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Fracture Mechanics Evaluation of the Indication [
in Weld NG-D-18 in the Recirculation System !

in the Oyster Creek Nuclear Plant j

:

!,

OBJECTIVE |

!

Weld NG-D-18 in the recirculation system has been subjected to the Induction |
Heat Stress Improvement (IHSI) process. During the refueling outage 13R, the ;

weld was examined ultrasonically. Two circumferential indications (one with an i!

axial component) and one axial indication were discovered during this ;
inspection. A subsequent UT examination during the December 1992 outage (14R) i

showed that these indications remained essentially unchanged confirming the |
absence of crack growth. However, a new circumferential indication (0.22 in. }
depth and 0.2 in. length) was found during this inspection. At the request of<

the NRC the new indication was evaluated without taking credit for IHSI (i.e., !

using as welded residual stresses). The purpose of this report is to document !

the fracture mechanics analysis of the indication to evaluate acceptability for.
,

continued operation for the next 18 months using the criteria of IWB-3600, ;

; Section XI, ASME Code 1992 edition. ;

f
_

METHODOLOGY AND ASSUMPTIONS !

!

The evaluation is performed using the criteria of IWB-3600 and Appendix C of i

Section XI, ASME Code [1]. The crack growth analysis 'is performed using thg |

crg- growth relationship recommended in NUREG 0313 [2]: da/dt - 3.59 x 10' !

K where da/dt is in inches / hour and K is the sustained stress intensity ,

Ifdctorinksi/in. The NRC crack growth rate curve for weld sensitized material I

,

4
: was used, but for K levels below 8 ksi/in a constant growth rate of 3.2 x 10

.

in/ hour was conservatively used. Residual stresses were consistent with the- |
; data in NUREG-0313 for large diameter piping. j

:

The analysis was performed using the' stress intensity formulation of Raju & !
Newman [3] since the indication was relatively short and could be characterized !

'as a semicircular surface indication. Crack growth analysis was performed
,

using steps of 100 hours with the K values updated at each step. Flaw
acceptance evaluation was performed using the methodology of Appendix C for |

| flux welds with the appropriate Z factors for shielded metal arc weldment. |
|

!
INPUTS !

!
,

Weld NG-D-18 is a pipe to pipe weldment with outside diameter of 36 inches and i
minimum thickness of 0.982 in. The UT measured thickness is higher, but for ;

the present analysis, the minimum thickness value is conservatively used. !

Other stresses are as follows [4]: j
|

'

Axial Pressure Stress (Pm) 7.95 ksi j=

Dead Weight 0.525 ksi |=

0.288 ksi !Thermal -

1.256 ksi !Seismic -
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The seismic stress is assumed to be OBE stress. Also, because of the small |
seismic stress compared to other stresses e.g., pressure and dead weight i

combined, the Level B condition is limiting. The weldment is made of shielded
.

metal arc weld material. i

I
i

] RESULTS

Because of the small crack length and the resulting use of semicircular flaw i

geometry, the applied stress intensity factor is small and the resulting crack
growth was small. Starting with an initial flaw of 0.22 in. depth, the final
depth at the end of 12,000 hours (or one fuel cycle) at temperature was ,

predicted to be 0.258 in. The allowable flaw size i.e., combination of flaw :

depth and length, per Appendix C and IWB-3600 is shown in the flaw evaluation ;

diagram (Figure 1). The initial flaw size and the predicted final size eit.er -

12,000 hours is also shown in the Figure. It is seen that the final flaw- size '

is well within the allowable size per IWB-3600 for SMAW material.
!

An additional analysis performed assuming a bounding 360* crack in the crack
; growth analysis also showed that the flaw indication is acceptable after 12,000

hours of operation.

f .

'

CONCLUSIONS ,

|
The fracture mechanics analysis performed for the flaw indication in weld !.

'NG-D-18 shows that continued operation without repair can be justified for over'

12,000 hours and that the criteria of IWB-3600 and Appendix C of Section XI, ;

ASME are fully satisfied. !
3
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FIGURE 1 i
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|
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Flaw Evaluation Diagram for Weld NG-D-18
,

Using Raju-Newman K Calculation i
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GE EXAMINATION SUMMARY SHEET

iReport No. R-005
Weld NG-D-18 in the Recirculation System .
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PROJECT: OYSTER CPEEK UNIT ? PROCEDURE, antiT 9ea REvr 1 rRR: OC14A-e2 [GPISI REV1 ;

wA t

M ,O/ SPYSYSTE!/g PFCIRCULATION
._ ..

ggg gVru?-104 REve 1 FRR: Re
|

WELD NO NG-D-19
!m,

.-S
CONFIGURATIONr PIPE TO PIPE ct c: N'A REYW FRR: N'A

ans/ - 8pD" # - J MA~ ,

. N/A *

EXAMINER? D WALT"*"mE'R LEVEL: am !
NDE METHOD: O ui O PT E UT O VT 1EXAMINERr m WNm LEVEL m

E CIRCUMFERENTIAL !.
*

""EXAMINER PA" ''*" LEVEL: n O mNCJTUDNAL O OWER WA

DATA SHEET NO.(S): ne neo n-m CAL SHEET NO.(S): e-eio c-ettN 'A twA
N'& NfA

J
4

DURPG THE ULTRASONC EXAMINATION OFTM A40VE RffERENCED WE1D.TF5|EE (3) NDCATONS A9pOC4ATED WITH GSCC ABC ONE (1) AX;AL
f

COMPONENT WERE RECORDED BY THE SMART 3DDD SYSTEM offt.1ZNG 45* SHEAR AND etr REFRACTED LONGfTLONAL WAVE SEAROH UNTTS. THE i
IICCaTONS tuVE THE POLLOWNG PARAMETERS. '

nc OLST. FROM TOTAL TWWALL REMAINN3 SCE OF TYPE OF SEARCH THRU-WALL '
e *L* REF. LfNGTH DMENSON IM M NT wtLD FEFLECTOR UNIT (S) %

*

1

1 C3.C* 3# .18' W UPST CFC/ PLANAR 45*140*RL 16% |
.

,

2 77 # # .16* W UPST C3ACPLANAR AS*S40*RL 14 % *

3 fc.1* 25* M'A N/A UPST AXiALCOMP.0F DC,81 dS*S
axial PCICATON REPORTED N 19919 70* COULD tot BE CONFIRMED DURN 3 THLS EXAMNATON {!

*

4
-

5 464' .:P .22" M UPST CIRC. PLANAR AS*SMTRL 15 %
* NEsY NDCATON * PREVOJSLY DISPOS. TONED AS ROOT GROMETRY N test

-Tt40WALi CDJENSON COtX.D NOT BE DETERMINED #C IS COfd. CERED TO BE LESSTHAN.10*. j,

k

SUSSEQUENT RE LOOKS #C TLAW R.DNQ PERFORMED MAftJALLY. 32DC WAS PERFORMED USP4 THE TP OlFTRACTON MET >CD (AATT). MANUAL
j l'CCATON ChAFAC*ER:ZATON #C LOCATON CONFIRMED SMART 2000 CATA RESULTS.

,

!
9

REALONG THAT *L* DIMENSONS OF THE RECORDED DOICATONS HAW 8HIFTED COUNTERCLOCVWISE. AS COWARED TO PREVOUS 1991 DATA.IT
MAS EEEN DETERMNED THAT #CCATONS * t. 2, & 3 ARE THE SAME HDCATONS PREVOUSLY REPORTED IN test. AND DISPLAY #C NCREASE N

LEtcTHOR THRJWALL DNENSON. BASED UPON THE CLOSE PROXIM.TY CF THE RECORDED NOCATONS. PREVOUS DATA. #C CORRELATON i
OF THE UNORACKED WELD LEtCTHS. IT IS CONCLUDED THAT SEARCH UN!T ZERO POSsTONS OF 1991 AND 19t2 EXAMifMTONS HAVE SEEN Pl. ACED

.

L

AT DIFFERENT LOCATONS NEAR THE Y STAMP WMCH IS UGED AS A REFERENCE POINT FOR ZERO POS: TON. INCONSISTMR ALONMENT OF THE j
SE. ARCH UNIT OVER THE REFEREtCE MAPX, LIMITED ACCESS TO DIRECTLY VIEWTHE REFERDCE MARK AND SEARCH UN'T WHLE ALONH3 ZERO -

.

POSITON. OR INADVERTANT PLACEMENT ON NEARB1f RFFFAFNCF MARKS N THE SAME LOCATION ARE PROBABLE CAUSES. i

!
. PCCATON 64. AFTE R MANUa4 RELOOKS.000;D NOT BE CONFRMED DURN 3 THIS EXAMNATON. IPCCATON #5 WAS NOT PREVOUSLY

i

RECORDED AS CSCC. HOWEYER IT WAS sus *tCT AND C:SPCS TONED AS ROOT GEOMETRY H 1986 DATA.

2N ADDITON TO THE RECORDED REPORTS &E pCCATONS. THE FOLLCWWG NO4 RELEVANT AND CECMLTRC INOCATONS WERE RECORDED-
|

THE 45* SHEAR WAVE RECORDE:D REDIRECTED SHEAR. ROCT Ato COUNTERBORE GEOMETRY.MC NO4RELENANT stCOATONS. .
THE f3 RL RECCRDED SHEAR COMPONENT. ACOUSTC DRERFACE, AND NO4 RELEVANT INDCATONS. i

#CCATONS DETERutNEO FROM LOCATON,3GNAL CHARACTEAtSTCS. COD PROFILN3.RtOOGRAPHS. AFC PREVOUS CATA. |
TV4 DIRECTONAL COVERACE WAs CE*AJNED F ROM BOTH SOES OF THE WE1.It '

CATEGORY BJ. ITEM EM A ASuE SECTON XL tese EDITON.'O ADDENDA. EXAM t C2724

1a u Av ewars O mre cxAme cem Am m e==anen 0 5x^* c=u'' '" co"$*"=" * iSA'A tqFS MLOW

ADDITIQh AL E AT A $WEITI* NA
, m.,. -

g y
coumfore Ors' W si wearaoce= R-79t rt9915 O Na en&=as

TCTAL DOSE
f1AhuMIGN Rf S%.LTS : CACCEPTABLA E UNAC tFTABLE, Ng Cp R&PORTARJ INDtCATIDNE: M MAN Af W

4

~n, ~

7mrA .DC_ Ib/7-97
/ JC 12-(7 ft., - REV;EWED BY 1EVEL DATE;

' ' DATA ANALY)dS BY 'LEVEL DATE
~

q

.Y = DArE _. - .
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