIAN PROBE

- BASED ON ASME STANDARDS
U.S. PROBE AND LABORATORY TRANSFER STANDARD
PROVIDED TO LABORELAC FOR INDEPENDENT EVALUATION
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550/130 KHz, APC Mix No -, Belgian Eval

FIGURE A2-2

DOEL UNIT 4, S/G: B
Evaluation of 1992 Voltage Ind. at TSPs

16 -
14
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550/130 - MiZ18
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950/130 KHz, APC Mix Norm, Belgian Eval

FIGURE A2-3

DOEL UNIT 4, S/G: B
Evaluation of 1992 Voltage Ind. at TSPs
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Table AM-2. Field and Westinghouse Evaiuations of Catawba-| Pre-pull Veltages

field fvaigyation o Westingboe ‘v~ atiem

400/100 kMz Mix 550/130 kHz Mix 400/100 WMz SS0/130 kMz B
Iube ISf .S Merm. 20% ASME Worm. 20% ASME Norm. 208 ASME Norm. 20% ASME Norm volisl)

RSC112 2 HDO . 0.31 0. 48?2}

3 1.15 1.59 1.88(2) 1.53 1.82 1.30
RIOC6 2 0.82 1.05 129 1.20 1.46 0.98

3 .77 0.99 1.23 1.07 i.31 i.20
RIOCES 2 NDD : RN OO i

3 0.93 1.19 1.45 1.22 i.48 0.97
R20C46 2 0.31 0.38 0.56 0.2% 0.42

3 0.40 v.48 0.67 0.59 0.79
RICAY 2 0.33 0.40 0.58 0.34 0.51

3 0.80 1.25 1.51 1.30 1.57 1.40
Notes:

1. RPC volts at 300 k¥z normalized to 20 voits for §.5" EDM notch.
2. Obtained from 400/100 kMz evaluation using Cquation 2-2.

TA2065:082192



Catawea-1 PuLLep Tuee BursT TeEST EVALUATION

Br 181 TeEST MEASUREMENT Issue
® BURST TESTS, IN SOME CASES, RESULTED IN PARTIAL
CRACK OPENING AND INCOMPLETE BURST
® ALL 1JT ONE INDICATION TESTED WITHOUT BLADDERS
¢ Oniy R5C112, TSP 3 TESTED WITH BLADDER
- INCOMPLETE BURST NOT RETESTED AT FASTER
“RESSURIZATION RATE
¢ PRESSURIZATION RATE LEADING TO 2 TO 3 MINUTES ToO
BURST
- APC parapase rAaTE ~7500-1,000 psi/sec
® SIMILAR R¥SULTS TO McGuTRe-1 BursT TESTS IN
EARLY 199¢

EvaLuaTioN PrOCESS
¢ FRACTIONS OF BURST CRACK OPE. ING EVALUATED
® CRACK OPENING ADJUSTMENT FACTORS ON BURST
PRESSURES ESTIMATED
- CoMPARXSONS OF EDM NOTCHES & CRACKS FROM
McGUIRE DATA
= WESTINGHOUSE BURST TEST ON FREE SPAN PIECE
OF TURING FOUND 12% HMICHER THAN DURING
DESTHKUCTIVE EXAM
¢ BURST PRESSURES REQUIRING ADJUSTMENT FACTORS OF
“1.25 CONSIDERED NOT RELIABLE

FOUR BURST TESY POINTS FOUND ACCEPTABLE FROM 9
MEASUREMENTS

TAP2065A: 082192



Table A4-3. Comparisons of Burst Test Resuits

Adjustments to Burst Pressures Based on £DM Notch Simulations

Estimated Burst Pressure Estimated/Actual
Case Tube-dection _EDM Notches Actual Burst Pressure Ratio Description of Aclual Burst

- 4 abe - ~ahe

1 5/29-3 4200 ' ' Minor crack opening, ne

' ' ' bulging er tearing
2 18/5-3 9200 ! ‘ Fishmouth rupture, bulging,
f ; tearing
3 18/5-5 ; 4800 % 1 Fishmouth rupture, bulgine
18/5-10 | 1397 | Leak test pressure with minor

| } | crack openirg. Burst tes:
i [ { resulted in a Tower burst
’ : i pressure.

5 18/10-4 | 2847 | | Same as Case 4

Comments
3405 2935 i.16 Crack orened with no crack tearing
in inttial test.

TAP2065:082192



Tabiz A4-4 Burst Pressures for (atawba i Tubes
Flow Stress Crack Opening
Meas.. Ad justment Ad justment Adjusted
Tube 3P in Voits Bur.. 3 factor factor Burst psi Comment s
RSC112 2 0.48 9,0 1.02 1.10 10,880 Ductile, fishmouth rupture
Just outside TSP,

3 1.82 4, i50 1.02 >1.2% Kz* Reliable Crack opened (largest -0.1",
others <0.05"), nec apparent
bulging or tearing. Max.
‘orrosion depth 97%. Max.
single macrocrack length -0 .43
(<0.2" T4 by burst).

R10CS ? 1.46 6,000 1.03 i.15 7,100 Cra~k ¢ 2ned, minor bulging

or tearing. Maxi~um corrosion
d pth -72%. Burst crack - macro-
cvack length -0.33".

3 1.31 4,850 1.03 1.15 5,740 Crack opened, minor bulging
or tearing. Maximum corrosion
depth -85%. Burst crack lenglh

~0.43".
R10C69 2 NOD 9,400 1.9 1.19 10,340 tile, fishmouth rupture
regien.
3 1.48 5,000 1.0 >1.25 Not Reliable m.ner crack opering, no
bulging or tea Max imum

corrosion depth -75%. Maxiaum
single macrocrack length -0 37°

(not completely or <.2" opened
by burst).

- Nct Peliable Both R20C46 intersections burst

Not P ‘icble  just abeve TSP at a hand held
grinding tool mark applied for
location purposes.

R7C47 3 1.57 5,800 G.99 >1.25 Not Reliable Minor crack opening, no apparent
bulging or tearing. Maximum '
corrosien depth -87%. Maximum
single microcrack length (not
completely opened by burst) -0 44",

R20C46 2 0.42 8,
7

e
>

TAP2065:082192



R5C112 . 2nd TSP

ER BURs;
00 pc '
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R10CE9 - 2nd TSP

rst Openinas far Snd T -
urst Upenings for 2nd TSP - RSC112 and R10CES
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50X Griné #14
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S0X Grind #14

10-6-5B-2E, Mount #1, Top Plece
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29" W.n 44.5%

“.5% 62.7% 318

F92-163 60X Sth Grind

47° 60.5% 72.9%

F92-164 60X Sth Grind

METALLOGRAPHY RESULTS ON S5-112-88-28
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SPECIMEN 10-69-4B-2E

+375 T
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FIGURE 2-61: SURMARY OF INCREMENTAL GRIND AND POLISH RESUL
ON SPECIMEN 10-69-48-2E. 2
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Carawsa-1 PurLLep Tuee Crack MORPHOLOGY

MUuLTIPLE AxiaL 0DSCC
® LIGAMENTS PRESENT BETWEEN MICROCRACKS
MINOR IGA: NEGLIGIBLE VOLUMETRIC INVOLVEMENT

DEGRADATION LENGTHS <0.5 INCH APPROXIMATELY CENTERED
IN TSP

SIGNIFICANT PARALLEL AXIAL CRACKS OVER ~900 To 1500




WESTINGHOUSE PROPRIETARY CLASS K

Table £.4-5. Summary of Catawba 1 Pulled Tube Results

—Nest.field Data fval. Lab — Destructive fxam

RSC112 2 0.48 -0% 0.37  Superficial 10,880 0.03) g o(3)
1.82  86% 1.30 5.06 97xt%) o500 we (1) 5o 0.56
R10C6 2 1.46 8% 0.98 2.07 72% 0.40° 7,100 0.003)  g.ol3)
3 1.31  76% 1.20 5.34 85 0.43° 5,749 0.003) g5 (¥
RIOCE9 2 NDD NDD None 10,340 0.003) g o(3)
3 .48 72% 0.97% 3.31 75% 0.45" N.R. 0.03) . 4(3)
R20C46 2 0.42  30% 0.82 12% 0.05° N.R. 0.003)  g.6(3)
3 0.79 28% 1.04 -0% N.R. 0.03) g 003
R7C47 3 1.57  78% 1.40 4.13 85% 0.4 N.B. 0.003) g3
Notes:
1. N.R. = Not Relfable, See Table A4.4
2. N.D. = Not determined.
3. No leak identified during room temperature pressurization tests.
4. Crack opening for ieakage may have resylted during tube pull.

TAP2081A:082192



_PLANT

Catawsa-1
E-4
B-1
B-2
C-2

NOTES:

No.
Tuges

5
9
1
3
2

3/4" PuLLeo Tuse DaTa Base Summary

BURST LEAk  DestructIve
Testep  Testeo Exam
451 1(8) (2 g

7 9 13

1 0(1) (2 5

0 0 11

0 0 42

1) NUMBER IN PARENTHESES REPRESENTS NUMBER OF
ADDITIONAL PRESSURIZATION TESTS PERFORMED
WITHOUT COMPLETE BURST. DATA NOT INCLUDED

IN DATA BASE.
2) NUMBER IN PARENTHESES REPRESENTS ROOM TEMPERATURE

PRESSURE TESTS PERFORMED WITH NO IDENTIFIED

LEAKAGE AT PRESSURE DIFFERENTIALS EXCEEDING SLB
CONDITIONS.

TAP20654:082192



Table A.7-1. fylled Tube Leak Rate and Burst Test Measurements

3/4 Inch Diamcter Tubing
. Bobbip Coil RPC —Destruciive Exam Rate 1/hr
Plant Bow/Col  Is  wolts'")  pepth Welts Max.Deptt fengen(?) orm.Qper. 5iB
Catawba-1 R5C112 2 0.48 ~0% Superficial
3 1.82 86% 1.30  100% 0.50 0.078 0.56
RIOC6 2 1.46 83% 0.98 72% 0.40 0.0(3) 0.0(3)
2 1.31 76% 1.20 85% 0.43 0.0 0.0

I. Voltage normalization for 550/130KHz to 2.75
2. Maximum burst crack corrosion length in inche
3. Tested at room temperature.

4. Not measured at 550/130 xHz. Voltage renorma
5. lLeak rates mevsured at room temperature condi

TAP2081A:082192

volts on 20% ASME holes.
s with throughwall length in parentheses.

11zed from 300 KHz data.

tions and analytically adjusted to operating conditions .




Volts

34" Pulled Tube Data: Bobbin Coll Voitage Vs. Maximum Depth from
Destructive Exam

E———

Maximum De “ **am Destructive Exam

r. Plant B-1 C Plant B-2 ® Plant C-2

© Catawba 1 4 Belglan Pylled
Tubes

Chart 34" PT Volts vs. Depth 8/27/82



7/8" Pulled Tube Data: Bobbin Coll Voltage and Depth from
Desiructive Exam

Maximum Depth From Destructive Exam

O Plant A 4 Plant D © Plamt L ® Piant M
:
| & Plant N ¢ Plant P ® French Pulled

Tubes

7/8° PT Volts vs. Depth 8/27/92



/4" and 7/8" Pulled Tube Data: Bobbin Coll Voltage Vs. Maximum
Depth from Destriuctive Exam

o e

Volis

B Maximum Depth from Destructive Exam

r
l: 3/4° Pulled Tubes © 7/8° Pullsd Tubes
Note: 7/8° voltages decreased by factor of 1.38 w corespond 1o 3/4" tubing,

Chart 34* & 7/8°PT Volts vs. D 82782



34" and 7/8" Pulled Tube Data: Bobbin Coil Voltage Vs. Maximum
Depth from Destructive Exam

Maximum Depth from Destructive Exam

® 34" Pulled Tubes © 7/8" Pulled Tubes

Note: 3/4* voltages increased by factor of 1.36 to correspond 1o 7/8" tubing.

Chart2 3/4° & 7/8°PT ‘olts vs. 8/2792




PReELIMINARY UmBreELLA LOCA + SSE Accipenr

ANALYSIS FOR CATAweBa UnIT 1
10 DETERMINE ExcLUDED TUBES

AT WepGE GrRoOuP LOCATIONS

PREPAFSD BY:

R. E. SMmImw

8/27/92

DISK 119-DCP26-8/27/95



ComINeD LOCA + SSE Accroent ConpiTION ANALYSTS

ISSUES RELATIVE TO INTERIM PLUGGING CRITERION

o POTENTIAL EXISTS FOR PERMANENT DerormaTION OF Tuse
SUPPORT PLATES (TSP) ADJACENT TO WEDGE GruuPs UnpER
Compinep LOCA + SSE Loaps

« DEForMATION OF TSP RESULT: I CorresPoONDING TuBE
OvaLzzATIiON IN TSP DEFORMATION ZONE

+ Tuse DEFORMATION CAN POTENTIALLY LEAD TO OPENING OF
EXISTING THROUGH-WALL CRACKS AND IN-LEAKAGE Unoer PosT-LOCA
SECONDARY TO PRIMARY PRESSURE Drop

o IN“LEAKAGE IS UNACCEPTABLE, AS IT MAY CAuse INCREASE IN
Peax CLAD TEMPERATURE

DIsK 119-0CP26-8/27/98



CoMBINED LOCA + SSE AccIDENT CONDITION ANALYSIS

ANALYSIS OBJECTIVES

CarcuLaTe Comeinep LOCA + SSE TSP Loans

o DETERMINE NumBer oF DEFORMED Tuses AT WeEDGE Group LOCATIONS

PREPARE Summary TaBLES / Tuee Ma?s to IDENTIFY TUBES TO se
ExcLuoeo rrom IPC

PRELIMINARY EvALUATION UTILIZES Speciric SSE ANALYSES oF
Two OrHer Mooel D3 PLANTS THAT EnviLore Catawsa 1

DISK 119-0CP26-8/27/9%



ComIne. LOCA + SSE Accroent CONDITION ANALYSIS

ANALYSIS METHOD

v S§E ANALYSIS 2 ag

« LOCA AnaLYSIS

o ResuLvinG TSP Lotd 5 0.8

e Tuse DErORMATION q €

-

DISK 119-DCP26-8/27/95



MooeL D Sexsmric Finite ELeEMENT MODEL GEOMETRY

DISK 119-0CP26-8/27/9%



Finzve ELeMEnT MopEL FOR
LOCA Time Higsrory ANALYSIS

DIsX 119-0CP26-8/27/9%

a,¢



NuMmser oF DErFORMED Tuses As A FUNCTICN OF Loap
MooEL D Steam GeneraTOR

DISK V19D r26-8/27/98



Comsrnep LOCA + SSE Accroext Conorrron ANALYSTS

ANALYSIS RESULTS

o SSE AnaLvsis

r (A
. LQ;A AnALYSIS qa¢

|

|

| y
« Numser or Derommep Tuees qac

|

| g
+ SELECTION OF Tuses To se Exci.uoep From IPC - &¢

DISK 119-0CP26-8/27/9%



SumMarY oF Wepce Loaos
Compinep LOCA + SSE Loapings

DISK 119-DCP28-8/27/9%



Numser or Derormed Tuses

.

DISK 119-0CP26-8/27/9%



Tuse BunoiLe GEOMETRY

DISK 119-DCP26-0/27/9%



REFERENCE CONFIGURATION FOR LOCATING Tuses
Looking Down ON Steam GexemaTor
Carawea Site Seeciric ConveEnTION

DIRK 119-DCP26-8/27/9%



i

Tuses ExcLuoedp rrom IPC
PLATE C - QUADRANT 1

QINE I9-0P-8/27 /8




SUMMARY OF Tuses ExcLuoen rrom IPC
Piates C/0

I 8 113114
i oy 112113

3 1:%114
r 112-113
BT L8 1 ® | 112419
e e [0 | 113418 ¢ | 112419
“ ’ 10 | 112418 { 10 112418
i . § [ 112113 SR B LT XTT
| ng L2 112419 12 112113
| T ]our “ 90-91
|| e s “ | som

' @ “ 87.90

T / 8380 . 86 ay

‘1 . | s 7 86.87

| | | a8 L]

I ] i B LX) 2428

l “e 2% “ 232

’ | ma “ | 2

8 % . 262

] 49 nw 7 %29

| ar 2%

[ » 12 J ) 12

7 23 - 4 29

aq My - 23 . 29

] 24 0 23

10 29 10 <3

i 23 1" 23

DI 119-DCw26-8/27/9%



\ T3 Wedgs Location

_00:»0@000000(30000000;
= t! 888
~ _.J

Cobmn 79—t
Cohwmn

Hot Leg
(Sarme rows and cobuamns on Cokd Leg « Ouadrant 4)

Tueses ExciLuoep rrom IPC
Peate T - Quaprant 1

DISK 119-DCP26-8/27/9%



Sumany or Tuses ExcLuoep rrom IPC
Prare 1

L HoT Leo :

= 1
M__ML.._,-.L.. B SRLLOALE 2
! | - ' 83-88 “
[ a2 8289 a2

! X 8189 Q@ | e

J M o “ | o

, a8 80-89 . 8089

j “w e “  ne

a7 e I Y 1

a8 7980 - 7908

L4 OM “4 B0-84

| 40 032 0 3032

C-@ 2934 “ 2054

a2 2838 Q@ s

« 2798 Q@ | e

“ 2798 “ | 7

' 2738 “ | 1o

.8 738 “w | e

a7 2834 | mae

a8 234 “ | M

b= 49 3133 @ | e
1 1
2 2

DISK 119-0CP26-8/27/9%
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CATAWBA 1
TUBE ODSCC AT TSP'S

PRELIMINARY BURST AND
LEAK RATE CONSIDERATIONS
3/4 x 0.043 INCH TUBING

BURST STRENGTH Vs BoeeIN VoLTage
SINGLE CrACK LEAK BEFORE BrEAk

SLB Leax Rate Vs BoseIN VoLracE



3/4" TUBING
BURST PRESSURE- BOBBIN VOLTAGE
REGRESSION ANALYSIS

SECOND ORDER REGRESSION

0

0

BURST PRESSURE VERSUS LOG (VOLTS)

57 DATA POINTS FROM PULLED TUBES AND
MODEL BOILER SAMPLES . ROOM
TEMPERATURE TESTS

THE MEAN CORRELATION:

r *
L J

THE -95% PROBABILITY PREDICTION INT ERVAL:
- -4

WHERE

' |

THE -95% PROBABILITY CURVE WITH LOWER
TOLERANCE LIMIT (LTL) STRENGTH
PROPERTIES AT OPERATING TEMPERATURE I§
OBTAINED BY SCALING 0.848



Burst Pressure Yersus Bobbin Vol tage
- - %

Burst Pressure. ksi

» Bobbin Voltoge., Volts

T e



Buret Pressure. ksi

Burst Pressure Versus Bobbin Yol tage

Babbin Voltage. Volts




7/8" AND 3/4" (SCALED) TUBING
BURST PRESSURE- BOBBIN VOLTAGE
REGRESSION ANALYSIS

SECOND ORDER REGRESSION

0

O

BURST PRESSURE VERSUS LOG (VOLTS)

119 DATA POINTS FROM PULLED TUBES AND
MODEL BOILER SAMPLES - ROOM
TEMPERATURE TESTS (3/4" DATA SCALED)

THE MEAN CORRELATION:

- q
[ ]
THE -95% PROBABILITY PREDICTION INTERVAL:
.
f ]
WHERE y

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



Burst Pressure, ksi

Lo e N

Burst Pressure Versus Bobbin Vol tage

Bobbin Voltoge. Volts

-4




LEAKAGE RATE CALCULATION

AxIAL Crack FLow MopeL
(CrRACKFLO)

ASSUMPTIONS

e et g PR —
S—

”
| -



LEAKAGE RATE CALCULATION

AxtaL Crack FLow MopeL
(CRACKFLO)

FLUID AND PRESSURE Drop CHARACTERISTICS




LeEakaGe RaTeE CALCULATION

AxiaL Crack FLow MopEL
(CRACKFLO)

AXTAL CRACK OPENING AREA MODEL

- d,
|
!



LEAKAGE RATE CALCULATION

AxiaL Cracr FrLow MooeL
(CRACKFLO)

SoLuTIoN Procedure

-




LEAKAGE RATE CALCULATION
COMPARISUN WITH EXPERIMENTAL RESULTS

NORMAL PLANT OPERATION

L IN GENERAL, MODEL YIELDS A GOOD PREDICTION
FOR THE TREND OF LEAK RATE wiTH CRACK
LENGTH.

# EXCELLENT AGREEMENT BETWEEN PREDICTED AND
MEASURED LEAK RATES IS SHOWN FOR FATIGUE
CRACKS .,

L FOrR STRESS CORROSION CRACKS, GREATER DATA
SCATTER IS SHOWN.

= SCC CRACKS ARE CHARACTERISTICALLY
sMaLs ~ 0.1" Lowne

= DIFFICULT TO DEFINE GEOMETRICALLY

= SUSCEPTIBLF YO PLUGGING
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oo oy

NORMAL OPERATING CONDITIONS
LEAK RATE VS AXIAL CRACK LENGTH

374" TUBING AT B00F AND 1280 PS

AXIAL CRACK LENGTH. INCH

I

‘|;



BURST PRESSURE VERSUS CRACK LENGTH
. 4

BURST PRESSURE. KSI

|
l
" PO g AXIAL CRACK LENGTH, INCH



OPERATING LEAKAGE RATE LimiT

LEak BeroRe BRrEAK

AssuMING 0.1 GPM Leax RaTe LiMrT AND BELGIAN BURST
CAPABILITY

NorMAL LeEAkAGE Vs Crack LENGTH

0 3P BursT CAPABILITY 1S SATISFIED;[
]T”Buasr Vs LEAk

-95% LeakaGe Vs Crack LENGTH

0  SLB Burst CaPppILITY IS SAszrxzo;[
L
} Burst Vs Leax



3/4" TusinG
SLB Leax RATE - BossIN VOLTAGE
REGRESSION ANALYSIS

FirsT ORDER REGRESSION

0

0

Loc(Q) versus Loag(Y)

THIRTY-TWwOo DATA POINTS FROM
MopeL BorLer SampLes - SLB ConprTIOns

. s
2Er0 LEAKERS INCLUDED AT| ]
(90% THruU VaLL PENETRATION