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2.0 REACTOR VESSEL MATERIALS 

2.1 Background Information 

The Palisades Plant reactor vessel was fabricated by Combustion 
Engineering (CE) in Chattanooga, Tennessee under contract 2966 in 

the 1966 to 19 68 ti me frame · ::fi]]lt]:]l]l]l]l]l]l]l]f:f]f:t::::::::f!:]fjl]lI!fI:::If]:]llil:::I::I::]:t::::::::::::::tll]:]l]I:::I!l::::::::::]l:]!:]:]( 

]!jj:::::::::::::::::::::::::::::::::]li!jjjj!:::::::::::::::i:::::::::::::i:::::::::::::::::::::::::::::::::::::::::::::'::::::::i::::::::::::::::::::::::::,:::::::j:jj:::::::::::::::::]:::::::::::::::::::::]i:::::::::::::::: The fa br i cat i on hi story 
discussion below consolidates previously docketed information from 
References 3 through 7. The chronology is important because during 
this time period significant changes occurred in the welding 
processes and in the chemistry of the base plate material used by 
CE. 
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2.2 Palisades PTS History 

2.2.1 Plate 

Prior to 1965, vessels were made with SA302 Grade B plate which had 
a low Ni content (<.1%). About 1965, CE began to use SA 302 Grade B 
plate with Ni added to improve tensile strength. Of the reactor 
vessels listed in Table 2-1 only the HBR2 vessel used low Ni plate, 
since it had been partially fabricated prior to 1965 for another 
plant which was subsequently cancelled. 

The plate material from which the Palisades reactor vessel is 
fabricated conforms to the requirements of Specification SA302, 
Grade B, as modified by Code Case 1339 and is designated as SA302-B 
(modified). This modification allows the addition of 0.4 to 1.0 
weight percent Ni to the composition and permits the allowable plate 
thickness to be limited only by the ability of the material to meet 
specified physical property requirements. The equivalent current 
designation of SA302-B (modified) material is A533, Grade B, 
Class 1. 

The plate and forging materials in the reactor vessel are identified 
by piece number and code number. The beltline region plates are: 

Lower Shell 
Piece No. 112-05A 
Piece No. 112-058 · 
Piece No. 112-0SC 

Intermediate Shell 
Piece No. 112-04A 
Piece No. 112-048 
Piece No. 112-04C 

Code No. D-3804-1 
Code No. D-3804-2 
Code No. D-3804-3 

Code No. D-3803-1 
Code No. D-3803-2 
Code No. D-3803-3 

The arrangement of the plate material is shown in Figure 2-1 . 
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Vessel Welds 

Combustion Engineering used the submerged arc welding process for 
vessels constructed during the same time frame as the Palisades 
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Review and interpretation of the fabrication records for the 
Palisades reactor vessel are complicated because it was manufactured 
during a period when a variety of weld wire heats and welding 
procedures were in use in CE's Chattanooga shops. As discussed 
below, the Palisades reactor vessel beltline contains two heats 
(No W5214 and No 348009) of RACO 3 MIL 8-4 wire and one heat 
(No 27204) of ADCOM MIL B-4 Modified wire while the reactor vessel 
surveillance program reflects a third heat (No 3277) of RACO 3 MIL 
B-4 wire which is not in any of the vessel welds. 

Accordingly, in late 1991 and the first quarter of 1992, CPCo and CE 
conducted a detailed search of vessel and surveillance fabrication 
records (test reports, weld inspection reports, shop travelers, 
specifications and weld procedures) in order to establish credible 
weld characteristics. Records were detailed enough to indicate the 
date and amounts of the various weld wires which CE received from 
1965 to 1970. Using this information, it was also possible to make 
reasonable estimates of the dates at which many of the wire heats 
were entirely consumed. Shop Travelers clearly associated weld 
seams with wire heats, fluxes and welding procedures. References 8 
and 9 are documentation reports associated with the findings of CPCo 

and CE du r i ng that sea re h . :::::::::::::::::::!\]:::::::;:::::::::::::::::::!l!i!1!i!ljl]:j:jjj!j!li!ilj1jj1\jj!i!i!l]::::::ii::::::!:!:!:!:!:!:!:!:!:!:!:I:!I::::::!:!i!i!i!!ji!ijl!i!lj1jj!:!:!:!:!:!:::;:::::::::tl:!i!: 

::::t!\\i!~)Mtl~j:::U!rn!i!i!i!ili:\i!:i:\Jii:::::::!:i.::ltH!i!i!M!:!i!:!:!:!It:I::l:!:!:!:!:li!l!im!fi!j It had been Consumers Power 
Company's understanding ·until early this year that the intermediate 
to lower shell circumferential seam (9-112) had been fabricated with 
weld wire heat number 27204 and Linde 1092 flux with repairs made 
using Linde 124 flux. However, recent review of fabrication records 
shows that the first weld was removed and the repair weld was 
actually a complete replacement of seam 9-112, which was fabricated 
with weld wire heat number 27204 and Linde 124 flux. A description 
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of the then existing Combustion Engineering Weld and Material 
Control Program is included as Attachment 5. 

Surveillance Welds 

Reference 9 provides a summary of the fabrication sequence of the 

Pal i sades vessel/ s u rve i 11 an c e we l d s . :::t:[::m::::i::::::;:::::i:::::::IJ!II!It::::IJI!IlillllI!:!!:t:::i::m:tI:lllllil!lllllli!i[i[i!ili!i!illli::::: 

!iI!It::::::::::tti!I!l!i!I::::i::::::::i::1::::im:::::::II!::::::::::::::::::::::1:::t]!:::::::::::::::::i::::::::::':::::::I:::t:::tI::::::::::::::::::::::::::::::::::::::::t:II!i!iiii!ii!i!::::::::::t::::::::::::::::!I!I::::::::::::::1::::t:::I::::: The use 
of RACO 3 heat W5214 in many vessels appears to have depleted all 
the remaining inventory by mid-1967. Both RACO 3 heat 348009 wire 
and RACO 3 heat W5214 were available for part of this time. 
However, the RACO 3 heat 348009 wire was exhausted by early 1969. 
All the MIL B-4 Modified heat 27204 wire from ADCOM Metals Company 
appears to have been consumed between mid-1967 and early 1968. 
Thus, it can be conjectured that there was not enough of the weld 
wire used in the fabrication of the Palisades vessel (heats W5214, 
348009 or 27204) remaining in 1969 to fabricate the surveillance 
weld, and the RACO 3 MIL B-4 heat number 3277 wire was special 
ordered for this purpose. 

Records clearly indicate that the Palisades surveillance weld is 
made of a RACO 3 wire with Ni 200 addition, and not with the MIL B-4 
Modified heat 27204 as was previously reported in Reference 6 and 
that the surveillance weld was made more than- a year after the 
reactor circumferential weld was finished. Normal CE practice was 
to use the same consumable for the beltline circumferential and the 
surveillance welds. It could be assumed, that under ordinary 
circumstances, the RACO 3 (heat 3277) as-welded chemistries would be 
similar to those of other RACO 3 welds. However, References 9, 10 
and 11 demonstrate that the Palisades surveillance weld is not 
chemically characteristic of welds made with RACO 3 wire used in 
vessel fabrication during the 1966-1969 time span. Reference 10 
reports the results of chemical analyses of the Palisades 
surveillance weld conducted by Westinghouse on fractured Charpy 
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specimens from the Palisades Plant surveillance program. The 
analyses show a wide variation in Ni content across the specimen. 
The variation was judged to be inconsistent with the variation 
expected from welding procedures associated with either RACO 3 MIL 
8-4 {HiMnMo) or MIL 8-4 Modified {MnMoNi) weld wire. It is 
concluded that such a Ni variation could only be expected in RACO 3 
welds where the Ni-200 addition was varied during the dual wire feed 
process; and therefore, as stated above, that the surveillance weld 
is not the MIL 8-4 Modified wire heat 27204 weld as reported to the 
staff in Reference 6. The variation in Ni content through the weld 
thickness (Reference 11) is unusually high for this type of 
consumable. The wide variation in Ni content leads one to 
speculate that wire feed mechanisms for Ni wire which had not been 
used for over a year may not have been functioning properly. It 
seems probable that the original CE surveillance program report 
{Reference 12) which indicates that the surveillance weld was 
produced with a RACO 3/Ni 200 consumable, is correct . 

In view of the above it was concluded that the Palisades RACO 3 
vessel welds are best represented by RACO 3 welds made for other 
vessels and for other surveillance programs at the time of 
manufacture of the Palisades reactor vessel . 
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2.3 Determination of Reactor Vessel Beltline Material Chemistry 

2.3.1 Previously Submitted Chemistry 

On June 14, 1985, Consumers Power Company (CPCo) submitted a 
proposed Technical Specifications Change Request (Reference 7) for 
revised Palisades Plant reactor pressure vessel pressure and 
temperature limits. Included in that submittal was a description of 
the Palisades Plant reactor vessel materials. In Attachment III to 
that submittal, CPCo stated "It would appear that the Palisades 
RACO 3 + Ni 200 vessel welds are best represented by other RACO 3 
welds made for other vessels and for other surveillance programs at 
the time of manufacture of the Palisades reactor vessel." The 
summary then concluded: (1) that the mean values for RACO 3 + Ni 200 
welds of 0.19 wt% Cu and 1.10 wt% Ni extracted from EPRI Report 
NP-3573-SR (Reference 3) were representative of Palisades' axial 
welds; (2) that information obtained from a Pacific Gas and Electric 
Company search of CE fabrication records for the Diablo Canyon 
Unit 1 reactor vessel surveillance program supported the conclusion 
that the MIL 8-4 modified heat 27204 circumferential weld contains 
0.21% Cu and 0.98% Ni; and (3) based on chemical analysis of 
specimens of the Palisades reactor vessel plate material, the 
Palisades plate material contains 0.25% Cu and 0.54% Ni. 

On August 21, 1985, (Reference 13} the NRC issued the revised 
pressure and temperature limi~s for the Palisades Nuclear Plant 
(PNP). The accompanying Safety Evaluatio-n referenced CPCo's 
June 14, 1985 submittal (Reference 7) and stated "The amounts of Cu 
and Ni were estimated from chemical analyses of reactor vessel 
surveillance welds and other nuclear vessel welds, which were 
fabricated by Combustion Engineering using the same heats of weld 
wire as the PNP beltline material. Since the amount of Cu and Ni 

- should be consistent within a heat of weld wire and the wire is the 
source of Cu and Ni in a weld, the use of chemical analyses from 
surveillance welds and other nuclear vessel welds- fabricated from 
the same heats of wire as the PNP beltline weld should provide 
reliable estimates for the amounts of Cu and Ni in the PNP beltline 
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welds." This statement is inconsistent when applied to the data 
CPCo submitted in 1985 since that data contains heats other than 
those used in the Palisades' reactor vessel. However, this 
statement is consistent with the 10CFR50. 61 classification of 
"best-estimate" data and correctly applies to the data utilized in 
this assessment. 

On January 23, 1986, CPCo responded (Reference 14) to the 
July 23, 1985 PTS rule (10CFR50.61). This response includes the 
statement "Consumers Power Company letter dated June 14, 1985 
clearly established our intent to employ generic chemistry for both 
circumferential and axial welds metal". The January 23 letter then 
lists the same chemistries as described above. 

In their May 6 , 1986 response (Reference 15) to the 
January 23, 1986 submittal, the NRC requested that CPCo define the 
phrase "generic chemistry". CPCo's response on August 7, 1986 
(Reference 16) states "The term 'generic chemistry' as employed in 
Consumers Power Company's January 23, 1986 submittal indicated our 
intention to use the average of the Cu and Ni values as determined 
from the search of fabrication records of other reactor vessels 
constructed by Combustion Engineering during the same period that 
the Palisades reactor vessel was being fabricated." 

Palisades' use· of available chemistry data and classification of the 
data as generic was established prior to the issue of Regulatory 
Guide 1.99 Rev 2 (Reference 17) which provides specific guidance to 
determine the Cu and Ni content in vessel welds based on the source 
of the data. While Palisades' chemistry data did not exactly meet 
the specific classification guidance of Regulatory Guide 1.99 Rev 2 
the values submitted on January 23, 1986 were considered to be based 
on an acceptable alternative . 
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Until the December 16, 1991 submittal (Reference l}, CPCo used the 
previously submitted (Reference 7} chemistry as input to all 
subsequent submittals concerning reactor vessel integrity. 
Previously submitted data for the axial and circumferential welds 
and plate material is provided in Tables 2-4, 2-5, 2-6 and 2-7. 

CPCo review of the May 15, 1991 amended version of 10CFR50.6l(b} 
determined that previously approved vessel chemistry did not 
precisely fit within the categories described in 
10CFR50.61-(b}(2}(iv}. Previously submitted axial weld chemistry 
used a combination of data taken from weld deposits made from the 
same RACO 3 weld wire heat as was the Palisades reactor vessel, as 
well as data taken from other heats of RACO 3 welds and RACO 3 welds 
with no identified heat number. As earlier explained, CPCo termed 
that submitted chemistry to be generic. The 10CFR50.61 definition 
of generic is described in a footnote in paragraph (b}(2}(iv}, which 
states "Data from reactor vessels fabricated to the same material 
specification in the same shop as the vessel in question and in the 
same time period is an example of 'generic data.'" A review of 
Palisades previously submitted axial weld data (Table 2-1} indicates 
that, although it all meets the definition of "generic", 
approximately half of the data came from welds made from the same 
weld wire heat as the Palisades vessel and can be, per 10CFR50.61, 
classified as "best-estimate". 

Prior to our December 16, 1991 submittal (Reference l}, CPCo began 
an extensive search to verify previously submitted data and to 
determine the availability of additional data. This search involved 
several organizations and included a search of weld chemistry 
records maintained by NSSS vendors Westinghouse and Combustion 
Engineering. Also included was a search of NRC docketed PTS 
submittals and a search of weld chemistry records maintained by ATI 
Consulting. This search found additional data applicable to the 
Palisades reactor vessel welds and confirmed the applicability of 
the existing heat specific weld data. In order to mee~ the 
schedular requirements of 10CFR50.61, CPCo elected to submit the 
data available at the time of our December 16, 1991 submittal of 
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projected RTPTs values, recognizing the search was not complete and 
might require a later revision. Questions raised by NRC review of 
that submittal further highlighted the need to complete this search 
expediently. 

In the case of the beltline circumferential weld, the chemistry 
submitted in December was comprehensive, because the records for 
weld wire heat number 27204 were readily accessible. In contrast, 
the records for weld wire heat numbers W5214 and 348009 were 
difficult to track and retrieve. The chemistry proposed on 
December 16, 1991 for the beltline axial welds was derived from 
information previously submitted to the NRC by CPCo (Tables 2-4 and 
2-5) updated to include the results from the Indian Point 2 
surveillance program (Reference 18). 

Table 2-8 lists the chemistry submitted December 16, 1991 for the 
beltline axial welds (Reference 1). The NRC had three concerns with 
this list: 

1. The exclusion of the HBR2 surveillance weld chemistry. 

CPCo explained that the EPRI report (Reference 3) on which the 
submittal was based concluded it unlikely that the HBR2 
surveillance weld was fabricated with weld wire heat number 
W5214. CPCo also mentioned that the exclusion of "unusual" 
chemistry is a fairly common practiceswhen establishing a 
best-estimate mean. Because the HBR2 weld is identified as a 
RACO 3 {Heat W5214) +Ni 200 weld, and Carolina Power and 
Light had taken the position that it was representative of an 
HBR2 vessel weld, the NRC requested further justification for 
its exclusion from the best-estimate chemistry determination 
for Palisades . 
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2 . A surveillance weld chemistry reported for Indian Point 2 as 
weld wire heat 348009 that was shown in an NRC data base as 
heat number W5214. 

3. The Millstone 1 surveillance weld was actually fabricated with 
weld wire heat number 348009, rather than W5214. 

The NRC has since provided CPCo with a General Electric errata 
(Reference 19} concerning this weld. 

In addition to the above three concerns, the NRC requested CPCo to 
provide the individual chemistry measurements which had been 
averaged to develop chemistry estimates for welds in the data base 
(See Table 2-8). This request also applied to the chemistry for the 
circumferential weld listed in Table 2-9. The NRC also requested 
that CPCo check with Lukens Steel Corporation to determine if they 
had additional chemistry data on the plate material. 

Data Research 

Based on the NRC questions regarding information used in our 
... 

December 16, 1991 RTPTs projections, a more comprehensive review of 
the reactor vessel weld process and its effect on chemistry and 
chemistry variability was initiated. This review led to the 
following conclusions that form the basis for the selection of data 
to determine the Palisades reactor vessel beltline chemistry. 

1. lOCFRS0.61 requires that best-estimate chemistry be determined 
from the mean of samples taken from weld deposits made from 
the same weld wire heat number as the vessel weld. CPCo 
review of credible data generally supports this conclusion. 
Two factors which should be considered as possible causes for 
chemistry significantly different from the mean are: 
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a. Cu and Ni may vary substantially at the root of the weld . 
An example of this phenomenon can be observed in the 
Millstone 1 surveillance weld chemistry. The individual 
Cu and Ni measurements for this weld are listed in 
Table 2-11. Reference 3 shows that the two low Cu 
measurements (0.14 and 0.12), the three extremely low Ni 
measurements (0.11, 0.08 and 0.38), and the one very high 
Ni measurement (1.30) were all taken from samples of the 
root area of the weld. 

b. The Ni concentration at the weld surface may be 
substantially lower. Refer again to the Millstone 1 
surveillance weld chemistry listed in Table 2-11. 
Reference 3 shows that the 0.86% Ni sample was taken at a 
depth of 1/2" and the 0.95% Ni sample was taken at 3/4". 
The next two lines of paired data (0.96/0.99 and 
1.06/1.09) were taken from sample depths of 1-1/2" AND 2-
1/2" respectively. This can also be observed in the HBR2 
torus to dome weld Ni data also listed in Table 2-11. 
The surface measurements of 0.43% and 0.32% are much 
lower than the measurements taken at 1/2" of 0.75% and 
0.84%. 

2. The Palisades reactor vessel beltline welds were fabricated 
using Linde fluxes 1092 and 124. 10CFR50.61 has grouped these 
as similar fluxes and CPCo has not observed any significant 
effect of flux on weld chemistry; therefore, this report 
assumes any difference in the effect is negligible. 

3. The heat of the Ni 200 addition wire is not considered 

re 1 ev ant . ::::::m:i::i::::::::::::::i:::::::::::::i::::::::::::[:::::::::::::I::;::::::::::::::::::::::::::::I:Illlil:l:lt::::::mi:::::::::::::::::::i::::::::::I::::::::::::::lt:::IlIItl:::l::::::::::::;::::i:i::::::::::::::::::: 

::::::::::i:::::::::::::::::::;ii:::::::::::;;;::::::::;:::::::::::::::::::::::;:::::::::::::::::::::::::I::::::::lI:m::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::Illlll:::::::l::::::::::::m::::::::::::i::::: The ref 0 re 
any contamination of the Ni wire would have an insignificant 
effect on the weld and should not be affected by the heat 
number. The Ni content of each weld is determined from 
measurements taken from weld deposits made with weld wire heat 
number W5214 or 348009 fabricated with Ni addition. 
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4 . CPCo was unable to identify any process variable that would 
cause a tandem arc weld to have a different chemical content 

th an a s i ng 1 e a re we 1 d . :]:!IlIJ:[:::::~::::::::i::t::i::::t::::i:tt:::::::::::r::::::t::::::::tl:tr:::::t:::::::t:::::ri::~:::r:tir::::i;:::::::::i 

An extensive search of CE fabrication records was conducted to 
expand the data base for weld wire heat numbers W5214 and 348009. 
Additional chemistry information was provided by Carolina Power and 
Light from a study performed by Westinghouse on the HBR2 reactor 
vessel (Reference 20). The remaining data came from surveillance 
program reports for Indian Point 2 (Reference 18) and Indian Point 3 
(References 21 and 22). As CPCo is not a member of EPRI, the data 
in EPRI NP-3573-SR could not always be substantiated. 

Lukens Steel Corporation provided chemistry measurements for each of 
the Palisades beltline plates. CE was also able to locate a 
chemistry analysis for one of the plates. A revised chemistry has 
been determined for each plate using this additional data and 
results from the Palisades surveillance program. Because the plates 
each have significant PTS margin, CPCo has elected to use a bounding 
conservative value for the chemistry factor. This results in 
projected RTPrs which exceeds the screening criterion in 2049. 

2.3.3 Identification of Data 

Due to the number of NRC questions regarding the completeness and 
accuracy of the data chosen as representative of the Palisades 
reactor vessel beltline welds, a discussion concerning the selection 
and application of each data point is provided. Excluded data point 
discussion is limited to weld deposits that are documented as being 
fabricated with consumables similar (same heat or flux type) as the 
Palisades beltline weld consumables. 

In determining the best-estimate chemistry for the Palisades 
beltline welds, CPCo has adopted the methodology used in 
Reference 3. The mean for the population of measurements from an 
individual weld deposit is determined first. Then, the mean for the 
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weld wire h~at number is calculated by weighing the chemistry from 
individual weld deposits equally. For example, in Table 2-10 the 
HBR2 flange weld lists four measurements. The Mean for that weld, 
shown in the shaded boxes, represents the chemistry of that weld. 
These values are also summarized in Table 2-14. The chemistry of 
each weld represented in Table 2-10 is then used to compute the mean 
for welds fabricated with weld wire heat W5214 + Ni 200. This 
chemistry is identified in Table 2-10 as the best-estimate mean for 
weld wire heat W5214. 

2.3.3.1 Axial Welds 

Research has been performed in an effort to validate and locate 
additional data on weld wire heat numbers W5214 and 34B009, and to 
identify the individual chemistry measurements referenced in the 
EPRI Report (Reference 3). This search has confirmed the 
conservatism of the December 16, 1991 submittal (Reference 1). 
Tables 2-10 and 2-11 contain data which was used to determine the 
best-estimate chemistry of the axial welds. A brief statement 
identifying the origin of each item is also included in those 
tables. 

Because of the higher chemistry factor, RACO 3 W5214 + Ni 200 is the 
limiting material for the axial beltline welds. While the data is 
somewhat limited, welds fabricated with wire heat number 348009 are 
expected to exhibit identical or slightly better chemistry since it 
succeeded weld wire heat W5214 and has the same or slightly less 
bare wire Cu content (Reference 20). 

2.3.3.2 Circumferential Weld 

As done for the axial welds, ABB/CE fabrication records have been 
researched and listed in Table 2-12. The result of the search has 
shown the circumferential weld to be more limiting than had 
previously been reported . 
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2.3.3.3 Base Metal 

CPCo has obtained copper and nickel content of the base metal from 
the plate fabricator (Lukens Steel Corporation). That information 
and th~ results of chemical analyses performed on Palisades 
surveillance program specimens have been used to determine the 
chemistry of the plate. The chemistry for each of the plates is 
presented in Table 2-13. 

2.3.4 Summary 

Palisades reactor vessel beltline material chemistry is summarized 
below. 

ITEM 

Axial Welds 
Circumferential Weld 
Base Metal 

Cu Content (%) Ni Content (%) 

0.179 1.05 
0.208 
0.24 

1.00 
0.55 

CF (°F) 

217 
228 
165 

Heat number W5214 is assumed as the weld wire in all the axial welds 
because the chemistry factor for Heat Number W5214 is more 
conservative than the chemistry factor for Heat Number 348009. 

The HBRSW chemistry is not representative.of a weld fabricated with 
RACO 3 wire with Ni addition. Good engineering practice dictates 
that this chemistry be excluded from the best-estimate chemistry 
determination for welds fabricated with weld wire heat W5214. The 
HBRSW Cu and Ni data appears more representative of a weld fabricated 
with MIL B-4 modified weld wire. This is discussed in greater depth 
in the following section and is demonstrated visually in Figure 2-2. 

Good engineering practice also dictates the most representative 
chemistry for the circumferential weld exclude weld deposit t::I@:::::::m::it: . 

................... ·.················•·····. 

::m*[filjj[))i.)!:!:!1)!:!1!!Uml\t:!lili~ilimM~~li1!l\1!t\!j1!1!m!\\jjf.j::::::::::i:!i1!!]1f,i!\:!:jljfa11!1~]ji&I:!i!m::::rn:::::::m:::::::!:::j:]:mjjjjmjjjjjjimi!!m::::m1!!!mi!!!m!!ill Ag a i n , th i s 
is demonstrated visually in Figure 2-3 . 

The base metal chemistry is conservatively represented. 
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. 2.4 HBRobinson 2 Surveillance Weld 

2.4.1 

The HBRobinson 2 Surveillance Weld (HBRSW) is reported to be a RACO 3 
(Heat W5214) + Ni 200 weld representative of the HBR2 reactor vessel 
upper circumferential weld. However, extensive research conducted by 
CPCo shows that at 0.34% Cu and 0.66% Ni, the chemistry of this weld 
is significantly different than the remainder of the population of 
RACO 3 (Heat W5214) + Ni 200 welds. In fact, the difference is so 
large that the validity of the weld consumables identification is 
called into question. 

Consumers Power Company (CPCo) does not believe that the HBRSW 
chemistry is representative of RACO 3 (Heat W5214) + Ni 200 welds 
and, therefore, has not included this chemistry in determining a 
best-estimate chemistry for the Palisades reactor vessel intermediate 
shell axial welds. The justification for this conclusion is provided 
below . 

Background 

Carolina Power & Light (CP&L) concluded in their 1984 submittal to 
the NRC (Reference 23) that the chemistry of the HBR2 reactor vessel 
upper circumferential weld did not "coincide with measurements taken 
from the HBRSW". Instead, CP&L used values of .17% Cu and 1.06% Ni, 
which they considered to be best-estimate chemistry, based on samples 
from other RACO 3 (Heat W5214) + Ni 200 welds. Shortly thereafter, 
EPRI published a study (Reference 3) concluding that, "It appears 
highly certain that the weld in the HBRobinson 2 surveillance program · 
is not representative of the reactor vessel materials." This 
conclusion was based on the fact that the Cu and Ni content are 
particularly out of line with other RACO 3 +Ni 200 welds, as were 
other minor constituents such as manganese, silicon, and molybdenum. 
EPRI, in fact, concluded that the HBRSW was produced with a MIL 8-4 
Modified {MnMoNi), weld wire . 

In CP&L's response to lOCFRS0.61 in 1986 (Reference 24), CP&L took a 
position contrary to their earlier one, stating that the upper 

2-16 



• 

• 

• 

circumferential weld is made from the same materials as the HBR2 
surveillance.block. In response to NRC questions regarding this 
change of position, CP&L provided justification in a January, 1987 
letter (Reference 25). The points of their justification we~e as 
follows: 

• There is a complete documentation trail of the progress of the 
HBR2 surveillance capsule from the welding process at Combustion 
Engineering through the final cutting and machining of 
surveillance capsules at Westinghouse. 

• Unique characteristics of the HBR2 plate material, including 
thickness and low Ni content, led them to conclude that the 
possibility of surveillance sample mix-up in CE or Westinghouse 
shops was remote. 

• The HBRSW was made using a single-arc weld process, rather than a 
tandem-arc process which was used for other welds for which 
chemistry data was available. CP&L contended that the single-arc 
process was substantially different than the tandem-arc process 
in terms of critical welding parameters, that these differences 
may result in substantial variance in weld Ni content between the 
single- and tandem-arc welds, and that the procedurally 
specified/ predicted Ni content was higher for tandem- arc than 
for single-arc welds. These arguments were made to explain the 
much lower Ni content in the HBRSW than is typical of RACO 3 + Ni 
200 welds. As further evidence, it was also pointed out that the 
HBR2 reactor vessel head torus-to-dome weld (also a single-arc 
~eld) showed 0.8% Ni. 

~ .. 
• A Babcock & Wilcox study (Reference 26) of Cu variability in B&W 

. vessel welds was referenced to support an argument that Cu 
variability between individual wire spools may be significant. 
CP&L contends that the small number of welds in the population 
precludes one from drawing the conclusion that, based on 
statistical arguments, the HBRSW consumables are incorrectly 
identified due to the small number of welds in the population. 
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Consumers Power Company has consistently excluded the HBRSW from the 
population of RACO 3 + Ni 200 welds used to determine best-estimate 
chemistry for the Palisades Plant axial welds (References 1, 7 and 
16) on the basis of the EPRI conclusion (Reference 3). However, due 

·-to the reversal in the CP&L position and subsequent acceptance by the 
NRC regarding the validity of this weld, the NRC has questioned 
whether the chemistry data from this weld should now be included in 
the data set used to calculate best-estimate chemistry for Palisades. 
In response, Consumers Power Company has conducted a thorough 
investigation to reassess the HBRSW for possible inclusion in our 
data set. Particular emphasis was placed on evaluating the 
justification presented by CP&L as outlined above. 

This investigation has led Consumers Power Company to the conclusion 
that the HBRSW chemistry should not be included in the data set used 
to determine a best-estimate chemistry for the Palisades reactor 
vessel axial welds. While it is possible that the HBRSW was made 
using RACO 3 heat W5214 + Ni 200, it is statistically highly 
unlikely, and thus, the HBRSW specimen should be excluded as a 
statistical outlier. Justification for this conclusion is discussed 
below. 

2.4.2 Ni Content 

. . 

In Reference 25, CP&L shows the weld parameters for single- and 
tandem-arc welds to demonstrate that substantial differences exist 
between the two, and contends that it therefore would not be 
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unreasonable for the HBRSW to have substantially lower Ni content . 
However, the:weld parameters that they present actually support a 
conclusion that the HBRSW should have had a higher Ni content than 
tandem-arc welds. This is because the Ni wire feed was only 50% 
higher for the tandem-arc weld, while the power input for the tandem 
arc welds (which can be assumed to be proportional to the weld wire 
feed rate at the 31 volt setting common to both weld procedures) was 
69 to 77% greater. This would result in greater dilution of the Ni 
in the tandem-arc weld. 

The CP&L explanation for the uncharacteristically low Ni content of 
the HBRSW relies mostly, however, on purported differences in the 
"procedurally specified/predicted Ni content" between the single- and 
tandem-arc welds. They state in Reference 25 that the intended Ni 
content for the tandem-arc weld was 1.29%, while the intended Ni 
content for the single-arc weld was 1.0%. They go on to say that, 
since the actually observed Ni content in tandem-arc welds is closer 
to 1.0% than 1.29%, it would be logical.to expect a substantially 
lower Ni content in the single-arc welds. 

However, contrary to CP&L's position, CPCo has learned that there was 
no intended difference in the Ni content which was to result from the 

s i ng l e - and tandem- a re we l d P races s es . :::::I:I::I:~:~:::::~::i:::ljijjjllI!il::::i::::tI!ijjjjjjjjjllili:j:!iiiI!:!i!llI::::;::::::::::I::j:jjjj!i!!:::Ii 

:~:::mm::::~::I:::::::rn:IMil\i:::::::;.:m:::::::::::::Ernrn1:::::m:1::::;:;;::;::Im::::::::::::;;::::::::i::I:::::::::I:::::::::::::::::::::::;::::::::;;:::::::::::::::::::::::::::::::::::::::r1:::1:I~:::::::::1 c P&L i n correctly 
referenced a weld procedure qualification test report in concluding 
that the "procedurally specified/intended" Ni content for the 
tandem-arc weld was 1.29%. This document reported the actual Ni 
content of a weld procedure qualification test weld made using weld 
specification !l\l~li:~\\mtIII!l!i!i!i[i and did not report the procedura 11 y intended 
concentration. This leads one to the conclusion that the actually 
achieved Ni content was 29% higher than the target. This overshoot 
is exactly the converse of CP&L's purpose for citing this data which 
was to show the possibility of undershooting the Ni content target . 
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In Reference 25, CP&L further cites the results of chemistry analysis 
of reactor head samples (from a weld also made using the single-arc 
weld process} to demonstrate that this process is likely to result in 
a lower_Ni content. A Westinghouse report submitted by CP&L to the 
NRC as part of Reference 23 concludes that the average Ni content of 
the HBR2 torus-to- dome weld is 0.8%. However, inspection of the 
data presented in this report leads to the conclusion that 0.8% Ni 
may not be representative of the bulk of the weld. Surface Ni 
concentration averaged 0.38%, while Ni concentrations at a depth of 
1/2 inch averaged 0.8%, indicating a steep gradient in Ni content 
from the surface to the weld interior. It is conceivable that Ni 
concentration deeper into the weld may have been higher. In fact, 
Consumers Power Company has determined that it is not uncommon for Ni 
addition welds to exhibit lower Ni at the surface and root locations. 
This result was o_bserved, for example, in the cross-sectional 
analysis of the Millstone 1 weld (Table 2-11). Other examples are 
seen in Reference 27 . 

In addition to the two HBRSW's and torus-to-dome weld discussed 
above, Table 2-14, a revision of a summary table from our 
presentation at the March 3 meeting, shows Ni concentrations of three 
other single-arc welds at 0.98%, 99% and 1.2%. The average Ni 
content of the three single-arc welds in Table 2-14 (excluding the 
HBRSW} is 1%, nearly identical to the average for tandem-arc welds . 
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The fact that there was no intended difference between the single
and tandem-arc weld Ni content makes it appropriate to consider the 
uncharacteristically low Ni content of the HBRSW as a random event 
rather than a systematic difference. It is therefore possible to 
quantify the likelihood that the HBRSW is a member of the RACO 3 +Ni 
200 family of welds through statistical techniques. Such an analysis 
is presented in Attachment 2. This analysis performed by MPR 
Associates conservatively1 arrives at the conclusion that, based on 
the Ni content alone, the probability is 1 in 50 that the HBRSW is a 
RACO 3 + Ni 200 weld, and 1 in 320 that it is a RACO 3 heat W5214 + 
Ni 200 weld. 

2.4.3 Cu Content 
The Cu content of RACO 3 + Ni 200 weld is due to three primary 
factors: the Cu content of the base weld wire heat, the contribution 
of the wire Cu coating, and the scavenging of weld Cu by the flux. 
Data presented in Reference 26 shows the most dominant factor to be 
the Cu coating (typically about 67%) . 

The RACO 3 + Ni 200 welds (with the exception of the HBRSW) show a 
very tight distribution of Cu content, which demonstrates a 
relatively close control of the Cu coating process at the Reid-Avery 
facility in the time frame during which the Palisades vessel was 
manufactured. This conclusion was substantiated through discussions 

In Attachment 2, the upper and lower bound estimates of the mean Cu 
and Ni concentrations were obtained using the Student's 
t-distribution. The upper bound estimates of the standard deviations 
were obtained using the Chi-squared distribution. The methodology is 
consistent with the recommendations of the NRC Staff in SECY-92-056 
(Reference 28) on Page 5 (Mike Mayfield Handout from January 30, 1992 
- Reference 29). This method accounts for the small data set in 
calculating the statistical parameters. It yields very conservative 
probability estimates when compared to those calculated from nominal 
mean values and standard deviations. Attachment 2 also considers the 
potential for a wider variability in the single-arc weld Cu content 
due to the absence of the averaging effect that occurs in the tandem
arc welds. These conservatisms include the effect of the small data 
set on the estimate of the mean and standard deviation as well as the 
potential for a wider variability in the single-arc weld Cu content 
due to the absence of the averaging effect that occurs in the 
tandem-arc welds. 
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with Techalloy, Inc. (successor to Reid-Avery). The Techalloy 
Director of Technical Services stated that, while there was no 
conclusive evidence that a single batch of wire was coated to within 
the target level of the purchase specification (.2% total Cu), it 
would have been highly unlikely that the Cu content could have been 
as high as would have been necessary to yield the concentration in 
the HBRSW (based on the distribution of Cu content among the other 
RACO 3 heat W5214 + Ni 200 welds) because the time in the CuS04 

solution would have had to have been 6 to 10 times the targeted time 
(Reference 30). Also, the percentage of Cu removed by the flux tends 
to increase with increased wire Cu content (Reference 31), further 
reducing the probability that an extreme outlier can occur. 

In their January, 1987 letter to the NRC (Reference 25), CP&L 
referred to a study of B&W reactor vessel welds (Reference 26) as 
evidence that the variability of Cu among and within welds is 
sufficient to preclude deleting the HBRSW as a RACO 3 + Ni 200 weld 
based on an extremely high Cu content. They argue that the fact that 
the HBRSW was likely made with a single spool of wire would make such 
an extreme chemistry possible. 

It is acknowledged that the majority of the Cu data available for 
RACO 3 + Ni·200 welds is from welds made using the tandem-arc weld 
process where there were two simultaneous weld wire feeds. 
Therefore, if any individual weld wire spool happened to have a 
particularly high or low Cu content, the effects on the resultant 
weld would be mitigated somewhat by mixing with the chemistry of a 
second wire spool. The HBRSW was made using the single-arc weld 
process, and was likely to have been completed from a single spool of 
wire.- Extreme chemistry of an individual wire spool would therefore 
in the single-arc process translate more directly into extreme weld 
chemistry than it would in the tandem-arc process. 

However, Reference 26 does not demonstrate that extreme variability 
in Cu content within individual heats is typical. Reference 26 shows 
that, while the standard deviation for a weld wire heat may be as 
high as .07% Cui the expected standard deviation within a heat is 
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2.4.4 

more typical~y in the .033 range. In fact, in the NRC's draft 
restart criteria for the Yankee Rowe Plant, the same B&W Owners Group 
report is cited as justification for using a standard deviation of 
0.032% for the first one inch of weld (due to the assumption that the 
first one inch would have been made with a single wire spool and 
therefore a single heat). This is consistent with the magnitude of 
the standard deviation determined in Attachment 2 from a simple 
treatment of the RACO 3 + Ni 200 weld chemistry data. 

Even the very conservative approach to calculating the mean and 
standard deviation for the RACO 3 + Ni 200 welds presented in 
Attachment 2 concludes th~t, based on Cu alone, the probability of 
the HBRSW being a member of the RACO 3 heat W5214 + Ni 200 family of 
welds is 1 in 435 and 1 in 833 that HBRSW is a RACO 3 + Ni 200 weld. 

Other Weld Constituents 

Included in CPCo's investigation into the validity of the HBRSW·was 
an examination of other minor constituents of the welds which are 
more directly related to the weld wire heat than either Cu or Ni. 
Table 2-15 shows a comparison between the silicon, manganese, and 
molybdenum concentrations in the HBRSW and other RACO 3 Heat W5214 
welds for which this data was available. As can be seen, the 
concentrations of all three of these elements for the HBRSW are 
either outside of or at the extreme of the range seen in all of the 
other samples. While not quantified probabilistically, this is 
further support for excluding the HBRSW as a member of the RACO 3 
heat W5214 + Ni 200 family of welds. 

2.4.5 Conclusion 
A comparison of the chemical constituents of the HBRSW with other 
RACO 3 + Ni 200 welds, and particularly with welds made with heat 
W5214 weld wire, leads to the conclusion that it is extremely 
unlikely that the HBRSW is a member of this family of welds. As 
shown in Attachment 2, when the Cu and Ni concentration differences 
are considered together, the conservative probability of this 
occurring is 1 in 2500. 
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While it ma~ be speculated as to where and how a mix-up of HBRSW 
material or documentation may have occurred, no specific explanation 
can be proven based on the available documentation. Attachment 2 
presents data to show that the chemistry of the HBRSW is very 
representative of a family of welds known as MIL B-4 modified welds 
which were made in the CE shop starting in the late 1960's. EPRI 
concluded in Reference 3 that the HBRSW was a member of this family 
of welds due to the characteristic chemistry, but did not present a 
specific scenario for a postulated mix-up. CPCo is also unable to do 
so. Nevertheless, a good practice approach based on rigorous 
statistical analysis for determining a best-estimate from a set of 
data is to exclude extreme outliers regardless of whether a specific 
explanation for the discrepancy is available. This was, in fact, the· 
approach used throughout the analysis of the detailed data presented 
in Tables 2-10, 2-11 and 2-12. It is appropriate to exclude the 
HBRSW when determining the best-estimate chemistry for the Palisades 
reactor vessel axial welds on this basis . 

However, if the HBRSW chemistry data is considered to be part of the 
family of RACO 3 (Heat W5214) + Ni 200 data, both the Ni and Cu data 
would have to be added to the data base. Additionally the Cu value 
should be weighted in such a way as to account for the single-arc 
weld effect discussed earlier. The results of this type of approach 
are presented below as an alternate to the complete exclusion of the 
HBRSW data. 

For the sake of this application, it is assumed that a spool of the 
high Cu content (0.34%) weld wire similar to that used in the HBRSW 
was available for use in a tandem-arc weld. It is also assumed, 
since the tandem-arc process requires an additional weld wire feed, 
that the other weld wire was a spool of "average" W5214 weld wire 
with a Cu content of 0.179%. If both weld wires are fed at the same 
rate, then the resulting Cu for this "hybrid" weld deposit would be 
0.26% • 
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When this hybrid weld deposit is included in the W5214 data base, the 
mean Cu content is 0.19%. Because Ni addition is independent of the 
tandem- or single-arc process, the Ni content of the HBRSW should be 
included without adjustment. This results in a mean Ni content of 
1.02%. The inclusion of this hybrid weld deposit results in a 
chemistry factor of 222°F {versus the 217°F chemistry factor 
resulting when the HBR2 data is omitted and the 226°F chemistry 
factor resulting when the HBRSW data is included) . 
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Table 2-1 

REACTOR VESSELS FABRICATED IN THE SAME 
TIME PERIOD AS THE PALISADES REACTOR VESSEL 

Vessel Weld Heat CE Contract Date 

2 W5214 348009 1966 

W5214/34B009 1966 



TABLE 2-2 

PALISADES RPV WELDS 

• Weld Seam Location Weld Deposit 

Upper Shell Axial Seams RACO 3 Heat W5214 Linde 1092 Lot 3617 
1-112 A/C Ni 200 Heat N-7753A 

E8018 Electrodes CBBF, JBFG (Repair) 

*2-112 A/C Intermediate Shell RACO 3 Heat W5214 Linde 1092 Lot 3617 
Axial Seams Ni 200 Heat N-7753A 

E8018 Electrodes (None) 

*3-112 A/C Lower Shell RACO 3 Heat W5214 Linde 1092 Lot 3692 
Axial Seams RACO 3 Heat 34B009 Linde 1092 Lot 3692 

Ni 200 Heat N-7753A 
E8018 Electrode CBBF (Repair) 

**7-112 Upper Shell to Flange RACO 3 Heat W5214 Linde 1092 Lot 3692 
Circumferential Seam RACO 3 Heat 34B009 Linde 1092 Lot 3692 

Ni 200 Heat N-7753A and Heat N-98674 
E8018 Electrode COGG (Backweld) 
E808 Electrode DAGG (Weld Gridout) 

• *8-112 Upper to Intermediate RACO 3 Heat 34B009 Linde 1092 Lot 3692 
Shell Circumferential Ni 200 Heat N-98674 
Seam E8018 Electrode 7B-47B, COFC (Back Weld) 

*9-112 Intermediate to Lower t.MIL-B4 Mod, Heat 27204 Linde 1092 Lot 3714 
•• Shell Circumferential t.E8018 Electrode JBFG (Back Weld) 

Seam MIL-B4 Mod. Heat 27204 Linde 124 Lot 3687 (Weld Repair) 
E8018 Electrode LODG (First Layer and Back Weld) • (Weld Repair) 

**10-112 Lower Shell to Bottom MIL-B4 Mod. Heat 27204 Linde 1092 Lot 3714 
Head Circumferential E8018 Electrode HAEG (First Layer and Back Weld) 
Seam 

**12-112 Seal Ledge to Flange RACO 3 Heat W5214 Linde 1092 Lot 3617 
Seam E7018 Electrode HOHF (Back Weld and Fillet) 

E7018 Electrode ABCG (Ledge Ring Repair) 

1-113 A/F Bottom Head Torus Axial EBO 1 8 Electrode 6M 1 OB 
Seams E8018 Electrode 704B (Weld Repair) 

**4-113 Bottom Head Dome to MIL-B4 Mod. Heat 12420 Linde 1092 Lot 3708 
Torus Circumferential E8018 Electrode CBB4 (Back Weld) 
Seam 

1-118 A/F Closure Head Torus Axial RACO 3 Heat W5214 Linde 1092 Lot 3617 
Seams Ni 200 Heat N-7753A 

**6-118 A/B Closure Head Circumfer- MIL-B4 Mod. Heat 12420 Linde 1092 Lot 3708 
ential Seams E8018 Electrode CBBF (Back Weld) 

- Surveillance Program RACO 3 Heat 3277 Linde 1092 Lot 3833 
Weld Ni 200 Heat N-0591 A (Face Weld Only) 

E8018 Electrode HADH (Back Weld, Base Metal Repair) 

• Welds in the Reactor Vessel Beltline Region • •• Single Arc for Entire Weld, Other Joints Used Tandem Arc 
t. This is the Initial Weld which was Entirely Removed and Rewelded 



TABLE 2-3 • 
CONSUMABLES USED IN THE PALISADES REACTOR VESSEL 

BELTLINE AND SURVEILLANCE WELDS 

Intermediate Shell RACO 3 Heat W5214 3/16" w/Ni 
Axial Seams 200 Heat N-7753A 1/16" 
{2-112 A/C) Linde 1092 Lot 3617 

Lower Shell RACO 3 Heat W5214 3/16" 
Axial Seams and RACO 3 34B009 3/16" 
(3-112 A/C) w/Ni 200 Heat N-7753A 1/16" 

Linde 124 Lot 3687 

Intermediate/Lower Mil B-4 Mod (MnMoNi) 
Shells Circumferential Heat 27204 3/16" 
Weld {9-112) Linde 124 Lot 3687 

Surveillance Weld RACO 3 3277 Linde 1092 
Lot 3833 Ni 200 N-0591A 
(Face Weld Only) E8018 
Electrode HADH (Back Weld, 
Base Metal Reoair) . 

• 

• 
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TABLE 2-4 

AXIAL WELDS PREVIOUSLY REPORTED 

COPPER MEASUREMENTS ON RACO 3 
WELDMENTS MADE BY COMBUSTION ENGINEERING 

Pl ant Weld Heat No. Copper Content 

Humbolt Bay Surveillance NA+ .22 
Zorita Surveillance 1248 .22 
Big Rock Point Surveillance NA+ .26 
Tarapur Surveillance NA+ .16 
Conn. Yankee Surveillance 9565/86054B .22 
San Onofre Surveillance NA+ .19 
Millstone 1 Surveillance W5214 .19 
Indian Point 2 Surveillance W5214 .20 
Indian Point 3 Surveillance W5214 .15 
Salem 1 Surveillance 39Bl96 .16 
Indian Point 3 Longitudinal Seam W5214 .15 
MML Record (CE) Weld Deposit W5214 .20 
MML Record (CE) Weld Deposit 34B009 .15 
Robinson 2 Head Weld 1 34B009 .19 
Robinson 2 Head Weld 2 W5214 .16 

* w/o Average of the number of measurements shown in parentheses 
+ Data not available 

(6) 
( 1) 
(3) 
(5) 
(1) 
( 1) 
(13) 
(4) 
(1) 
(1) 
(3) 
( 1) 
(1) 
(4) 
(4) 

(w/o)* 
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TABLE 2-5 

AXIAL WELDS PREVIOUSLY REPORTED 

NICKEL CONTENT OF RACO 3 + Ni 200 / LINDE 1092 WELDMENTS 

Plant Weld Ni 200 Heat Number Ni Content (w/o)* 

Mi 11 stone 1 Surveillance N7753A 

Salem 1 Surveillance N7753A 

Indian Point 3 Surveillance N7753A 

Indian Point 3 Longitudinal Seam N7753A 

Indian Point 2 Surveillance N7753A 

MML Record (CE) Weld Deposit N7753A 

HBRobinson 2 Head 2 NA + 

* w/o average of the number of measurements shown in parenthesis. 
+Data not available 

.98 (13) 

1. 26 ( 1) 

1.02 (1) 

1.09 (3) 

1.15 (4) 

1.09 (5) 

. 99 ( 4) 
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TABLE 2-6 

CIRCUMFERENTIAL WELDS PREVIOUSLY REPORTED 

COPPER AND NICKEL CONTENT OF MIL B-4 MODI°FIED 
WIRE - HEAT NO. 27204 

Weld Designation Flux Type Lot No. Deposit Form 

MML (CE) Linde 1092/3774 

Linde 1092/3714 

Vessel Weld 
Contract 14166 

Surveillance 
Program 
Diablo Canyon 1 

Chemistry {w/o) 
Cu Ni 

.18 .96 

.21 .98 



• TABLE 2-7 

PALISADES REACTOR VESSEL AND SURVEILLANCE 
PROGRAM MATERIAL - PLATE 

Material Vessel Drop Weight Chemical Comgosition (wLo} 
Identification Location NDTT (oF) Cu Ni 

D-3803-1 Intermediate -30 .25 .48 
Shell 

D-3803-2 Intermediate -30 .25 .50 
Shell 

D-3803-3 Intermediate -30 .25 .48 
Shell 

D-3804-1 Lower -30 NA+ .45 
Shell 

D-3804-2 Lower -40 NA+ .50 
Shell 

D-3804-3 Lower -30 NA+ .54 

• Shell 

D-3803-1 Surveillance -10 .25 .53 
Material 

+ Data not available 

• 
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TABLE 2-8 

PALISADES REACTOR VESSEL AXIAL WELD CHEMISTRY SUBMITTED 12/16/91 

RACO 3 Weld Wire Heat Number W5214 

Pl ant Weld Cu Content (w/o)* 

Millstone 1 Surveillance 0.19 (13) 

Indian Point 2 Surveillance 0. 20 ( 4) 

Indian Point 3 Surveillance 0.15 

Indian Point 3 Axial Seam 0.15 (3) 

MML Record (CE) Weld Deoos it 0.20 

Robinson Head Weld 2 0.16 (4) 

Mean = 0.18 

RACO 3 WELD WIRE HEAT NUMBER 34B009 

Plant Weld Copper Content (w/o)* 

MML Record (CE) Weld Deposit 0.15 

HBRobinson 2 Head Weld 1 0.19 (4) 

Indian Point 2 Surveillance 0.20 (6) 

Mean = 0.18 

NICJ<EL CONTENT OF RACO 3 + Ni 200 LINDE 1092 WELDMENTS 

Pl ant Weld Ni Content (w/o}* 

Millstone 1 Surveillance 0.98 (13) 

Salem 1 Surveillance 1.26 

Indian Point 3 Surveillance 1.02 

Indian Point 3 Axial Seam 1.09 (3) 

Indian Point 2 Surveillance 1.15 (4) 

MML Record (CE) Weld Deposit 1.09 ( 4} 

Mean = 1.10 

* Weight percent average of the number of measurements when shown in 
parenthesis 
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TABLE 2-9 

PALISADES REACTOR VESSEL CIRCUMFERENTIAL WELD CHEMISTRY 

COPPER AND NICKEL CONTENT OF MIL B-4 MODIFIED 
WIRE HEAT NUMBER 27204 

Pl ant Weld Chemistry 
Cu Ni 

Diablo Can on 1 Surveillance 0.20 4 1. 00 4 * 
Mean = 0.21 1.00 

* Additional data points of .196, .192, 2.03 wt% copper and .99, .99, 1.03 
wt% nickel were added and averaged with the previously reported data of .21 
wt% copper and .98 wt% nickel (See Table 3). 

::tlt:::::::::im:::::1tm::rn:m1:m:1i::It1m::::::::::::]:::::;; This results in a chemistry factor of 227° F' 2 ° 
less conservative than the above . 



• • TABLE 2-10 
(Page l of 6) 

WELD WIRE HEAT NUMBER W5214 AND Ni 200 ADDITION 

PLANT 

Robinson 

WELD 

Unknown at 
This Time 

Surveillance 

Capsule 
Capsule 

Flange 5° 
Flange 175° 
Flange 210° 
Flange 350° 

% Cu 

(0.32) 
(0.34) 
(0.33) 
(0.35} 
(0.34) 1 

0.154 
0.163 
0.152 
0.166 

;:::::1:i::l:I! 

(0.66) 

(0.63) 
(0.69} 
(0.66) 1 

0.99 
0.90 
1.08 

...L.QQ 
::;:::Ill@! 

ARC PROCESS 

Single 

1Value discarded, not consistent with RACO 3 + Ni 200 weld chemistry. 

Shaded values represent the mean value for one weld. 

SOURCE REFERENCE NUMBER 
(see Section 5.0} 

3 

20 
20 
20 
20 

20 
20 
20 

• 
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PLANT 

Indian 
Point 2 

WELD 

Surveillance 
Capsule V 
Capsule V 
Capsule V 
Capsule V 
Capsule Y 
Capsule Y 
Capsule Y 
Capsule Y 

• TABLE 2-10 
(Page 2 of 6) 

WELD WIRE HEAT NUMBER W5214 AND Ni 200 ADDITION 

% Cu ARC PROCESS 

0.20 (4) 2 1.15 (4) 2 

0.23 1.02 
0. 20 1.06 
0.20 (0.59) 3 

(0 .12) 3 1.00 
0.19 
0.22 
0.18 
0.20 

!laUJ;@Q lt:!!i*i!i:g:t: Tandem 

SOURCE REFERENCE NUMBER 
(see Section 5.0) 

3 
18 
18 
18 
18 
18 
18 
18 
18 

2This is the average of four measurements. The mean for this weld is weighted accordingly. 

3Value discarded by SwRI due to excessive deviation. 

Shaded values represent the mean value for one weld. 

• 



• 
PLANT WELD 

• TABLE 2-10 
(Page 3 of 6) 

WELD WIRE HEAT NUMBER W5214 AND Ni 200 ADDITION 

% Cu ARC PROCESS 
SOURCE REFERENCE NUMBER 

(see Section 5.0) 

Shaded values represent the mean value for one weld. 

• 



• • TABLE 2-10 
(Page 4 of 6) 

WELD WIRE HEAT NUMBER W5214 AND Ni 200 ADDITION 

PLANT 

Indian 
Point 3 

WELD 

Surveillance 
Capsule Y 

% Cu 

0.15 
0.166 

I:~lf:::t§ 

Nozzle Weld-surface 
3/4 thickness 0.15 
center 0.15 

W5214 + nI 200 Mean4 

Best Estimate 
Estimate with Hydrid Weld 
Estimate with HBR2 

~:::i!ml~lfi 

0.179 
0.190 
0.201 

0.16 

1.02 
1. 21 

:::::::1:m1:1 

l. ll 
1.09 

l::t:Hl9. :·:-:-:-:·:·:·:·:-:·:·:·:·:·:·: 

1.05 
1.02 
1.02 

ARC PROCESS 

Tandem 

1.06 

Chemistry Factor 

217 
222 
226 

4 Determined by averaging the mean values (shaded) of each weld. 

Shaded values represent the mean value for one weld. 

SOURCE REFERENCE NUMBER 
(see Section 5.0) 

21 
22 

20 
20 
20 

• 



• • • TABLE 2-10 
(Page 5 of 6) 

WELD WIRE HEAT NUMBER W5214 AND Ni 200 ADDITION 

Unknown weld deposit Cu = 0.20 Ni = No measurement 

EPRI report NP-3573-SR references a CE laboratory record as the source of this data. CPCo and ABB/CE have 
been unable to confirm this measurement. The measurement is included as EPRI is considered a reputable 
source. 

HBRobinson 2 
surveillance weld Cu = 0.34 Ni = 0.66 

The HBRobinson 2 Surveillance Weld has been excluded form the Palisades best-estimate chemistry. The reasons 
for this exclusion are provided in Section 2.4. 

HBRobinson 2 head 
torus to flange weld Cu= 0.159 Ni = 0.99 

This is an average of four measurements taken from different locations on the same weld. These measurements 
were taken as part of Carolina Power and Light's efforts to establish the chemistry of the upper beltline 
circumferential weld and are documented in the May, 1983 Westinghouse report. 



• 
Indian Point 2 
surveillance weld 

• TABLE 2-10 
(Page 6 of 6) 

WELD WIRE HEAT NUMBER W5214 AND Ni 200 ADDITION 

Cu = 0.20 

• 
Ni = 1.10 

Four EPRI documented measurements which avera9e 0.20% copper and 1.15% nickel could not be verified. Again, 
these points are included due to the credibility of the source. The source for the remaining measurements is 
SwRI Project No. 17-2106. One copper and one nickel measurement were discarded by Southwest Research 
Institute because they deviated excessively from the other measurements. CPCo incorrectly reported the SwRI 
data as 34B009 in the December 16, 1991 submittal. 

Indian Point 3 
surveillance weld Cu = 0.16 Ni = 1.12 

The first measurement is listed in the EPRI report and is confirmed by the May 1983 Westinghouse report and by 
WCAP-8475. The second measurement comes from the Capsule Y analysis report WCAP-10300. 

Indian Point 3 
nozzle shell weld Cu= 0.15 

Data taken from May 1983 Westinghouse report. 

Ni 1.09 



• 

Millstone 1 Surveillance 

Robinson 

348009 Mean 

Capsule 2 

Torus to dome (45°) 
Torus to dome (45°) 
Torus to dome (225°) 
Torus to dome (225°) 

Best Estimate 

• TABLE 2-11 
(Page 1 of 2) 

WELD WIRE HEAT NO. 34B009 + Ni 200 ADDITION 

Source Reference 
Cu Content Ni Content Arc Process (Section 5.0) 

0.19/0.201 

0.19/0.20 
0.19/0.18 
0.14/0.12 
0.20/0.21 

- /0.20 
- /0.18 

0.19 
1rn:1:a 
0.202 
0.180 
0.182 
0.183 
1:~:;1:11 

0.174 

0.86/0.951 

0.96/0.99 
1.06/1.09 
1.30£1.06 
0.11 I .082 

- I .382 

- /.94 
0.99 
:1::;,~gg 

(0.43) 3 

0.75 
(0.32) 3 

0.84 

0.908 

Tandem 

Single 

Chemistry Factor 

198 

27 

33 

34 
34 
34 
34 

1This data represents two separate sets of through-wall measurements on a single specimen. 

2Value discarded by General Electric as not consistent with RACO 3 and Ni 200 weld chemistry. 

3Surface measurement discarded by Westinghouse. 

Shaded values represent the mean value for one weld. 

• 



• 

Millstone 1 
surveillance weld 

• TABLE 2-11 
(Page 2 of 2) 

WELD WIRE HEAT NO. 348009 + Ni 200 ADDITION 

Cu= 0.184 

• 

Ni = 1.02 

This information comes from two General Electric reports. NEDC-30299 documented the chemistry variability 
·through the surveillance weld. GE discarded three extremely low nickel measurements when the average was 
computed. The last measurement comes from the surveillance capsule report NEDC-30833. This weld had been 
thought to be W5214, but the NRC had recently been appraised of this error and notified CPCo of this in their 
review of the December 16, 1991 submittal. This correction is documented on GE Errata and Addenda Sheet dated 
June 1986. (Issued for NEDC-30833) 

H.B.Robinson 2 
torus to dome weld Cu = 0.187 Ni = 0.80 

Westinghouse reported sample measurements taken from head in MT-MNA-5004. The low nickel measurements taken 
from surface samples were discarded as being not representative. 



• 

Diablo Canyon I Capsule S 
Capsule S 
Capsule S 
Capsule S 

27204 Mean 

Best Estimate 

• TABLE 2-12 
(Page 1 of 2) 

WELD WIRE HEAT NO. 27204 

Source Reference 
Cu Content Ni Content Arc Process (Section 5.0) 

0.21 
0.196 
0.192 
0.203 

t:~l{gp 

0.208 

0.98 
0.99 
0.99 
1.03 

J:J:::8:a 

1.00 

Chemistry Factor 

228 

35 
35 
35 
35 

• 

1 Value discarded, not consistent with weld wire heat 27204. Value suggests this weld was fabricated with 
mixed weld wire heats. 

Shaded values represent the mean value for one weld. 



• 

Diablo Canyon 1 
surveillance weld Cu = 0.20 

• TABLE 2-12 
(Page 2 of 2) 

WELD WIRE HEAT NO. 27204 

This data comes from the Diablo Canyon surveillance program report WCAP-11567. 

• 

Ni 1.00 



D-3803-1 

D-3803-2 

D-3803-3 

D-3804-1 

D-3804-2 

D-3804-3 

Plate Mean 
Worst Case 

Sample 

Surveillance 
Capsule W-290 
Capsule W-290 

Surveillance 

Surveillance 

TABLE 2-13 
(PAGE 1 OF 2) 

BASE METAL 

Cu Content Ni Content 

0.22 

0.25 
0.24 
0.24 
J:H:?.11 

0.23 

0.25 
~u::g1 

.022 

0.25 
g:;:g,1 
0.19 

gg1:i 
0.19 

0.19 
!:~:::ig 

0 .12 

0.24 

0.49 
0.48 
0.53 
0.53 
0.52 
PM?~! 

0.50 
0.50 
0.55 
Imig 

0.49 
0.48 
0.53 
1::~::!9: 

0.50 
0.45 
~::~:1~ 

0.50 
0.50 
0.49 
o.rnso 
:::;:::::::::;:;:;::::::: 

0.56 
0.54 
OM5.5 
·:·:·:·:·:·:·:·:·:·:·:·:· 

0.55 

Shaded values represent the mean for one weld. 

Source Reference 
(Section 5.0) 

36 
36 
36 
12 
10 
10 

36 
36 
36 
12 

36 
36 
36 
12 

36 
36 
36 

36 
36 
36 
37 

36 
36 
36 

Chemistry Factor 
165 

• 

• 

• 



TABLE 2-13 
(PAGE 2 OF 2} 

BASE METAL 

The copper measurements identified as coming from Lukens logbook were 
not on the material test certificates received from ABB/CE. Lukens 
telecopied this informati~n to CPCo on January 28, 1992 

The nickel measurements labeled as ladle and check come from the test 
certificate on each plate. This information was provided from ABB/CE 
in response to an NRC question on the December 16 submittal. 

P1078B is a laboratory analysis of plate D-3804-2 performed by CE in 
1969. 

P-NLM-019 is the description of the Palisades reactor vessel 
surveillance program and contains the chemical measurements of the 
unirradiated surveillance program materials. 

WCAP-10637 contain the additional chemical analyses performed on the 
surveillance material removed from capsule W-290. 

• 

• 

• 



• 
HEAT PLANT 

W5214 

Robinson 

Robinson 

Indian Point 2 

Indian Point 3 

Indian Point 3 

34B009 

Millstone 1 

Robinson 

27204 

Diablo Canyon 1 

SOURCE OF 
MATERIAL 

Unknown 

Surveillance/Capsule 

Flange 

Surveillance/Capsule 

Surveillace/Capsule 

Nozzle Cut Out 

Survellance/Capsule 

Torus to Dome 

Capsule 

• TABLE 2-14 

NUMBER OF 
OBSERVATIONS 

1 

4 Cu, 3 Ni 

4 

9 Cu, 4 Ni 

2 

3 

13 Cu, 10 Ni 

4 Cu, 2 Ni 

4 

COPPER 
RANGE 

.32 - .35 

.154 - .166 

.18-.20 

.15-.166 

.15 - .16 

.12-.21 

.180 - .202 

.192 - .21 

COPPER 
MEAN 

.20 

.34 

.159 

.20 

NICKEL 
RANGE 

.63 - .69 

.90 - 1.08 

1.00 - 1.15 

0.158 1.02 - 1.21 

.153 1.06 - 1.11 

.184 .86 - 1.30 

.187 .75 - .84 

.20 .98 - 1.03 

NICKEL 
MEAN 

.66 

.99 

1.10 

1.12 

1.09 

1.02 

.80 

1.00 

• 
WELDING 

Tandem Single 

x 

x 

x 

x 
x 



• TABLE 2-15 

COMPARISON OF HBR2 WELD TO RECORDS SEARCH 

HBR2 AVERAGE RANGE 
ELEMENT SURVEILLANCE ALL DATA* ALL DATA* 

Cu .34 .15 - .23 
Ni .66 - 1.20 
Mn .98 1.236 1.05 - 1.43 
Mo .46 .517 .45 - .56 
Si .34 .298 .17 - .50 

*Values do not include data from HBR2 weld . 

• 

• 
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• • • FIGURE 2-1 

REACTOR VESSEL PLATE ARRANGEMENT 
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• • • 
FIGURE 2-2 

RACO 3 + Ni200 Welds 
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• • • 
FIGURE 2-3 




