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Fracture Mechanics Evaluation of the Indication
in Weld NG-D-18 in the Recirculation System
in the Oyster Creek Nuclear Flant

OBJECTIVE

Weld NG-D-18 in the recirculation system has been subjected to the Induction
Heat Stress Improvement (IHSI) process. During the refueling outage 13, the
weld was examined ultrasonically. Two circumferential indications (one with an
axial component) and one axial indication were discovered during this
inspection. A subsequent UT examination during the December 1992 outage (14R)
showed that these indications remained essentially unchanged confirming the
~ absence of crack gruwth. 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 X1, ASME Code 19982 edition.

METHODOLOGY AND ASSUMPTIONS

The evaluation is performed using the criteria of IWB-3600 and Appendix C of
Section XI, ASME Code [1]. The crack growth analysis is performed using thi
crfg& 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
fsctor in ksi/Jin. The NRC crack growth rate curve for weld sensitized material
was used, but for K levels below B 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.

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 7 factors for shielded metal arc weldment.

INPUTS

Weld NG-D-18 is a pipe to pipe weldment with outside diameter of 36 inches and
minimum thickness of 0.882 in. The Ul measured thickness is higher, but for
the present analysis, the minimum thickness value is conservatively used.
Other stresses are as follows [4]:

Axial Pressure Stress (Pm) = 7.95 ksi
Dead Weight = 0.525 ksi
Thermal - 0.288 ksi
Seismic - 1.256 ksi
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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
combined, the Level B condition is limiting. The weldment is made of shielded
metal arc weld material.

RESULTS

Because of the small crack length and the resulting use of semicircular flaw
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, Lhe 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 urier
12,000 hours is also shown in the Figure. It is seen that the final flaw size
is well within the allowable size per IWR-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.

CONCLUSTONS

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.
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4)

ASME Boiler and Pressure Vessel Code - Section XI, Appendix C, "Evaluation
of Flaws in Austenitic Piping," The American Society of Mechanical
Engineers, N.Y., N.Y., 1989,

W.S. Hazelton and W.H. Kzo, "Terchnical Report on Material Selection and
Processing Guidelines for BWR Coolant Pressure Boundary Fiping," U.S.
Nuclear Regulatory Commission, Washington, Washington, DC, January 1988,
(NUREG-0313, Rev. 2).

1.5. Raju and J.C. Newman, Jr., "Stress Intensity Factor Influence
Coefficients for Internal and External Surface Cracks in Cylinders in
"Aspects of Fracture Mechanics in Pressure Vessels and Piping"," ASME PVP
Publication, Vol. 58, 1982.

Letter from S. Leshnoff (GPUN) to S. Ranganath (GENE) Dated 02.02/93 on
“ASME Section X1 IWB-3640 Analysis of NG-D-18 Indications,” followed by
Lletter Dated 02/04/93 on the Same Subject.



FIGURE 1

Flaw Evaluation Diagram for Weld NG-D-18
Using Raju—Newman K Calculation
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