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2.0 FLAW DESCRIPTION

Weld 2B21-1FW-12AA-9 contains three identified flaws which are
axially oriented and essentially confined to the Inconel 182 weld
material [3). The flaws are all contained in approximate1§ 2 inches
of circumference. The girth weld material is Inconel 182 weld

metal, and the base material on either side of the weld in Inconel
600 .

These flaws do not present a significant structural concern, even
if through the original component wall, since they are axially
oriented. However, repair was considered to be necessary based
upon guidance in NUREG-0313, Revision 2 (1). Paragraph 4.4.2 notes
that axial flaws will generally require some form of repair.
Further, because of the observed depth of the flaws (70-80% of
wall), repair was prudent in any event, since they violated the
allowable flaw depth defined in ASME Section XI, IWB-3641 [4).

The flaws were evaluated as if they resulted from 1GSCC, since this

conservatively bounds behavior due to other possible causes, such
as thermal fatigue or fabrication.
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NUREG-0313 design basis. The pc~CRACK results are summarized in
Table 1. The analysis used the following input stress data:
P, = 6869 psi
P, = 0 psi
§, = 23300 psi

% 1.2 inches

well™
The use of P, and P, above conservatively bound the calculated hoop
membrane stress and the calculated axial membrane plus bending
stresses (which were determined from force/moment data provided in
Reference 6). The above S, is appropriate since all materials in
this location (base metal, girth weld metal, overlay metal) are
Inconel-type materials.

The design thickness for the weld overlay repair is 0.4 inches for
structural adequacy. This thickness is adequate to provide a
standard weld overlay repair for a 360' through-wall circum-
ferentially oriented flaw. In addition, allowance was included to
account for the worst case assumption of continued flaw growth intoc
the repair. The allowance was determined by assuming continued
growth at the rate defined by:

da/dt = 1,078 x 108 k2.2

from Reference 2. For the purpose of this flaw growth analysis, no
benefit due to residual stress improvement as a result of the
repair was assumed. In other words, a residual stress distribution
of zero was assumed. We believe that this assumption is
conservative. However, future inspections of this location will
determine whether grow continues subsequent to the repair.

SIR-91-028, Rev. 0 [



4.2 Allowance feor Continued Flaw Growth

As noted above, the design was based upon the NUREG-0313 "Standard
Weld Overlay". 1In addition, the design includes an allowance for
continued crack growth into the weld overlay. There is some
possibility of IGSCC propagation in Inconel 82-type material in
sulfur bearing environments. Such environments are not anticipated
at this location in the feedwater system, due to the high normal
feedwater flow and excellent water quality in the plant. However,
for additional conservatism in the present design, crack growth in
worst case environments is considered in the renair design and
analysis. It should be noted that NUREG-0313 considers Inconel 82
material to be resistant to IGSCC, so the design basis for the
present repair is conservative with respect to NUREG-0313
regquirements.

The design thickness required to meet the Standard Weld Overlay
requirements for this location is 0.4 inches. The allowance for
continued flaw growth is 0.2 inches. This allowance may be
considered to be sacrificial material to guarantee that the
structural portion of the repair (0.4 inches) is not degraded in
the unlikely event that the observed flaws continue to propagate
into the applied weld material.

For the purpose of post repair inspection of the weld overlay, it
is only necessary to demonstrate that the structural portion of the
repair (0.4 inches) is intact.

4.3 Overlay Repair Length

The overlay length is blended into the safe-end taper on that side

of the repair as noted in Figure 2. On the pup piece side, the
overlay is designed to extend to a full thickness length of at

SIR~91-028, Rev. 0 7









A simple finite element piping analysis of the feedwater riser and
safe-end region was performed to confirm this conclusion, The
finite element model is shown in Figure 3. The resulting stresses
at each of the Inconel weld joints in this line are shown in Table
2. These stresses are not expected to have a significant ‘effect on
these welds,

5.2 Radial Shrinkage Effects

Because of the concern regarding potential effects of radial
shrinkage on the thermal sleeve to safe-end junction near the
repair location, radial shrinkage due to the application of the
repair was also measured by GPCO. The measured radial shrinkage
was 0.002 inches to 0.004 inches, which is not significant. No
radial shrinkage related stress is anticipated at the repair
location, or at the thermal sleeve to safe~end junction.

SIR-91~-028, Rev. 0 10



6.0 CONCLUSIONS

The weld overlay design presented here conservatively repairs the
observed flaws in weld 2B21-1FW~-12AA-9 and meets the requirements
of the NUREG-0313, Revision 2 "Standard weld Overlay Repair". The
conservatisms inherent in this design are:

1. The design thickness of 0.6 inches is based upon maintaining
a structural overlay thickness of 0.4 inches at the end of two
operating cycles, assuming worst case continued propagation by
IGScCcC. Postulated IGSCC propagation is expected to bound
possible propagation by other recognized mechanisms. The 0.4
inches thickness is sufficient to meet the regquirements of the
NUREG-0313 standard weld overlay. Actual continued flaw
growth if any will be monitored during future inspections.

2. The observed flaws are axially oriented and appear to be
confined to the weld metal. These flaws present no structural
concern, even 1f they were through the original component
wall. The design basis flaw was taken as a through-wall, 360°*
circumferential flaw.

The shrinkage observed during the application of the rerair is
minimal in both the axial and radial directions. The repair is
expected to have insignificant effect on adjacent and nearby welds
in the feedwater system. In particular, no affect at the nozzle to
safe-end joint is anticipated.

SIR-91-028, Rev. 0 11
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Table 2

Shrinkage Stresses at Unrepaired Inccnel Welde

l wWeld Stress (Esii
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Figure 2 Weld Overlay Repair Design
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Figure 2 (continued)
-
NOTES

# mmm.udmnmumwxm_
memamm.hmnwmm
shrinkage. Amdnddp\mchmhhhbemphdwmtdysm
Mumdthemmbhednhmwddhddm.bheundmmm
that the repatr 18 estended at a later date. Measurements between all acts of

punchmarks shall be perfo—ed prior to welding,
2. Anp\mchmhmtobemdemlmdmwuhﬂmom.

3. mmmmmummmwwhmw
method. KWM&!MMW&WM&W
with overlay application. M@thwdmm
repatrs.

4. Uahbwthmuﬁ:mdmmgwddmnmhenpanedmmmnmmg
with overlay application. Dul@tmcknuoudetcrmtnedoutboarddmywnmlete

repatrs.

8. Delhfuﬂtedetmnﬂnaﬁandthcnntweldedhyuunotmquned.mcethuh
not pertinent to ERNi-Cr-3 weld material.

6. WeldovuhynpphuﬂonnbanbebythcnnomatedGTAWma.unmg ,
ERNI-Cr-3 weld wire. ,

Onthcdawnltxumtveuenddeotthercpvr.thcupurlhanbeblended
smoothly tnto the safe-end taper.

8. demgc‘anpnuuthanbegnnthemnd(ufemd)mdofthetepur.md
passes shall progress outward (upstream) to mintmize const-atnt stresses.

9. WWWMWWWWW.

10. Prior to welding, the outside diameter of the component shall be measured at the
eenteﬂmeofWeIdQ.andltbelﬂomnarbothcnd:ofthephnnedmpnm These
measurements ahiall be repeated following repair, as a measurement of radial

; Tile Weld Overday Repatr:  Feedwater 2 2
GFCO-19Q.001 Safe End to Pup Plece Weld k"“‘——-“‘—-
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