oz

F305060204
PDR  ADOCK







WESTINGHOUSE CLASS 3 (Non-Proprieta:

)




WESTINGHOUSE CLASS 3

WCAP-13702

$6-93-04-017

CATAWBA UNIT 1 STEAM GENERATOR TUBE INTERIM PLUGGING CRITERIA

MID-CYCLE OUTAGE ASSESSMENT PRESENTATION MATERIALS

April, 1993

WESTINGHOUSE ELECTRIC CORPORATION
Nuclear & Advanced Technology Division
P.0. Box 355
Pittsburgh, Pennsylvania 15230-0355

® 1993 Westinghouse Electric Corp., All Rights Reserved



A meeting was held on April 1, 1993 between Duke Power Company,
Westinghouse, and the NRC staff to present information pertaining
to the Catawba Unit 1 steam generator tube interim plugging
Criterion mid-cycle outage assessment.

The following topics were discussed by Westinghouse at the meeting:

1) New information since NRC SER.
2) Steam Line Break (SLB) tube support plate displacement
analyses.

3) Catawba Unit 1 pulled tube data.

4) Tube burst and leak rate correlations.

5) Summary of the interim Plugging criterion margin assessment .
The presentation material provided to the NRC in support of this

meeting via Westinghouse Letter Number ET-NRC-93-385] (dated March

31, 1993) has been marked for proprietary information and is
contained herein.



Westinghouse Energy Systems bor2ss
Electric Corporation BimshTgh Pemnsyvania 1523

March 31, 1993
ET-NRC-93-3851

Document Control Desk
US Nuclear Regulatory Commission
Washington, DC 20555

Attention: Mr. James E. Richardson, Director
Division of Engineering Technology

Subject: Catawba Unit | Steam Generator Tube Interim Plugging Criterion
Mid-Cycle Outage Assessment

Dear Mr. Richardson:

Anached is a single copy of presentation materials entitled "Catawba Unit | Steam Generator Tube
Interim Plugging Criterion Mid-Cycle Outage Assessment” (Proprietary), which will be used at the
April 1, 1993 NRC meeting.

This presentation material contains information which is proprietary to Westinghouse Electric
Corporation. Accordingly, we request that this information be withheld from public disclosure.

We will comply with the requirements of 10 CFR 2.790 to provide proprietary and non-proprietary
versions of the above material together with an affidavit as soon as the proprietary and non-proprietary
versions have been prepared. We will submit the total required number of copies of the proprietary and
non-proprietary versions of the information and the required affidavit at that time.

In the meantime, we have provided sufficient copies for your information and use. M. P. Siemien, Esg.
of the NRC Office of the General Counsel, has advised Westinghouse that she concurs with this
procedure.

We expect to be able to fully comply with the requirements for the proprietary and non-proprietary
versions of the information and an accompanying affidavit within four weeks.  *

Very truly yours,
. Nicholas J. &wg:ﬁf
Nuclear Safety and Regulatory Activities
DLC/cld
Enclosure

CLD262 DL,



CatawBa-1 IPC EvALUATION
Discussion Topics

New InFormMaTION SINCE NRC SER
OveraLL CONCLUSIONS

SLB TSP DisPLACEMENT ANALYSES
B ANALYSIS AND RESULTS
. PROBABILITY OF RUPTURE FOR POTENTIALLY

Exposep CrACK LENGTHS
PuLLep Tuse Dara
. 1992 Catawsa-1 PurLLep Tuses
. FinaL BeLcian Darta

BursT AND LEAK RATE CORRELATIONS

SumMARY OF IPC MARGIN ASSESSMENT

TAPI0R2-033 180



CatawBa-1 IPC EVALUATION
New InNFORMATION Since NRC SER

PuLiLep Tuse DATA
. 3 Tuses, Six INTERSECTIONS FROM CATAWBA-1
(1992)
. BeLcIAN VoLTAGES FINALIZED BY LABORELEC
- YOLTAGES HIGHER THAN ASSUMED IN 1992 IPC
EVALUATION
- SER ASSUMED LOWER VOLTAGES THAN 1992
SUBMITTAL

UppaTep BursT AND Lear. RATE CORRELATIONS
. BURST UPDATED FOR NEW PULLED TUBE DATA
- 3AP,, VOLTAGE INCREASED TO 4.6 voLTs
COMPARED TO 4.1 VOLTS IN PRIOR SUBMITTAL
- Revisep SLB Leaxk RATE METHODOLOGY
- NEW PROBABILITY OF LEAKAGE CORRELATION
- SLB LEAK RATE CORRELATION DOES NOT
INCLUDE NON-LEAKERS ’
. APg g = 2335 pPSID BASED ON RISK CONSIDERATIONS
. REFINED METHODOLOGY AND CORRELATIONS APPROVED
sy EPRI ARC ComMITTEE -
. SAME CORRELATIONS AS RECENT V. C. SuMMER
SUBMITTAL



CatawBa-1 IPC EVALUATION
NEw INFORMATION SINCE NRC SER

ANALYSES PERFORMED FOR TSP DISPLACEMENTS IN AN SLB
EVENT FOrR CaTAawea-1 Moper D3 S/Gs

THERMAL-HYDRAULIC ANALYSES FOR TSP LOADS

NONLINEAR FINITE ELEMENT ANALYSES OF S/G fFor
DISPILACEMENTS 9F EACH TSP

MAaX TMUM DISPLACEMENTS EVALUATED FOR
PROBAB.LLITY OF TUBE BURST ASSUMING
DISPLACEMENT EXPOSES A THRUWALL CRACK




Catawea-1 IPC EVALUATION
CONCLUSIONS

OvepaLL CONCLUSION

. CONTINUED OPERATION OF CATAWBA-1 UNTIL THE
NEXT SCHEDULED REFUELING OUTAGE IS STRONGLY
SUPPORTED BY THE UPDATED ASSESSMENT

. RG 1.12]1 GUIDELINES FOR TUBE INTEGRITY
CONSERVATIVELY SATISFIED AT EOC-7 roOR
IMPLEMENTED IPC rReEPAIR LIMIT OF 1.0 voLT

. UPDATED MARGINS EXCEED THOSE REPORTED IN
WCAP-13494, Rev. 0 SUPPORTING IMPLEMENTATION
oF THE IPC ror CycLe 7 1N 1992



CatawBa-1 IPC EVALUATION
CONCLUSIONS

SLB TSP DISPLACEMENT ANALYSES

MaXIMUM DISPLACEMENTS ARE <0.53 INCH EVEN
UNDER CONSERVATIVE ASSUMPTIONS OF ZERO
FRICTION AND NOMINAL TUBE GAPS
- CRITICAL THRUWALL CRACK LENGTHS AT 1.4
APSLB = 0.57 INCH AND AT ‘Psu = 0.84 1ncH

LiMITeED SLB TUBE BURST PROBABILITY OF
<7%107°/SG ror CvcLE 7 AND <8.2X10°%
INDEPENDENT OF NUMBER OF HOT LEG INDICATIONS

TUBE REPAIR CRITERIA FOR CATAWBA-1 SHOULD BE
BASED ON LIMITING SLB LEAKAGE DUE TO
NEGLIGIBLE BURST PROBABILITY FOR 0DSCC
INDICATIONS AT TSPs




CataweAa-1 IPC EvALUATION
CONCLUSIONS

Maximum EOC-7 VOLTAGES

EOC-7 VOLTAGES PROJECTED TO BE LESS THAN
ABOUT 2.5 VOLTS FOR INDICATIONS <1.0 voLT
LEFT IN SERVICE

MaximMum EOC VOLTAGES COMPARABLE TO OR LESS
THAN VALUES FOLLOWING IMPLEMENTATION oF 40%
DEPTH REPAIR LIMIT

Catawea-1 1992 PurLLep Tuses

VOLTAGES UP TO 3.5 VOLTS SPAN RANGE EXPECTED
AT EOC-7

BursT prESSURE OF 5400 ps1 fFOrR 3.54 voLT
INDICATION AND HIGHER FOR SMALLER INDICATIONS
Two In ICATIONS HAD SLB LeEAxkace ofF 0.015 epM
FOrR 3.54 voLT INDICATION AND 107 GPM FOR 1.13
VOLT INDICATION

CRACK MORPHOLOGY OF MULTIPLE AXIAL ODSCC wiTH
LOCALIZED CELLULAR PATCHES IS TYPICAL OF THAT
FOUND IN OTHER PULLED TUBES IN APC DATABASE



CATtawBa-1 IPC EvALUATION
CONCLUSIONS

FREE SPAN Tuse BursT CONSIDERATIONS
. UPDATED BURST CORRELATIONS LEAD TO EQUIVALENT
APC RePAIR LIMIT OF 3.0 VOLTS COMPARED TO 2.5
VOLTS FOR PRIOR CORRELATION
EOC-7 BURST cAPABILITY AT +90% UNCERTAINTIES
OF ABouT 4825 ps1 coMPARED TO 3750 pSI FOR
3APNO; AT +99% UNCERTAINTIES OF ABoUT 3830 psI
COMPARED TO 2335 PSI FOR AP¢ g
SLB Leaxkace
. ProJECTED EOC-7 SLB LEAK RATE OF ABouT 0.1
GPM COMPARED TO ALLOWABLE LIMIT ofF 1.0 cpM




CATAWBA-1 TSP D1sPLACEMENT EVALUATION
CONSERVATISMS IN ANALYSIS

THERMAL-HYDRAULIC ANALYSES FOR TSP Loaps
. HOT STANDBY CONDITIONS TO MAXIMIZE LOADS
*  WATER LEVEL 30 INCHES BELOW EXPECTED VALUE TO
INCREASE LOADS

STRUCTURAL ANALYSES FOR TSP DISPLACEMENT

. ZERO FRICTION AT TSP SUPPORTS AND TUBE TO TSP
INTERSECTIONS

. NOMINAL TUBE TO TSP GAPS WITHOUT REDUCTION
FOR CREVICE DEPOSITS

. MaxiMum TSP DISPLACEMENTS AT <1 SECOND
ASSUMED TO REMAIN FOR TYPICAL ~20 MINUTES TO
REACH MAXIMUM AP ACROSS TUBES

TAPI02Z 020 18



TSP Loaps DurinGg AN SLB EVENT
FOR CATawBA UnrT 1 SG

ANALYSIS METHODS

i

I




TSP Loaps DurinGg AN SLB EvenT
FOrR CATAwBA UNIT 1 SG

ResuLts oF TSP Loaps
. BLOWDOWN FLOW PEAKS WITHIN MILLISECONDS

* FLOW THROUGH TUBE BUNDLE PEAKS OR BECOMES
QUASI-STEADY STATE WITHIN ONE SECOND

. PRESSURE DROPS THROUGH TSPs (1.E., TSP LoaDS)

PEAKS AND BECOMES QUASI-STEADY STATE WITHIN
ONE SECOND
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Figure 8 - 1. Tube Bundie Geometry
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Figure 8 - 7. Pressure Drops Across Tube Support Plates C, G, and L During SLB




SLB TuE / TSP RELATIVE DISPLACEMENTS UNDER
ANALYSIS METHODOLOGY
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Figure 8-15. Plate/Wrapper Support Locations
Hot Leg Plates A, C, L
Coid Leg Plates B,D, E.F,J, X, M,N, P

8 -46
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Figure 3-8 Overali Finite Element Mode! Geometry
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SLB TUBE / TSP RELATIVE DiSPLACEMENTS UNDER
ANALYSIS RESULTS

TIERODS STRAINS ARE ELASTIC

PLATE STRESSES ARE PREDOMINANTLY ELASTIC, LOCAL REGIONS WHERE
STRESSES EXCEED YIELD / MAXIMUM DISPLACEMENTS NOT
SIGNIFICANTLY AFFECTED

DISPLACEMENT CATEGORIZATION SHOWN BELOW

DISPLACEMENT AMPLITUDE 1

Biar
c
R
s
T-

DISK 205 - D3ISLBREP\NRCPRES - 3/31/93



Table 8-1

Summary of TSP-Tube Relative Displacements for
Postulated SLB Event for Catawba Modei D3 §/Gs

8 -18




Figure 6-16 Plate Q (Hot Leg) SLB Displacement Time-History

6-18




Figure 8-25. Distorted Geometry - Plate C
8 -56
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AssesSMENT OF SLB TSP DISPLACEMENTS

Maximum TSP DisprLACEMENT OF 0.525" 1s LESS THAN
CriTicaL CrRACK LENGTH
. CRITICAL THRUWALL LENGTH OF 0.57 1ncH AT 1.4

APg g
. CrivicaL LENGTH OF 0.84 INCH AT APSLB

MaxtMum TSP DISPLACEMENTS AFFECT SMALL FRACTION OF
TSP INTERSECTIONS
. NUMBER OF INTERSECTIONS DEFINED FOR 3 RANGES
OF TSP DISPLACEMENTS TO SUPPORT BURST
PROBABILITY ANALYSES

BursT PRESSURE vS THRUWALL CrRACK LENGTH CORRELATION
DEVELOPEL FOR STATISTICAL ANALYSES
. DEFINE BURST PROBABILITY AS FUNCTION OF CRACK
LENGTH




Figure 12-6
. Burst
Pressure versus Crack Length for 3/4
Inch Tubing
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Figure D.5
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d, e

Figue D.8




AssesSMENT OF SLB TSP DISPLACEMENTS

ASSUMPTIONS FOR BURST PROBABILITY ANALYSES

. TSP DISPLACEMENTS ASSUMED TO EXPOSE A
THRUWALL. CRACK LENGTH EQUAL TO TSP
DISPLACEMENT
For CYCLE 7 ASSESSMENT, ALL INDICATIONS LEFT
IN SERVICE ARE ASSUMED TO BE THRUWALL
FOR BOUNDING ASSESSMENT, ALL HOT LEG TSP
INTERSECTIONS ASSUMED TO HAVE THRUWALL CRACK
EQUAL TO TSP DISPLACEMENT

RESuULTS FOR BURST PROBABILITIES

e  CvcLE 7 S/G BursT ProB. <7X107°
. UPPER BOUND PROBABILITY OF <8.1X10°%
INDEPENDENT OF NUMBER OF INTERSECTIONS




Table 12-2

Maximum SLB TSP Displacerments and Associsted Burst Probabliities
(Assuming Free Span Throughwali Crack Length Equals TSP Displacement)

12- 18
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CatawBA-1 PuLLED TuBES

1991 PurLep Tuses (5 TuBES, 9 INTERSECTIONS)

. Usep AS ADJUSTED (INCOMPLETE BURST) BURST
PRESSURE DATA IN PRIOR IPC suBMITTAL

. EPRI ARC COMMITTEE RECOMMENDED NOT INCLUDE
DATA DUE TO UNRESOLVABLE UNCERTAINTY IN BURST
PRESSURES

. SLB Leaxk TesTs

|

. CraCK MORPHOLOGY TYPICAL OF APC DATABASE

. -



Tabie 6-1

Number of Pulled Tubes with NDE and Destructive Exam Data

—— Numberofintersections ______

Number Burst leakTested Destructive
Blan el Tubes Jested Legk bio Leak —Bxam
3/4 Inch Pulled Tube Data Base Su:nmnry St
Catawba-1 8
E-4 8
B-1 1
B-2 3
c-2 2
Totals 23

i -
7/8 Inch Puiled Tube Data Base Summary ~at
A-1 3
A-2 <
D-1 3
D-2 <
J-1 )
L 8
M-1 1
P-1 2
Totals 34 | ]
Notes:-

1. Number in parentheses represents number of additional pressurization tests performed
without complete burst or successfui burst test. Data not included In data base.

2. Number in parenthises represents room temperature pressure tests performedwith no
identified leakage at pressure differentials exceeding SLE conditions. One additional
Catawba-1 mwuwumd.unhrougmdpthMhmunofm
pulling and results are not included in data base.



CatawBa-1 PurLLep Tuses

1992 PurrLep Tuses (3 TuBeS, 6 INTERSECTIONS)

J
CRACK MORPHOLOGY TYPICAL OF APC DATABASE-
AXIAL ODSCC PLUS SOME LOCAL PATCHES OF

CELLULAR CORROSION

TAPNZ2TI '8



Table 6-4

Catawba-1 1982 Pulled Tube Burst Pressures and Lesk Rates

Bobbin Coil RPC Destructive Exam Leak Rate (Ihr) Burst
BowCol ISE Yous QDepih Yois MaxDeoih Length Norm. Op SUB Pressure 3,e

. fin.) (psi) -
R7C™

Notes:

1) Average depth given in parentheses.

2) Throughwall depth for ~0.08" in burst crack and also in @ second crack.
3) Burst crack depth and length.

4) Throughwall length of 0.016" found in a crack away from burst crack.
5) Bursi tes! not reliable due 10 pressure recorder matfunction.



Elevation (inches;
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Figure 3-11.  Sketch of the crack distribution found at the SAKTE support piate
crevice region of tube R9-C81 from Catawba-1. Included is the
location of the burst test fracture opening. The OD origin
intergranular cormosion was confined 1o the support plate crevice
region, including that found on the burs! fracture face.
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Figure 4-97 SEM micrographs showing the ID wall penetration where leakage occurred,
Tube R9-C91, SP3
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Figure 3-14.

Through Wall Corrosion for SP3 of R$-Co1

from Catawbe-1.

3-26



BELcIAnN PuLLeEp Tuses

REsSOLUTION OF CROSS-CALIBRATION OF ASME STANDARDS
(BELGIAN vs U.S.) WAS IN-PROCESS AT TIME OF PRIOR
SUBMITTAL
. BELGgrum EDM woLes vs U.S. DRILLED HOLES
. PRELIMINARY CROSS CALIBRATION CORRECTION OF
1.7-1.8 wAS BEING FURTHER EVALUATED BY
LABORELEC AT TIME OF PRIOR SUBMITTAL
- SUBMITTAL CONSERVATIVELY ASSUMED WOULD BE
>1.5
- SER assumep 1.0
. FINAL FACTOR OF 1.7
RESOLUTION SEPARATELY CONFIRMED BY LABORELEC ON 7/8"
TuBING
. FIELD MEASUREMENTS
. U.S. STANDARD AND PROBE FOR APC VOLTAGE

NORMALIZATION
. BELGIAN STANDARD AND PROBE FOR BELGIAN
NORMALIZATION :

. RaT10 OF BELGIAN (FRENCH) TO APC voOLTS, LIKE
3/4" TUBING, CONSISTENT WITH MAGNITUDE
EXPECTED FROM ASME STANDARD EVALUATION

. RATIO CONSISTENT WITH THAT PREVIOUSLY
DEVELOPED FROM MODEL BOILER SPECIMENS

TAPI02203288
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Low Voltage Est

Siope 400 - c;’: -
imercept O ey T
! Range 0036 v = ! Lnear Regresson
at 260 kg = == 30 vems
=3 / - Siope (X ]
- s intercept 097
A Z SicEmor 099
5 - = R squarec 095

No of Data Points = 52

& EC Equipment /Probes
<" | 400/100 - MIZ18/U S Probe

240 - Laboreiec/Laboreiec Probe

400/100 kHz ARL Norm: U.S. ASME Sid
o
=4

0 0.5 1 1.5 2 2.5 3
240 kHz Beigian/French Normalization

Figure 6-3(a) Belgian/French Voltage (38" Tubing) Renormalization
1o U.S. APC Callbration for Belgian Plant K-1 (1982
Data) and Mode! Boiler Data Below 3.0 Volts

2 7 B
.. : y
”3 .( No Data Ponts 45 |
1 I EC sguipment } v {
| S50/130 - MIZ18 4 |
i B P : |
|
r ’ |
. ]
g ® @ :r ‘\‘I
: s s 2 » e Pagresslte l
s - Supe 839
Fnacep A 27
8 - S 0% |
s R Squersy U 827 l
\ .
1 1.8 2 25 3

300 KMz, Beigian Nomm . Beigien Evel
Figure 6-3(b) Beigian (34" Tubing) Vokage Renormalization 1o U.S.

APC Calibration for Plant E-4 1992 Voltage Indications
a! Tube Support Plates

6 - 16



~J
o

(]

t No. of Data Points = 10

° Mode! Boiler Specimens %
»n 60 - MIZ-18 Equipment |
w French Probe
% -
< 50 T R R
<) |
- | ;
'E- 40 1‘( ............. { RS R TR L e R ST 1
= | Low Voitage Est. |
_2 Slope  4.00 r : i

intercept 0 | Linear Regression ‘
z 30 l Range 0036V |- - - - o R 1]
< L at 240 kHz Siope 6.69 ‘
N - Intercept -0.97 :
5 ........ i Al o 5 ) B . . Std.Error 098 - - .
o . Rsquared 095
9 ;
g ' No. of Data Points = 52
S 10 +/ e - ' EC Equipment /Probes ¥
hd < | 400/100 - MIZ18/U.S Probe | ]

240 - Laborelec/Laborelec Probe | |

- | T T Y T . 1 T 1
-

0 1 2 g 4. & 8.7 & ¥
240 kHz Belgian/French Normalization

Figure 6-4 BeigiarvFrench Voltage Renormalization (7/8° Tubing) to
U.S. APC Calibration - Comparison of Correlation with
Mode! Boiler Data above 3.0 Volits



BELciAN PuLLep Tuse DATA

7 Tuses, 11 INTERSECTIONS

b J

GENERALLY GOOD AGREEMENT WITH MODEL BOILER BURST AND
LEAK RATE DATA

PROVIDES PULLED TUBE SUPPORT TO HIGH VOLTAGE
DATABASE NOT OBTAINABLE IN DOMESTIC PLANTS

TAPR22 03080



' RPC  Destructive Exam Leak Bateha(*) Buret Preceirel?)
Blant BowCol ISEmns(gmznm ¥ons MaxDepih Lengih® NormalOper SIB  Meas  Ad
(n.) o8 w5 8
B-1 R4CB1 5 5
E4 R26C34 3
R16C31 2
3
R4s5CS4 2
3 ;
R47CE8 2 |
3
4
R33C96 2
R19C38 2
R26C47 2 !
Catawta R7C71 2
Unit 1 3
ROC76 2
3
RSCo1 2
3
Noles,
1. Leak rates at operating lemperature and pressure differentials of 1300 psi for normal operation and
ammoamwmwmmmmmmmwxc.
2. Measured (Meas.) burst pressure and burst pressure adjusted (Ad)) w0 150 ksi for Sy+Su & room temperature
3. Vohage normalization for S50/130KHZ 1o 2 75 vohts on 20% ASME holes.
4 Craeummmmtum“ammmmwmmgmmm.
5. Measurement no reliable (N.R.).
€. uummummmmummwwmnnmrwmmmou
7. Not measured & 5501130 KHz. Volage renormalized from 300 KMz data.
8 uumnmmwmo.ovommwmqmmm

.

Table 6-7
Yé-inch Diameter Pulled Tube Leak Rate and Burst Pressure Measurements

separated from the burst crack.

Minimum burst pressure, &8 Mo ductils tearing extension of burst crack was found after burs! tast
wmmmo.wmmwdum-mwwmmmwrm
WWMhmodﬁﬂMﬁanﬂ%(MM



BursT AND LEAK RATE CORRELATIONS

FREE SpAN BURST CORRELATION
. STRUCTURAL LIMIT (3AP~0) oF 4.6 VOLTS COMPARED
T0 4.1 VOLTS IN PRIOR SUBMITTAL

AopITION OF SLB ProBABILITY OF LEAKAGE CORRELATION
. NEGLIGIBLE PROB. OF LEAKAGE <1.0 voLT
. 0-40% cHANCE OoF LEAKAGE up 1o EOC 3.5 voLTs
. AVERAGE PROB. OF LEAKAGE OF 2.6% for 1.0 voLr
BOC INDICATION

More ConSerVATIVE SLB Leax RATE CORRELATION
. FORM OF CORRELATION SELECTED FOR CONSERVATISM
IN LOW VOLTAGE REGION
. SEMI-INDEPENDENT DEVELOPMENT SUPPORTS
CORRELATION
- COMBINES VOLTS VS THRUWALL CRACK LENGTH
CORRELATION WITH LEAK RATE VS CRACK
LENGTH FROM CRACKFLO ANALYTICAL®MODEL

ANALYSIS METHODS SELECTED TO OBTAIN >90% CUMULATIVE
PROBABILITY ON LEAK RATE

CORRELATIONS DEVELOPED AND APPROVED BY EPRI ARC
COMMITTEE

TAPROZ2 03280



Figure 10-3

a b
Burst Pressure vs. Bobbin Volts, Final LS
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Figure 11-7: Probability of Leak vs. Bobbin Amplitude
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Figure 11-17

2335 psi SLB Leak Rate vs. Bobbin Ampiitude
3/4" Tubes. Mode! Boiler & Field Data

11 - 38
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F‘.gur. 11-18

2335 psi SLB Leak Rate vs. Bobbin Amplitude
3/4" Tubes, Mode! Boiler & Field Data




Table 12-3

APC Repalr Limit to Satisty Free Span Burst Requirements

llem ~Yolis Basis
Maximum Voltage Limit 1o ¥ b haie Burst Pressure vs. Voltage
Satisty Tube Burst Correlation at -95%
Structural Requirement confidence leve! (Section 8.3)
Allowance for NDE NDE uncertainty at 0%
Uncertainty cumulative probability with
implementation of NDE analysis
guidelines and probe wear sid.
Allowance for Crack Tables §-7 and -8 show average
Growth Between growttveycis of 32%. Allowance
Inspections conservatively increased 1o
40% of Tube Repair Lim#.
APC Repair Limit
o Acceptable Limit o "
10 Mee! Free Span
Burst Requirement
Note:
1. Voltage percentage allowances for NDE and growth rate/cycie applied 1o
Equivalent APC Repair Voltage Limit of 3.0 volts.

12- 17



SuMMARY OF IPC MARGIN ASSESSMENT

EOC VoLTAGES
. EOC vOoLTAGES EXPECTED <2.5 voLrt (99.9%
cuM.proB.) FOR BOC <1.0 voLT
. Maximum EOC VOLTS LESS THAN OR EQUAL TO THAT
FOUND FOR 40% DEPTH REPAIR CRITERIA

FREE SPAN BURST MARGINS
. Expect EOC capasILITY AT 90% cuM. PROB. OF
4825 ps1 cOMPARED TO 3AP., = 3750 psI
. EOC capaBrLITY AT 99% cum. proB. OoF 3830 ps1
COMPARED TO APg ., = 2335 psI

SLB LeakaGe
. SinGLE BOC = 1.0 vOLT INDICATION
- 97.4% CHANCE OF NO LEAKAGE AT EOC
- LEAK RATE PER INDICATION ~0.0002 cpM AT
~98.6% cuM. PrOB.
. LimiTing S/G C expecTED ~0.02 GPM OR WELL
LESS THAN 1 GPM ALLOWABLE LIMIT



Table 12-6

Typical Maximurm Bobbin Voltages for ODSCC st TSPs

Maximum Voltage Maximum Bobbin Yoltages Following 1.0v IPC
Year of Following 40% Prior inspection Prior inspection

Plant inspection Repth Repair Limit Bobbin >1.0v( APC NDD) -Bobbin <10v
Catawba-1 1982 354

S 1991 280

A-1 1992 330 -

A-2 1992 384

D-1 1992 2.02 - - -

s 1992 4.00 ase

L 1991 3.80 - e
1992 2.5101) 1.38(1)

P-1 1991 391 — .

Note:

1. Results of mid-Cycie inspection projected 1o EOC value. Indications confimed by RPC at

mid-cycle inspection.

12- 20
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Figure 12-2.
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Table 12-8

Catawbe-1 SLB Lesk Rate per Indication

BOC Voits 1.0 20 3.0

Allowances (+80% Cum. Probability)

© NDE Uncenainty 0.22 0.44 0.66

¢ Growth 0.49 0.49 0.49
EQOC Voits 1.7 283 415

© Monte Caric Cum.Prob. 92% 83% 94%
Expected Value Mode!

© SLB Leak Rate (gpm)(1) 0.00018 0.0031 0.013

© No. ind. per gpm 5,550 325 m”

© Monte Cario Cum . Prob. 9B.6% 96.8% 95.2%
Monte Cario Leak Rates (gpm)

©  90% Cumulative Prob. ~0 0.00011 0.0058

© No. ind. per gpm - 8000 172

o Monte Carlo Prob. of No Leakage  97.4% 86.2% 64.2%

hote:

1. Expecied vale model combines probability of leak with numerical average of leak rate
for +90% confidence on leak rate correiation.
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BOC.

0425
0475
0.528
0578
0.628
0678
0.728
0.778
0.828
0.878
0.825
0.978

hote:

Deterministic EOC 7 SLB Lesk Rate Analysis tor 8/G-C(1)

AV-NDE

AV

Table 12-10

ECC.

Locedainty  Growih  Yous

0084
0.108
0.116
0.127
0.138
0.149
0.160
0.171
0.182
0.183
0.204
0.218

049
0.4%
048
048
049
048
0.49
0.49
0.49
0.49
0.4%
0.49

1.009
1.060
1.131
1.182
1.283
1.314
1.378
1.436
1.497
1.558
1619
1.680

Expected Number of
0.0020 139
0.0028 86
0.0028 80
0.0051 80
0.0068 K}
0.0090 18
0.0117 21
0.0150 11
0.0187 25
0.0238 17
0.0295 ¢
0.0349 £l

Total /G C Leak Rate:
©  ltersNr
o gpm

Total SLB
Leakage [N
0.28
0.24
0.30
0.45
0.21
0.16
0.25
0.17
047
0.40
0.24
1

348
0.018

Monte Cardo Cum Prob.  95%

1, W&ecmm:aocmmmmmaz-znoemmm
Growth &t +90% cumulative probabilhy. Expecied value leakage model of Section 11.6.
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