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Ladies and Gentlemen: 

By application dated January 26, 2017 (ADAMS Accession No. ML 17026A438), Southern 
Nuclear Operating Company, Inc. (SNC) submitted Request for Alternative VEGP-ISI-AL T -13 
for the Vogtle Electric Generating Plant (VEGP), Units 1 and 2. Alternative VEGP-ISI-AL T-13 
proposes an extension of the third inspection interval for the VEGP Category B-N-2 and B-N-3 
examinations (visual examinations of the reactor vessel interior attachments beyond the beltline 
region and the core support structure) from 10 to 20 years. By letter dated March 22,2017 
(ADAMS Accession No. ML 17075A034), the Nuclear Regulatory Commission (NRC) staff 
issued a request for additional information. Enclosure 1 provides the SNC response to the NRC 
RAJ. Enclosure 2 provides supplemental information regarding the effect of post-weld heat 
treatment on the susceptibility to primary water stress corrosion cracking of Alloy 
600/82/182/132 materials. 

This letter contains no NRC commitments. If you have any questions, please contact Ken 
McElroy at 205.992.7369. 

Respectfully submitted, 

J. J. Hutto 
Regulatory Affairs Director 
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SNC Response to NRC RAI 

RAI-1: 

The licensee states on page E-4 of VEGP-181-ALT-13 that it is unaware of any industry 
operating experience related to primary water stress corrosion cracking (PWSCC) for similar 
vessel attachment welds made of 82/182 weld material and the Alloy 600 base metal. 

Please provide: 

a) The RPV attachment component stresses due to mechanical, thermal, and interference 
fit. 

b) The temperature of the RPV attachment component during operation (an important 
factor in PWSCC). 

c) An assessment of the environment condition to discount PWSCC as a degradation 
mechanism for the vessel attachments. 

d) Information on the remaining residual stresses in attachment welds after complete 
vessel post-weld heat treatment. 

SNC Response to RAI-1: 

RAI-1 concerns the potential for PWSCC of the Alloy 600/82/182/132 materials associated with 
the welds attaching the core support lugs to the inside of each Vogtle reactor vessel. 

As discussed below, PWSCC is unlikely to affect the Alloy 600/82/182/132 materials associated 
with the welds attaching the core support lugs during the alternative reexamination period. 
Moreover, no consequences would result in the unlikely event that PWSCC were to affect one 
of these attachment welds. 

The requested information is as follows: 

a. The RPV attachment component stresses due to mechanical, thermal, and 
interference fit. 

Per the reactor vessel design basis reports for Unit 1 and Unit 2, the stresses 
resulting from these load sources are considered at the interface between the Alloy 
600 lug and the weld and the interface between weld and the RPV shell. Normal 
operating conditions were evaluated in the design report for a circumferential load 
due to interference, along with vertical and radial loads due to frictional forces 
retarding growth in these directions. The maximum membrane plus bending stress 
anywhere on the interface between the lug and weld due to normal operating 
conditions is calculated to be about 8.5 ksi. The stresses applicable to normal 
operation are relatively low compared to the yield-level stresses (roughly 25 to 50 ksi 
and higher) that are significant for PWSCC initiation: 

In addition, a second load case is evaluated that considers a single vertical load due 
to insertion if alignment fails to be smooth.t These insertion case stresses are lower 
than those for the multiple load case for normal operating conditions. The insertion 
stresses, which do not affect the potential for PWSCC, occur each time the core 

• Materials Reliability Program: Experimental Plan for Primary Water Stress Corrosion Crack Initiation Testing 
(MRP-404), EPRI, Palo Alto, CA: 2015. 3002005501. [freely available for download at www.epri .com) 
t Vibration loading is also considered in the vessel design basis report. The magnitude of the vibration loading is 
about an order of magnitude lower than other loads. 
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barrel is inserted. Thus, the insertion stresses occur only during an outage when the 
core barrel is removed and the required VT -3 visual examination is performed of the 
attachment welds. 

b. The temperature of the RPV attachment component during operation (an important 
factor in PWSCC). 

Like reactor vessel bottom mounted nozzles, the core support lugs at Vogtle operate 
at reactor cold-leg temperature (Tcald). The large volume of reactor coolant flow 
down from the reactor vessel inlet nozzles maintains the temperature at Tcald· The 
nominal Tcald at Vogtle Unit 1 and 2 is 55rF compared to the nominal reactor hot-leg 
temperature That of 618°F. The temperature dependence of the time to PWSCC 
initiation is described by the standard Arrhenius relation with a best-estimate thermal 
activation energy of 185 kJ/mole (44 kcal/mole).' Using this activation energy, the 
time to PWSCC at Vogtle is 9.3 times greater at Tcald than at That, demonstrating the 
large benefit for occurrence of PWSCC for operation at Tcald· 

c. An assessment of the environment condition to discount PWSCC as a degradation 
mechanism for the vessel attachments. 

The environment at the location of the core support lugs and their attachment welds 
is normal PWR primary water at the Tcald temperature. The core support lugs are 
exposed to flowing primary water and not stagnant conditions where impurity ions or 
oxygen could concentrate. The core support lugs are located below the beltline 
region of the core such that radiant fluence from the core is not a significant factor 
affecting the susceptibility to stress corrosion cracking. PWSCC is unlikely to affect 
the core support lugs and their attachment welds during the alternative 
reexamination period because of their relatively low operating temperature (Tcald) 
and, as discussed below, the exposure of the Alloy 600/82/182/132 material to a 
post-weld heat treatment (PWHT) prior to service. 

d. Information on the remaining residual stresses in attachment welds after complete 
vessel post-weld heat treatment. 

The post-weld heat treatment (PWHT) has distinct effects on the surface stresses 
that drive PWSCC initiation and the bulk stresses that would drive PWSCC growth 
were initiation to occur. As described in detail by Scott,t very high residual stresses 
associated with a surface cold-worked layer are often a key factor in occurrence of 
PWSCC. As demonstrated by laboratory investigations and extensive plant 
experience in Enclosure 2 [DEl Technical Note TN-3945-00-01, Rev. 0], exposure to 
a PWHT prior to service has a large benefit for PWSCC initiation. Scottt 
demonstrated that the PWHT results in a very large reduction in the residual stress in 
the surface cold-worked layer due to recrystallization. The core support lugs at 
Vogtle Unit 1 and 2 were fully installed prior to the vessel PWHT such that all of the 
Alloy 600/82/182/132 materials associated with the core support lug attachment 
welds have greatly improved resistance to PWSCC initiation. 

• T. Couvant, M. Wehbi, C. Duhamel, and J. Cn!pin, "Initiation ofPWSCC of Weld Alloy 182," Proceedings of the 
I61

" International Conference on Environmental Degradation of Materials in Nuclear Power Systems-Water 
Reactors, NACE, 2013. 
t P. Scott, et al., "Comparison of Laboratory and Field Experience of PWSCC in Alloy 182 Weld Metal," 
Proceedings ofthe I31

" International Conference on Environmental Degradation of Materials in Nuclear Power 
Systems-Water Reactors, paper 25, CNS, 2007. 
*Ibid. 
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The bulk stresses in the Alloy 600/82/182/132 materials would only be relevant in the 
unlikely case PWSCC initiation were to occur. The configuration of the attachment 
welds is similar to that for other thick-wall butt welds. Thus, prior to PWHT, the peak 
bulk weld residual stresses· are expected to be as high or higher than the nominal 
room-temperature yield strength for Alloys 82/182, which is about 55 to 60 ksi.t The 
standard PWHT temperature range of 1100 to 1250°F:t: is not sufficiently high to 
result in normalization and complete stress relief of the austenitic Alloy 
600/82/182/132 materials. Instead as illustrated in data published by I nco Alloys 
(now Special Metals),§ PWHT is expected to result in a measurable albeit modest 
reduction in peak weld residual stresses. In addition to the modest benefit of PWHT 
on bulk residual stress, there is also a benefit for PWHT in improving the material 
resistance to crack growth. As discussed in Enclosure 2 [DEl Technical Note 
TN-3945-00-01, Rev. 0], this benefit may be expected to result in a factor 2 or 4 
reduction in crack growth rate. In summary, in the unlikely case PWSCC initiation 
were to occur, the PWHT also results in a measurable benefit for PWSCC growth, 
although sufficient weld residual stresses would remain to drive growth at a reduced 
rate. 

In conclusion, the core support lugs and their attachment welds at Vogtle Units 1 and 2 are 
unlikely to be affected by PWSCC during the alternative reexamination interval. This is the 
result of operation at relatively low temperature (Tcord) and the large improvement in the surface 
condition due to exposure to a PWHT prior to service. 

In the unlikely event PWSCC were to occur, the consequences of PWSCC of the attachment 
welds would become relevant. The Materials Reliability Program PWR Issue Management 
Tables (Component 10 Nos. 1.5-4 and 1.5-5 in Table A-1, Reactor Pressure Vessel)"" document 
that there are no consequences of failure for core guide (support/stabilizing) lugs and their 
attachment welds. These lugs, which are welded to the inside of the vessel at equal distances 
around the bottom inside surface of the lower shell, provide lateral support for the lower end of 
the reactor internals. The core support lugs also limit the amplitude of flow-induced vibrations in 
the core support barrel. Multiple concurrent failures would be required for there to be a 
consequence. For example, significant loss of lateral support of the core barrel would require 
failure of multiple core support lugs. Therefore, failure of this component is concluded in the 
PWR Issue Management Tables to have no consequence. 

Finally, under the requested alternative, one core barrel evolution would be avoided. In addition 
to the benefit of avoiding other risks associated with a core barrel evolution, this has the benefit 
of avoiding one iteration of the insertion loads imparted on the core support lugs and their 
attachment welds. In other words, there is some risk associated with a core barrel evolution for 
the integrity of the core support lugs and their attachment welds. Under the proposed 
alternative, the required VT-3 visual examination of the attachment welds would be performed at 
the conclusion of the alternative interval, which would be the next time that the core support lugs 
are again subject to insertion loads. 

• J. E. Broussard, "Standardized Through-Wall Distributions of Dissimilar Metal Weld Residual Stress," 
Proceedings of the ASM E 2015 Pressure Vessels & Piping Division Conference, PVP20 15-45950, ASME, 2015. 
t Special Metals, "INCONEL® alloy 600," Publication Number SMC-027, Copyright© Special Metals 
Corporation, 2008 (Sept 08). 
* For example, ASME Section III (20 13), Table NB-4622.1-1 cites I 100 to 1250°F for P-1 material. 
§ Inco Alloys International, Inc., "INCONEL® alloy 600," Figure 28, May I 985. 
•• Materials Reliability Program: Pressurized Water Reactor Issue Management Tables- Revision 3 (MRP-205), 
EPRI, Palo Alto, CA: 2013. 3002000634. [freely available for download at www.epri.com) 
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1 INTRODUCTION 

Subsequent to welding on carbon or low-alloy steel materials in PWRs, a post-weld heat 
treatment (PWHT) is required to temper the carbon or low-alloy steel (CS/LAS) and recover 
acceptable properties. In cases when Alloy 821182/132 weld metal is applied, often only a butter 
layer is exposed to the subsequent PWHT. However, in some cases an Alloy 600 component is 
fully installed prior to the PWHT of the adjacent CSILAS being performed. 

The purpose of this technical note is to assess the effect of PWHT of adjacent CSILAS on the 
susceptibility ofthe nickel-base Alloy 82/182/132 weld metal and Alloy 600 base metal to 
primary water stress corrosion cracking (PWSCC). Both laboratory testing and PWR plant 
experience are considered. 

2 BENEFIT OF PWHT FOR RESISTANCE TO PWSCC INITIATION 

Testing and extensive plant experience demonstrate that Alloy 600 weldments that have been 
exposed to PWHT after welding have greatly reduced susceptibility to occurrence of PWSCC: 

• In 2007, Scott ([1] and [2]) reported that PWHT oftest samples of Alloy 182 welds was 
found to greatly delay occurrence of PWSCC. This work included detailed laboratory 
investigation of the effect of the PWHT on residual stresses and the material microstructure 
ofthe nickel-base weld, including stress measurements on mockups. Scott [I] concluded 
that the large benefit of PWHT is due to the reduction in residual stress levels it produces, 
including very significant relaxation of the residual stress in the surface layer of the 
weldment, and that the reason for "the strong favorable effect on surface residual stresses 
and consequently on PWSCC initiation resistance" is that the PWHT causes 
recrystallization of the surface cold-worked layer produced by grinding. 

• Consistent with the laboratory work, PWR plant experience shows hundreds of cases of 
PWSCC when the Alloy 821182 or Alloy 600 material was not exposed to PWHT, but 
extremely few cases when the material was exposed to PWHT subsequent to welding: 

There have been more than 120 cases of PWSCC detected in small-diameter Alloy 
600 instrumentation nozzles and pressurizer heater sleeves in plants designed by 
Combustion Engineering ([3], [4], and [5]). These nozzles in CE-designed plants 
were not exposed to PWHT after installation. On the other hand, small-diameter 
Alloy 600 instrumentation nozzles are also used extensively in B& W -designed 
PWRs, and there have been extremely few cases of PWSCC reported for these 
components, which were installed prior to PWHT being performed [3]. 

1 
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In a 2007 paper, Scott, et al., [ 1] cited the very favorable plant experience that there 
had been no occurrences of PWSCC in Alloy 600 weldments in France where the 
weldment had been subjected to a PWHT. The limited cases ofPWSCC reported for 
a component exposed to PWHT include one reactor vessel bottom-mounted nozzle at 
Gravelines Unit 1 in France [6]. In 2011, PWSCC was reported for one bottom-
mounted nozzle at this plant associated with pre-existing base metal manufacturing 
defects. 
Bartsch et al., reported in 2003 that no PWSCC had been detected in the CRDM 
nozzles at Obrigheim, despite their having been made of Alloy 600 and being welded 
with Alloy 821182 J-groove welds similar to those that had cracked at plants in other 
countries and for which PWHT was not applied subsequent to nozzle installation [7]. 
The freedom from cracking was attributed to the reactor vessel head having been 
PWHT after installation of the CRDM nozzles. 
Papers by Bibollet, et al., [8] and Verdiere, et al. [9] in 2006 describe the occurrence 
of PWSCC in a few steam generator divider plates in France. A main observation 
regarding this PWSCC is that it has essentially all been associated with the divider 
plate to stub weld, which is the only weld in the divider plate assembly that was not 
given a PWHT. An exception is for one case where PWSCC occurred as a result of 
cold work due to impacts by a large loose part. 

In summary, based on the favorable test data and plant experience, PWHT of adjacent CS/LAS 
has a large benefit for reducing the likelihood of PWSCC initiation in Alloy 600/8211821132 
components exposed to the PWHT. 

3 BENEFIT OF PWHT FOR RESISTANCE TO PWSCC GROWTH RATE 

In the unlikely case that crack initiation has occurred, the effect of PWHT on the resistance to 
PWSCC crack growth would become a factor. Section 3.1.8 ofMRP-115 [10] discusses the 
effect of PWHT on the PWSCC crack growth rate. Cassagne et al. [ 11] reported that there was a 
beneficial effect of PWHT (by a factor roughly between two and four) on CGRs measured for 
four weld metals with various carbon and silicon contents. Based primarily on these data, Le 
Hong et al. [12] recommend that crack growth rates be reduced by a factor of2.0 (for equivalent 
stress intensity factor) for stress-relieved specimens compared to otherwise similar as-received 
specimens. 

The standard deterministic crack growth rate equations for thick-wall Alloy 600 base metal in 
MRP-55 [13] and for Alloy 82/182/132 weld metal in MRP-115 [1 0] were developed on the 
basis of specimens that were not exposed to PWHT. Thus, calculations performed using the 
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deterministic MRP-55 and MRP-115 equations tend to result in conservatively high crack growth 
rates when applied to Alloy 600/82/182/132 components that were exposed to a PWHT. 

4 CONCLUSIONS 

In summary, PWHT of adjacent CSILAS has a large benefit for reducing the likelihood of 
PWSCC initiation in Alloy 600/82/182/132 components exposed to the PWHT. This is 
demonstrated by a combination of laboratory investigations and extensive plant experience. In 
the unlikely case that crack initiation were to occur, there is expected to be a significant 
beneficial effect of the PWHT on the crack growth rate. 
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