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A meeting was held on March 2, 1992 between Virginia Power Company, Westinghous?
and the NRR at Une White Flint Buildinn, Rockville, MD, 1o discuss the status of the
North Anna Unit 1 steam generators. The meeting agenda inciuded discussions on:

Basis for Startup Approval (V.rginia Power)

Summary of SG Tube Eddy Current inspection Progiam and Results
(Virginia Power)

Detailed Discussion of Inspectici: Results (Westinghouse)

Tube Integrity Evaiuation (Westing house)

Operational Consicierations (Viryinia F ower)

Startup Basis Summary and Satedule (Vipinia Power)

P’ -

o ;e w

This document presents a compilatic  of *he presantaticn materials used by
Waestinghouse. Section 1 presents the materials used for the “Detailed Discussion of
inspection Results". Section 2 oresen's tne “1ube integrity Evaluation” presentatior
materials. Section 3 contains informarion which was not included directly in the
presentations to the NRC or March 2, 1992, but which was provided 10 supplement the
materials presented in Sections 1 and 2 of this report, as fo'lows:

Pages 3-2 10 3-7 pmvige cuppiementary data for the evaluation of tubes with
mixed mode degiadation at the TSPs. Pages 3-2 and 3-3 show eddy current data
from the 2-coil RPT for ube REC33-2H (SG C), which is one of 7 tubes shown on
page 1-18 wian mixad mode indications at the same edge of the TSP. Pages 3-4 1o
3-7 show ' data from 2-coil and 3-coil IPC probes for tube R14C10-2H (SG C),
which ha1 axial and circumferential indiations at opposite edges of the TSP (see
page 2-27); the ligures indicate that the 3-coil RPC did not improve resoluiion of
putential mixed mode inrdicaticns at the same elavation relative 1o the 2-coil RPC.

Page 3-8 shows a plot of burst pressure vs. crack angle for single throughwall and
segmented cracks. Page 3-9 shows burst pressure vs. crack angle for single cracks
w'th 50% ceap circumferential degradation beyond the throughwall region of the
crack. These figures supplement the tube burst capability summary or page 2-13.

Pages 3-10 1o 3-12 provide supplementary eddy current data on the tubes with the
iargest circumterential indications presented on page 2-14.

Pages 3-13 1o 3-15 provide supplemantary eddy current rata for the assassment of
WEXTEX and TSP MCis on page 2-21.

Pages 3-16 and 3-17 show eddy current data for tube R29C16-1H of SG C,
suppiementing the data for potential mixed mode cracking presented on
pages 2-24 to 2-26.

Page 3-18 provides eddy current data for tube R25C8 of SG B, which had the
largest WEXTEX circumterential indication in Zone 1 for the tube vibration
asscasment (page 2-31).

Page 3-19 provides eddy current data for tube R45C50-1H of SG A, which had the
largest TSP circurnferential indication in Zone 1 for the tube vibration assessment
(page 2-33).

Page 3-20 supplemenis the summary of the EOC SLB leakage evaluation presented
on page 2-36.



Westinghouse

Detailed Discussion of Inspection Results

D. D. Malinowski



NorTH ANNA #1
FEsruArRY 1992

TuBE PLUGGING SUMMARY

A B ¢
THROUGH 1991 163 425 650
WEXTEX (HL) (RPC) 15 10 i1
TSP (ML) (RPC) 143 148 178
OrHer (Boasin) 1 0 2
PREVENTIVE 7 2 10
Torar 1992 166 160 201
CuMULATIVE 629 285 851
%* PLuGGED 18.0% 17.3% 25.1%




NorTH Anna #1
FEBRUARY 1992

WEXTEX InspecTION ResuLrs

STEAM GENERATOR

# Tuses A B
SINGLE AxIAL 3 0
MULTIPLE AxzaL 0 0
SINGLE CIRCUMFERENTIAL 10 9
MULTIPLE CIRCUMFERENTIAL 2 1

C

® THERE WERE 0 TUBES WITH MIXED MOLE DEGRADATION

IDENTIFIED IN THE WEXTEX TRANSITIONS.

w200 ;02279
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NORTH ANNA #1
FEBRUARY 1992

TSP CrrcuMFERENTIAL CrACKS

ELEVATION ST:AM GENERATOR
A LY
SCI/MCI SCL/MCI

25/3 22/9
15/0 33/3
2/0 7/2
3/0 0/0
1/0 0/0
0/0 0/0
0/0 0/0

301 - SINGLE CIRCUMFERENTIAL INDICATION
MCt - MULTIPLE CIRCUMFEREMTIAL INDICATIONS

1102272

r

-

SCI/MCY

27/0
42/3
19/1
3/0
1/0
0/0
0/0
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NUMBER OF CBSERVATIONS

NORTH ANNA UNIT 1 ALL S/G’s
SUPPORT PLATE CIRCUMFERENTIAL IND.

t 40— _u.,-r_q.}i " W S P
i
l 30
o T ey Mt
i -30
J 1 {
-y [ Note: Crack leng! 5 are those of individual | |
; i cracks " 70
! - —— : ——— e e ¢ e e S — :
: l 60
80 1 i
? %
; E | 50
] i i
6(}%‘-- - — + ; 1— ¢ 4 —~ j
i ; 40
i : |
! i !
04— —— 4 i -4 } -30
? 1 | |
| | : ' | 20
20— — +—t bt il
| ' | 10
| ! i
i 1 3 1 | !
S — - 4 i _.. }-_L.__A—» ‘ SR _, - _.;_ﬁ.i‘_,__,,w-_lo
<30 60 TO 89 120 TO 149 180TO 209 240 TO 269 300 TO 329 '
30TO S50 90 TO 119 1I50TO 179 21070 239 27070 29y >330
[ y ' AR (T R e e g L
L- 1991 HISTOGRAM Il 1992 HlSTOGRAM —#— 1991 CPDF . 1992 CPDF

CUMULATIVE DISTRIBUTION FUNCTION



NORTH Anna #1
FEBRUARY 1992

TSP AxzaL (.acks

ELEVATION STEAM GENERATOR
B 3 ; c
SAI/MAI SAI/MAI SAI/MATL
1H 36/0 53/4 37/5
2H 24/2 14/3 41/1
3K 7/0 6/0 571
4H 5/0 5/0 8/0
54 21/0 1/0 1/0
N ; EH 3/0 1/0 2/0

0/0

SAl - SINGLE AXIAL INDICATION
MAL - WMULTIPLE AXIAL INDICATIONS
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NORTH AwNa #1
FEsruany 1992

WEXTEX CIRCUMFERENTIAL CrACK GrROWTH

24 WEXTEX CIRCUMFERENTIAL CRACKS WERE EV
GROWTH FROM 1991 1o 1992 USING RPC para.

ALUATED FOR
AVERAGE CHANGE*: 12.89 4+ 12.20
 Support PLaTE CIRCUMFERENTIAL CRACK

GrROWTH

23 TSP CIRCUMFERENTIAL CRACKS COULD BE EVALUATED FoOR
GROWTH FRrOM 1991 vo 1992 USING RPC para.

AVERAGE CHANGE*: 10, 50 + 12,20

“ALL NEGATIVE CHANGES SET TO ZERO.

DOM200Y : 022992



NORTH Anna #1
FEBRUARY 1992

I1SPs wiTH Borw CIRLbMFER&NI!AL
AND AXYAL Cracks

NO CASES uF MIXED MoDE OEGRADATION WERE DETECTED In
5/€ A anp S/G B

SEVEN (7) LOCATIONS WITH MIXeD MODE DEGRAPATION A1 THE
SAMc TSP EDGE WERE OBSERVED IN S/6 €

MINIMUM
ELEVATION Tuee Epce* CIRCUM. SEPARATING LIGAMENT

TSP #1 R29C16 + 750 » 259
R3IC43 730 » 390
R18C46 + 690 > 690

R10C29 1190 >1130
R8C33 760 > 370
R29C64 910 > 270

+ 630 > 170
R30C67 + 1330 > 200

DATA uas ACQUIRED WITH 2X RPC PROBE, FOR CLOSEST
AXIAL-CIRCUMFERENTIAL PROXIMITY 3 corL ZeTec PROBE
WAS USED; NO APPARENT IMPROVEMENT IN RESOLUTION.

ALL THESE INTERSECTIONS WERE JUDGED T0 BE ACCEPTABLE
AGAINST Tuse HURST CRITERIA.

+ UrPER FDGE
Lower Epge
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North Anna Unit 1
Steam Genera’ Jr Mid-Cycle Inspection Outage
NRC Startup Approval Meeting

March 2, 1992

Westinghouse

Tube Inteqgrity Evaluation

T. A. Pitterle

This packuge contains information proprietary to
Westinghouse Electric Corporation.



TUBE INTEGRITY ASSESSMENT

Discussion Torics

) GrROWTH RaTES: '92 RPC vs '91 8X1

"THSPECTION TRAN. (&r"' L JERATIONS

ACCEPTABLE INDICATIONS "OR BUPST AND VIBRATION
f (WCAP-13034)

o Tusr INTEGRITY EVALUATION
@ LARGEST SCI AnD SA] ASSESSMENT

® MULTIPLE CIRCUMFERENTIAL INDICATION ASSESSMENT
- Tuse BursT TESTS
~  ASS. SSMENT

® POTENTIAL CoMBINED CIRC. & AXIAL ASSESSMENT

SUSCEPTABILITY TO TuBe VIBRATION

EOC SLB Leax RATES



GROWTH RATE COMPARISONS

RPC: 92-'91+ gxl. '91-°
WEXTEX 15Ps WEXTEX

AVERAGE 260 21¢ 300

90% Cum. 570 4’ 600
PROBABILITY

95% Cum
PROBABILITY

L

MEASURED GROWTH FOR SHORY CYCLE (254 vs 506 EFPD)
MULTIPLIED BY FACTOR OF TWO FOR FULL CYCLE

COMPARISON \
® 24 WEXTEX Inprcartions In '92 vs 112 Iwno
N 91
¢3 TSP Inp. IN '92 vs 77 Ino. IN '91
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WEXTEX Cumulative and Interva! Crack Growth
Distributions

ik

@ <
™~ o &

Growth (Dsgress)

. 1982 RPC == 8x1 Cumulative - 1882 RPC

WCAP.-13034) Growth % (WCAP-13034) Cumulative %

Chart WEXTEX Growtt




TSP Cumulative and Interval Crack Growth
Qistributions

of indicahons

cont (%)

Pe

&
. 2
~4
-y
\
l ’—n.
-l e - v G— s n . 5

0 20 30 40 30

Growth (Dugrees)

Growth W 1992 RPC € Bx1 Cumulative ~#-19882 APC
AP-13034) Growth % (WCAP-13034) Cumulative %




"INSPECTION TRANSIENT" CONSIDERATIONS

ProdecTIONs (18 mM0.) or WCAP-13034
¢ WEXTEX ProOJECTIONS

= PROJECTIONS BASCZD ON 8x1 INSPECTION WISTORY
SIGNIFICANTLY OVERESTIMATED NUMBER AND SIZE
OF INDICATIONS

= TYPICAL OF CYCLE FOLLOWING AN "INSPECTION
TRANSIENT" (FIRST APPLICATION OF MORE
SENSITIVE, RPC proBE)

¢ TSP ProsecTiOons

= PRIJECTIONS BASED ON 8x1 WISTORY
UNDERESTIMATED NUMBER AND SIZE OF
INDICATIONS

= TYPICAL OF CYCLE HAVING AN "INSPECTION
TRANSIENT"

- FEWER INDICATIONS WOULD BE ANTICIPATED NEXT
CYZLE

N
»

TAPR2026: 022992



WEXTEX 1882 EQC Projections vs. Actual

L
o]
)
N
<
U4
i
&

ber of

Num

l‘!Il Al

"4 ] Yyl 'y e 'y
- e < ™ - <«
— - N N &N
-
(&

rack Angle (Degrees)

nths W 1082 Actual Atter




TSP 1882 EOC Projections vs. Actual

Lservations

i)

of

Number

d

"y ")
- “w L
- - 3

.- o

Crack Angle (Degrees)

vy
wx

- Projections 18 Manths | RETP Actual




ExampLe oF "INSPECTION TRANSIENTS"

NORTH ANNA-1 PLANT A

WEXTEX TSP WEXTEX
CvcLe Berore RPC 28 110 0
RPC "INspecTION TRANSIENT" 216 212 56

CvcLe AFTer RPC 31 TBD 2

TAPR026: 022992




REG. GUIDE 1.121
CRITERIA FOR THRU-WALL CIRCUMFERENTIAL CRACKS

TUBE BURST CAPABILITY OF THREE TIMES NORMAL OPERATING
PRESSURE DIFFERENTIAL

ADEQUATE MARGIN AGAINST RAPID CRACK PROPAGATION AND
TUBE RUPTURE UNDER ACCIDENT CONDITIONS

® CRACK PROPAGATION FROM TUBE VIBRATION UNDER
NORMAL OPERATING CONDITIONS INCLUDED IN THE
EVALUATION
LEAK RATE LIMIT THAT PROVIDES LEAK BEFORE BREAK
ALLOWANCE IN ACCEPTABLE CRACK LENGTHS FOR EC

UNCERTAINTY AND GROWTH (PLANT SPECIFIC) BETWEEN
INSPECTIONS

CORFIRM ACCEPTABLE LEAKAGE DURING LIMITING ACCIDENT
CONDITION

@ STEAM LINE BREAK IS TYPICALLY LIMITING




TUBE INTEGRITY ASSESSMENT

APPROACH

2/92 INSPECTION RESULTS TyrpicalL oF ExpecTeD AT [nD OF
NEXT CYCLE
@ CYCLE LENGTHS
- 254 EFPD pPrIOR CYCLE
252 EFPD NEXT CYCLE

PERFORM TuBE INTEGRITY ASSESSMENT FOR 2/92 INSPECTION
RESULTS
@ CONSERVATIVE FOR Next EOC
- 100% RPC inspecTrON OF H.L., TSP
INTERSECTIONS
TuBe BURST ASSESSMENTS
- SincLE CrACks
- MCls
POTENTIAL MIXED MODE
SUSCEPTIBILITY TO TUBE VIBRATION
SLE Leax RaTes




BOC

|
35°.75°
i‘ >50% /\

Detectability
Threshold

0% Depth

Detectabiity
Threshold:

"N

« 23° Throughwall
¢« 40* Segmented

12

4 &.C




CIRCUMFERENTIAL AND AxIAL Crack TuBE BURST CAPABILITY SUMMARY

CrRACK MORPHOLOGY 34PN 0. APsLp

CIRCUMFERENTIAL CRACK ANGLES

- - b.C
SEGMENTED CRACKS
7NGLE CRACK

SINGLE CRACK wIiTH 50%
Deep CrACK ”

AxIAL CRACK LENGTHS ~ INCH

" p B
SeGMENTED CrRACKS

SinGLE CRACKS

« 13

ro

TAP2026: 022672



BUurRsT CAPABILITY ASSESSMENT

WEXTEX CIPCUMFERENTIAL INDICATIONS
o 1990 LarGeST WEXTEX CIRCUMFERENTIAL INDICATION
- S/G B, R25C36
® ALL INDICATIONS MEET 3P BursTt CapABILIVY
- 1¥or expecTen sesMENTED crACK
MORPHOLOGY
B [ lron THROUGHWALL CRACK
TSP CIRCUMFERENTIAL INDICATIONS
¢ Two INDICATIONS HAVE RPC CRACK ANGLES EXCEEDING
L ron 3LP FOR UNIFORM, THROUGHWALL CRACK
¢ 2400 @ S/G A, R34C42, 2H
- DEEPEST PART OF CRACK ~1340
e 2399 @ $/G A, R18C39, 1H
- DEEPEST PART OF CRACK ~ 96°
® ALL INDICATIONS EXPECTED 7O MEET 3L P BURST

CAPABILITY

1A2026 : 022692 2 - 14



BURST CAPABILITY ASSESSMENT

AxiaL INDICATIONS EXTENDING OQuTsiDe TSP

o MaxiMuMm LENGTH OF 0.54" 1LESS THAN PRIOR OUTAGES
ofF ~0.9"

- RPC LENGTHS SHORTER THAN BOBBIN LENGTHS

USED PREVIOUSLY DUE TO REDUCED LEAD-IN AND

LEAD~QUT EFFECTS FOR RPC COMPARED TO BOBBIN
- WESTINGHOUSE ROLL TRANSITION STUDIES

INDICATE MEASURED RPC LENGTHS SHOULD BE
REDUCED By 0.1 INCH.
EPRI NP-6368-L ALSO SHOWS GOOD AGREEMENT OF
RPC LENGTHS WITH PULLED TUBE DATA.

CRACK LENGTH OF 0.72" MEETS 3..P BURST CAPABILITY

FOR EXPECTED SEGMENTED CRACK MORPHOLOGY

AXIAL INODICATIONS AT TSPs MeEeT 3..P BURST

CAPABILITY




MCI BursT CAPABILITY ASSESSMENT

MINIMUM LIGAMENT BETWEEN CIRCUMFERENTIAL INDICATIONS
® RPC LIGAMENT CALL REQUIRES RETURN TO NULL POINT
(BACKGROUND) BETWEEN CIRCUMFFRENTIAL CRACKS
¢ TPC LIiGAMENT REQUIRES 300-350 (0.2"-0.25")
BETWEEN DEEP CIRCUMFERENTIAL CRAC . ; DUE TO
RESOLUTION (COIL LEAD-IN AND LEAD-OUT EFFECTS)
LIMITATIONS
~ CONFIRMED BY MEASUREMENTS OF EDM NOTCHES
® MINIMUM LIGAMENT IN MCIS = RPC LIGAMENT ANGLE +
300
RPC MEASUREMENTS OF THROUGHWALL CRACKS OVERESTIMATED
gy ~300
- 80 REDUCTION IN ANGLE CAN BE
CONSERVATIYELY APPLIED AT EACH
END OF CRACK

TAP2026: 022692 -
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BURST TESTS ¥OoR MULTIPLE CIRCUMFERENTIAL INDICATIONS

BursT TESTS

OBJECTIVE

% ONFIRM ACCEPTABLE LIGAMENTS ror MCIs 1o MreT
STRUCTURAL INTEGRITY REQUIREMENTS

RESULTS

@ MCI BURST CAPABILITY WITH MINIMUM ACCEP TABLE
LIGAMENTS EXCEEDS BURST PRrSSunE OF SCI wavinG
SAME TOTAL CRACK ANGLE

= MIKIMUM ACCEPTABLE LIGAMENT = 300.350
FULL THICKNESS
MIHIMUM ACCEPTARLE LIGAMENT = 600.700
WwiTH 50% DEEP CRACK




Tube Burst Test Results for MCls

wngle Gucudmisteatial _Sigl

Multiple Symmetric Cloumierential Slots

Multinis Non-Symmetac Cucumiarantial Slots




BURST PRESSURE VERSUS TOTAL CRACK ANGLE

é 7/8X0,080 INCH TUEBING WITH TSP RESTRAINT - be

I




MCI BursT CAPABILITY ASSESSMENT

WEXTEX MCIs

¢ 5 NS IDENTIFIED

¢ SMALLEST RPC LricamenT = 120 (S/G A, R24C33)

@ MINIMUM LIGAMENT ~42V AND SUM OF CRACK ANGLES
<2189 ArTER RPC RESOLUTION ADJUSTMENT
ALL MCT Lricaments eExccep 30-350 LIGAMENT S12F
REQUIRED FOR MCI BURST CAPABILITY TO EXCEED THAT
OF SINGLE CRACK WITH A 700 LIGAMENT
ALt WEXTEX MCIs Meer 3P BURST CAPASILITY

TSP MCls
9 15 MCIs IDENTIFIED
o MinimuMm RPC LIGAMENT FOR ALL 15 MCIs ~410
«  MINIMUM LIGAMENTY ~710 arTER RPC

RESOLUTION ADJUSTMENT
LIGAMENTS EXCEED 60-70° LIGAMENT SIZE
REQUIRED FOR MCI 3P BURST CAPABILITY

¢ ALl TSP MCIs MEET 3..P BURST CAPABILITY
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EvALuaTION FOR POTENTIAL MIXED MoDE CRACKING

14P0ccunuluc:s IN S/G C oF Circ. anp AxIAL IND. AT SAME
TS
® 7 OCCURRENCES WITH AXIAL ON OPPOSITE EDGE OR
INSIDE TSP COMPARED TO CIRCUMFERENTIAL CRACK
= NOT A CONCERN FOR MIXED MODE CONSIDERATIONS
¢ 7 OCCURRENCES WITH AXIAL AT SAME EDGE AS
CIRCUMFERENTIAL
« EVALUATED FOR LIGAMENT BETWEEN AXIAL AND
CIRC,

MInimum RPC Licament 1s 209 ror R30C67, 2M
® MINIMUM LIGAMENT OF 280 AFTER ADJUSTMENT FOR
RPC RESOLUTION
» Mx?;nuu LIGAMENT REQUIREMENT .0

e ALL LI?‘ "3 FOR POTENTIAL MIXED MODE CRACK
EXCEED  AND woULD MEEY 3P BURST CAPABILITY

TAP2026 1022642
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LONES FOR TUBE VIBRATION ASSESSMENT

WEXTEX ZonNES FOR INITIATION OF CRACK PROPAGATION
@ ZONE 1: INITIATION AT TW ANGLES OF |

- 020 TuBES )
ZONE 2: INITIATION AT TW ANGLES OF

- 344 Tuees )
ZONE 3: INITIATION AT TW ANGLES OF

- 940 Tuses |
ZONE 4: INITIATION REQUIRES TW ANGLES
- 1484 TuBES

- 90% oF WEXTEX CIRCUMFERENTIAL INDICATIONS
OCCUR IN ZONE 4.

LONZIS ALSO ENVELOPE CRACK PROPAGATION FOR
CIRCUMFERENTIAL INDICATIONS AT BOTTOM OF 1sT TSP
® TURRULEMCE INITIATION AT | IN ZONE ]

MINIMUM ANGLES FOR CRACK PROPAGATION IN EACH ZONE APPLY
TO ONLY & FEW TUBES IN THE ZONE.
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AccePTABLE RPC Crack ANGLES FOR TuBe VIBRATION

WEXTEX PWSCC TSP opscc (1)

TW ONLY TW+ 50%(2)
ConservaTIVE TW CRACKS . ) '
0 PeERIPHERAL REGION p

- TURBULENCE
-~ FLUIDELASTIC

0 CenNTRAL REGION

- TURBULENCE
~ FLUIDELASTIC

5

EXPECTED CRACK MORPHOLOGY
0 PWSCC SecmenteEp CRACKS - o B0
- TURBULENCE
~ FLUIDELASTIC
0 0ODSCC MopeL
-~ PERIPHERAL:
TURBULENCE
FLUIDELASTIC
- CENTRAL:
TURBULENCE
FLUIDELASTIC
NOTES: .
1. LIMITING CRACK ANGLES AT TSPs APPLICABLE TO ’
BOTTOM OF 1sT TSP ONLY. HIGHER ELEVATIZNS TO
BOTTOM OF TOP TSP REQUIRE TW CRACK ANGLES
i | EVALUATZD FOR CRACK PROPAGATION DUE TO
VIBRATION
THROUGHWALL cnacxl

MOST LIMITING PERIPHERAL TURE LOCATICNS
0DS¢C MoDEL ASSUMES



TuBe YIBRATION ASSESSMENT

WEXTEX CIRCUMFERENTIAL INDICATIONS

CRACK PROPAGATION DUE TO VIBRATION DOES NOT OCCUR FOR

EXPECTED SEGMENTED PWSCC CRACK MOZPHOLOGY EVEN FOR

CRACK NETWORK ANGLES

LARGEST CRACK ANGLES

¢ Zowne 1l: S/G B, R25C8 - 157° (FieLp-1429)
-~ MWELL DEFINED CRACK ANGLE ~1070
- PossipLE TW ANGLE MINIMUM ZONE 1 OR
| AT R25C8 NECESSARY FOR TURBULENT
CRACK PHOPAGATION AT THIS LOCATION
- OnLy 1 WEXTEX cImc. INoICATION IN ZONE 1
@ JONE 2: KO CIRCUMFERENTIAL INDICATIONS
s Zoi.e 3: S/G A, R21C23 - 1189
= Two WEXTEX CIRC. INDICATIONS IN THIS ZONE
HAVE RPC CRACK ANGLES MINIMUM TW
ANGLE FOR CRACK PROPAGATION
o Zowe 4. S/G B, R25C36 - 1990
- ALL WEXTEX CIRC. INDXCATIONS IK THIS ZONE
HAVE RPC CRACK ANGLES MINIMUM TW
ANGLE FOR CRACK PROPAGATION

CONCLUSTYON
® Ho WEXTEX INDICATIONS SUBJECT TO CRACK
PROPAGATION DUE TO TUBE VIBRAYTION.
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TuBE VYIBRATION ASSESSMENT

TSP CIRCUMFERENTIAL INDICATIONS

POTENTIAL FOR CRACK PROPAGATION Exrsrts OnLY FOR TSP

Circ. INDICATIONS AT BoTToM OF lst TSP

® Nu CIRCUMFERENTIAL INDICATIONS FOUND ABOVE 5TH
TSP

@ 31 CIRC. INDICATIONS OF BOTTOM OF lsT TSP

LARGEST CrACK ANGLES AT Borroil oF l1lst TSP
@ ZonNe 1: S/G A, RA5CS5C - 1679
- WELL DEFINED, DEEP CRACK ANGLES ~930
- POSSIBLE TW ANGLE MINIMUM IN ZONE 1
OR AT R45C50 NECESSARY FOR
TURBULENT CRACK PROPAGATION

- REMAINING 6 CIRC. INDICATIONS <1040 RPC
ANGLE

@ Zowne 2: S/G B, R15C9 - 121° . .
= ALL 3 INDICATIONS IN ZONE 2 ARE _

MINIMUM TW CRACK NECESSARY FOR PROPAGATION
e Zowne 3: S/G C, R17C80 - 1739

- ALL © INDICATIONS IN ZONE 3 ARE

MINIMUM TW CRACK NECESSARY FOR PROPAGATION
¢ ZonNe 4: S/G A, R18C39 2390

- ALL 15 INDICATIONS IN ZONE 4 ARE

MINIMUM TW CRACK ANALYZED FOR CRACK
PROPAGATION

y
- |

- W5

TAPR028 : 022962
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TuBE VIBRATION ASSESSMENT
MCY anD Mixep Mope

MCIs
o WEXTEX
-  ALL MCIs 1nx Zowne 4
- NO TUBE VIBRATION CONCERN EVEN AT SUM OF
CRACK ANGLES
@ TSPs
- No OCCURRENCES OF MCIs AT sorTom oF 1st TSP
MIxep Mope
o WEXTEX
- MO OCCURRENCES
@ 15Ps

NO OCCURRENCES OF CIRC. + AXIAL AT BOTTOM
EDGE OF 1sT TSP




EOC SLB Leaxage EvAL \TION

METHODS OF ANALYSIS Per WCAP-13034

EOC SLB Leaxace

0.43 gpM: WEXTEX CIRCUMFERENTIAL
20.4 gpM: TSP CIRCUMFERENTIAL
3.80 apM: TSP AxxaL
24.2 GepM: ToTaL




NORTH ANNA-1 TUBE INTEGRITY ASSESSMENT
OveraLl CONCLUSIONS
OPerATION TO END OF NEXT PLANNED OPERAT MG CYCLE (252
EFPD) 1s acceptaBLE AND MEETS R.G. 1.12% SUILCELINES

Tuee BursT REQUIREMENTS (3/.P) ARE MET AT EOC rom SCls,
MCIS AND POTENTIAL MIXED MODE CONSIDERATIONS

THE POTENTIAL FOR PROPAGATINN OF CIRCUMFERENTIAL CRACKS
DUE TO TUBE VIBRATION IS NEGLIGIBLE

GROWTH RATES OF CIRCUMFERENTIAL CRACKS ARE MODEST
¢ AVERAGZ OF 210-260 per 18 MONTH CYCLE

THE ESTIMATED EOC SLB LEAK RATE IS ~24 GPM

¢ 100% RPC InNsPECTION AT TSP3 LIKELY TO REDUCE TSP
INDICATIONS AND POTENTIAL LEAKAGE FOR NEXT CYCLE

TAP2026: 222692



North Anna Unit 1
Steam Generator Mid-Cycle Inspection Outage
NRC Startup Approval Meeting

March 2, 1992

Westinghouse

Suppiemental Information Package

This package contains information proprietary to
Westinghouse Electric Corporation,

3 -1
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PRESSURE VERSUS TOTAL CRACK

7/6X0.0850 INCH TUBING WITH TS
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BURST PRESSURE VERSUS TOTAL CRACK ANGLE

¥ B gniig
“oAiveM TODING WlTH T5F ReSTRARIN

[
|

-




NORTH ANNA 01/10/92 INLET UNIT: 1

fcrnciaxin |

Y
-

RICGER

. 8 s LiWS:
{n

!
|
e emreriom:
RIAAWET FTSIITRR
H
5

S

B.
TRisseny

Mwm,
Lol

{
!
!
|
i

T168

™ 3
191 0EG

Y.
‘

19@ Khs
AXim YiEX

IROIRCIRENT 1AL EX

o

| conbesmamnes

o N e .. PO

— -




9

PRI

'3

.
&v &

A REE

UNIT:

01/18/9% INLET

NORTH ANN)

l
|
|

|
|
|
3
|

B aaa aumm O ——

[ o] o
w | a lwun

——

Rival] >eesuy

W

s
v
e
&
o

$rdd

e

T suw

szﬂt.

RN WSRO

ERITERE B =

AN & - =
4 fat
miwesy | WM

\ Sl w
R !
U

TAN3 WilNFEAAST8!D

WA WINY

s

—

B

»
~
e —
-

€MD NN PR

[ 4  —

‘tl

L 3

£

A b — . \— ¢ —n« 5o 2os
|

- - —p - “
HPHHWHHMN.IEV i * ,rbﬂﬂwﬂkh, T
kli!ﬂimwww

;A.’J

i
-N.EEH 8% 1

X3

L

O s s b+
i

—rag———

L L1 0 L 8 . A . A W P e 3

Pormas s - wvaare g e § e w
|

+ 31



§G: A REEL: 14 pRry

1

NORTH ANNA . 01/18/92 INLET UNIT:

A\
Y MM A AANMAA_
v . f//..\.l\./ s ————

i Nl b8 IN3 WINY
Tvar winy

>

=\ ferb

A VAN \\ 330 62 G WiIKRAN0E!)
, AR _ M3iA Wixs
TR AR A S //, i Ny
Al .» __«, ! 0y N .'. v ;
5 A t ¥ - -

———— ~
T e W TS ;— e 4
L 83 (e %
P e ——— ——
wi 1 5193181 s T —
Etu] Tl sammia //,/
(LY VPP Y T CEENSRLL BB r\\uu
«® Y S 2w

L 11 ‘WRiiRiee ol

81} R IFL IT s

Fs ] s - nete - i |
- M |« » D T4 eet ¢ {acw | acw jex]




-
“

4
) 4

1 ..
A y

INLET UNIT:

-
-

2
g

01/17/%

o
|
|
|

_“
{
_« p !
|
| |
—— L AAL ] Wexe o]
. sl DVEL Wixy
v e ey i
{ | m |
e _
Ve ! ‘ 9\
r $ > 71 \)
. — —— , A (7l N\ /
r - -~ fy% e - wnﬁ.l ‘ltuh.,Ay/ 5. o gx M . \‘ w / ‘.,
—— e ! \ ] W
— Sen e — :
— N e e - | 230 &1 10 1:.:-:-6-3 ;
i e S — — e e g y R
| < TR —~— : : HIIA WIKY
- \\, e LSRN - — = ” T W
s \ : , =y

- \H 3 P b o, = T : = $ &
e - = s \ w e

s N\ : " ! ,
& — - * ﬁ

|

|

..&- e

irRsia
iz
41

£
108 2 5N

ALl gt e bt g b i B e

[a39918:]

e/t EENR/NE L T EE
fEITWN & ™
L IRL It {
SEIANi0E 5 H B

s
! v b HD TVE 98K

oz 9 94

P ————— - —————————————

—J ——— e oy et

a™

e ————— A —————r——

T ——————— ————— i e —r———

e ———

w




NORTH ANNA

——

B aa

— ey

;:cnz b ol ad : o
[ = M i

u—a >}

M s |

PIvRL Wixy

WEEIAE 8 W

EIAB0E

‘L ABiEE &
O £

Wi - 153 WKy |

<

n.‘

et — |

J\L : L3 W AN eTRD

e ———————

f N3sh WIAY
- T —




NORTH ANN.. 01/31/92 INLET UNIT: 1 SG: & REEL: 229 RES

s$re

398 PLT CAND W ANBEINONEY

RIIA Tl

_LLJ{‘J

st




ANLET

ANNA

H

S

wnw. ¥iindEl

gies i YNV EID]

AL TR

T




e — v ————

TR TR

“ilA Wikw

:
w
i
3
|
m

isei| - ViG NS 8
a8

P &1 8 ’Dssv,!wv- MQ“.W"

w | m Jeaual
Tyl m ]
¥ -5
s 0I5 o BBzl
tq1 B2} 62 E 3




S1 °LM3 WIINGEISN0E1) |
nIix Wiky

S ———

—

oy g 1 m ¢ ™ izl &9
R g ~'4 w : isi e}
\“1..1.40;, ’ ) W...”fsa;n
NSi | ws: h»..u:wh — !
H u. | WSi (Bl Beril N NLe RWRWIN
fEiTmeE 8-
-l o -

i Lhaee E
4 T
m ¥ =

]
.

N}

r
~"

NORTH




. e ——————————————————

— W

e {31+

e R L T T Y

335 €6 LK) WilGEISNORID

Mia Wiy

i -

&
|
.
z

fO4/92

vV &

N9

p——— :
e e
et ] samewsga;

P |
o :
e S Ll BN
ilIEmE 8 =

sl s - {

BEIASies X a B

wis 4 B

| sl

- P——u“w‘-— B et - . e e -

NORTH ANNA




LFAK RATE VERSUS CIRC "MFER"’NTIAL CRACK ANuLE

SEGMENTED CRACKS IN 7/8x0.080°' TWBING




