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UPDATED ANALYSIS FOR COMBUSTION ENGINEERING 
. FABRICATED REACTOR VESSEL WELDS 

BEST ESTIMATE COPPER AND NICKEL CONTENT 

VERIFICATION STATUS: COMPLETE 

This report was prepared under the sponsorship of the Combustion Engineering Owners 
Group (CEOG) under CEOG Task 1054. The report is comprised of three parts. The 
first, Part A, provides updated values for copper and nickel which are more consistent 
with lOCFRS0.61 in response to NRC staff comments regarding some of the weld wire 
heats reported in CE NPSD-1039, Revision 02. The second, Part B, addresses other 
comments made by the staff with respect to the evaluation conducted in CE NPSD-1039, 
Revision 02. The third, Part C, provides a list identifying the weld wire heats used in 
reactor vessel surveillance program welds fabricated by Combustion Engineering. The list 
was generated for identifying source data as part of the effort reported in CE NPSD-1039, 
Revision 02. 

Part A: Best Estimate Copper and Nickel Values 

In the evaluation which follows, a portion of CE NPSD-1039, Revision 02 (Reference 1) 
dealing with generic best estimates is restated to be in accordance with IOCFRS0.61 
(Reference 2). This is being done in response to Comment #4 of Reference 3 which 
states: 

If no valid data exist for determining either the copper or nickel content (or both) 
of a particular weld wire heat, the generic value for that class of material plus 
one standard deviation should be used (to be consistent with Regulatory Guide 
1.99, Rev. 02 and JOCFR50.61). 

Reference 1 presented four values which were cited as "generic" copper or nickel values. 
In the following discussion, the three generic values which are associated with a class of 
material are restated to be consistent with the preceding comment. In the fourth case, the · 
nickel content for nickel addition welds is restated as the best estimate for the process 
rather than a generic value as defined in Reference 2. [Note: In the analysis which 
follows, the best estimate nickel and copper values are given with .two or three decimal 
places, consist~nt with the number of significant digits. The heat specific mean values are 
listed out to as many as four decimal places. The latter was done for convenience of the 
evaluation and was not intended to imply that the best estimate values are significant to 
that many decimal places.] 

1. Best Estimate Nickel for Low Nickel Wires 

Figure 5-1 and Table 5-1 ofReference I present the data used to develop a best 
estimate for the nickel content in Mn-Mo wire. For this type of submerged arc 
weld electrode, nickel was not intentionally alloyed into the wire heat. In ~e case 
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of submerged arc weld electrodes in which nickel was intentionally alloyed into the 
wire heat, Mn-Mo-Ni wire, the nickel content is specified at a certain level (e.g., 
1. 0 % ) such that the wire supplier would analyze for nickel to demonstrate 
compliance with the specification, and Combustion Engineering would analyze the 
wire upon receipt to verify compliance with the specification. Combustion 
Engineering would subsequently perform an analysis of the weld deposit chemistry 
to verify, among other things, that the weld wire heat and flux lot produced an 
acceptable weld deposit. Nickel was one of the elements analyzed with the Mn
Mo-Ni wire heats. In the case of the Mn-Mo wire heats, no nickel was specified 
and thus no analysis of nickel was required to demonstrate compliance with the 
specification. [Note: As emission spectrographic analysis methods advanced, it · 
became routine to analyze most welds for nickel content and many other elements 
regardless of the specified. nickel content. There was also an increasing awareness 
at Combustion Engineering of the importance of nickel to neutron irradiation 
sensitivity such that analysis of nickel content in reactor vessel beltline welds was 
required by specification. Therefore, weld wire heats purchased in the mid- l 970s 
and later were more likely to have been analyzed for nickel content.] 

The two heats for which the generic value was intended in Reference I are A8746 
and 34B009. In both cases, there is no known measurement of the weld deposit 
nickel content, there is no reported wire supplier analysis of the nickel, and there is 
no Combustion Engineering receipt. analysis for nickel. A generic value was 
needed for these heats to reflect the "low nickel'' Mn-Mo wire specification rather 
than using the default value of 1% Ni stipulated in paragraph (c){l){iv)(A) of 
Reference 2. 

There are 38 heats of Mn-Mo wire used by Combustion Engineering for reactor 
vessel beltline welds which were evaluated for nickel content in the CEOG best 
estimate weld chemistry project. 13 of the 3 8 heats had analyses of the nickel 
content in the bare wire. 33 of the 38 heats had weld deposit nickel content 
analyses as shown in Table 5-1 of Reference 1. The weld deposit nickel contents 
for the 33 heats are presented in Table 1 of this report. The nickel content values 
in the table include the simple mean nickel and the best estimate nickel from 
Reference 1. (As defined in reference 1, simple mean is the sum of the valid 
measurements divided by the number of valid measurements. Best estimate is 
either the simple mean or the sample weighted mean; the latter is the sum of the 
means for each sample divided by the number of samples. See reference 1 for 
additional details.) In numerous cases, the simple mean and the sample weighted 
means are the same. In the table, the wire supplier is identified if known and the 
bare wire.analysis is reported if available. (12 of the 13 bare wire nickel analyses 
available for Mn-Mo wire are listed.) 

As reported in Reference 1, the mean nickel for the heats from each supplier was 
found to be similar. (The average nickel content was 0.088% for Page, 0.099% 
for CE and 0.095% for Reid-Avery. Based on the small difference between 
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suppliers, the data were pooled to provide a larger set for evaluation.) The mean 
nickel value of the pooled simple means is 0.094% with a standard deviation of 
0.04%. The range of the data is 0.0375% to 0.20% Ni and has a median of 
0.08%. A similar analysis was done using the best estimate nickel values for each 
heat. (The best estimate nickel was either the simple mean or the sample weighted 
mean for a given heat.) For the pooled set of best estimate values, the mean nickel 
value is 0.090% with a standard deviation of0.04 %. The range of the sample 
weighted means is 0.0375% to 0.20% Ni. In Figure 1, the simple mean nickel for 
the 33 heats is shown in a histogram. Th~ data exhibit a distribution tending to 
normal. 

In the original analysis (Reference 1 ), the generic mean nickel content was based 
on evaluation of the simple mean nickel for each heat of Mn-Mo wire. As shown 
above, use of the best estimate nickel for each of those heats results in a lower 
generic mean nickel value. The original choice of simple mean was arbitrary, but 
the difference in the generic mean nickel from use of the best estimate nickel is not 
significant. 

In Reference 2, paragraph (c)(I)(iv)(A), if generic data are used to provide a best 
estimate of the nickel content, the best estimate is to be conservatively estimated 
based on the mean plus one sigma for that generic data. In the case of the best 
estimate nickel for weld deposits made by Combustion Engineering using Mn-Mo 
wire, the generic data consist of33 heats of Mn-Mo wire for which weld deposit 
nickel was reported. Those data were used to determine the mean value of0.09% 
and standard deviation of 0. 04%, which provide a conservative estimate of 0 .13% 
nickel in weld deposits made using Mn-Mo wire. 

2. Expected V aloe of Copper for Copper Coated Electrodes 

Figure 5-2 and Table 5-2 of Reference 1 present the data used to develop a best 
estimate for the copper content in copper coated electrodes. For this type of 
submerged arc weld electrodes, the copper content of the weld deposit is a 
function of the copper contributed by the bare wire and the thickness of the copper 
coating. Copper from the bare wire, as discussed in the next section, is typically 
low because copper was not intentionally added to the heat of material from which 
the bare wire was drawn. The bulk of the copper is expected to come from the 
copper coating. 

In most cases of copper coated electrodes, Combustion Engineering performed an 
analysis of the weld deposit copper content for each weld wire heat and flux lot 
combination. In three cases, there are no measurements of the weld deposit 
copper content for a specific heat or combination of heats. An "expected value" of 
weld deposit copper was established as given in Reference 1 to help determine 
whether a limited number of measurements are a reasonable estimate of the mean 
copper for ~t heat. In the case where no copper m~rements are available for 
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the specific heat, a generic value was needed for those heats to provide a best 
estimate of the copper content rather than using the default value of 0.35% Cu 
stipulated in paragraph (c)(.l)(iv)(A) of Reference 2. The three heats for which the 
generic value was intended in Reference 1are12420, 1248 with 661H577 and 
1P2809. In two of those cases, there is no known measurement of the weld 
deposit copper content. In the third case, there is one known measurement of the 
weld deposit copper content but the record was invalidated in Reference 1 because 
traceability could not be established. 

The expected value was established using a set of 28 mean copper values from 
weld wire heats used by Combustion Engineering for reactor vessel beltline welds. 
The mean copper represents the sample weighted values for each heat. (As 
defined in Reference I, sample weighted mean is the sum of the means for each 
sample divided by the number of samples. The simple mean is the sum of the valid 
measurements divided by the number of valid measurements. The coil weighted 
mean uses the sample weighted means adjusted for the number of electrode coils 
used; the coil weighted mean is then sum of the adjusted sample weighted means 
divided by the effective number of coils represented. Best estimate is either the 
simple mean, the sample weighted mean or the coil weighted mean. See Reference 
1 for additional details.) The sample weighted or coil weighted mean was used 
throughout for consistency; the best estimate value was not used. (If the best 
estimate value was used, it would have reduced the generic mean copper from 
0.220% to 0.219% and the Standard deviation from 0.052% to 0.050%). Both the 
simple mean and the weighted mean values are listed for each heat in Table 2. The 
28 heats represent four wire vendors, Reid-Avery, Adcom, Page and CE (Atlanta). 

As reported in Reference I, the distribution of mean copper by vendor shows the 
CE (Atlanta) supplied wire mean copper at the lower end of the range of Figure 2 
and the Reid-Avery supplied wire mean copper at the higher end of the range. The 
Page and the Adcom supplied wire clustered around the mean value of Figure 2. 
The majority of the copper coated heats listed in Table 2 are from Reid-Avery, 
such that there was little evidence that there was a real difference in copper 
between suppliers. Therefore, the data were pooled to provide a larger set for 
evaluation. The mean copper value of the pooled weighted means is 0.220% with 
a standard deviation of0.052%. The median of the data is 0.210% copper with a 
range.of 0.133% to 0.337%. In Figure 2, the mean copper for the 28 heats can be 
seen to approximate the peak of the distribution. 

In Reference 2, paragraph (c)(l)(iv)(A), if generic data are used to provide a best 
estimate of the copper content, the best estimate is to be conservatively estimated 
based on the mean plus one sigma for that generic data. In the case of the best 
estimate copper for weld deposits made by Combustion Engineering using copper 
coated wire, the generic data consist of 28 heats of submerged arc electrode wire 
for which mean copper in the weld deposit was determined. Those data were used 
to obtain the :piean value of0.220% and standard deviation of0.052%, which 
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provide a conservative estimate of0.27% copper in weld deposits made using 
copper coated wire. 

3. Best Estimate Copper for Non-Copper Coated Electrodes 

Figure 5.-3 and Table 5-3 of Reference 1 present the data used to develop a best 
estimate for the copper content for welds deposited using electrodes which were 
not copper coated. For this type of submerged arc weld electrodes, the copper 
content of the weld deposit is a function of the copper contributed by the bare 
wire. Copper from the bare wire is typically low because copper was not 
intentionally added to the heat of material from which the bare wire was drawn. 

In most cases of non-copper coated electrodes, Combustion Engineering 
performed an analysis of the weld deposit copper content for each weld wire heat 
and flux lot combination. In all cases considered in Reference 1, there were 
sufficient measurements of the weld deposit copper content to obtain a best 
estimate value. Therefore, an "expected value" of weld deposit copper was 
established to help evaluate whether the derived mean values gave a reasonable 
estimate of the mean copper for that heat. Since there were no cases where copper 
measurements were unavailable for a specific heat, a generic value was not needed 
to provide a best estimate of the copper content. 

The expected value was established using a set of 22 mean copper values from 
weld wire heats used by Combustion Engineering for reactor vessel beltline welds. 
The mean copper represents the simple mean values. (As defined in Reference 1, 
simple mean is the sum of the valid measurements divided by the number of valid 
measurements. See Reference 1 for additional details.) Both the simple mean and 
the weighted mean are listed in Table 3. The 22 heats represent two wire vendors, 
Page and CE (Atlanta). 

The mean copper value of the Table 3 simple mean values is 0.042% with a 
standard deviation of0.0086o/o. The median of the data is 0.043% copper with a 
range of0.0225% to 0.0685%. In Figure 3, the mean copper for the 22 heats is 
fully consistent with the distnl>ution of the data. 

In Reference 2, paragraph (c)(l)(iv)(A), if generic data are used to provide a best 
estimate of the copper content, the best estimate is to be conservatively estimated 
based on the mean plus one sigma for that generic data. In the case of the beSt 
estimate copper for weld deposits made by Combustion Engineering using non
copper coated wire, the generic data consist of 22 heats of submerged arc 
electrode wire for which mean copper in the weld deposit was determined. Those 
data were used to obtain the mean value of0.042% and standard deviation of 
0.0086%, which provide a conservative estimate of0.05% copper in weld 
deposits made using non-copper coated wire. 
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4. Best Estimate Nickel for Nickel Addition Welds 

Figure 5-4 and Table 5-4 of Reference I present the data used previously to 
develop a best estimate for the nickel content in welds fabricated using a 
combination ofa Mn-Mo electrode and a Ni-200 cold wire feed. For this type of 
submerged arc weld process, there was insufficient nickel in the available wire 
heats, so pure nickel was added during welding to raise the nickel content of the 
weld deposit to approximately I. 0%. Combustion Engineering performed an 
analysis of chip samples from the weld groove during welding to ascertain that the 
Ni-200 wire feed rate was sufficient to yield the desired nickel content in the weld 
deposit. Additional analyses have been performed of the through-wall nickel 
content to determine the variation in the as-deposited nickel. In an evaluation 
cited in Reference 1, the njckel varied through-wall from 0.72% to 1.08% based 
on 20 separate analyses. It is assumed that the measurements were taken at the 
same inteIVal through the thickness, but the available records are not conclusive 
with respect to sample location. However, other data in which the sample location 
was clearly documented gave similar results; that is, the nominal nickel content 
was I% through the majority of the weld thickness but varied near the weld root 
and weld surfaces. 

The nickel addition welding process was used for a limited period of time for 
beltline welds and was employed with about five unique heats of Mn-Mo 
electrodes and several heats of Ni-200 wire. [Note: A sixth heat, 3277, was used 
for fabrication of a weld for a surveillance program but was not used with Ni-200 
in a vessel beltline weld. The data for heat 3277 with Ni-200 are included in Table 
4.] There are weld deposit nickel measurements available for all five Mn-Mo 
heats. There are only two nickel measurements representing nickel addition welds 
available for two of the five heats, whereas there are 8, 362 and 435 
measurements, respectively, representing nickel addition welds available for the 
other three heats. 

Given the definitions ofbest estimate nickel in paragraph (c)(l)(iv)(A) of 
Reference 2, consideration was given to using the mean nickel based on heat 
specific measurements or the stipulated default value of I% Ni. In the former 
case, two of the Mn-Mo heats would have to rely on only two measurements if 
Mn-Mo heat specific results were to be used, whereas the three other heats would 
have from 8 to 435 measurements to determine the best estimate nickel content. 
[Note: The definition of "heat" in Reference 2 is interpreted to mean the heat· of 
Mn-Mo weld wire and not the combination of Mn-Mo and pure nickel wire used in 
fabricating the weld. There were numerous combinations of Mn-Mo heats and Ni-
200 wire heats used for various vessels. If both the Mn-Mo and Ni-200 heats are 
used to define unique combinations of heats, it would unnecessarily complicate the 
determination of the best estimate nickel content. This is considered unnecessary 
because the heat-to-heat variation of nickel contributed from a 99% pure nickel 
wire in a weld deposit comprised of approximately 99% Mn-Mo electrode wire 
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would probably not be detectable. Furthermore, the observed nickel variation of 
O. 72% to I. 08% would mask any variability from the heat of nickel. The unique 
heat ofNi-200 used was, therefore, not considered when establishing the best 
estimate nickel content of the weld deposit.] 

If the stipulated default value of I% Ni from reference 2 were used, it would 
provide a reasonable approximation of the nickel content given that it is the same 
as the specified target value of 1.0% for nickel addition welds. However, use of 
the default value would not properly acccunt for the available measurements. 

In Reference 1, the approach taken was to determine a best estimate specific to the 
nickel addition process using all of the data available on nickel addition welds from 
six specific Mn-Mo heats .. The bulk of the nickel in the weld deposit came from 
the Ni-200 feed wire, not from the Mn-Mo electrode heat. (As discussed in 
Section 1, nickel was not intentionally added to the Mn-Mo wire, and the nickel 
content of such wires averaged 0.09%.) Therefore, the nickel content in the Ni-
200 addition welds will be minimally sensitive to the heat of wire. 

In Reference I, a value of 1.038% was determined for the nickel content in Ni-200 
addition welds fabricated by Combustion Engineering. This value was based on 
the simple mean.of the data shown in Table 4 which consist of 148 weld deposit 
nickel measurements from welds known to have been fabricated using Ni-200. As 
part of the current evaluation, additional nickel measurements for two of the welds 
in Table 4 were made available. Those nickel data were reported in Attachments 4 
and 5 to Reference 4 and are reproduced in an enclosure to this report. The 
evaluation which follows provides a reanalysis of the expanded set of nickel 
mea5urements to provide a best estimate for the Ni-200 addition process (as 
opposed to a Mn-Mo wire heat specific number). 

The best estimate for nickel described below is specific to the process and not to 
the heat of Mn-Mo wire or the heat ofNi-200 wire. It is the mean of measured 
values for a weld deposit .made using the Mn-Mo wire plus Ni-200 addition weld 
process. It is not "generic" because it employs data including the specific heats of 
Mn-Mo wire used, and it specifically considers results from the various heats of 
Ni-200 wire used. It is the best estimate nickel for nickel addition welds made by 
Combustion Engineering using the following Mn-Mo wire heats: 

1248 
1248 & 661H577 
34B009 
39Bl96 
34B009 & 39B196 
W5214 
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In Table 4, there are 148 individual measurements listed. As indicated above, a 
large number of additional measurements were made available using Attachments 
4 and 5 from Reference 4. With the added data, two of the heats now have over 
360 individual measurements versus as few as two individual measurements for 
two heats, yielding a total of815 individual measurements. Using all 815 
measurements to obtain a simple mean, as was done in Reference I, would give 
considerable weight to the two welds with over 360 measurements each. 
Therefore, the analysis proceeded using a sample weighted mean. 

The sample weighting followed the same concept as in Reference I where each 
"sample" was a unique weldment as defined by the "group tag" and the heat 
number. The group tags from Reference I are included in Table 4. 
Note 1: In Reference 1 a sample was specific to a heat. In this case, the 
definition of sample was broadened to include all the nickel addition welds where 
heat number plus group tag defined a unique sample. 
Note 2: For records #9 and#lO in Table 4, heat 1248 & 66JH577, the two 
samples were assigned unique group tags in Reference 1. This was reconsidered 
given that the heat, flux lot and analysis data were identical and the log numbers 
were sequential. For purposes of this analysis the two records were treated as 
one sample with the same tag. 
For the measurements associated with each unique sample, a mean value was 
determined. An exception was made for records 38 through 49 and 93 through 
125; the data and s~ple means from Attachments 4 and 5 of Reference 4 were 

. used instead. (The data from Reference 4 are a much more complete set than that 
reported in Reference I and, therefore, the larger data sets were used to compute 
the sample means.) 

Table 4A presents a summary of the sample means and the calculation of sample 
weighted means for the nickel addition welds. There are 20 unique nickel addition 
welds which were fabricated using six different Mil B4 wire heats or combinations 
of heats. The individual sample means ranged from 0.585 % Ni to 1.20 % Ni. The 
number of measurements obtained for each sample ranged from I to 371 for a total 
of 815 measurements. The sample weighted mean was derived using the sum .of 
the 20 sample means divided by the number of samples, which resulted in a value 
of 1. 007 % Ni for the nickel addition welds. This value is very close to the 
specified target value for nickel addition welds. 

Two other approaches were used fo assess the magnitude of the sample weighted 
mean. One approach was to take the mean of the nine samples for which four or 
more measurements were obtained. This resulted in a mean of 0.96 % Ni. The 
other approach was to use volume weighting with the following scale: 

I to 5 measurements 
6 to 10 measurements 
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11 to 20 measurements 
21 to 50 measurements 
Over 50 measurements 

Weight of3 
Weight of4 
Weight of5 

The volume weighting approach yielded a mean of 1. 007 % nickel. The volume 
and measurerµent based approaches produced a mean equal to or less than the 
sample weighted mean. Therefore, it appears that the calculation given in Table 
4A is a reasonable representation of the mean nickel for a nickel addition weld. 
Furthermore, it is apparent from Table 4A that the sample means vary within a 
heat such that basing nickel content on one set of measurements is less reliable 
than using the sample weighted mean for a nickel addition weld. 

Therefore, for welds made by Combustion Engineering using the nickel addition 
process with weld wire heats listed above, the best estimate for the weld deposit 
nickel content is 1. 007 %. [Note that this nickel best estimate may also be 
applicable for other weld wire heats used by Combustion Engineering.] 

5. Summary and Conclusions 

The following best estimate values are recommended for use with reactor vessel 
welds fabricate4 by Combustion Engineering: 

Generic Nickel in Mn-Mo Wire - 0.13 % Ni 

Generic Copper in Copper Coated Wire- 0.27 % Cu 

Generic Copper in Non-Coated Wire- 0.05 % Cu 

Best Estimate Nickel in N1200 Welds - 1.007 % Ni 

The generic values may be used as a best estimate for a specific heat when there 
are insufficient measured data to establish a reliable mean value. The generic 
values were determined in accordance with paragraph (c)(l)(iv)(A) of Reference 2. 
The value of nickel in nickel addition welds, 1.007 %, may be used as the best 
estimate for welds fabricated using Mn-Mo wire heats 1248, 1248 with 661H577, 
34B009, 39B196, 34B009 with 39B196, and W5214, or it may be used to 
evaluate the reasonableness of a best estimate derived using a data subset. The 
nickel is a process specific best estimate for nickel addition welds; it is the mean of 
measured values for the "process" as opposed to the "heat" described in paragraph 
(c)(l)(iv)(A) ofReference 2. 

The best estimate copper and nickel content for all the welds evaluated in 
Reference 1 are shown in Table 5. The best estimates from the original reference 
have been updated to reflect the use of 'mean plus one sigma' for generic .values 
determined in_ accordance with paragraph (c)(l)(iv)(A) ofReference 2 and the 
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basis for the nickel addition welds has been changed to Ni200 BE (where 'BE' is 
Best Estimate). 

6. References for Part A 

1. "Best Estimate Copper and Nickel Values in CE Fabricated Reactor Vessel 
Welds", Combustion Engineering Owners Group Report, CE NPSD-1039, 
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Thermal Shock Events", IOCFRS0.61, Federal Register, Vol. 60, No. 243, 
December 19, 1995. 

3. USNRC Letter dated March 27, 1998, G.C. Lainas to R.O. Hardies, 
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Vessel Welds" and CE NPSD-1039 Appendix A, Revision 2, "CE Reactor 
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Part B: Methodology for Determination of Best 
Estimate Copper and Nickel Content in 

Combustion Engineering Fabricated Vessel Welds 

A letter from the NRC to the CEOG RVWG (Reference 1) provided Staff comments to a 
report prepared for the-CEOG, CE NPSD-1039, Revision 2, (Reference 2) on best 
estimate copper and nickel content in reactor vessel welds fabricated by Combustion 
Engineering. The purpose of this is to provide users of the CEOG report with a statement 
addressing each of the Staff Comments 1 through 3. Additional questions pertaining to 
the use of Reference 2 were raised by the Staff in a plant specific RAI (Reference 3) and 
those are included, in part, as Comments 4 through 6. · 

Comment#l 

In general, the methods proposed for determining best estimate chemistries seemed to be 
reasonable. When sufficient data is available from several sources, the use of group
weighted means or coil weighted means in lieu of the simple mean approach seems to be 
appropriate. However, if the analysis procedures result in significantly different values, 
the cause of this difference should be carefully considered before a best-estimate 
methodology is chosen and a detailed justification should be provided in all plant
specific RAJ response to support the chosen analysis methodology. (Reference J) 

This comment was not made in the plant specific RAis. It is understood to mean that the 
process followed for detennination of best estimate weld chemistry was reasonable, but 
the user of the process should not apply it in an arbitrary manner. The following should be 
noted: 

• The methodology used for determining best estimate chemistries are described in detail 
in the report (Reference 2). One flow chart and process description is provided for the 
data pedigree process. This establishes the source information and validity of each 
weld deposit chemical analysis record. The second flow chart and process description 
is provided for the data analysis process. This establishes the mean values, identifies 
relevant supporting data, and enables selection of best estimate copper and nickel 
content. 

• For each heat, observations concerning differences in mean weld chemistry obtained 
by each method are cited in that report in accordance with the data analysis process. 
The rationale used to select which mean value for the best estimate is documented in 
the report text. . 

• The overall process for best estimate detennination was made as rigorous as possible 
to assure that careful consideration was given to all data and all known information. 
The independent third party review conducted by Mr. Art Lowe was intended to make 
sure the process was rigorous and not arbitrary. [Note: CE NPSD-1119, Revision 01 
was not reviewed by Mr. Lowe.] 
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• As noted, the consideration given for each heat is documented as are the details of the 
process, such that a justification is provided or can be reconstructed for each and 
every heat. 

Comment#2 

When a coil-weighted mean or a group (sample) weighted mean is to be 
determined, special attention should be paid to the weld qualification data. Recently it 
has come to the staff's attention that the rationale for grouping or separation of weld 
qualification data is not as adequately explained as necessary in the report. A 
reexamination of this issue may be necessary and the staff explained at the February 12-
13, 1998 meetings, that the question of when the weld qualification data was taken, what 
the welding input parameters wer_e, if one or more coils of wire was used when preparing 
the samples, etc. are valid concerns when determining whether or not the data should be 
combined as one weld or treated as having come from multiple "welds. " Other 
information not listed here may also need to be considered and cited in the responses to 
plant-specific RAls. If this information cannot be determined with sufficient certainty, 
consider the effect on the analysis of the weld wire heat best-estimate if the data is 
assumed to be from "one" or "multiple" welds. (R.eference J) 

This comment was made in the plant specific RAls as one of the considerations: 

" ... you should also consider what methods should be used.. If a weld (or welds) 
were fabricated as qualification specimens ... " 

It is understood to say that the use of weld data from weld qualification test results can be 
a source of inaccuracies when determining a sample or coil weighted mean copper or 
nickel content. Therefore, more conservative assumptions should be considered when 
establishing a best estimate when using data from weld qualification test results. It should 
be noted that the methods used for applying the sample weighting and coil weighting 
processes are described in detail in CE NPSD-1039 (Reference 2). Furthermore, the 
known information is summarized for each weld qualification record (as well as for other 
weld deposits) in the Appendix to the report. Careful consideration was given to each 
record before assigning to it a sample identification. The weld deposit chemistry log book 
from which the weld qualification data were extracted often provided information used for 
differentiating s~ples (e.g., retests on same sample, date of analysis, flux lot or type). 
Weld material certification reports and related engineering log books were used when 
necessary to supplement that information (such as tandem versus single arc weld 
procedure, weld consumable source, date of deposit, and purpose oftest/analysis). Items 
such as weld heat input could be determined from the welding procedure but were not 
relevant to the sample identification process. (The weld procedures used for material 
qualification used essentially the same parameters for a given wire and flux type.) 
Therefore, the potential for inaccuracies when using weld data from weld qualification test 
results was minimized by using the detailed information available from the records and by 
employing personnel )Vho are familiar with the interpretation of those records. 
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When identifying unique samples for a specific heat, the source information acquired 
during the data pedigree process was used to group records from the same weldment (and 
to identify duplicate records). If there was extraordinary information, it was summarized 
in the comment field for the database record and provided in more detail in a data 
evaluation sheet. Data from the same original weldment were assigned a 'group tag' and 
valid results with the same group tag were used to establish a 'sample mean'. Data from a 
weld qualification test were assigned a unique group tag for each unique combination of 
wire heat number and flux lot and number of electrodes (i.e., single vs. tandem arc). Date 
of analysis was considered when assigning group tags. 

When using the coil weighting method to detennine the mean copper content, 
considerable effort was expended by the CEOG to characterize the welding details for all 
of the welds. In most cases for the weld qualification data, the number of coils used for a 
weld was determinable from the records. {That is, the records were available to show 
whether it was a single or tandem arc weld. One could also obtain information on the · 
number of arcs for most of the surveillance program test plate welds and vessel welds 
fabricated by Combustion Engineering.) The information collected for assigning group 
tags was a significant input for determination of the number of coils and distribution of 
measurements. 

In summary, it was determined with a high degree of certainty whether a weld 
qualification sample was unique and whether one or two coils was employed to make the 
weld deposit. This is also true when the analysis was for a surveillance program test plate 
weld and for a vessel weld. When analyzing the available data for a given heat, 
consideration was given to as many features as possible, including the balance between 
data from weld material qualification tests versus other welds. Because information on 
weld material qualificati~n tests was reasonably available and careful consideration was 
given to it when establishing the CEOG report, it is not necessary to address that issue 
further. 

Comment#3 

The staff has determined that, to comply with the cu"ent requirements of 1OCFR50.61, 
heat-specific values for copper and nickel can be assigned based on one or more valid 
points. However, the staff recognizes that heat-specific values based on limited data may 
not appear to be consistent with the generic values for that class of material. Jn such 
cases, the staff may considsr (for information only) the impact of the use of generic · 
values in RPV integrity assessments and the adequacy of associated margin terms. 
Licensees should be aware of this based upon the information presented by the staff at 
the November 12, 1997, and the February 12-13, 1998, meetings noted in the cover 
letter. (Reference 1) 

This comment was not made in the plant specific RAls. The primary objective of the 
CEOG report was to. establish best estimate copper and nickel values following a rigorous 

ABB Combustion Engineering Nadar Operation.r 
Copyright (Q 1991, Combartion Enginuring, IK. 

CE NPSD-1119, Rev. 01 
Pagel6o/J9 



process. It accomplished this by a) establishing procedures for scrubbing and analyzing 
data (the data pedigree process), b) evaluating the available data to disclose trends, c) 
determining generic best estimates (which is partly addressed in Part A), d) compiling bare 
·wire data, and e) using the preceding known information to determine best estimates. 
When data were sparse (i.e., one or two measurements were available for a specific heat), 
the above process relied heavily on data trends, generic best estimates and bare wire data 
to arrive at a best estimate copper and nickel. For example, in Table 5, the best estimate 
nickel for heats 6329637 and 90099 was based on the bare wire nickel content because the 
weld deposit nickel was not dete~ed. The best estimate copper for heat IP2809 was 
based on the generic copper because there was only one measurement of the weld deposit 
copper content. For the same heat, the single nickel measurement was used as the best 
estimate because it was consistent with the bare wire analysis. 

In surnnwy, Comment #3 cites a concern with determining the best estimate given few 
measurements of weld deposit chemistry. The approach taken in Reference 2 was to 
collect as much data as exists on weld deposit chemistry and to establish what is known 
about all the heats, the welding methods, and the weld deposit characteristics (e.g., from a 
separate CEOG project on through-wall composition analyses). The next step was to 
determine mean values for each class of weld material and to collect bare wire chemical 
composition data. Given the collection of data and the understanding of the weld 
deposition and sampling process, a best estimate was selected which was judged to best 
represent that case. It was not selected necessarily to be the most conservative value 
(except in the case where generic values were selected) but it was selected as the most 
accurate for that heat. 

It is understood that the staff may consider the affect of using more conservative values of 
copper or nickel in place of the best estimate values provided in Reference 2. However, 
the best estimates given in Table 5 are intended for use in RPV integrity assessments, such 
as those required by Reference 4, without any added conservatisms. 

Comment#4 

For Salem Unit 1 axial welds 2-042, A, B, and C, the staff notes that its RVID indicates 
these welds were fabricated as tandem welds made from the weld wire heats 34B009 and 
39B196. Confirm ... PSE&G gave values of 0.176wt. percent copper and 1.038 wt. 
percent nickel for these welds, however, no specific information is provided for this 
tandem wire combination in the CEOG report. 
a. What is the basis for the chemistry values that were cited for these welds? 
b. Is data available for this tandem wire combination? If chemistry samples were taken, 
provide the data and your analysis of it. If not, explain why a generic value plus one 
standard deviation for this class of welds (e.g., welds made with copper coated electrodes 
and welds using a Ni-200 cold wire feed) should not be used per the guidance in 
Regulatory Guide 1.99, Revision 2, Section 1.1. (Reference 4) · 
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·The staff's question is understood to be addressing two aspects of Reference 2 which 
were discussed in the CEOG report. One aspect is the method for assessing the best 
estimate copper in a tandem arc _weld; this was discussed in the CEOG report but the 
specific combination of heats was not addressed. The other aspect is the best estimate 
nickel in a Ni-200 weld including the treatment of the "generic" values per Reference 4. 

The first question is "What is the basis for the chemistry values that were cited for these 
welds?". The nickel content was based on the best estimate value for nickel addition 
welds, 1.038 %, from Reference 2. This value is process specific (not generic as defined 
in Reference 4) and is discussed in detail in Part A of this report. The mean copper 
content was obtained from Reference 2 using the average of the best estimate copper for 
each of the two heats (0.192 % for heat 34B009 and 0.160 % for heat 39B 196, or 0 .176 
% Cu.) This follows the rationale used in Reference 2 to derive a best estimate for the 
copper (as well as nickel) content for other tandem arc welds when data for the 
combination of heats was unavailable. The weld was assumed to be a I: I mixture of each 
heat. This assumption was used to evaluate many of the tandem arc welds for the CEOG 
report and found to be an accurate characterization for the Combustion Engineering 
welds. 

The second question starts "Is data available for this tandem wire combination? If 
chemistry samples were. taken, provide the data and your analysis of it." There are no 
data included in Reference 2 which represent a tandem arc weld with both heats 34B009 
and 39Bl96. There are data for tandem arc welds for one or the other heats. 

The second question continues: "If not, explain why a generic value plus one standard 
deviation for this class of welds (e.g., welds made with copper coated electrodes and 
welds using a Ni-200 cold wire feed) should not be used per the guidance in Regulatory 
Guide 1.99, Revision 2, Section 1.1." In the case of the copper, no generic values were 
used such that the best estimate of copper is based on the mean of measured values; . 
10CFR50.61 (Reference 4) allows for the use of the mean value without a standard 
deviation added when measured values are used. This is consistent with the approach 
taken in the CEOG report (Reference 2) for all the tandem arc welds with and without . 
measurements for the tandem wire heat combinations. For the nickel, the use and 
treatment of the best estimate is addressed in Part A of this report. In summary, the best 
estimate is process specific and the mean value is to be used without the addition of the 
standard error. 

Comment#S 

For Salem Unit 2 axial welds 2-442, A, B, and C, the staff notes that its RVID indicates 
that these welds were fabricated as tandem welds made from the weld wire heats 13253 
and 20291. Confirm ... PSE&n gave values of 0.219 wt. percent copper and 0. 735 wt. 
percent nickel for these welds, however, no specific information is provided for this 
tandem wire combination in the CEOG report .. 
a. What is the basis/or the chemistry values that were cited/or these welds? 
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b. Is data available for this tandem wire combination? If chemistry samples were taken, 
provide the data and your analysis of it. If not, explain why a generic value plus one 
standard deviation for this class of welds {e.g., welds made with copper coated 
electrodes) should not be used per the guidance in Regulatory Guide 1.99, Revision 2, 
Section I.I. {R.eference 4) 

The staff's question is understood to be addressing one aspect of Reference 2 which was 
discussed in the CEOG report. That is the method for assessing the best estimate copper 
and nickel in a tandem arc weld; this was discussed in the CEOG report but the specific 
combination of heats was not addressed. The comment also questioned the need to treat 
the best estimates as "generic" values. 

The first question is "What is the basis for the chemistry values that were cited· for these 
welds?". The mean copper content was obtained from Reference 2 using the average of 
the best estimate copper for each of the two heats (0.221 % for heat 13253 and 0.216 % 
for heat 20291, or 0.219 % Cu.) The mean nickel content was obtained from Reference 2 
using the average of the best estimate nickel for each of the two heats (0. 732 % for heat 
13253 and 0.737 % for heat 20291, or 0.735 % Ni.) This follows the rationale used in 
Reference 2 to derive a best estimate for the copper and nickel content for other tandem 
arc welds when data for the combination of heats was unavailable. The weld was assumed 
to be a 1: 1 mixture of ~ch heat. This assumption was used to evaluate many of the 
tandem arc welds for the CEOG report and found to be an accurate characterization for 
the Combustion Engineering welds. 

The second question starts "Is data available for this tandem wire combination? If 
chemistry samples were taken, provide the data and your anal}'sis -of it." There are no 
data included in Reference 2 which represent a tandem arc weld with both heats 13253 
and 20291. There are data for single and tandem arc welds for _one or the other heats. 

The second question continues: "If not, explain why a generic value plus one standard 
deviation for this class of welds (e.g., welds made-with copper coated electrodes) should 
not be used per the guidance in Regulatory-Guide 1. 99, Revision 2, Section-1 :-1." In the 
case ofboth copper and nickel,· no generic values·were used such that the best estimate is 
based on the mean of measured values; IOCFRS.0.61(Reference4) allows for the use of 
the mean value without a standarcj deviation added when measured values are available. 
This is consistent with the approach taken in the CEOG report (Reference 2) for all the 
tandem arc welds with and without measurements for the tandem wire heat combinations. 

Comment#6 

For Salem Unit 2 circumferential weld 9-442, the staff notes that its RVID indicates that 
these welds was manufactured as a single arc weld using weld wire heat 90099. Confirm 
... PSE&G cited a best estimate nickel value of 0. 06 wt. percent based apparently on a 
bare wire analysis. 
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a. Provide additional information on how the bare wire analysis is performed and how 
the quality of the chemical composition data compares between the bare wire analysis 
and the analysis of a chemistry sample for an actual weld Detailed information was 
given in Appendix A to the CEOG NPSD-1039 report/or those data points which were 
obtained from actual welds. Does similar information exist for the bare wire analysis? 
How many sa_mples was this bare wire analysis based on? 
b. The Staff notes that the nickel value determined from the bare wire analysis differs 
from the generic value for the low 7.1ickel wire welds (0. 094 wt. percent on average with a 
standard deviation of 0. 04 wt. percent). Explain why the best-estimate value should be 
based on the bare wire analysis in lieu of applying the generic value plus one standard 
deviation for this class of welds per the guidance given in Regulatory Guide 1.99, 
Revision 2, Section 1.1. (R.eference 4) 

The Staff's questions are understood to concern data consistency and the data evaluation 
process used in Reference 2. The first Staff request is to perform an analysis of the bare 
wire nickel versus the weld deposit nickel content. The second request is to defend the 
use of the bare wire nickel instead of the generic value. 

Table 6 provides a comparison of the best estimate nickel to the bare wire nickel content. 
The bare wire analysis was performed by Combustion Engineering and the wire vendor to 
verify that the wire met .the purchase specification. Because nickel was not specified in a 
low nickel wire, there are a limited number of bare wire analysis records. The analyses 
perfonned by Combustion Engineering were on the same equipment, by the same people 
and with the same calibration standards as for the weld deposit analyses. A log book was 
used to record analyses done by Combustion Engineering, whereas the wire supplier's QA 
process is not as well known; copies of the chemical analysis reports were provided to 
Combustion Engineering 'but only-some-those records were retained by Combustion 
Engineering. The number of elements analyzed and reported -varied. As discussed in the 
CEOG report, only certain elements ~om the bare wire analysis are useful in analyzing 
weld deposit chemistry. Nickel is one element for which the bare wire analysis results are 
especially useful. ·· · - -- ·-- -- · -· - · · -·- - · ··· 

For heat 90099, a single bare wire analysis was reported (0.06 % Ni). The weld deposit 
analyses performed for this heat did not record nickel. As seen from Table 6, the bare 
wire nickel is consistent with the best estimate nickel. The bare wire measurement does 
tend to be less than the weld deposit measurement. Based on all of the analyses 
perfonned, it was found that the latter were subject to base metal dilution of the weld 
deposit; the log book records cited many cases in which the sample extracted contained 
both base and weld metal. The case-by-case analysis perfonned for each heat best 
estimate considered such log book entries in the nickel detennination. The CEOG R VWG 
Weld Deposit Data Analysis Process (Figure 3-1ofReference2) describes how the bare 
wire measurements are used to arrive at a best estimate value of nickel. The underlying 
premise is that the bulk weld deposit nickel comes from the wire, so the nickel measured 
for the bare wire will closely approximate the weld deposit nickel. 
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For those wire heats for which there are no measurements of the nickel in the wire or in 
the weld deposits, a generic value was generated to use for CE fabricated welds. As 
discussed in Part A, the generic value is 0.13 % nickel, consisting of the 0.094% mean for 
Mn-Mo weld wire plus the .one sigma standard deviation. For all heats for which a valid 
measurement exists, the CEOG report provides a best estimate based on those 
measurement(s). In the case of heats 90099, 6329637, and 1P2809, the best estimate 
nickel content is based on the nickel measurements made on the bare wire. There is no 
reason to use a generic (default) value for nickel when one can use a best estimate for the 
heats based on the mean of measured data obtained following the CEOG R VWG Data 
Pedigree and Weld Deposit Data Analysis Processes. 

References for Part B 

1. USNRC Letter dated Mai-ch 27, 1998, G.C. Lainas to R.O. Hardies, "Combustion 
Engineering Owners Group Report CE NPSD-1039 Revision 2, Best Estimate 
Copper and Nickel Values in CE Fabricated Reactor Vessel Welds" and CE 
NPSD-1039 Appendix A, Revision 2, "CE Reactor Vessel Weld Properties 
Database Volumes 1 and 2". · 

2. "Best Estimate Copper and Nickel Values in CE Fabricated Reactor Vessel 
Welds", Combustion Engineering Owners Group Report, CE NPSD-1039, 
Revision 02, June 1997. 

3. USNRC Letter dated June 11, 1998, P.D. Milano to H.W. Keiser, "Request for 
Additional lnfonnation regarding Reactor Vessel Integrity, Salem Nuclear 
Generating Station, Units Nos. 1 and 2". 

4. ''Fracture Toughness Requirements for Protection Against Pressurized Thennal 
Shock Events~~' lOCFRS0.61, Federal Register, Vol. 60, No. 243, December 19, 
1995. 
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Part C: Weld Electrode Identification 
for Reactor Vessel Surveillance Program 

Welds Fabricated by Combustion Engineering 

Table 7 is a list of reactor vessel surveillance program welds which were fabricated in 
Chattanooga, Tennessee by Combustion Engineering. It is a list of weld wire heat 
numbers associated with the reactor vessel surveillance programs. This list is intended 
for use in identifying potential sources of post-irradiation test results from a sister 
plant. 

Included are as many plants as information is available including several of the shut 
down units for which surveillant:e data may be applicable. Table 7 lists the vessel 
name, the wire heat number, flux type and flux lot number, plus a column labeled 
"Ver" which pertains to the status of the heat identification. "Yes" and "No" are 
explained in the footnote. The "No" means one of two things: 

1) the available records are ambiguous and the ambiguity should be cleared before 
using the surveillance data from that plant, or 

2) the records were not accessed for that plant. 
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Heat No. 
10120 

10137 

83637 

83640 

83642 

83648 

83650 

83653 

90069 

90077 

90136 

90146 

2P5755 

3P7317 

4P6052 

4P6519 

4P7869 

51912 

5P5622 

87005 

88112 

88114 

89476 

89833 

90071 

90130 

90144 

90209 

33A277 

86054B 

9565 

51874 

51989 

TABLE 1 
Weld Deposit Nickel for 
Low-Nickel Wire Heats 

Mean Ni Wm'dMean 
0.0821 0.0629 

0.0636 0.0429 

0.0781 0.0656 

0.0957 0.0880 

0.0860 0.0777 

0.1360 0.1300 

0.0946 0.0872 

0.1150 0.1024 

0.0837 0.0759 

0.0567 0.0547 

0.0699 0.0699 

0.0908 0.0815 

0.0613 0.0578 

0.0686 0.0670 

0.0493 0.0491 

0.0600 0.0600 

0.0965 0.0954 

0.0660 0.0588 

0.0767 0.0767 

0.1658 0.1511 

0.2000 0.1883 

0.1892 0.1867 

0.0713 0.0690 

0.0595 0.0535 
0.0794 0.0743 
0.1328 0.1332 

0.0750 0.0750 

0.1264 0.1106 

0.1585 0.1649 
0.0463 0.0463 
0.0800 0.0800 

0.0375 0.0375 
0.1650 0.1650 
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Wire Vendor 
Page 

Page 

Page 

Page 

Page 

Page 

Page 

Page 

Page 

Page 

Page 

Page 

CE 
CE 
CE 
CE 
CE 
CE 
CE 
CE 
CE 
CE 
CE 
CE 
CE 
CE 
CE 
CE 

Reid-Avery 

Reid-Avery 

Reid-Avery 

NIA 
NIA 
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·Heat# 
10137 

21935 

90099 

90136 

12008, 13253 

12008,20291 

12008,21935 

20291 

27204 

1248 

1P3571 

305414 

33A277 

34B009 

6329637 

86054B 

W5214 

2P5755 

4P6519 

51874 

51912 

5P5622 

13253 

12008,305414 

1P2815 

305424 

3277 

51989 

TABLE2 
Weld Deposit Copper for 

Copper Coated Wire Heats 

.:Mean Cu Wsrt'dCu 
0.2087 0.2161 

0.1769 0.1827 

0.1970 0.1970 

0.2318 0.2686 

0.2102 0.2102 

0.2021 0.1993 

0.2182 0.2132 

0.2155 0.1905 

0.1963 0.2026 

0.1872 0.2062 

0.2704* 0.2945* 

0.3167 0.3373 

0.2221 0.2577 

0.1887 0.1924 

0.2050 0.2050 

0.2140 0.2140 

0.2554* 0.2248* 

0.2047 0.2103 

0.1311 0.1331 

0.1543 0.1467 

0.1527 0.1555 

0.1533 0.1533 

0.2276 0.2214 

0.3000 0.3000 
0.3160 0.3160 
0.2684* 0.2888* 

0.2467 0.2467 
0.1700 0.1700 

• Coil weighted mean Cu was also determined for these heats. 
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Page 

Page 

Page 

Page 

Ad com 

Ad com 

Adcom/Page 

Ad com 

Adcom 

Reid-Avery 

Reid-Avery 

Reid-Avery 

Reid-Avery 

Reid-Avery 

Reid-Avery 

Reid-Avery 

Reid-Avery 

CE 
CE 
NIA 
CE 
CE 

Ad com 

Adcom/R-A 

Reid-Avery 

Reid-Avery 

Reid-Avery 

NIA 
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Heat No. 
10120 

3P7317 

4P6052 

4P7869 

83637 

83640 

83642 

83648 

83650 

83653 

87005 

88112 

88114 

89476 

89833 
90069 

90071 

90077 

90130 
90144 

90146 
·90209 

TABLE3 
Weld Deposit Copper for 

Non-Copper Coated Wire Heats 

Mean Cu ;Wfrt'dMean 

0.0456 0.0443 

0.0685 0.0743 

0.0382 0.0471 

0.0315 0.0309 

0.0457 0.0480 

0.0510 0.0513 

0.0457 0.0454 

0.0425 0.0427 

0.0454 0.0450 

0.0400 0.0419 

0.0489 0.0540 

0.0450 0.0433 

0.0431 0.0457 

0.0225 0.0233 

0.0460 0.0494 
0.0376 0.0396 
0.0347 0.0364 
0.0360 0.0365 
0.0436 0.0460 
0.0425 0.0425 
0.0362 0.0388 
0.0436 0.0433 

ABB Combustion Engineering Nudar Opalllions 
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Wire Vendor 
Page 

CE 
CE 
CE 

Page 

Page 

Page 

Page 

Page 

Page 

CE 
CE 
CE 
CE 
CE 

Page 

CE 
Page 

CE 
CE 

Page 

CE 
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TPBlE 4 
WELD CEKmT NIO<EL FCR NIC<El. AOOITICl' WEli5 

Pral . I 
19: I Heat Ni(\) ~N:>. 

1 1248 .94 0047 

2 1248, 1248 1.20 0022 

3 1248, 1248 l.lS D39ll 

4 1248, 1248 l.23 D3912 

5 1248, 1248 .93 DWSO 

6 1248, 1248 .94 DW49 

7 1248, 1248 .95 DC048 

9 1248, 1248 1.m D4051 

9 1248, 66lH5T1 1.09 D3862 

10 1248, 66lH5T1 1.12 D386l. 

11 3277, 3277 .43 B:lr(8-2S-77) 

12 3277, 3277 .63 '10P-10637 

13 3277, 3277 l.27 ECr(8-2S-77) 

14 3277, 3277 1.28 ECr(8-2S-77) 

1S 3277, 3277 1.38 '10P-10637 

16 3277, 3277 1.60 SOP-10637 

17 341D>9 .32 QIL-84--070 4/84 

18 341D>9 .43 aL-84--070 4/84 

19 341D>9 .75 QIL-84--070 4/84 

20 341D>9 .84 aL-84~ 4184 

21 341D>9, 34EIJ09 .cs tm:-30299 

22 341D>9, 34EIJ09 .11 tm:-30299 

23 341D>9, 34EIJ09 .311 tm:-30299 

24 341D>9, 34EIJ09 .59 CE (5EEN)O) 

25 341D>9, 34EIJ09 .86 tm:-30299 

26 34lll09, 348X)9 .94 Nm:-30299 

27 341D>9, 34EIJ09 .95 Nm:-30299 

2B 34BX>9, 34EIJ09 .96 Nm:-30299 

29 341D>9, 34lll09 .99 CE (SEE !eOl 

30 341D>9, 34lll09 .99 tm:-:m99 

31 341D>9, 34!ll09 1.06 tEX:-30Z99 

l2 341D>9, 34lll09 1.06 tEX:-30299 

33 341D>9, 34!ll09 1.09 tEJ:-l0299 

34 34lll09, 34lll09 1.09 CE (SEE tea 
35 341D)9, 34EIJ09 1.30 tEJ:-30299 

36 341D>9, 34Bl09 1.78 CE CSE!: tea 
l7 341D>9, 34BX>9 1.03 ~Dill 

311 341D>9, 349)()9 1.14 DM856 

39 341D>9, 34lll09 1.22 Jal 

40 341D>9, 34BX>9 1.29 DM854 

4l 341D>9, 34BX>9 1.33 DH855 

42 34lll09, 34BX>9 1.14 DHBSB 

43 341D>9, 34EIJ09 1.21 Dl48S7 

44 34!ll09, 34EIJ09 1.26 Jal 

45 341D>9, 34EIJ09 1.38 Dl4B59 

46 34!0)9, 34!ll09 .94 DMB52 

47 341D>9, 34BX>9 1.CIS Jal 

ABB Combustion Engineering Nudear Operations 
Copyright (C) 1991, Combustion Engineering, Inc. 

E9:1igme ~ 
VALlD a 

WJD b 

WJD j 

WJD j 

WJD k 

WJD k 

WJD k 

w.m k 

WJD a 

WJD b 

WJD a 

WJD a 

WJD a 

WJD a 

WJD a 

\OILID a 

WJD d 

w.m d 

VALID d 

WJD d 

WJD b 

VALID b 

WJD b 

WJD b 

WJD b 

\OILID b 

WJD b 

VALID b 

w.m b 

WJD b 

w.m b 

WJD b 

w.m b 

WJD b 

WJD b 

WJD b 

VALlD b 

VALlD c 

VALlD c 

WJD c 

w.m c 

WJD c 

WJD c 

W.JD c 

W.ID c 

w.m c 

WJD c 

;:F 
0.94 

l.20 

1.19 

0.96 

1.105 

1.098 

0.595 

0.898 

• Oli.1"' 
~ s:mce ID 

NIA I KJ:-<X361. 

KI:-o39J 

KI:-o391 

KI:-o392 

KI:-o393 

KI:-o394 

KI:-o395 

KI:-o396 

KI:-o397 

KI:-o39B 

KI:-0;54 

KI:-0;55 

KI:--0656 

KI:-o&Se 

KI:-0;59 

NJ:-0;60 

KI:-1776 

KI:-1774 

KI:-1775 

KI:-1777 

KI:-179J 

NJ:-1789 

KI:-1791 

KI:-1793 

KI:-1781 

KI:-1792 

KI:-1782 

KI:-1783 

KI:-1795 

KI:-1784 

KI:-1788 

KI:-1785 

KI:-1786 

KI:-1794 

KI:-179"1 

KI:-1796 

KI:-CS69 

KI:-CS70 

KI:-CS71 

KI:-CS72 

NJ:-CS73 

KI:-CS74 

KI:-CS75 

KI:-CS76 

KI:-CS77 

KI:-CS"18 

KI:-C879 

CE NPSD-1119, Rev. 01 
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'l76IE 4 (Q:nt 'dl 

PmJ; . I 

~· tmt Ni(\) ~N:>. 
48 34&:09, 3411Xl9 1.05 00853 

49 34BJ09, 34llXl9 1.18 DM8Sl 

so 39Bl.96, 3981.96 1.14 N:M'-10694 

51 39m.96, 3981.96 1.26 WJUl-10694 

52 W5214 .99 DC688 

S3 W5214 .63 N:M'-10304 

54 W5214 .66 N:M'-10304 

SS W5214 .69 WJUl-10304 

56 W5214 .!lO T.R.Mlger,5183 

~ W5214 .99 T ._R.Mlger, 5183 

SB W5214 1.00 T.R.Mlger,5183 

59 W5214 1.0B T. R..K19er, 5183 

m W5214, '16214 .96 DC660 

61 W5214, "6214 .92 DC68'7 

62 W5214, "6214 1.12 DC6'14 

63 W5214, "6214 • '11 DC686 

64 H'iZl.4, "6214 1.05 DC6'13 

65 W5214, "6214 .72 DC494 

66 H'iZl.4, "6214 .76 DC494 

6'1 W5214, "6214 :n DM94 

6B W5214, W52l4 .Bl DH94 

69 W52l4, W52l4 .81 DC494 

70 W5214, "6214 .81 DH94 

71 W52l4, "6214 .96 04494 

72 W52l4, "6214 •. 96 DC494 

73 W52l4, "6214 .'11 DC494 

74 W5214, "6214 .98 DC494 

75 W5214, "6214 .98 DC494 

76 W5214, "6214 .99 DC494 .. 
T7 W5214, "6214 1.00 DC494 

'78 W5214, WS214 1.01 DC494 

79 W5214, WS214 1.01 DC494 

80 i5214, WS214 1.03 DC494 

81 W5214, WS214 1.03 DC494 

82 W5214, WS214 1.05 DC494 

B3 W5214, WS214 1.06 DC494 

84 Rl214, WS214 l.OB DC494 

es W5214, WS214 .69 Ma-11:-21.® 

86 W52l4, WS214 1.00 Ma-17-2ml 

87 W52l4, WS214 1.az SNU-17-2100 

BB W5214, "6214 1.06 SNU-17-2ml 

89 W5214, WS214 1.15 WJUl-7323 

!lO '6214, '6214 .87 DCS77 

91 Rl214, W5214 .99 DCS77 

92 W5214, WS214 1.07 DC60t 

93 W5214, '6214 1.059 .11111-1 

94 W5214, WS214 1.066 Rlr-2 

ABB Combustion Engineering N11d4ar Opafllions 
Copyright (C) 1991, CombllStion Engineering, Inc. 

Pa:ilgn!e 

WJD 

WJD 

WJD 

WJD 

WJD 

WJD 

WJD 

WJD 

WJD 

WJD 

WJD 

WJD 

WJD 

WJD 

WJD 

w.m 
WJD 

WJD 

WJD 

WJD 

WJD 

WJD 

\IN.ID 

VAL]]) 

W.ID 

W.ID 

w.m 
w.m 
VALID 

WJD 

WJD 

WJD 

WJD 

WJD 

WJD 

WJD 

WJD 
___ !NJI) 

WJD 

-w.l:D""" 

WJD 

DIEl!JK1?fQE 

WJD 

WJD 

WJD 

WJD 

WJD 

~ ~ 
c 

c 1.09 !mn 
A!!. 4 

b 

b 1.20 

c 0.99 

j 

j 

j 0.66 

u 

u 

u 

u 0.9925 

d 

d 

d 1.00 

e 

e 1.01 

h 

h 

h 

h 

h 

h 

h 

h 

h 

h 

h 

h 

h 

h 

h 

h 

h 

h __ -- ·-

h 

h 

h ·-
h 

h 

h 

h 

h 

h 

h 0.951 

le 

le 

I Olils 
(E.tt) SaJra! m 
NIA tG:-<EBO 

W:X:-<EBl 

tG:-<E83 

tG:-<E84 

W:X:-1650 

W:X:-1654 

tG:-1655 

tG:-1656 

tG:-1771 

W:C-17'70 

W:C-1773 

W:C-17'72 

tG:-1675 

W:C-16'16 

W:X:-1677 

W:X:-16'18 

KC-16'19 

W:C-1688 

tG:-1689 

W:C-1690 

W:C-1691 

KC-1692 

KC-1693 

W:C-1694 

KI:-1695 

KI:-1696 

W:X:-16'17 

KI:-1698 

KI:-1699 

KI:-1700 

te:-1701 

w:x:-11az 

KI:-1703 

W:C-1704 

KI:-1705 

W:C-1706 

W:C-1707 

W:C-1694 

tG:-1685 

W:C-1686 

W:C-1687 

W:C-1836 

KI:-1710 

tG:-1711' 

W:C-1712 

tG:-1713 

W:C-1714 

CE NPSD-1119, Rn. 01 
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TPmE 4 (Qxlt 'd) 

re: I Heat Ni(\) 
Analysis/ 
~No. ~ 

95 "5214, 1'&14 1.127 PEA-2 '\U\LID 

96 "5214, WS214 1.154 PEA-1 '\U\LID 

97 WS214, WS214 1.156 .APc-1 '\U\LID 

98 Wi2l.4, WS214 1.16 DH847 VALlD 

99 WS214, WS214 1.18 DM846 VALID 

100 WS214, WS2l4 1.193 N'Jr-2 VALID 

101 '6214, WS214 1.23 lCP VALID 

1D2 WS214, WS2l4 1.23 DM845 VALlD 

103 WS214, WS2l4 1.29 DM845 VALlD 

lOC WS214, WS214 .96 lCP WJD 

105 Ri214, 1'&14 .96 PEA-2 VALID 

106 WS2l4, WS214 1.024 PEA-1 WJD 

107 Ri214, WS214 1.107 PEA-2 VALID 

lCS "5214, 1'&14 1.11 Dl4BSO VALID 

109 '6214, WS214 1.149 PEA-1 VALID 

110 WS214, 1'&14 1.15 DH848 '\U\LID 

111 WS214, WS214 1.18 044850 '\U\LID 

112 5ml.4, W5214 1.203 PEA-1 '\U\LID 

113 WS214, 1'&14 1.204 PEA-2 w.m 
114 WS214, WS214 1.22 DM849 '\U\LID 

115 WS214, WS214 1.29 DH848 w.m 
116 WS214, WS214 .78 ICP '\U\LID 

117 WS214, WS214 1.003 PEA-1 w.m 
llS WS2l.4, WS214 1.006 ~2 VALlD 

119 '6214, WS214 1.05 DH843 '\U\LID 

120 WS214, WS214 1.09 DH842 w.m 
121 WS214, WS214 1.090 PEA-1 w.m 
122 WS214, WS214 1.093 PEA-1 w.m 
123 WS214, WS214 1.10 DM844 w.m 
124 WS214, WS214 1.104 ~2 w.m 
125 '6214, WS214 1.116 PEA-2 WJD 

126 WS214, WS214 1.02 ~ll815 WJD 

127 WS214, WS214 1.21 ~ll815 WJD 

128 WS214, WS214 1.06 T .R.M19er, 5193 w.m. 
129 WS214, WS214 1.09 T .R.M19er, 5/83 WJD 

~ WS214, WS214 1.11 T.R.~,5193 WJD 

131 WS214, WS214 1.m 04295 --~ 
132 WS214, WS214 1.03 04278 • lMEl'EMJNIClE 

133 WS214, WS214 1.03 Dl283 :nmmmwE 

134 WS214, WS214 1.04 04293 IREmMINlm: 

135 WS214, WS214 1.04 04296 lKElmUN.lm: 

136 WS214, WS214 1.04 0011 :nu::imm;m: 

137 WS214, WS214 1.06 04277 DIEl'IJtmWE 

138 WS214, WS214 1.06 04284 DG:mMINUE 

139 WS214, WS214 1.06 04286 :nu::imm;m: 

140 WS214, WS214 1.06 Dl292 JNEmMJK?ClE 

141 WS214, WS214 1.07 DGt5 JNEmMJK?ClE 

ABB Combustion Engineering Nlldear Operations 
Copyright (C) 1998, Combustion Engineering, Im:. 

~ ~ 
k 

k 

k 

k 

k 

k 

k 

k 

k~ 

k 

k 

k 

k 

k 

k 

k 

k 

k 

k 

k 

k 

k 

k 

k 

k 

k 

le 

k 

k 

k 

k 0.999 fmn 
Ref. 4 

1 

1 1.115 

v 

v 

v 1.087 

t 

t 

t 

t 

t 

t 

t 

t 

t 

t 

t 

IO>w 
(&st) Sam:e m 

N/A NI:-1715 

·NI:-1716 

m:-1n1 

NI:-1718 

IG:-1719 

NI:-1'120 

NI:-1721 

NI:-1722 

NI:-1723 

NI:-1724 

NI:-1725 

IG:-1726 

NI:-172'7 

NI:-1728 

IG:-1729 

NI:-17~ 

NI:-1731 

NI:-1732 

sa:-1733 

NI:-1734 

NI:-1735 

NI:-1736 

NI:-1737 

NI:-1738 

NI:-1739 

NI:-1740 

NI:-1741 

KI:-1742 

SG:-1743 

NI:-1744 

NI:-1745 

KI:-1746 

KI:-1747 

IG:-1767 

Nr-1769 

Nr-17QI 

KI:-1749 

KI:-1750 

KI:-1751 

KI:-1752 

Nr-1753 

Nr-1754 

KI:-1755 

Nr-1756 

IG:-1757 

Nr-1758 

Nr-1759 

CE NPSD-1119, Rev. 01 
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19:: • tmt Ni(\) 

142 WS214, ~14 i.cm 

143 WS2l4, ~14 1.10 

144 WS214, ~14 1.15 

145 WS214, ~14 1.15 

146 W5214, ~14 1.15 

147 WS214, ~14 1.15 

148 WS214, WS214 1.16 

Weighted Mean Ni 

ABB Comb~n Engineering Nuclear Opatllion.s 
Copyright (CJ 1998, Combustion Engineering, Inc. 

1'\BIE 4 (Q::llt 'd) 

Analysis/ 
~No. E9:11.gme 

04282 ~ 

04294 lNElEMINUE 

04279 ~ 

04281 lNElEMINUE 

0099 ~ 

0012 ~ 

1>1280 ~ 

1. 007 % (See Table 4A) 

~ ~ 
t 

t 

t 

t 

t 

t 

t 1.08 

• Cblli 
(£,,1:) ~m 

N/A KI:-1760 

KI:-1761 

KI:-1762 

KI:-1763 

KI:-1764 

KI:-1765 

KI:-1766 

CE NPSD-1119, Rev. OJ 
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Heat No.· 
..... ·:::.::<.-:: . . · ":< 

1248 

1248 

1248 

1248 

1248,661H577 

3277 

34B009 

34B009 

34B009 

39Bl96 

W5214 

W5214 

W5214 
W5214 
W5214 

W5214 

W5214 

W5214 

W5214 
W5214 

TABLE4A 
Weld Deposit Nickel for 
Nickel Addition Welds 

~oup.Tag _Sample·Mean . 
· ... ·;:,.· 
··.··, .. . 

a 0.94 

b 1.20 

j 1.19 

k 0.96 

a,b 1.105 

a 1.098 

d 0.585 

il 0.898 

c 1.09 
- -· b 1.20 

c 0.99 

J 0.66 

u 0.9925 
d 1.00 

e 1.01 
h 0.951 
k 0.989 
l 1.115 
v 1.087 

t 1.08 

Sum of Sample Means = 20.1405 

Number of Samples = 20 

· ... Numberof 
. Samples 

1 

1 

2 

4 

2 

6 

4 

17 

341 

2 

1 

3 
4 

3 

2 
28 

371 

2 

3 

18 

Sample Weighted Mean= 20.1405 / 20 = 1.007 3 Nickel 

ABB Combmtion EngiMaing N~kor Opaation.r 
Copyright (C) 1998, Combu.rtion EngiMaing, Inc. 
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Table 5 
Best Estimate Copper and Nickel by Heat Number 

Heat.Number Copper,% 

10120 0.046 
10137 0.216 

12008, 13253 0.210 

12008, 20291 0.199 
12008, 21935 0.213 
12008,27204 0.219 
12008, 305414 0.286 

12008, 305424 0.254 

12420 0.27 

1248 0.206 
1248 w/Ni200 0.206 

1248, 661H577 0.27 
w/Ni200 

13253 0.221 
1P2809 0.27 

1P2815 0.316 

1P357l 0.283 
20291 0.216 
21935 0.183 
27204 0.203 

2P5755 0.210 . 

305414 0.337 
305424 0.273 

3277 w/Ni200 0.247 
33A277 0.258 

-
34B009 0.192 

34B009 w/Ni200 0.192 
39B196 w/Ni200 0.160 

3P7317 0.074 
4P6052 0.047 
4P6519 0.131 
4P7869 0.031 
51874 0.147 

ABB Combustion EngiMaing Nuclear Opert:llions 
Copyright (C) 1991, Combustion Engineering, Inc. 

Nickel,% 

0.082 
0.043 
0.873 

0.846 
0.867 

0.996 
0.792 

. 802 
1.035 
0.072 
1.007 

1.007 

0.732 
0.735 
0.724 
0.755 
0.737 
0.704 
1.018 
0.058 
0.609 
0.629 
1.007 
0.165 
0.13 
1.007 
1.007 
0.067 
0.049 
0.060 
0.096 
0.037 

Basis 
simple mean 
weighted mean 

simple mean 

weighted mean 
weighted mean 

• 
• 
• 
generic Cu, simple mean Ni 

weighted Cu, avg. Ni 
weighted Cu, Ni200 BE 

generic Cu, Ni200 BE 

weighted mean 
generic Cu, bare wire Ni 

simple mean 
coil wgt'd Cu, wgt'd Ni 
simple mean 
weighted mean 
weighted mean 
weighted mean 
weighted mean 
coil wgt'd Cu, wgt'd Ni 
simple Cu, Ni200 BE 
weighted mean 

.. - . 

wgt'd Cu, generic Ni 

wgt'd Cu, Ni200 BE 
simple Cu, Ni200 BE 
weighted mean 
weighted mean 
simple mean 
simple mean 
weighted mean 

CE NPSD-1119, Rev. 01 
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Table 5 (continued) 
Best Estimate Copper and Nickel by Heat Number 

·{Heat.Number ·,. Copper, .. % 1 ''NickeJ,."~: . ··.<::.: .Basis 

51912 0.156 0.059 weighted mean 
51989 . 0.170 0.165 simple mean 

5P5622 0.153 0.077 simple mean 

6329637 0.205 0.105 simple Cu, bare wire Ni 

83637 0.048 0.066 weighted mean 

83640 0.051 0.096 simple mean 

83642 0.046 0.086 simple mean 

83648 0.042 0.136 simple mean 

83650 0.045 0.087 weighted mean 

83653 0.042 0.102 weighted mean 

86054B 0.214 0.046 simple mean 

86054B, 9565 0.213 0.052 mean of indeterminate data 

87005 0.054 0.151 weighted mean 

88112 0.045 0.200 simple mean 

88114 0.043 0.189 simple mean 
89476 0.022 0.071 simple mean 

89833 0.046 0.059 simple mean 
.90069 0.040 0.076 weighted mean 

90071 0.035 0.079 simple mean 

90077 0.036 0.057 simple mean 

90099 0.197 0.060 simple Cu, bare wire Ni 

90130 0.044 0.133 simple mean 

90136 ~-- - 0.269 0.070 weighted mean 
90144 0:042 0.075 simple mean 
90146 0.039 - 0082 - .JVeighted _mean - . - . 

9Q209 0.044 0.126 simple mean 
9565 0.213 0.052 Ht. 86045B/9565 data 

A8746 0.150 0.13 Avg. Cu with bare wire 
data; generic Ni 

BOLA 0.027 0.913 simple mean 
HODA 0.027 0.947 simple mean 

W5214 w/Ni200 0.213 1.007 coil wgt'd Cu, Ni200 BE 

* See Report CE NPSD-1039, Rev. 02 for method of determination. 

ABB Combustion Enginaring Nudear Opaatiom 
Copyright (C) 1991, Combartion En~aing, Inc. 
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Table 6 
Best Estimate vs. Bare Wire Nickel by 

Heat Number for Low Nickel Heats 

Beat•Number .Nickel,%. ; . Bare Wire Nickel, % 

10120 0.082 . 05, .03 

3P7317 0.067 .04 

4P7869 0.096 .06, .06, .07 

6329637 0.105* .10, .11 

83637 0.066 .04, .04 

89476 0.071 .02 

89833 0.059 .03, .04, .OS 

90069 0.076 .05, .05 

90077 0.057 .04, .04, .06 

90099 0.060* .06 
90144 0.075 .06, .06 
90146 0.082 .06, .06 

90209 0.126 .07, .11 

* Note: Best estimate nickel was based on the bare wire analysis measurements. 

A.BB Combustion Engineering Nuckar Operations 
Copyright (C) 1991, Combustion Engineering, In&. 
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Table 7 
Weld Electrode Identification for Reactor Vessel Surveillance Program 

Welds Fabricated by Combustion Engineering 

Reactor-Vessel:-. ·._:Weld Electrode:Heat No. 

AN0-2 83650 

Almarez 2 83642 

ASC0-1 83650 

ASC0-2 4P6052 

Beaver Valley 1 305424 

Beaver Valley 2 .83642 

Jose Cabrera 1248 

Calvert Cliffs 1 33A277 

Calvert Cliffs 2 10137 

Callaway 90077 

Catawba 2 83648 
Comanche Peak 1 88112 
Comanche Peak 2 89833 

CT Yankee 86054B 
DC Cook 1 13253 

Cooper 20291 
Diablo Canyon 1 27204 

Diablo Canyon 2 12008 & 21935 

Farley 1 33A277 
Farley 2 BOLA 

Fenni 2 33A277 

Fitzpatrick 12008 & 13253 
Ft. Calhoun 305414 

Hatch 1 1P3S71 
Hatch 2 S1912 

H.B. Robinson WS214 w/Ni200 
Indian Point 2 W5214 w/Ni200 
Indian Point 3 W5214 w/Ni200 

Kewaunee 1P3571 

Lasalle 1 1P3571 
McGuire 1 12008 & 20291 

Maine Yankee 1P3571 
-

A.BB Combustion Engineering N~l.ear Operations 
Copyright (C) 1991, Combustion Engineering, Inc. 

·Flux Type andLotNo. Ver.<1> 

Linde 0091, #1122 Yes 

Linde 0091, #3536 No 

Linde 0091, #1122 No 

Linde 0091, #014S No 

Linde 1092, #3889 Yes 

Linde 0091, #3S36 Yes 

Arcos BS, #4M2F No 

Linde 0091, #3922 Yes 

Linde 0091, #3999 Yes 

Linde 124, #1061 Yes 

Linde 0091, #3S36 No 

Linde 0091, #014S Yes 

Linde 124, #1061 Yes 

Arcos BS, #3K2F Yes 

Linde 1092, #3791 Yes 

Linde 1092, #3833 Yes 

Linde 1092, #3714 Yes 

Linde 1092, #3869 Yes 

Linde 0091, #3922 Yes 

NIA Yes 

Linde 0091, #3878 Yes 

Linde 1092, #3774 No· 

Linde 1092, #3947 ,39Sl Yes 
Linde 1092, #3958 Yes 
Linde 0091, #3490 Yes 
Linde 1092, #3617 Yes 
Linde 1092, #3600 Yes 
Linde 1092, #3692 Yes 
Linde 1092, #39S8 Yes 
Linde 1092, #39S8 Yes 
Linde 1092, #3854 Yes 
Linde 1092, #39S8 Yes 
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Table 7 (continued) 
Weld Electrode Identification for Reactor Vessel Surveillance Program 

Welds Fabricated by Combustion Engineering 

·Reaefur:-v~er, · weid:Electiode::'lieat'.No. :·. . Flux''Type and Lot.No. Ver.(l> < 

Millstone 1 34B009 w/Ni200 Linde 1092, #3708 Yes 

Millstone 2 10137 & 90136 Linde 0091, #3998,3999 Yes 

Millstone 3 4P60S2 Linde 0091, #014S Yes 

Nine Mile 1 1248 Arcos BS, 5C6F-1 No 

Oyster Creek WS214 Arcos BS, SG13F Yes 

Palisades 3277 w/Ni200 Linde 1092, #3833 Yes 

Palo Verde 1 4P7869 Linde 124, #1061 Yes 

Palo Verde 2 3P7317 Linde 124, #0662 Yes 

Palo Verde 3 4P7869 Linde 124, #0281 Yes 

Pilgrim 12008 & 20291 Linde 1092, #3833 Yes 

Pt. Beach 2 4061.A4 Linde 80, #8773 Yes 

St. Lucie 1 90136 Linde 0091, #3999 Yes 

St. Lucie 2 83637 Linde 124, #0951 Yes 

Salem 1 39B196 w/Ni200 Linde 1092, #3617 Yes 

Salem 2 132S3 Linde 1092, #3774,3833 Yes 

Seabrook 1 4P6052 Linde 0091, #0145 Yes 
SONGS2 90130 Linde 0091, #0842 Yes 
SONGS 3 90069 & 90144 Linde 124, #0951,1061 Yes 

STP 1 89476 Linde 124, #1061 Yes 
STP2 90209 Linde 124, #1061 Yes 

Vogtle 1 83653 Linde 0091, #3536 Yes 
Vogtle 2 87005 Linde 124, #1061 Yes 

Waterford 3 88114 Linde 0091, #0145 Yes 
Wolf Creek 90146 Linde 124, #1061 Yes 

(1) 'Ver.' refers to whether or not the heat identification has been verified based on 
fabrication records or equivalent. If "No", then there is insufficient proof to establish 
the weld electrode heat used to fabricate the surveillance program weld. 

ABB Combustion Enginuring Nuclear OpaatiDns 
Copyright (C) 1991, Combustion Engineering, In&. 
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Figure 1 

Simple Mean Nickel Content for Low Nickel Wire 
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Figure 2 

Weighted Mean Copper Content for Copper Coated Wire Heats 
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Figure 4 

Weld Deposit Nickel for Ni200 
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Attachment A 

Supplemental Weld Deposit 

Chemical Analysis Results 

Source: 
Attachments 4 and 5 to Consumers Power Company Letter dated November 15, 
1995, RW. Smedley to Nuclear Regulatory Commission, "Response to NRC 
Generic Letter 92-0 I, Revision I, Supplement I: Reactor Vessel Structural 
Integrity." 

Attachment A consists of three pages including Title Page, Attachment 4 page 2 
of 2, and Attachment 5 page 2 of 2. 
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• -
TotaJ Chemistry Aeaulta 

-1c;e " : : " 

'8Allldn Steam Genet8tor • Wl21' 
N1olcet Weight " 

Ave: 0.919 

liB Mil !Bl AM !X ~ ~ !:! &I ~ ~ lA:! ~ ~ ~ 
1.093 0.98 0.54 0.47 0.48 0.48 0.5 1.2 1.08 1.08 0.99 1. 11 1 . 1 1.12 1.17 
1.116 1.2 0.57 0.51 0.28 o.e o.e 1. 1 1 1.08 1.03 1.08 1. 15 1.2 1 03 
0.831 1.18 0.45 0.48 0.28 0.42 0.43 1.12 1.08 1. 1 1.05 1.07 1.04 1. 12 0.94 
1.09 1.15 0.92 0.88 0.38 0.83 0.78 1.17 1.06 1.12 l.15 1 .19 1.08 1.05 0.96 
1.003 o.e2 1.09 0.99 0.97 1.09 1.04 1.12 1.16 1.08 1.1 1.08 1.08 1. 11 0.99 
1.008 1. 12 1.17 1.1 1. 1, 1.13 1.15 1.18 1. 18 1.12 1.09 1.1 1.13 1.08 1 
1. 101 1.08 1.03 1. 11 1.1 1.11 t.08 1.1 1.08 1.08 1.08 1.08 1.1 1.08 1.47 
1.0! 0.97 1.13 1.18 1.12 1.18 , .13 1.14 1.01 1.1 0.97 1.28 1.1 1.1 0.97 
1.09 1 0.79 Q.51 0.51 o.e 0.48 1.1 1 1.08 1 .07 0.98 1.0! 1.1 1.14 
1.104 0.87 0.54 .0.42 0.79 0.91 1.07 1.04 1.05 1.03 1.1 1.01 1.08 1.05 
1.093 o.es 0.75 0.83 0.88 0.83 1.01 1 0.98 0.97 1. 15 1.07 0.99 0.97 
1.1 o.ea 0.72 0.83 0.78 0.74 , .15 0.99 1.01 0.99 1.28 1.06 1.1 1 
1.154 0.55 1.2 0.91 1.1 1.12 1.06 0.94 1.1 0.79 1.oe 1.1 1., 1 0.98 
1. 193 0.53 1.24 1.04 1. 1 !5 1 .1 e 1.0! 0.9 0.79 0.73 1.12 1.12 1.13 1.46 
1.232 0.!52 1.12 1. 13 , .18 , .1 e 1.03 0.88 0.94 0.77 1.08 1.07 1.1 1.01 
1.23 1.08 1.27 1.34 1.215 1.28 1.07 0.98 0.93 0.77 1.2 1. 1 1.1 0.99 
1.29 1.14 0.49 0.!1 0.47 0.53 1.1 0.92 0.9 0.9 1.13 1.1 1.11 1.03 
1.168 1.2 0.54 0.51 0.5 0.51 1.11 0.87 0.92 0.89 1.13 1.07 1.08 0.92 
1.127 t.09 0.44 0.33 0.49 0.41 1.13 0.87 0.87 0.78 1.04 0.94 1.07 1.12 
0.983 1.15 0.86 0.!53 0.84 0.85 1.08 0.91 0.89 0.7!5 1.1 1. 1 1.08 1.03. 
1 .18 1.03 1.04 0.94 1.03 1.38 1.07 1.08 0.87 0.92 
1.059 1.13 1.09 1.1 1.09 1.51 1.01 1.17 0.89 0.91 
1.088 1.13 1.06 1.11 0.25 1.48 1 1.04 0.94 0.9 
1.031 0.99 1.12 1.31 1.17 1.08 1.13 1.12 0.82 1.04. 
1. 18 1.3 
1.203 1.23 
1.204 1.11 
1.04 0.99 
1. 15 1.02 
1.29 0.76 
1.149 0.54 
0.98 0.53 
1.051 0.49 
1.22 0.79 
1.024 0.8 
1.107 1. 14 
1.002 1.2 
1.18 1.18 
1. 11 1.38 

1.4 
1.05 
1.05 
1.08 
1.14 
1. 17 
1.1 
1.18 
1.03 
1.03 
0.99 
0.5 



I _. 

Attacnmer.:: 
Paqe 2 ':lf 2 

Tom Cherrd1try R1•ult1 
Plll1ade1 Steam Generator • 341009 

Nickel Weight % 
\va: 1.090 

BB w. w. BM IX .m 3M 1:6 H l:S i:l2 a:! 11:.1 ~ .ll:Q 
1 .215 0.91 1.01 0.81 0.72 0.98 0.97 1.12 1.1 1.14 1.15 1.21 1.14 1.05 1.14 
1.092 1.36 1.2 0.78 0.99 1.09 0.89 0.99 1.01 1.oe 1 .17 1.1 1. 18 1.08 1.07 
1 .108 , .18 0.89 1.01 0.91 1.38 1.09 1.03 1 .13 1.17 1.29 1.04 1.04 1. 1 t.08 
1.18 1.13 0.73 1.12. 0.97 1.08 1.09 1.24 1.1 s 1.11 1.1 1.08 1.01 1. 11 1.0J 
1.01 0.73 o.e8 1.02 .1 .02 1., 7 1.25 1.1 ! 1.15 , .13 1.19 1.08 1.03 1. 12 1 . 1 1 
0.909 1.19 0.5 1.15 1. 13 1.12 1.38 1 .. ,1 1.13 1.08 1.12 1.17 1.oe 1.05 1.22 
1.218 1.29 0.81 1.24 1.15 1.13 , .12 1.01 1.07 1.15 1.03 1.15 1.08 1.13 1. 15 
0.94 1.12 1.oe 0.7 0.41 1.48 0.58 1 ·.11 1.07 1.34 1.03 1.15 1.08 1.22 1. 11 
1.098 0.8 1.05 1.08 0.88 0.85 1.01 1.13 1.03 1.01 0.98 1.08 1.13 1. 1 1.27 
1.057 1 1.09 1.2 0.68 1.12 1.13 1.13 1.05 1.1 1.32 1.08 t. 13 1.1 1.01 
1.148 1.08 ·1.09 1.28 1.12 1.1 1. 18 1.12 1.07 1.08 1.05 1.08 1.1 1.04 1.25 
1.05 1.01 1.28 1.04 1.13 1.2 1.1e 1.18 1.24 1.04 1.05 1 .12 0.97 1.14 0.99 
1.272 0.89 1 .1 e 1. 18 1.17 1.13 1.28 t .15 1.08 1.17 1.08 1.03 1.21 1. 15 
1.259 o.ea 1 .12 1.49 1. 13 1.2 1 .15 1.28 1.1 1.28 0.93 1 .01 1.12 1.19 
1.234 1. 1 0.74 0.84 0.49 0.71 1.42 1. 19 1.07 1.07 1.08 1.11 1.13 1.18 
1.29 1.33 0.79 1.05 1.02 1.1 1 .21 1.1 1 .12 1.1 0.98 1. 11 1.1 1.14 
1.331 1.04 1.04 1.28 1.15 1.13 1.19 1.22 1.08 1.07 1., 8 1 .07 1. 14 1.12 
1.292 0.97 1. \ 1 1.11 1.17 1.15 1.1 a 1.24 1.11 1.07 0.98 1.29 , . 14 1.22 
, .18 1.1e 1.1 1.04 1.75 , .13 1.15 1.01 1.1 t 1.05 1.07 1.13 1.17 1.2 
1.33 1.08 1.05 1.17 1.oe 1.23 1.35 1.13 1.oe 1.08 1.04 1., 2 1.24 1. 18 
1. t 38 1.19 1.2 1 .18 
0.998 1. 13 
1 .15 1.56 
1. 14 1.34 
1.128 0.99 
1. 117 1.23 
, . 119 1.2 
1 .21 1.18 
1.138 1. 11 
1.088 0.95 
0.981 0.91 
1.14 1.04 
1.307 1 
1.292 0.89 
1.2 0.57 
1.38 0.38 

0.97 
0.58 
1.34 
1.24 
1. 17 
1.3 
1.02 
1.01 
1.23 
0.97 
1. 1, 
1 .2 
0.12 
0.99 
1.08 


