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Section 1

INTRODUCTION

The Nuclear Regulatory Commission (NRC) in Generic Letter 92-01 (GL 92-01) requested all
holders of operating licenses or construction permits for nuclear power plants to submit
information needed to assess compliance with requirements and commitments regarding reactor
vessel integrity. Revision 0, June 24, 1992, of this report was prepared in response to GL 92-01
for San Onofre Nuclear Generating Station (SONGS), Unit 3. It identified additional information
needed to resolve the following issues: (1) inconsistencies in copper (Cu) and nickel (Ni1)
contents and Charpy impact properties reported for beltline Weld 9-203 and the surveillance weld,
(2) locating material certification reports to confirm beltline weld properties, (3) identifying the
Charpy impact properties, chemistry, and fluence for Weld 8-203, and (4) resolving
inconsistencies between Charpy impact properties reported in the materials certification report and
the materials surveillance program for the longitudinal orientation in Plate C6802-1.

Revision 1, January 22, 1993, incorporated additional materials data obtained from the SONGS,
Unit 3, Nuclear Steam Supply System (NSSS) vendor, ABB-Combustion Engineering (ABB-CE),
the results of calculations performed by Southern California Edison Company (SCE) to better
characterize fluence conditions at Weld 8-203, and the results from calculations performed to
evaluate the upper shelf toughness for Weld 8-203. It also indicated that additional information
was required to confirm heat numbers for the surveillance weld material and to identify the weld
heat number for an unidentified girth weld chemistry.

This revision (Revision 2) incorporates additional materials data and information obtained from
the SONGS Unit 3 NSSS Vendor, ABB-CE. These data provide the heat number for the
surveillance weld, and the weld wire and flux combination, chemistry, and Charpy data for Weld
8-203. Based on a review of the information supplied by ABB-CE, the chemistry and Charpy
energies have been confirmed for the materials in the SONGE, Unit 3 pressure vessel beltline,
and the response to GL 92-01 is complete. There is still an inconsistency with regard to the
surveillance weld data and its association with the weld seam 9-203. A comparison of the impact
energy versus temperature curves in the transition and upper shelf regions for Weld 9-203 (wire
heat 90069) with the surveillance weld data indicates a relatively large difference. But a
comparison of the impact energy versus temperature curves for Weld 9-203 (wire heat 90144)
with the surveillance weld data are in close proximity. Currently, no information is available to
explain the difference in the impact data for the surveillance weld and Weld 9-203, wire heat
90069. However, based on the chemistry and impact properties of the surveillance weld, the
surveillance weld does provide a conservative representation of Weld 9-203 overall, and is
adequate to assess the shift in reference temperature and drop in upper shelf energy for the
SONGS, Unit 3 surveillance program.

In previous versions of this report the initial RT,;, for the vessel beltline material with the
highest end of life adjusted reference temperature (i.e., the plate material used in the surveillance
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program) was determined using a comnbined data set obtained from the materials certification
report (MCR) and the baseline surveillance program. In Revision 2, the initial RT,, for this
material is determined using only the data from the MCR. This change was made to be
consistent with SCE’s interpretation of the Code requirement for defining initial RT,,, which
is that data to be used in accordance with paragraph NB-2331 of Section 11l of the ASME Code
are the data obtained by the vessel manufacturer to assess the toughness properties at the time of
vessel fabrication. This MCR data thus established the initial RT,; by satisfying paragraph NB-
2331(a)(3) of the ASME Code, Section I11. This change also was made so that this initial RT o1
is defined in a manner consistent with that for other beltline materials where surveillance baseline
data were not available. Consistent with the previous revisions of this report, the combined set
of MCR and surveillance data were used to establish the unirradiated upper shelf energy and the
temperature at 30 ft-Ib Charpy absorbed energy for purposes of assessing the irradiation effects
on the surveillance plate material.

Section 2 of this report addresses compliance with 10 CFR Part 50 (10CFR50), Appendix H, for
the surveillance program at SONGS, Unit 3. Compliance with 10CFRS0, Appendix G, is
described in Section 3 along with a description of the location, heat treatment, residual and
alloying element contents, and upper shelf and transition temperature fracture toughness for the
beltline materials in the SONGS, Unit 3, reactor vessel. Section 4 addresses embrittlement
effects, including irradiation temperature and adjusted reference temperature for evaluation of the
beltline materials relative to GL 88-11 and 10CFR50.61.




Section 2

REACTOR PRESSURE VESSEL SURVEILLANCE PROGRAM
COMPLIANCE WITH APPENDIX H

The American Society of Mechanical Engineers (ASME) Code of record for the SONGS, Unit
3, reactor pressure vessel is the 1971 Edition through the Summer 1971 Addenda. Consequently,
the applicable version of American Society for Testing and Materials (ASTM) E185 is the 1970
version (ASTM E185-70). However, the surveillance program for SONGS, Unit 3, was updated
to the later 1973 version which is in more complete agreement with the intent of 10CFRS50.
Appendix H.  Appendix A to this report provides a detailed review of ASTM E185-73 along
with validation that ASTM E185-73 require:nents were satisfied for the surveillance program
design. With respect to capsule testing and reporting requirements, the latest version of ASTM
E185 is required, and these requirements have been updated as listed in Appendix A following
ASTM E185-82 (the current approved version).

As stated in the SONGS, Units 2 and 3 Final Safety Analysis Report (FSAR), Appendix H,
requirements were met (with one exception) through compliance with ASTM F185-73. The one
exception to meeting 10CFRS0, Appendix H requirements had to do with the method of
attachment of the holders for the six surveillance capsules in each SONGS unit. ABB-CE was
the vessel manufacturer and the NSSS vendor; ABB-CE attached the capsule holders directly to
the cladding on the inside of the vessel in the beltline region (as they did for all ABB-CE NSSS-
designed vessels), and this approach violated the requirements in the early 1970’s version of
10CFRS50, Appendix H. NRC reviewed a ABB-CE Topical Report (CENPD-155-P, C-E
p I for 4 . Sl . . .

Assemblies) and found the practice and procedures acceptable.

The current version of 10CFR50, Appendix H does not treat this method of attachment of the

capsule holders as a noncompliance issue. The wording in the current Appendix H, Section
1LA2, is:

"If the capsule holders are attached to the vessel wall or to the vessel cladding,
construction and in-service inspection of the attachments and the attachment
welds must be done according to requirements for permanent structural
attachments to reactor vessels given in Sections III and XI of the ASME Code.
The design and location of the capsule holders shall permit insertion of
replacement capsules.”

This wording was derived from the ABB-CE Topical Report, and the SONGS units have met
the additional ASME Code, Sections Il and X1, design and inspection requirements. Therefore,
there are no deviations or exceptions needed from the current Appendix H of 10CFRS0.

The details of the SONGS, Unit 3, surveillance program have been described in the FSAR and
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subsequent surveillance program testing reports, baseline "' and irradiated.™ The first capsule
results have been evaluated for a low fluence following ASTM E185-82 testing and reporting
requirements. Later sections of this report will discuss these results as compared to regulatory
prediction methods.

The update of ASTM E185 for 1992 (E185-93) is about to be approved and issued. One
significant change from E185-82 is the removal of the requirements for testing heat-affected-zone
(HAZ) material. This change has resulted from the difficulty in interpreting HAZ results due
to the degree of scatter and the ability to define the usefulness of blunt notch Charpy V-notch
absorbed energy (Cyy) HAZ data. NRC has been involved in making this change to E185
through ASTM standards participation. Because of this forthcoming change to ASTM E185, this
report does not evaluate HAZ results for SONGS, Unit 3; however, the raw data from prior
HAZ testing on the SONGS, Unit 3, beltline material has been reported previously, and is
provided for reference in a subsequent section of this report.
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Section 3

FRACTURE MECHANICS

This section evaluates compliance with 10CFR50, Appendix G, and identifies the location, heat
treatment, key residual and alloying element contents, and unirradiated fracture toughness
properties for plates and welds in the SONGS, Unit 3, reactor pressure vessel beltline region.

The information presented in this section has been obtained from the materials certification
reports (MCRs), welding materials certifications (WMCs), the FSAR for SONGS, Unit 3, and
from additional information supplied by ABB-CE to prepare this response. In some instances,
additional information was obtained from the unirradiated baseline surveillance material report,'"’
and the irradiated material in the 97° location surveillance capsule (Capsule 97), which was
removed from Unit 3 at the end of the fourth fuel cycle.”!

3.1  COMPLIANCE WITH APPENDIX G

The materials in the beltline region of SONGS, Unit 3, comply with the requirements of
Appendix G, 10CFRS50. A summary of compliance with 10CFRS0, Appendix G, as specified in
the FSAR for SONGS, Units 2 and 3, and updated during preparation of this report, is listed in
Table 3.1.

32 BELTLINE MATERIALS IN SONGS, UNIT 3
3.2.1 Location

Figure 3-1 is a representation of the SONGS, Unit 3, reactor pressure vessel, and identifies the
plates and welds and their location in the beltline region.

The heat numbers for the beltline plates shown in Figure 3-1 are presented in Table 3.2. The
weld wire and flux combination for the beltline welds shown in Figure 3-1 and the surveillance
welds are presented in Table 3.3. Source documentation has been obtained to confirm the
properties of all beltline plates and welds.

322 Heat Treatment

The heat treatment for the plate materials consisted of austenitization at 1575 + 50°F for 4 hours;
water quenched and tempered at 1225 + 25°F for 4 hours. For ASME Code qualification, the
plates were stress relieved at 1150 + 25°F for 40 hours and then were furnace cooled to 600°F
at a rate oi’ 100°F/hr. The actual time at temperature for a specific weld or a plate in the vessel
depended upon the sequence of vessel fabrication; intermediate and final stress relief times were
selected such that the total did not exceed 40 hours for any particular portion of the vessel.

3-1



Longitudinal weld seams would see stress relief times near the 40 hour maximum, while the
closing girth weld in the beltline region would see approximately half this amount of time
maximum. All of the testing of plate materials was performed on pieces with essentially an
identical heat treatment as the actual reactor vessel. The surveillance weldment received a final
41-hour and 45-minute stress relief at 1100°F to 1150°F,

323 Key Residual and Alloving Element Contents

The copper (Cu), nickel (Ni), phosphorus (P) and sulfur (S) contents reported for each beltline
plate are presented in Table 3.4. The plate Cu, Ni, P, and S contents were obtained by averaging
two measurements made by ABB-CE. The first measurement was made when ABB-CE received
the plate from Lukens, and the second measurement was made when the surveillance program
was defined. The bases for the Cu, Ni, P, and S contents reported by CF and listed in Table 3.4
are presented in Appendix B.

A second set of data is included for Plate C6802-1. This set was obtained from broken
surveillance specimens when the first irradiated surveillance capsule from Unit 3 was tested.””!

Table 3.5 contains the Cu, Ni, P, and S contents reported for the beltiine welds. The source
documents for the information in Table 3.5 are presented in Appendices C and D. Three
chemistry measurements have been made for the surveillance weld and also are reported in Table
3.5. The first chemistry measurement was made as part of the original baseline!’, while the
second and third were obtained from broken Chaipy specimens from Capsule 97,

The surveillance weld was reported by ABB-CE to have been fabricated using one of the weld
wire and flux combinations in Weld 9-203 (see Table 3.3).

Tables 3.4 and 3.5 also include the chemistry factors determined for each reported set of Cu and
Ni contents using Regulatory Guide 1.99, Revision 2.

3.3 FRACTURE TOUGHNESS RELATED DATA

This section presents the results from the Cyy tests, and summarizes the upper shelf energies
(USE) and the results from the drop weight nil ductility temperature (NDT) tests for the
unirradiated beltline plate and weld materials in SONGS, nit 3. The unirradiated reference
temperature (RTy,,) values were determined from the C,,, and NDT test results in accordance
with the most recent version of ASME Section 111, NB-2331. The upper shelf energies were
determined using the definition specified in ASTM E185-93 (to be issued). The data included
in the USE determination were the Cy,, values for those tests (at least 3) where the percent shear
on the fracture surfaces was equal to and greater than 95%.

The fracture toughness data for the plate were obtained from the MCRs (see Appendix E of this
report) and baseline surveillance program.!"! The fracture toughness data for the beltline welds
were obtained from the FSAR and confirmed by WMCs (see Appendix D of this report), and the
data for the surveillance weld was obtained from the baseline surveillance program. For
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convenience, the C,,, lateral expansion, and fracture appearance (% shear) data for the
unirradiated beltline and surveillance plate and weld materials are listed in tabular form in

Appendix F of this report.

As discussed earlier in Section 2, the results for HAZ material are not evaluated in this report
because upcoming ASTM standard E185-93 will not require HAZ material to be part of the
surveillance program. The raw C,,, data for the past HAZ testing are attached in Appendix G
of this report.

3.3.1 Beltline Plate Material

Because fracture toughness requirements for reactor pressure vessels are based on requirements
to test specimens oriented transverse to the rolling direction, the data presented here are for the
transverse (TL) orientation with one exception. The exception is for the beltline Plate C6802-1,
which was included in the surveillance program. Because the surveillance program for SONGS,
Unit 3, was reported to contain longitudinally (LT) oriented specimens, data obtained from the
MCRs and the baseline surveillance program for specimen reported to be in the LT orientation
are presented for completeness.

The transverse C,, data as a function of test temperature for beltline Plate numbers C6802-1, -2,
-3, -4, -5, and -6 are presented in Figures 3-2 through 3-7, respectively. For convenience, an
average curve through the data is also shown in each figure. The average curves were determined
using a least squares fit to the data and a hyperbolic tangent functional form, where the lower
shelf was fixed at 2.2 ft-Ib and the upper shelf was fixed at the value determined using the
definition in ASTM E185-93 for specimens having fracture surfaces with 95% and greater shear.
For convenience, the figures also indicate the values of NDT, USE, the temperature at which a
minimum Cy,, equals to 50 ft-1b (T @ 50 fi-1bs) is achieved consistent with the applicable method
of ASME, Section 11I, NB-2331, and RT ;. As part of the surveillance program, additional Cy,,
versus temperature data were generated for Plate C6802-1;'" these data are presented in Figure
3-8 along . ith a least squares fit curve.

The data obtained when the plate material was purchased (Figure 3-2) and the surveillance
baseline data (Figure 3-8) were combined as shown in Figure 3-9. The average curve through
the combined data set in Figure 3-9 was used as the unirradiated baseline to evaluate the results
for the irradiated surveillance tests (see Section 4).

Table 3.6 is a summary of the unirradiated NDT, RT,,,, and USE values for the TL orientation
for each of the beltline plates in SONGS, Unit 3. The NDT for Plate C6802-1 also was
determined twice. One value was measured when the material was purchased (-20°F), while the
second value was determined from the unirradiated baseline tests (-10°F). The value measured
when the plate was purchased (i.e., the MCR data) is listed in Table 3.6.

The methods used to determine RT,,, from the NDT and C,,, data also are identified in Table
3.6. The method of NB-2331 (a)(3) was used to determine RT,y, for all plates.
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Figure 3-10 shows the data and least squares fit line for the LT orientation for surveillance Plate
C6802-1," while Figure 3-11 shows the data and least squares fit line for the LT orientation
reported in the MCR for Plate C6802-1. A comparison of the information in Figures 3-10 and
3-11 indicates a significant difference in the C,, versus temperature curves obtained from the
MCR and surveillance program in the LT orientation for Plate C6802-1. An additional review
of the C,,, versus temperature curves for the beltline plates in SONGS, Unit 3, was performed
to assess the source of the difference in the Charpy curves obtained in the LT orientation for
Plate C6802-1 from the MCRs and surveillance program. A comparison of the data reported in
the MCRs for the LT orientation for all other beltline plates indicated relatively large differences
between the MCR and surveillance program data. This result indicates that the surveillance plate
was not made from one of the other plutes in the SONGS, Unit 3, beltline.

Based on these comparisons, the baseline and irradiated surveillance data for the LT orientation
are not used for assessing the SONGs, Unit 3, beltline plate because: (1) source material
indicate surveillance specimens reported to be in the LT orientation are not representative of the
LT orientation of any of the beltline plates, and (2) adequate surveillance specimens for the
required TL direction currently are available to satisfy Appendix H to 10CFRS0. Although the
results for the LT orientation are not used in Section 4 for assessing irradiation response, the
tabulated data for irradiated LT data are included for reference in Appendix H to 10CFRS50.

3.3.2 Beltline Welds

A full C,, versus temperature curve was obtained for the material in Weld Seams 3-203 A, B,
C, and the data points and least squares hyperbolic tangent fit through the data are presented in
Figure 3-12. A full C,,, versus temperature curve was obtained for the Type Mil B-4 Wire, Heat
No. 90069, Linde Type 124 Flux, Lot No. 0951 and Heat No. 90144, Linde Type 124 Flux, Lot
No. 1061 in beltline Weld Seam 9-203; the C,,, data and least squares hyperbolic tangent fits
through the data are presented in Figures 3-13 and 3-14, respectively. The material in beltline
Weld Seams 2-203 A, B, C was tested to obtain three C,,, data points at 20°F. The results from
these tests are presented in Table 3.7.

Figure 3-15 presents the C,, data and least squares hyperbolic tangent curve fit for the
surveillance weld material, which was reported by ABB-CE to be wire heat 90069 (see Table
3.3). However, a comparison of Figure 3-13 (Weld 9-203, wire heat 90069) with Figure 3-15
indicates a relatively large difference between the impact energy versus temperature curves in the
transition and upper shelf regions. But a comparison of Figure 3-14 (Weld 9-203, wire heat
90144) with Figure 3-15 indicates the impact energy versus temperature curves are in close
proximity. Currently, no information is available to explain the difference in the impact data for
the surveillance weld and Weld 9-203, wire heat 90069. However, based on the chemistry and
impact properties of the surveillance weld, the surveillance weld does provide a conservative
representation of Weld 9-203 overall, and is adequate to assess the shift in reference temperature
and drop in upper shelf energy for the SONGS, Unit 3 surveillance program.

Table 3.8 presents a summary of the unirradiated NDT, RT,,,;, and USE values for each of the
beltline welds in SONGS, Unit 3. For Welds 2-203 A, B, C, 3-203 A, B, C, 8-203 and 9-203
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(wire Heat Nos. 90069 and 90144), available C,, data indicate that there is a minimum of 50 fi-
Ib absorbed energy at 60°F above NDT and, consequently, RT,p, equals NDT.

Because fewer than three specimens were tested at each temperature, the graphical method of NB-
2331 (a)(4) was used to determine RT,,, for the surveillance weld as shown by the intersection
of the dashed line and the 50 ft-1b C,,, level in Figure 3-15.

The upper shelf energies listed in Table 3.8 for Welds 3-203 A, B, C, 9-203, and the surveillance
weld were obtained by averaging the test results where 95% shear or greater was exhibited. The
USE for Welds 2-203 A, B, C was obtained from the data in Table 3.7 by averaging the three
Cyy data points obtained at 20°F. The USE for Weld 8-203 was obtained from the data in Table
3.7 by averaging the three Cy,, data points obtained at +10°F. It was determined that the CVN
data at -10°F were not on the Upper Shelf.
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Figure 3-1.  SONGS, Unit 3: Location and Identification of Beltline Plates and Welds.
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San Onofre Unit 3

MCR Data

Material: Plate C6802-1, A533B1
Orientation: TL
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Figure 3-2. SONGS, Unit 3: Data and Least Squares Fit Curve for C,,, versus Temperature,
Plate C6802-1, TL Onentation, MCR Data.




San Onofre Unit 3

MCR Data

Material: Plate No. C6802:2, AS33B1
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Figure 3-3.  SONGS, Unit 3: Data and Least Squares Fit Curve for C,,, versus Temperature,
Plate C6802-2, TL Orientation, MCR Data.
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Figure 3-4.  SONGS, Unit 3: Data and Least Squares Fit Curve for C,, versus Temperature,
Plate C6802-3, TL Orientation, MCR Data.
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Table 3.1

SONGS, Unit 3: Compliznce with 10CFRS0, Appendix G.

Paragraph

Description of Non-Compliance

Comment

ILB

III.LB.5.a

II.C.

NL.C.1

UL.C.2

Series 4xx stainless steels are
purchased and treated to Code
requirements. No RTy,; or
drop weight Ty, temperatures
are determined.

Records of fracture toughness
testing do not include a
certification that tests were
performed in accordance with
Appendix G.

"Reactor Vessel Beltline”, as
defined by Paragraph II.H,
includes the weld heat-
affected-zones. Section III.C
is not complied with in that
only base plate and represent-
active welds in the beltline
region were considered for
the required testing.

Only single-temperature testing
was performed for some weld
materials.

Only the heat-affected-zone
from the most limiting plate
was tested over an extended
temperature range.

Excess material for test
specimen weldment is not
necessarily from the actual
production plate, although
it is the same P-number.
(Section IX, ASME Code)

Consistent with ASME Code in effect.

Appendix G was not applicable at the
time tests were performed. Certification
to the applicable ASME Code is
included. The intent of Appendix G is
met.

The baseline tests of the surveillance
program include weld and HAZ material
from the most limiting plate. Results
available for SONGS Unit 3 indicate
that the intent of Appendix G has been
met (Note: the HAZ results are not
presented in this rcport)

Consistent with ASME Code in effect.

The same combinations of a specific
heat of filler wire and a specific lot of
flux welded under the same production
conditions as those used in joining the
corresponding shell materials were used.



Table 3.1

(Continued)

Paragraph

Description of Non-Compliance

Comment

IV.AA4

Charpy V-notch tests were
not conducted at "the
preload temperature or at
the lowest service
temperature, whichever is
lower",

The ASME Code in effect required test
temperature of 60°F below the lowest
service temperature. All bolting material
was tested at 10°F and met the 35 fi-Ib
minimum requirement of the applicable
ASME Code. All beltline plate materials
and two beltline welds were tested to meet
the current (1989) Code requirements in
NB-2331. One beltline weld was tested at
10°F and another at 20°F and both had
Cyy in excess of 100 ft-lb. These results
indicate that the intent of Appendix G has
been met.




Table 3.2 SONGS, Unit 3: Plate and Corresponding Heat Numbers for the Beltline

Plates.
Lukens
Plate Number Heat Number
C6802-1 C9195-2
C6802-2 C9218-2
C6802-3 C9195-1
C6802-4 9220-1
C6802-5 C9218-1
C6802-6 B3388-1




Table 3.3 SONGS, Unit 3: Weld Wire and Flux Combinations for Beltline and
Surveillance Welds.

Weld Seam Weld Wire and Flux

2-203 A, B, C* Type Mil B-4 Wire, Heat No. 83650,
Linde Type 0091 Flux, Lot No. 1122

3-203 A, B, C* Type Mil B-4 Wire, Heat No. 88114,
Linde Type 0091 Flux, Lot No. 0145

9-203"° Combination of (1) Type Mil B-4 Wire,
Heat No. 90069, Linde Type 124 Flux, Lot
No. 0951, and (2) Type Mil B-4 Wire,
Heat No. 90144, Linde Type 124 Flux, Lot
No. 1061

8-203° Type Mil B-4 Wire, Heat No. 88118,
Linde Type 0091 Flux, Lot No. 0145

Surveillance* Type Mil B-4 Wire, Heat No. 90069,
Linde Type 124 Flux, Lot No. 0951

a Basis is SONGS Unit 3 FSAR and is consistent with handwritten note in Appendix D.

b. Basis is SONGS Unit 3 FSAR for weld wire heat 90069 and is consistent with
handwritten note in Appendix D. Weld wire heat 90144 was provided by CE as the
second weld wire used to fabricate this seam.

c. Weld wire heat number and flux type confirmed by ABB-CE letter dated November 4,
1993 contained in Appendix D.




Table 3.4 SONGS, Unit 3: Key Residual and Alloying Element Contents for Beltline
Plates.*

Plate ABB-CE

Number Lab No. Cu Ni P S CF*

C6802-1 P14214 0.06 0.58 0.005 0.013 37
P18195

C6802-1¢ 0.06 0.58 0.009 0.014 37

C6802-2 P14244 0.04 0.57 0.009 0.013 26
P18196

C6802-3 P14223 0.06 0.58 0.005 0.012 37
P18197

C6802-4 P14452 0.05 0.56 0.007 0.010 31
P15391

C6802-5 P14453 0.04 0.55 0.011 0.013 26
P15392

C6802-6 P14454 0.06 0.62 0.007 0.013 37
P15392

a. Average values (see Appendix B)
b. Chemistry factors from Regulatory Guide 1.99, Revision 2

c. Measured when the surveillance tests were performed for Capsule 97"
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Table 3.5 SONGS, Unit 3: Key Residual and Alloying Element Contents for Beltline

Welds.
Weld ABB-CE
Seam Lab No. Cu Ni P S &
2-203A D17360 0.04 0.17 0.011 0.012 40
2-203B D17361 0.05 0.21 0.011 0.013 50
2-203C D17362 0.04 0.08 0.010 0.012 32
3-203A D22245 0.04 0.21 0.012 0.008 44
3-203B D22246 0.04 0.19 0.012 0.008 42
3-203C D22247 0.04 0.21 0.011 0.008 44
9-203" D23985 0.06 0.04 0.010 0.009 34
9-203¢ D28503 0.05 0.04 0.007 0.011 31
8-203 D17888 0.05 0.17 0.009 0.008 46
Surveillance’ D30342 0.03 0.08 0.004 0.009 27
Surveillance* 0.03 0.11 0.014 0.008 29
Surveillance® 0.03 0.09 0.011 0.008 28
a Chemistry Factors determined from Regulatory Guide 1.99, Revision 2

b. Values from WMC for Type Mil B-4 Wire, Heat No. 90069, Linde Type 124 Flux,
Lot No. 0951--see Appendix D

¢ Values from WMC for Type Mil B-4 Wire, Heat No. 90144, Linde Type 124 Flux,
Lot No. 1061--see Appendix D

d Measured when surveillance program was developed''

e. Measured when the surveillance tests were performed for Capsule 97



Table 3.6 SONGS, Unit 3: Beltline Plate Material Unirradiated Fracture Toughness Tests
Results Summary, TL Orientation.

Initial
Plate NDT RT o Procedure to USE
Number (°F) (°F) Determine RT 1 (fi-Ibs)
C6802-1° -20° 40 NB2331 (a)(3) 95
C6802-2 -20 10 NB2331 (a)(3) 15
C6802-3 -10 20 NB2331 (a)(3) 105
C6802-4 -30 10 NB2331 (a)(3) 118
C6802-5 0 10 NB2331 (a)(3) 116
C6802-6 -40 20 NB2331 (a)(3) 92

a This plate is included in the surveillance program. RT,p is based on the MCR data
(see Figure 3-2), and the USE value is based on the combined data sets from the
MCRs and unirradiated surveillance baseline (see Figure 3-9)

b. An NDT value of -20°F was determined when the plate was purchased (-10°F was
determined from the baseline surveillance program).




\ Table 3.7 SONGS, Unit 3: Charpy Absorbed Energy Values for Weld Seams 2-203 A,
B and C, and Weld Seam 8-203.

Test Temperature Charpy Energy
Weld Seam (°F) (ft-1b)
2203 A,B,C +20 125, 138, 145
8-203 -10 95, 84, 94

+10 137, 118, 119




Table 3.8 SONGS, Unit 3: Beltline Weld Material Unirradiated Fracture Toughness Tests

Results Summary.
Initial

NDT RT ot Procedure to USE
Weld Seam (°F) (°F) Determine RTy,; (ft-1bs)
2-203 A, B, C -40° -40 NB-2331 (a)(2) 136
3203 A, B, C -70* -70 NB-2331 (a)(2) 161
8-203 -70 -70 NB-2331 (a)(2) 125¢
9-203 (90069) -60° -60 NB-2331 (a)(2) 123
9-203 (90144) -50° -50 NB-2331 (a)(2) 91
Surveillance -60 -30 NB-2331 (a)(4) 82

a NDT values obtained from the FSAR and documented in Appendix D
b. Estimated using the average of C,,, values obtained at +20°F (see Table 3.7)
¢ Estimated using the average of C,,, values obtained at +10°F (see Table 3.7)

d Value obtained from the WMC, for Type Mil B-4 Wire, Heat No. 90069, Linde Type
124 Flux, Lot No. 0951 -- see Appendix D

e Value obtained from the WMC for Type Mil B-4 Wire, Heat No. 90144, Linde Type
124 Flux, Lot No. 1061 -- see Appendix D



Section 4

ISSUES RELATED TO GENERIC LETTER 88-11

NRC issued Generic Letter 83-11 (GL 88-11) in July 1988. GL 88-11 letter revised the
methodology used for estimating radiation embrittlement of reactor pressure vessel materials to
be consistent with the guidelines in Regulatory Guide 1.99, Revision 2. Several technical issues
have recently emerged which indicate a need to address some of the application assumptions
used in Regulatory Guide 1.99, Revision 2. The pertinent issues brought out in GL 92-01 are
addressed in this section.

4.1 VESSEL TEMPERATURE DURING OPERATION

The methodology in Regulatory Guide 1.99, Revision 2, is specified to be applicable for
operating temperatures in the range of 525 to 590°F. Concern is expressed in Gl. 92-01 that
power operation may occur at temperatures below 525°F. For SONGS, Unit 3, the reactor
coolant cold leg temperature (T, is maintained above the Technical Specification limiting
condition for operzation of 535°F which applies above 30% power. The normal vperating band
of T, ranges from 545°F at zero power to 553°F at 100% power with a tolerance of + 2°F.
Thus, there is no time during normal power operation that the SONGS, Unit 3, vessel or
surveillance capsules experience temperatures below 525°F.

42  APPLICABILITY OF SURVEILLANCE DATA

To properly assess the measured surveillance results and to project irradiation embrittlement
trends for the vessel, fluence projections, validated through the dosimetry contained in the
surveillance capsules tested to date, are needed. Both SONGS, Units 2 and 3, have identical
core designs and essentially the same past and projected operation history. Therefore, the
fluence projections from Units 2 and 3 surveillance data will be used for each unit. The fluence
as a function of effective full power years (EFPY) was obtained from the results of the first
capsules pulled from Units 2 and 3.

The Unit 2 capsule was pulled at the end of the third fuel cycle which corresponds to 2.85
EFPY." These data represent the original core for both units, and the best estimate value of
peak fluence at the vessel inner surface is 4.34 x 10" n/cm? (E > 1 MeV),; the capsule fluence
was about 20% higher at 5.07 x 10" n/cm’.

At the start of the fourth cycle for each unit, the core was reconfigured in a low leakage loading
pattern which reduced the vessel and capsule fluxes. The first capsule taken out of Unit 3 was
after the fourth fuel cycle at 4.33 EFPY and represents the combined results of the standard and
low leakage core designs.” The peak fluence value at the vessel inner surface is 6.6 x 10"
n‘cm’, and the associated capsule fluence is 8.0 x 10" n/cm’.
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The projection of fluence forward in time is based upon an extrapolation of the dosimetry
information obtained from the two SONGS capsules. The projected peak fluence at the vessel
inner surface at the end of 32 EFPY is 4.2 x 10" n/em®.® At the point in time of December
16, 1991, the estimated EFPY is 5.63, and the projected peak fluence at the vessel inner surface
is 8.5 x 10" n/cm’.

As indicated in Figure 3-1, there is a weld identified as 8-203 which is well outside the core
region of the vessel (i.e., approximately 2 feet above the top of the core). In earlier versions
of the report, Weld 8-203 was conservatively considered a beltline material because the Cu and
Ni contents were unreported. Therefore, conservative values were assumed resulting in a very
high chemistry factor. In addition, the fluence at Weld 8-203 had been reported in the FSAR
to be about 1/37 that of the peak fluence in the vessel. This fluence, in combination with the
high assumed chemistry factor, resulted in predicted s! ..1s in reference temperature as high as
those for materials directly surrounding the core. However, recently obtained documentation
indicates that the Cu and Ni contents are 0.05 wt% and 0.17 wt%, respectively (see Table 3-5).
Also, recent calculations performed at SCE'® indicate that the fluence at Weld 8-203 is 1/108
that of the peak fluence location within the vessel. The SCE fluence calculations have been used
in the evaluation of Weld 8-203. Based on the revised chemistry and fluence values, Weld 8-
203 need not be considered a beltline weld for SONGS, Unit 3, although shift in reference
temperature and drop in upper shelf energy are provided for reference later in this section.

Within Regulatory Guide 1.99, Revision 2, there are five credibility criteria that must be met
in order to utilize surveillance data in adjusting the predicted embrittlement trends and/or
reducing the assigned margin terms. Three of the criteria are met (proper limiting materials,
definitive measurements of shift and upper shelf, and a match between the capsule and vessel
temperatures within +25°F), but the other two have not been satisfied since only one capsule
from each vessel has been pulled and evaluated. To satisfy these last two requirements, the
second capsules (which will not be pulled until about 15 EFPY) must be evaluated to supply two
valid data sets for the vessel surveillance materials, and testing of the correlation monitor
material contained in the second capsules must be evaluated against the available data for that
material.

In the subsequent portion of this section, the available results from the first capsules will be
compared to the regulatory prediction approaches, and projections based upon the regulatory
approaches will be made.

4.3  SHIFTS AT THE CHARPY V-NOTCH 30 FT-LB ENERGY LEVEL

Capsule 97 from the SONGS Unit 3 surveillance program was tested in 1991. The C,,, results
from this capsule are shown in Figures 4-1 (Plate C6802-1/TL), and 4-2 (surveillance weld).
Appendix H contains, in tabular form, the absorbed energy, lateral expansion, and fracture
appearance (% shear) for the irradiated surveillance materials.
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The results computed during this work for the shift at the 30 ft-Ib energy level are tabulated in
Table 4.1 as "current” and compared to the Regulatory Guide 1.99, Revision 2, mean shift
predictions (RG1.99R2):

RG1.99R2 = CF (chemistry factor) x ff (fluence function).

The results obtained by Westinghouse” are also shown for comparison. The differences
between the current values for shift versus those from Westinghouse are due to small differences
in the curve fit to the Cyy data and the different data set used for unirradiated Plate C6802-1/TL
(i.e., Figure 3-8 for Westinghouse and Figure 3-9 in the current study).

The measured shift result for Plate C6802-1 are higher than the mean prediction from Regulatory
Guide 1.99, Revision 2, but are within the mean plus two standard deviation value of 69°F (i.e.,
35°F + 34°F = 69°F as compared to 55 - 58°F). The measured shift for the surveillance weld
is essentially the same as the mean shift prediction using Regulatory Guide 1.99, Revision 2.
Until another capsule is tested, there is no way to definitively evaluate that the CFs should be
adjusted to reflect measured behavior, rather than that predicted from the Regulatory Guide.

Table 4.2 lists the predicted estimates of adjusted RT,p,r (ART) at the vessel inner surface for
the two time periods of December 16, 1991 (as requested in GL 92-01) and at the end of the
current license (32 EFPY). Note that the Regulatory Guide 1.99, Revision 2, shift (CF x ff)
with the appropriate margin terms have been used; the initial RT,p,s were taken from Tables
3.6 and 3.8. The results in Table 4.2 show that the plate material C6802-1, which is the plate
material in the surveillance program, is the limiting material in the vessel beltline. Note the low
levels of ART for all welds. The results in Table 4.2 show that the degree of radiation
embrittlement in the SONGS, Unit 3 reactor vessel beltline materials is relatively low even at
end-of-design life fluence.

44 UPPER SHELF ENERGY DROP

Capsule 97 from the SONGS, Unit 3, surveillance program was evaluated in 1991. The USE
results are shown in Figures 4-1 and 4-2, and are tabulated in Table 4.3 as an absolute drop in
USE (fi-Ib). Also listed in Table 4.3 are the predicted drops from Regulatory Guide 1.99,
Revision 2. The measured drop for the surveillance weld is slightly below the value predicted
using Regulatory Guide 1.99, Revision 2. The measured upper shelf drop for Plate C6802-1
is essentially the same as that predicted using the Regulatory Guide.

Predictions of USE levels at the quarter-thickness location after neutron irradiation exposure are
shown in Table 4.4 for all the SONGS, Unit 3, beltline materials. At the end of 32 EFPY, none
of the materials are projected to even approach the NRC screening limit of 50 ft-1b specified in
10CFR50, Appendix G.
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Figure 4-1. SONGS, Unit 3: Comparison of the Least Squares Fit for the Combined
MCR And Unirradiated Baseline Data with the Irradiated Cyn Data and
Least Squares Fit for the Data from Capsule 97, Plate C6802-1, TL Orientation.
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Table 4.1.  SONGS, Unit 3: Surveillance Capsule Shift Results

30 ft-1b Shift (°F)

Material/ . )
Orientation W RG1.99R2  Current

C6802-1/TL : 35 58

Surveillance

See Table 3.4 (Cu = .06; Ni = .58)
Based upon the average cheniistries -- see Table 3.5 (Cu = .03: Ni = .09)

Based on the combined data set from the MCR and baseline surveillance program, see
Figure 3-9

Based on the baseline surveillance data, see Figure 3-15




Table 4.2, SONGS, Unit 3: ART Estimates at the Inner Surface Location for Beltline
Materials on 12/16/91 and at 32 EFPY.

Fluence Function ART (°F)*

Plate No./ CF at the Inner Surface at the Inner Surface
Weld Seam 12/16/91 32 EFPY 12/16/91 32 EFPY

C6802-1 0.95 1.37 109 125
C6802-2 . 0.95 ] 60

C6802-3 : 0.95

C6802-4 3 0.95

C6802-5 ' 0.95

C6802-6 : 0.95

2-203 A,B,C 39 0.95 : 3 66
3-203 A,B, C 0.95 : 45
8-203 0.09° . - -48
9-203 (90069) ] 0.95 : 34
9-203 (90144) : 0.95 g : 34

ART is the adjusted reference temperature equal to the predicted shift (CF x ff) plus the
initial RT,r plus a margin term equal to 34°F for plates or 56°F for welds (unless the
predicted shift is less than the margin term, in which case the margin is equal to the
predicted shift)

Based upon measured chemistries for this plate (.06 Cu / .58 Ni) -- see Tables 3.4 and
4.1

Based upon average chemistries for these welds (.04 Cu/.15 Ni) -- see Table 3.5

Based upon average chemistries for these welds (.04 Cu/.20 Ni) -- see Table 3.5

Fluence function is based upon the peak vessel fluence divided by 108"




Table 4.3,  SONGS, Unit 3: Surveillance Capsule Upper Shelf Results.

Upper Shelf Drop (fi-1b)

Material/ Cu Fluence

Orientation (Wwt%) (x 10" n/cm?) W RG1.99R2  Current l
C6802-1/TL  0.06* 0.80 16 17 19¢ |
Surveillance 0.03" 0.80 12 15¢ 14¢

Weld

a See Table 3.4
b. See Table 3.5

g Based upon the Regulatory Guide 1.99, Rev. 2, lowest percentage drop (18%) curve
at the specified fluence times the measured unirradiated upper shelf determined in this

report

d. Based on the combined data set from the MCR and baseline surveillance program, see
Figure 3-9

Based on the baseline surveillance data, see Figure 3-15

4-8



Table 4 4 SONGS, Unit 3: Upper Shelf Estimates at the Quarter-Thickness Location for
Beltline Materials on 12/16/91 and at 32 EFPY.

fluence (x 10" n/cm?) Upper Shelf Energy (ft-1b)*
Plate No./ Cu at Quarter-Thickness at Quarter-Thickness
Weld Seam (w1%) 12/16/91 32 EFPY 12/16/91 32 EFPY

C6802-1 0.06° 0.51 : ] 73
C6802-2 0.04 g - 89

C6802-3 0.06 5 81

C6802-4 0.05 J , 91

C6802-5 0.04

C6802-6 0.06

-203 A, B, C 0.05*

3-:203 A, B, C 0.04

-203 0.05 0.023

9-203 (90069) 0.06

9-203 (90144) 0.05

The upper shelf energy is estimated from Regulatory Guide 1.99, Rev. 2, taking into
account the projected fluences and measured chemistry

Based upon measured chemistry for this plate -- see Table 3.4
Based upon average chemistries for these welds -- see Table 3.5

Based upon an extrapolation of the curves in Regulatory Guide 1.99, Rev. 2




(1]

(2]

(3]

(4]

(5]

(6]
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APPENDIX A

SONGS, UNIT 3: EVALUATION OF COMPLIANCE

WITH ASTM EI185-73 AND E185-82



Summary of Requirements
per ASTM E185-73

San Onofre Unit 3 Program

1.2 Surveillance tests are divided
according to application into two
cases:

1.2.1 Case A - Where both the
predicted increase in transition
temperature of the reactor vessel
steel is 100°F or less and the
calculated peak neutron fluence (E
»> 1 MeV) of the reactor vessel is
5 X 10" n/em® or less.

1.2.2 Case B - Where the predicted
increase in transition temperature
of the reactor vessel steel is
greater than 100°F or where the
calculated peak neutron fluence (E
> 1 MeV) of the reactor vessel is
greater than 5 X 10 n/cw’

4.1 Test Material - Test specimens
shall be prepared from the actual
materials used in fabricating the
irradiated region of the reactor
vessel.

4.1 Samples shall represent a
minimum of one heat of the base
metal and one butt weld and one
weld heat-affected-zone (HAZ) if a
weld occurs in the irradiated
region.

4.1 The base metal and weld metal
to be included in the program
should represent the material that
may limit the operation of the
reactor during its lifetime.

Compliance

Compliance

Compliance

Compliance



Summary of Reguirements San Onofre Unit 3 Program
per ASTM E185-73

4.1.1 Vessel Material
minimum test program shall
of specimens taken
following locations:
metal of one heat used in
irradiated region, (2) weld metal,
fully representative of the
fabrication practice used for a
the irradiated region
1, must come 1
he

Y
L

" 47

1.3 Chemical Requirements
chemical composition requi
the material
the test materials
as deposited
obtained i
limited

-

l
(8)

'

\ v




Summary of Regquirements
per ASTM E185-73

San Onofre Unit 3 Program

4.2 Charpy V-notch impact
specimens corresponding tc the
Type A specimen described in
Methode E 23 shall be employed
unless material thickness does not
permit. Both irradiated and
unirradiated types of specimens
shall be of the same size and
shape.

4.3 Specimen Orientation and
Location - For both tension and
impact specimens from base metal,
the major axis of the specimen
shall be machined normal to the
principal rolling direction for
plates and normal to the major
working direction for forgings.
The length of the notch of the
Charpy impact specimen shall be
normal to the surface of the
material. The recommended
orientation of the impact and
tension specimens with respect to
the weld are shown in Fig. 1.
Weld metal tension specimens may
be oriented in the same direction
as the Charpy specimens provided
that the gage length consists of
all weld metal. No specimens are
to be removed within 1/2 in. of
the root or the surfaces of the
welds. Sections of the weldment
shall be etched to define the weld
heat affected zones. Care shall
be taken that the impact specimens
from the weld heat affected zones
have their notch roots in the heat
affected 2zone at a standard
distance of approximately 1/32 in.
from the fusion line. Specimens
representing the base metal
(tension and impact) and the weld
heat-affected zone shall be
removed from the quarter thickness
location. (per NB2300 of ASME Code
Section III)

Compliance

Compliance



Summary of Requirements
per ASTM E185-73

San Onofre Unit 3 Program

4.4 Number of Specimens - The
minimum number of test specimens
for each exposure shall be as
follows:

Case A Case B

Charpy Charpy Tension

Base Metal 12 12 2
Weld Metal 12 12 2
HAZ 12 12 -

4.4 At least 15 Charpy impact
specimens shall be used to

establish an unirradiated
transition curve for each
material.

4.4 For Case B (see above), three
tension test specimens shall be
used to establish unirradiated
tensile properties.

$.4.3 Vessel Wall Specimens
(Required) - Specimens shall be
irradiated at a location in the
reactor that duplicates as closely
as possible the neutron-flux
spectrum, temperature history, and
maximum accumulated neutron
fluence experienced by the reactor
vessel .

$.1.1 The instantaneous neutron
flux at the 1location of the
specimens shall not exceed three
times the calculated maximum
neutron flux at the inside wall of
the reactor vessel.

Compliance

Compliance

Not Applicable

Compliance

Compliance



Summary of Requirements
per ASTM E185-73

San Onofre Unit 3 Program

$.4.2 Accelerated Irradiation
Specimens (Optional) - Test
specimens may be positioned at
locatione other than (5.1.1) for
accelerated irradiation at a rate
excceding three times the
calculated maximum neutron flux at
the inside wall of the reactor
vegsel .

5.2 Flux Measurements - Provisions
shall be made to measure the
neutron fluence as follows:

5.2.1 Dosimeters with the vessel
wall specimens (5.1.1).

$.2.2 Where accelerated
irradiation specimens are used
(5.1.2), dosimeters with the test
specimens and dosimeters either in
a separate flux monitor capsule
adjacent to the vessel wall or iu
a vessel wall capsule.

5.3 Test Capsules - To prevent
deterioration of the surface of
the specimens during test, the
specimens should be maintained in
an inert environment within a
corrosion-resistant capsule.

5.3 The temperature history of the
specimens shall duplicate as
closely as possible the
temperature experienced by the
reactor vessel.

Not Applicable

Compliance

Compliance

The specimens from the 97° Capsule
Location had corroded.
Metallurgical evaluation by SCE
concluded the corrosion (in the
form of pitting) to be
insignificant, with a maximum depth
of 0.8 mils, The results of the
Charpy testing were deemed
credible, and are therefore in
compliance.

Compliance




Bummary of Requirements
per ASTM E185-73

San Onofre Unit 3 Program

5.3 Surveillance capsules should
be sufficiently rigid to prevent
damage to the capsules by coolant
pressure or coclant flow thus
hindering specimen removal or
causing inadvertent deformation of
the specimens.

5.3 Irradiated capsules must not
be bouyant to preclude serious
radiation exposure to personnel if
under water handling is employed.

$.3 Consideraticn should be given
to the design of the capsule and
capsule attachments to permit
insertion of replacement capsules
into the reactor at a later time
in the lifetime of the vessel.

5.4 Specimen Withdrawal - A
minimum surveillance program shall
consist cf three capsules for Case
A and five capsules for Case B.
It is recommended that capsules be
withdrawn as described in Table 1.
(See Table 1 of ASTM E185-73,)

6.1 Radiation Environment - The
neutron  flux, neutron energy
spectrum, and irradiation
temperature of surveillance
specimens and the method of
determination shall be documented.

Compliance

Compliance

Compliance

Compliance

Compliance



Summary of Requirementr San Onofre Unit 3 Program
per ASTM E185-73

6.2 Neutron Flux Dosimeters - Flux Compliance
dosimeters for a particular

program shall be determined by

referring to Methol E 261.




Summary of Reguirements
per ASTM E185-82

Ban Onofre Unit 3 Program

8.1 Temperature Environment =~ The
maximum exposure temperature of
the surveillance capsule materials
shall be determined. If a
discrepancy (>14°C or 25°°) occurs
between the observed and the
expected capsule exposure
temperatures, an analysis of the
operating conditions shall be
conducted to determine the
magnitude and duration of these
differences.

8.2 Neutron Irradiation

Environment:

8.2.1 The neutron flux density,
neutron energy spectrum, and
neutron fluence of the
surveillance specimens and the
corresponding maximum values for
the reactor vessel shall be
determined in accordance with the
guidelines in Guide E 482 and
Recommended Practice E 560.

8.2.2 The specific method of
determination shall be determined
and recorded using both a
calculated spectrum and an assumed
fission spectrum.

9.1 Tension Tests:

9.1.1 Method -~ Tension testing
shall be conducted in accordance
with Methods E 8 and Recommended
Practice E 21.

9.1.2 Test Temperature:

9.1.2.1 Unirradiated - The test
temperatures for each material
shall include room temperature,
service temperature, and one
intermediate temperature to define
the strength versus temperature
relationship.

Compliance

Compliance

Compliance



Bummary of Requirements
per ASTM E185-82

San Onofre Unit 3 Program

9.1.2.2 Irradiated - One specimen
from each material shall be tested
at a temperature in the vicinity
of the upper end of the Charpy
energy transition region. The
remaining specimens from each
material shall be tested at the
service temperature and the
midtransition temperature.

9.1.3 Measurements For both
unirradiated and irradiated
materials, determine yield
strength, tensile strength,
fracture load, fracture strength,
fracture stress, total and uniform
elongation, and reduction of area.

9.2 Charpy Tests:

9.2.1 Method - Charpy tests shall
be conducted in accordance with
Method E 23 and A370.

9.2.2 Test Temperature:

9.2.2.1 Unirradiated - Test
temperature for each material
shall be selected to establish a
full transition temperature curve.
One specimen per test temperature
may be used to define the overall
shape of the curve. Additional
tests should be performed in the
region where the measurements
described in 9.2.3 are made.

9.2.2.2 Irradiated - Specimens for
each material will be tested at
temperatures selected to define
the full energy transition curve.
Particular emphasis should be
placed on defining the 41-J (30
ft-1lb), 68-J (50 ft-1b), and 0.89-
mm (35 mil) lateral expansion
index temperatures and the upper
shelf energy.

Ps"g

Compliance

Compliance

Compliance

Compliance




Summary of Requirements
per ASTM E185~82

San Onofre Unit 3 Program

9.2.3 Measurements -~ For each test
specimen, measure the impact
energy, lateral expansion, and
percent shear fracture appearance.
From the unirradiated and
irradiated transition temperature
curves determine the 41-J (30 ft~-
lb), 68-J (50 ft~1lb), and 0.89 mm
(35 mil) lateral expansion index
temperatures and the upper shelf
energy. The index temperatures
and the upper shelf energy shall
be determined from the average
curves.

9.2.3.1 Obtain from the material
gualification test report the
initial reference temperature
(RTyyy) as defined in ASME Code,
Section III, Subarticle NB 230 for
unirradiated materials.

9.3 Hardness Tests (Optional) =~
Hardness tests may be performed on
unirradiated and irradiated Charpy
specimens. The measurements shall
be taken in areas away from the
fracture zone or the edges of the
specimens. The tests shall be
conducted in accordance with
Methods A 370.

9.4 Supplemental Tests (Optional)
- If supplemental fracture
toughness tests are conducted (in
addition to tests conducted on
tension and Charpy specimens as
described in 6.1) the test
procedures shall be documented.

A-10

Compliance

Compliance

Compliance

Not Applicable



Bummary of Requirements
per ASTM E185-82

San Onofre Unit 3 Program

9.5 Calibration of Equipment =~
Procedures shall be employed
assuring that tools, gages,
recording instruments, and other
measuring and testing devices are
calibrated and properly adjusted
periodically to maintain accuracy
within necessary limits. Whenever
possible calibration shall be
conducted with standards traceable
to the National Bureau of
Standards. Calibration status
shall be maintained in records
traceable to the equipment.

10.1 Tension Test Data:

10.1.1 Determine the amount of
radiation strengthening by
comparing unirradiated test
results with irradiated test
results at the temperature
specified in 9.1.2.

10.1.2 The tensile strength data
can be verified using the results
from the hardness test (optional)
described in 9.3.

10.2 Charpy Test Data:

10.2.1 Determine the radiation
induced transition temperature
shifts by measuring the difference
in the 41-J (30 ft-1lb), 68-J (50
ft-lb), and 0.89 mm (35 mil)

lateral expansion index
temperatures before and after
irradiation. The index

temperatures shall be obtained
from the average curves.

>
'

- § |

Compliance

Compliance

Compliance



SBummary of Requirements
per ASTM E185-82

S8an Onofre Unit 3 Program

10.2.2 Determine the adjusted
reference temperature by adding
the shift corresponding to the 41~
J (30 ft~lb) index determined in
10.2.1 to the initial reference
temperature obtained in 9.2.3.1.

10.2.3 Determine the radiation
induced change in the upper shelf
energy (USE) from the measurements
made before and after irradiation
using average value curves.

10.2.4 (Optional) = Determine the
radiation induced change in
temperature corresponding to 50%
of the upper shelf energy before
and after irradiation from average
value curves.

-

10.3 Supplemental Test Data

(Optional) - If additional,
supplemental tests are performed
(9.4), the data shall be recorded
to supplement the information from
the tensile and Charpy tests.

10.4 Retention of Test Specimens =~
It is recommended that all broken
test specimens be retained until
released by the owner in the event
that additional analyses are
required to explain anomalous
results.

11.1 Where applicable, both 8I
units and conventional units shall
be reported.

Compliance

Compliance

Not Applicable

Not Applicable

Compliance




Bummary of Requirements
per ASTM E185-82

Ban Onofre Unit 3 Program

1.2 Surveillance Program
Description =~ Description of the
reactor vessel including the
following:

33,83 Location of the
surveillance capsules with respect
to the reactor vessel, reactor
vessel internals, and the reactor
core.

11.2.2 Location in the vessel of
the plates or forgings and the
welds.

11.2.3 Location(s) of the peak
vessel fluence.

11.2.4 Lead factors between the
specimen fluence and the peak
vessel fluence at the I.D. and the
1/4T locations.

11.2.8 Surveillance Material
Selection:

11.2.5.1 Description of all
beltline materials including
chemical analysis, fabrication
history, Charpy data, tensile
data, drop-weight data, and
initial RTy,,.

11.2.5.2 Describe the basis for
selection of surveillance
materials.

Compliance

Compliance



Summary of Reguirements
per ASTM E185-82

San Onofre Unit 3 Program

11.3 Surveillance Material
Characterization:

11.3.1 Description of the
surveillance material including
fabrication history, material
source (heat or 1lot), and any
differences between the
surveillance material history and
that of the reactor vessel
material history.

11.3.2 Location and orientation of
the test specimens in the parent
material.

11.3.3 Test Specimen Design:

11.3.3.1 Description of the test
specimens (tension, Charpy, and
any other types of specimens
used), neutron dosimeters, and
temperature monitors.

11.3.3.2 Certification of
calibration of all equipment and
instruments used in conducting the
tests.

A-14

Compliance

Compliance



Summary of Requirements
per ASTM E185-82

8an Onofre Unit 3 Program

11.4.1 Tension Tests:

11.4.1.1 Trade name and model of
the testing machine, gripping
devices, extensometer, and
recording devices used in the
test.

11.4.1.2 Speed of testing and
method of measuring the
controlling testing speed.

11.4.1.3 Complete stress-strain
curve (if a group of specimens
exhibits similar stress-strain
curves, a typical curve may be
reported for the group).

11.4.1.4 Test Data from each
specimen as follows:

(1) Test temperature;

(2) Yield strength or yield point
and method of measurement;

(3) Tensile strength;

(4) Fracture load, fracture
strength, and fracture stress;

(5) Uniform elongation and method
of measurement;

(6) Total elongation;

(7) Reduction of area; and

(8) Specimen identification.

A-15

Compliance



Summary of Requirements
per ASBTM E185-82

B8an Onofre Unit 3 Program

11.4.2 Charpy Tests:

11.4.2.1 Trade name and model of
the testing machine, available
hammer energy capacity and
striking velocity, temperature
conditioning and measuring
devices, and a

description of the procedure used
in the inspection and calibration
of the testing machine.

11.4.2.2 Test data from each
specimen as follows:

(1) Temperature of test;

(2) Energy absorbed by the
specimen in breaking, reported in
joules (and foot-pound-force);

(3) Fracture appearance;

(4) Lateral expansion; and

(5) Specimen identificaticn.

11.4.2.3 Test data for each
material as follows:

(1) Charpy 41-J (30 ft-1lb), 68-J
(50 ft-1lb), and 0.89 mm (35 mil)
lateral expansion index
temperature of unirradiated
material and of each set of
irradiated specimens, along with
the corresponding temperature
increases for these specimens;

(2) Upper shelf energy (USE)
absorbed before and after
irradiation;

(3) Initial reference temperature;
and

(4) Adjusted reference
temperature.

11.4.3 Hardness Tests (Optional):

11.4.3.1 Trade name and model of
the testing machine.

11.4.3.2 Hardness data.

A-16

Compliance

Compliance



Sumnary of Requirements
per ASTM E185-82

San Onofre Unit 3 Program

11.4.4 Other Fracture Toughness
Tests:

11.4.4.1 If additional tests are
performed, the test data shall be
reported together with the
procedure used for conducting the
tests and analysis of the data.

11.4.5 Temperature and Neutron

Radiation Environment
Measurements:
11.4.5.1 Temperature monitor

results and an estimate of maximum
capsule exposure temperature.

11.4,85.2 Neutron dosimeter
measurements, analysis techniques,
and calculated results including
the following:

(1) Neutron flux density, neutron
energy spectrum, and neutron
fluence in terms of neutrons per
square metre and neutrons per
square centimetre (>0.1 and 1 MeV)
for the surveillance specimens
using both calculated spectrum and
assumed fission spectrum
assumptions.

(2) Description of the methods
used to verify the procedures
including calibrations, cCross
sections, and other pertinent
nuclear data.

A~17

Not Applicable

Compliance




Sunmary of Requirements
per ASTM E185-82

Ban Onofre Unit 3 Program

11.5 Application of Test Results:

11.5.1 Extrapolation of the
neutron flux and fluence results
to the surface and 1/4T locations
of the reactor vessel at the peak
fluence location.

11.5.2 Comparison of fluence
determined from dosimetry analysis
with original predicted values.

11.5.3 Extrapolation of fracture
toughness properties to the
surface and 1/4T locations of the
reactor vessel at the peak fluence
location.

11.6 Deviations =~ Deviations or
anomalies in procedure from this
practice shall be identified and
described fully in the report.

END

A-18

Compliance

Compliance

END



APPENDIX B

SONGS UNIT 3: BASES FOR PLATE CHEMISTRY MEASUREMENTS




June 8, 1992
8-MECH-92-050

Mr. Steve Gosselin
Southern California Edison
23 Parker Street

Irvine, CA 92718

SUBJE"T: VESSEL PLATE CHEMICAL ANALYSIS SOURCES

Dear Mr. Gosselin:

The purpose of this letter is to provide background information pertaining to
beltline material chemistry data for the plates which were used in the
fabrication of the SONGS Units 2 and 3 reactor vessel. Recently, differences
were noted in the chemical analysis results reported for the SONGS 2 and 3
reactor vessel beltline plates. A review has been performed which identified
that these differences arose from the fact that different source information
was used. The source information is noted below:

SONGE 2

"CMTR" - Lukens Steel Mill analysis
"FSAR" and "CEN-189" - Chattancoga analyses dated 3/20/70 and 11/26/73

SONGS 3

"CMTR" - Lukens Steel Mill analysis

"FSAR" - Chattanooga analysis dated 1/25/74 and 3/20/74

"CEN-18%" - RPV surveillance program Chattanooga analyses dated 7/16/75
and 5/4/78

In order to respond to the plate chemistry questions of NRC Generic Letter 92-
01, pertinent background information is provided followed by a specific
recommendation.

First, the Lukens chemical analysis data was provided with the CMTR for
information only, whereas Chattanooga analyses were used as the basis for
licensing transmittals. This was done as a matter of C-E practice to maintain
consistency of results. (Lukens used both different equipment and analysis
standards, which could yield different reported chemical contents than the
Chattancoga laboratory.)

ABB Combustion Engineering Nuclear Power

Combastion Engneenng iInc PO Box 500 Telephone (203) 688- 1011
1000 Prospect Ml Road Fax (230) 285-9512
Windsor. Connecticut 0695-0500



Mr. Steve Gosselin S8-MECH-92-050
June 8, 1992 Page 2 of 3

Secondly, for both SONGS Unit 2 and 3, chemical analyses were required by both
the C-E reactor pressure vessel specification and C-E surveillance program
specification. Since these analyses were performed in two separate instances
by the Chattanooga facility on the same material, it is ABB C-E’'s position
that the average of these two analyses would be most representative of the
plate chemical content. (Note: For both units, the "CE Analysis" value is an
average of the chemical contents aquired in accordance with the vessel and
surveillance program specification.)

Therefore, the recommended chemical composition for both SONGS vessels is the

average of the two Chattanooga chemical analyses, provided in Table 1, and
titled "CE Analysis".

Should there be any additional questions, please do not hesitate to contact me
at (203) 285-3469.

Sincerely,

COMBUSTION ENGINEERING, INC.

Cracs D, Hssar fon

S. T. Byrne
Supervisor, Reactor Vessel Integrity

STB/CDS:cds
cc: . Pilmer (SCE)
Chang

. Gahwiller

. Stewart

. Wade

TNEWO

STBO60 . WP



S-MECKE~-92-050

Steve Gosselin

Mr.

Page 3 of 3

1992

June 8,

TABLE 1

U23 RV BELTLINE REGION PLATE COPPER AND NICKEL CONTENT

CE Analysis ||

Ni Content (wt %)

Cu Content (wt &)

Plate
No.

CMTR

| CE Analysis

CMTR

56
59
56
.62
64
58

 —— 4 — = — -lllvl'l%l'L
- - o~ ™ ™ -
w o 0 w o w
o o o o o o

Unit 2
10
.10
10
10
11
.10

ll#llj!lljl'lflllll'l

-~ o~ ™~ o~ o~ o~
- - ~ - -4 -
o (=] o o o o

C-6404-1
C-6404-2
C-6404-3
C-6404-4
C-6404-5
C-6404-6

'll'lllll'lllLllllIL

W“JM“M"“H:I!“MHI"MHIMI'
@ % @ w w o~
w w n w w o
o o o o o o

o e e e o e s e e e e

58
.58
57
58
.52
65

‘!|lﬁl.ll.lllvl|l'l'l"|
L]
. o -+ o w - b
-~ o o < o o o
m o o o o o o

o - b w - o
o o < o o o
o o o o o o

C-6802-1
C-6802-2
C-6802-3
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A ' . DATE RECEIVED
H .-- .'_":‘ MY - . -= ¥ " .
A ing, ) COMBUETIEN DIVisiaN AR G 1574
— - -~ . -
Mr. B. R. Moss l/ Intermediate Shell Metallurgical R & D
Contract 72170 4777 © »  Department
Job No. A-08035 ‘ Chattanooga ’

Project No. 960001

cc: Mr. R. D. Bradford

Mr. H. N. Dinwiddie .
Mr. J. F. Lovelady

January 25, 1974

Material for this contract was purchased from Lukens to SA-533,
Grade B, Class 1. This report is in compliance with specifi-
cation requirement of subject job. Identification of material and
chemistry of submitted samples is shown in Table 1.

Analytical samples were obtained at 1/4T of plate thickness.

o7 i
! //I. A. Kosik
8
JAK: m¢

attachment
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TABLEL ,' Statd lehes

Lab No. P14244
Heat No. C-9218-2
Code No. C-6802-2

Test Sample W.S.

Lab No. P14214
Heat No. C-8195-2
Code No. C-6802~-1
Jest Sample W.C.

Lab No. P14223.
Heat No. C-9195~1
Code No. C-0802-3'

Test Sample W.T.

si 23 .23 .23 .
Sul Al 014 012 .013
JPhos .. . .008 .008 011
Mn 1.38 1.37 1.30
Car .24 23 .24
Cr .07 .07 .10
Ni 87 .57 88
Mo .58 59 .56
B .0005 .0005 .0005
Cb <01 <01 <01
Ti (.01 . £.01 <-01
Co .010 .010 .008
Cu .08 .08 .04
Al .033 .028 .035
N2 .010 .009 .010
v Lol .0CS .005 .003
w .01 .01 & 01
As .009 .009 .008
Sn .00 .005 .003
2r .002 .002 .001



—

‘ Clutl. Chemish, for Bolplins Plates
d:s COVIBUSTION DIVISIoN

Mr. B. R. Moss / Analyses of Core Region Plates

cc:

To Specification 00000-PE~110
Job No. A-98035
Mr. R. E. Lorentz, Jr. Contract 72170
Mr. R. D. Bradford Project No. 960001
Mr. H. N. Dinwiddie
Mr. P. C. Kiefer
Mr. 8. R. Lewis

A5 5)’

Metallurgical R & D
Department
Chattanooga

March 20, 1974

Lower shell plates for the core r;g'ion were purchased from Lukens Steel on our
P. O. Number 40-82267 to AS¥M SA-533, Grade B, Class I specification and to
C. E. Purchase Specification N-P3F19(a). The three plates were purchased to

220-3/4" x 109-5/16" x 9-11/16" size.

Purchased material is identified as follows:

Lab No. Heat No. Code No. ~Piece No.

P14452 C-9220-1  C6802-4 215-02

P14453 C-9218-1  C6802-5 215-02
215-02

P14454 B-3388-1 C6802-6

Analytical samples were taken at 1/4T below ID surface
of submitted samples.

Table I shows chemistry

| .
Jo
J. A. Kosik

JAK:mc

attachment



Si

Cr

Ni

Cb

Ti

Co

As

Sn

VAS

C-bevn-4
Lab No. P14452

Chemistry of Plate Material

.24
.009

.007

.22
.10 .
37
.87

.0002

<0l

<.01
.010
.05
.046
.010

.005

.011
.004

.00

Gt L~5 .,
Lab No. P14453

.23
.013

.011

.25
.12
.57

£ <B¥

£0002
<01

<.01
.008

.05
.047
.009
.005
<01
.009
.003

.001

%—-«i\\&\

C b1

Lab No. P14454

.24
.011

.007

.22
.03

.62

.59

.0002 + 4 - -
<01
<.01
.006
.06
.023
.008
.005
< 01
.009
.005 ‘

.001

@4 QM'?
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= SYSTEMS

To: B. R. Moss Surveillance Program Analysis

1970-72 CENPD Pressure Vessel

Southern California Fdison 111
Contract
Job No. B3807

Project No. 960001

Metallurgical & Mater
Laboratory - Chattano«

Elaine White May 4, 1978

;L MAY uqg :
RECD /,5}‘,__/,

Chemical analyses and description of test plates and weld materials are noted ir

the attachment. Sampling for these analyses was taken at 1/4 wa'l thickness.

o=
4 Z’Q%C/‘M{; s
W. A. House

J8 oot




Lab No. P-18195
Plate Intermediate
Code C6802-1
Heat £9195-2
c 0.25
M 1.38
P 0.002
s 0.11°
S 0.24
Ni 0.58
Cr 0-06
Mo 0.55
v 0.004
Cb £0.01
T4 <0.01
Co 0.009
Cu 0-06
Al 0.028
B <0.001
W <0.01
Sb 0.0027
As (0-001
Sn 0.004
Zr <0.001
Pb <0.001
N2 0.009

P-18196

Intermediate

C6802~-2
C9218-2

. Sl o.xf‘
1.35
0.007
0.12
0.25
0.59
0.12
0.56
0.003

<.01

<0.01

0.010
0.05
0.031

<0.001

£0.01
0.0016
<0.001
0.003
<0.001
<0.001
0.008

- C,ovw(chJ per RAR 72170~ S - 245 .|

P-18197

Intermediate

C6802-3
_€9195-1

0.25
1.37
0.002
0.12
0.24
0.59
.06
.54
.004
.01
.01
.009
.06
.026
<0.001
<0.01
0.0026
<£0.001
0.004
<0.001
<0.001
0.009

o<;c>Sl§c>o<>



”701“; Ol«wfsi7 for Lower Shll

- — - — e . am e w— -

T SOWER
‘:‘-:?JL‘:'.L;I SYSTelld

Subinet

Surveillanca Program Analysis
1970-72 CEIIPD Pressure Vessels

) B. R. Moss

o ———— e —

(' S\A(v. )

Intoroffice Correspondanag

———— — ———— " B

Voo

Metatlurgical & raiarie!:
Laboratory - Chatuanonye

Southern California Ldison 111
Project No. 960001
Contract No. 72170

Job No. B-38070

R. E. Lorentz, Jr. July 16, 1975

:f: Shop Order A-98016, Lower Shali and Core Supports

Chemical analysis and description of test plates are noted in the attachment.
Sampling of these materials for analysis was taken at 1/4 wall thicknass

from I.D.
2/ /0 74
PN
W. A. House
WAH/sh






APPENDIX C

SONGS UNIT 3: BASES FOR WELD CHEMISTRY MEASUREMENTS
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Jcljl POWER
LSS SYSTEMS

M. . Turnnire Surveillance Program Anal
970~73 CENPD Pressure
Contract 72170
Job No. A-S 5(5
Project 9600

Elaine

\d description are

iemical analyses a
§ were taken at
,/

P /
r 1
/

these analyse

Juse

noted in the attachm

1/4" wall thickness.

June

ent

lurgical & Mater

atory

20

&V,

~ Chattano

1978




Lab No.
Weld

Plates

D-17360
2~203A

C~-6802 - 1 to 2

D-17361
2-203B

C-6802 - 2 to 3

D-17362
2-203C
C-6802 - 3 to 1

C
Mn
4
S
Si
Ni
Cr
Mo
\'{
Cb
Ti
Co
Cu
Al
B
1

Sb
As
Sn
ir
Pb
N2

AA '
e BeeleBeBoloaNoelSEeNolleNeNel e

(== =]

.14
.33
011
.012
.16
.17
.05
.61
.006
.01
.01
.010
.04
.007
.0003
01

013
.005
.002

N.D.

.005

0.15
1.31
0.011
0.013
0.16
0.21
0.04
0.58

0.006

<0.01

<0.01
0.010
0.05
0.008

0.0004'

0.01

0.014
0.006
0.002
N.D,
0.005

0.11
1.20
0.010
0.012
0.09
0.08
0.04
0.60
0.006
<0.01
<0.01
0.009
0.04
0.002
0.0003
0.01

0.013
0.005
0.002
N.D.
0.005



Lab No,
Weld

Pla:eg

D-22245 D-22246 D-22247 D-28623
3-203A 3-203B : 3-203¢C Girth
C~6802 - 4 to § C-6802 - 5 to 6 C-6802 ~ 6 to & %
0.12 0.14 0.13 0.12
1.28 1.26 1.28 1.24
0.012 0.012 0.011 0.008
0.008 0.008 0.008 0.009
0.15 0.17 0.15 0.39
0.21 0.19 0.21 0.32
0.04 0.04 0.04 0.10
0.56 0.57 0.55 0.55
0.004 0.005 0.004 0.004
40.01 ¢0.01 <0.01 £0.01 °
<0.01 <0.01 <0.01 <0.01
0.008 0.008 0.008 0.013
0.04 0.04 0.04 0.04
0.005 0.008" 0.007 0.013
£0.001 <0.001 <0.001 <0.001
0.01 0.01 0.01 0.01
0.0016
0.008 0.008 0.007 0.004
0.004 0.004 0.003 0.004
0.001 0.001 0.001 0.001
£0.001 £0.001 <0.001 <0.001
J.010 0.005 0.008 0.008



sw \ u’v’) 4 Swvvy, W=
it for 944"“‘- Interotiice Correspondence
|‘,"7

K =5%Ts

To: B. R. Moss Surveillance Program Analysis Metallurgical & Mater
1970-72 CENPD Pressure Vessel Laboratory - Chattano:
Southern Californi son III
Contract
Job No. B3

Project No. 960001

cc: Elaine White May 4, 1978

Chemical analyses and description of test plates and weld materials are noted ir
the attachment. Sampling for these analyses was taken at 1/4 wall thickness.

7/

W. A. House
j) Loty Ly +

//‘u/'{( Z_Ti é',/l«"'""

WAH/ps

’

§ "2 j)’



Lab No.
Weld

Plates

WELD

D-30342
2-236A
C6802-2 to 3

0.12 -
1.54
0.004
0.009
0.39
0.08
0.05
0.55
0.005
<0.01
<0.01
0.015
0.03
0.006
0.001
0.01
0.0012

<0.001

0.002
<0.001

*€0.001

0.006

RAZ.

. D=30343

2-236B
C6802-1 to 2



Attachment 2 10 S-MECH-93-071
Page 4 of 6
DATE_ T - /4 - 74

METALLURGICAL RESCARCH AND
DEVLLOPHENT
o / P :
Ir / )ﬂ 12D ,Z/A./“, i ol LrT S

-
. ¥,

JOD MUMDER 4 3272585

-

CHEMICAL ANALYSIS OF WIRE-FLUX TEST WELD SAMPLE

¥ r T

-
SAMPLE HNO,

- g—
L b

TYPE WIRE e

' - Fhes

pw

SIZE WIRE ?;é“_
HEAT NO,

o0 ’
cdlldld .

FLUX ey

LOT NO, P

S

S

P

MN

C

CR

NI

MO

CB/TA

Tl
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SONGS UNIT 3: WMCs FOR BELTLINE MATERIALS
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CCTBUSTITN DIVISIGN Tl

., Nuclear Menufecturing
Ty Superintendent
~* Nuclear Velding
"% Appliceticns
. Bay 29 Rod Rcom
© Iaventory Control
Welding Inspection

FetieorSection)

PCK/ 1t

y

The following welding meterial has been tested in
requirezents of SOP ;100-23.31 end peets the regui
. -Addenda to Secticn III cf the

wel.clﬁa Materiel Certification
end Releese for Section III

gyl v v 80i . 4.
R

oy L >

» ¥

ety ‘ @fuﬂk?'

Nucleer Quelity
Engineering

o g Bare

Z2 k73

eccordence with the
recents of the latest
ASME Code and is releassed for use on LASME

Code vork only:

By *
By *

P 3//_6? 83637
Préq _3//{% 83650 ' 3

L X Low Comare Pes

I 5//1/64?:’ Arc

1. . Coated Electrodes (MA) o E Py _ :
TYPE SIZE BEAT 4 °  1oT ¢ CONTROL 3# BRAID
1. ‘ ‘ L e
II. Bare Flectrcles (074 & Gia)
TYPE SIZE EEAT # BRAKD
"IIX. Flux Electrode Cozbinaticn (S:A)
TYFE EIFCTRODE  SIZE HEAT¥ TYPE FLUX Lor #
G-4% e Y B36vo Luweoos) sz

K

Gleq

A



COMBUSTION DIVISION

-n
Wi |

- e VAN

- Subject
/r. P. C. Kiefer

Welding Material Qualification
to Requirements of ASME
Mr. R. Jay Section 111

Mr. 5. A, Lewis Job Number D-32255

Ar. 5. R. Lewis Project Number 960009

ér. R. E. Lorentz, Ir.

ir. G. Porter

ifr. R. E. Smith q - Z

Wl
//'/?’7‘»( -
The following test data is for 3/16"

Heat No. 83650, Flux Type 0091, Lot No, 1122,

A weld deposit was
was done

made usir
in accordance w
The completed weldment was given a pos
for 40 hours and furmace cooled to 600°F

e —————————————— —

ot Tremo———LMPACT AND/OR FRACTURE
PE [JJ MP, _‘Z‘L_._._,,,V,",E UES TEMP, OF

- e ——

e ———

e ——————————— -l

ith C~E Welding Procedure 8

diameter bare wire, Type Low
'q the above heat of wire
TES

R ————————————————— ————

VALUES

and lot of flux.
pecification SA~33-34.
t weld heat treatment of 1

From -~ Date

————————

Metallurgical Research and
Development Department
Chattanooga

February 8, 19723

Cu~Phos, ,

IR T TR AT
Welding
150°F % 25°F

CVN

Ft./Lbs,

117+

__1’_] S _,Is'il,J_BfL‘_:
73
76
79
77
81
83

+10
+10 120
+10 133
+20 125
+20 138
420 145

ALL WELD M

T A -
LIAL s WU

Lab
Lode

Yield Strength

- KSI

Ultimate Tensile

Strength . KS1

A

2-:

- o,

7.4

Elongatior

Drop Weights

1 1n

F
NF

Reduction of
_A!f.r_(.‘,"’.«A_ ‘)/

72,0




DATE_/~- 22273

METALLURGICAL RESEARCH AND

DEVELOPMENT

10: NUCLEAR WELDING APPLICATIONS SECTION

cC:

arvention:_ G Leyy

PH

o TER

Fue eren

7

JOB NUMBER 2232258

SAMPLE NO,
LAB MO,
TYPE WIRE
SIZE WIRE
§ ¥ Ko
FLUX

LOT WO,
Sl

3,

P

MN

¢ .

Mo

cv

CHEMICAL ANALYSI1S GF WIRE-FLUX
- ~TEST WELD COUPON ~

/0597 L04 o
2[1‘_0 S« | 2/ dos s
boc (i - Phs i

| 3 : ” 3/[9, "
| 83¢37 | 83g<e |
225/ . Y- e/
2122, e BB
L /5 AST
M,
009 JOLD
- -
(L06 L0é
L.Lls A
Lb (5
- Ny
Vv e
o9 PS5
o A
w007 | 006

- ————




nNicn-uirnivc LunncorviNveoine o

i~ R
.3 POWER SYSTEMS

Nuclear Manufacturing Superintendent L K Nuclear Quality
Nuclear Welding Applications Assurance

Bay 29 Rod Room

Welding Material Control (c/c R. N. Fry)
Velding Inspection

RFed-Room-—(UatLab Seection)—

¥ el i

WELDING MATERIAL CERTIFICATION
AND RELEASE FOR Sectjon I

= -

The following welding material has been tested in accordance with the require-
ments of SOP £100-23.31 and meets the requirements of the latest Addenda to
Section III of the ASME Code and is released for use on ASHE Code work only:

- I. Coated Electrodes (MA)

.

TYPE SIZE HEAT ¢ LOT ¢ CONTROL #  BRAND

i | T /

L

I1. Bare Electrodes (CTA & GMA)

TYPE  SIZE HEAT # BRAND

III. Flux Electrode Combination (SAA)

TYPE ELECTRODE SIZE HEAT § TYPE FLUX LOT #
B- 4 s
LoCule Phes 7% venq . oeq ors

ST DY .

D. C. Binegar .

DCB/ap



s POWER SYSTEMIS

/ To : Subject From - Date

-’ D. G. Blnegar Welding Materlal Certificatlon Metallurgical & Materlals
; _ To Requirements of ASME Laboratory
cc: R. E. Lorentz, Jr. Sectlon 111 )
S. R. Lewis Job Number H-32255 Chattanooga
S. A. Lewls Project Number 960009

T. U. Marston
N. Wamack

WL/C/ {ML\S 3_203 A‘B,COCtober 16, 1974

- . . . : S
The following test data is for 3%16"dlameter bare wire, Type Low Cu-~-
- Phos, Heat # 88114, Flux Type 0091, Lot # 0145. (Test # 1286)

A weld deposit was made using the above lot of electrodes. Welding
‘was done In accordance with SAA-SMA-12.12-102 . The completed
weldment was given a post weld heat treatment of 1150°F % SO°F for
40 hours and furnace cooled to 600°F. '

IMPACT AND/OR FRACTURE TESTS |
) T T °F|  VALUES TEMP. °F VALUES NDT {
.~ Et/Lbs %Shear MilsLatExp Ft/Lbs %Shear MilsLatExp i
' -104 | 13 0 7. 7 | -10 127 80 70 4‘
-104 | 11 0 6 -10 115 70 64 p
-104 | 20 $ 13 ~10 117 70 68 E
-80 29 10 22 +10 126 80 78 ‘
-80 30 10. 21 +10 151 100 81
-80 24 10 13 +10 156 100 84
-40 (110 60 66 +50 174 100 86
=40 76 40 48 +50 163 100 85
-40 [14 - 60 68 - +50 162 100 ‘83
Drop Weights
-70 1 F : ~70°F
~-60 2 NF
-50 1 NF
ALL WELD METAL .505 TENSILE
Lab Yield Strength Ultimate Tenstle Elongation Reduction of

Sodc KSt Strength KSI in 2"% Area %

@ wi 77.1 k eafe) . 28,5 71.9

JMA:gb



“)/ DATE, e -7-74

T : METALLURGICAL RESCARCH AND
DEVELOPHENT
-~ = d / EEAR

b "J0D NUMBER A F 22558

CHEH/'C'AL ANALYSIS OF WIRE-FLUX TEST WELD SAMPLE

SAMPLE NO, ) 286é e

LAG NO. D/ 8744 |

‘.M
TYPE WIRE | o e |

. ¥y
SIZE WIRE v/

HEAT NO, & &/ 4

FLUX 09/

LOT NO. 0r/45 "

S| 0y ‘ | \

- S L00¥
S

o8

/LS

A5

L3

e
, 54

.05

006

(20 725
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I

NETALL WL

/

- 0e

R
%
)
e
Z
0
0
Z
Q
¥
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X
=
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-~
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A
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5 - INTER-OFFICE CORRESPONDENCE

. T2 powen SVYSTEMS

3. J
Nuclear Manufacturing Superintendent ] Nuclear Quality
Nuclear Welding Applications 1 Assurance
Bay 29 Red Room g
Welding Material Control (c/o R. N. Fry) RT!, RT / .
Welding Inspection 4 ﬂ b / 7

Rod Room (Met Lab Section)

. WELDING MATERIAL' cm}grrwmv
- . AND RELEASE FOR ' - -
P 5 770 10 TTT
The following welding material has been tested in accordance with the requife-
ments of Qcp 7.1 and meets the requirements of the latest Addenda to

Section III of the ASME Code and is released for use on ASME Code work only:

o I. Coated Electrodes (MA)

TYPE SIZE HEAT ¢ LOT # CONTROL # BRAND

II. Bare Electrodes (CTA & GMA)

TYPE S1ZE HEAT # BRAND

I1I. Flux Fiectrode Combination (SAA)

TYPE ELECTRODE HEAT ¢ TYPE FLUX LOT #

SIZE
L & Pios % "?/ Yoo ? /3¢ 095 /

4, & e Lot

T



‘3
2 POWER STYSTEMIS

Subject From -~ Date

1. McDowell Welding Materlal Certification, Metallurgical & Materlals
To Requirements of ASMLC * Laboratory

R. L. Lorentz, ]Jr. Sectlon III

S. R. Lewls Job Number M~32255 Chattanoog

S. A, Lewls Project Number 960008

b\)e//u/ ge«m 71203
S Cul 73

”~
e following test daga Is for 3/16" diafie are wicted. Tvp w
The Ing t daja I 3/16 d‘lpnm.tm bare wige, Type Low Cu-

0ne

. lea o 900 B¢ ln ry 9 ' Qc "
Phos, Heat No. J..‘J/"r.,*, Flux Type 124, Lot No. 0951 (Test No. 1825).

B. Golns

/,

Al Aaoma wae made uelina the ¢
A wel eposit was made using the above heat of wire and lot of flux
Weldi: as done In accordance with SAA-SMA-511- The completed
weldment was give 1 pos Id heat treatment of 1150°F * 5D°F for 40

hours and furnace

Yield Strengt?

’ o
i)




LR r METALLURGICAL RESEARCH AND
o, . ~ DEVELOPMENT

to=.;;ILzuL_4513112@«u£6£,..£§kzuL4£Zuu¢

0. . wuiser _#322¢5 ‘ ; e gl R

CHEMICAL ANALYSI|S OF)'L\RE—FLUX"TEST WELD SAMPLE
L - d

o RS DATE_ 4 - /9 -7¢

SAMPLE NO, /g2 |
LAB HO. | D23995 |
Low
TYPE WIRE 2%
SIZE VIRE ZE
. FL-UX . /2.4
LOT NO, Doy
s - SI' J/ .
' A
- S 009
y ), N
WA _s42
C A : // “
/
(R U .0
/
MO ‘) LD
T—
CB/TA
T
co -2
v | L0k d
: v 004
| ) NZ
FE ¥ 2

_J/ \ : g"



R A T ST U™ bt 4 09 TN TTTN W AT TUT NN ——
v : 3 . ' : I
~';.'-,;. et DATE 3" /3‘ 7-"- :

c s e - CREQUEST FORM " e
"o " NCH QUALITY ASSURAMNCE ;

0: WAYNE TURIER, DON BINEGAR == <o’ fien  iian "o
J0B NO.: E32255 N P e A S MR- ¢y §

MET CHEMICAL AALYSIS OF WIRE SAPLE Ty ey
» 7{“\ : — Ll

R No. s? ??E‘,

Type Hat'l, Lo Ced
Size 55{}

Heat - QPanlg

51 P 0(3/ ) |
§) |
3 P

¢ p
Mn 2 6G¢

Cr | Zon”

Ni .k/oS"/

o | I

Cb/Ta

Ti v VAN

Co

Cu

.Q -

a |P

~ |
A
N o,

Ny

N e : !

Fe
S L /020

L

-
-
- ——— —— 5 wie . e —



,/’ | INTER-OFFICE CORRESPONDENCE

o
}Eam FOVYER SVSTERS

Nuclear Manufacturing Superintendent v Nuclear Quality
Nuclear Welding Applications Assurance

Bay 29 Rod Room '

Welding Material Control (c/o R. N. Fry)

Welding Inspection . ny /d, /777

Rod Room (liet Lab Section)

-

. WELDING MATERIAL CERTIFICATIO
© LILIT AND RELEASE FOR LASAILE/ s e 4 pi JTT

The following welding material has been tested in accordance with the require-
ments of QcP 7.1 and meets the requirements of the latest Addenda to
Section II1 of the ASME Code and is releascd for use on ASME Code work only:

o 1. Coated Electrodes (MA)

TYPE SIZE HEAT { LOT ¢ CONTROL # BRAND

I1. Bare Electrodes (GTA & GMA) . R ol o IR < ¥ T L g e

TYPE SIZE HEAT ¢ BRAND

II1. Flux Electrode Combination (SAA)

TYPE ELECTRODE SIZE HEAT { TYPE FLUX LOT ¢

WA B

. ———

il £3.2



/’ Interolnce correspondence

POWER Subject From = Date
SYSTEMS RN ————

) A McDowell Welding Materlal Certification Metallurglical & Materials

to Requirements of ASME" Laboratory
cc:R. E. Lorentz, Jr. Section 111

8. R. Lewis Job Number P-.32255 Chattanooga

8. h. Lewls Project Number 960009

D. Butler 5-9-77

The following test data is for 3/16" diameter bare wire, Type Low Cu- Phos,
Heat No. 90144, Flux Type 124, Lot No. 1061 (Test No. 2094).

A weld deposit was made using the above heat of wire and lot of flux. Welding
was done in accordance with SMA-SAA-3.3-118. The completed weldment was
glven a post weld heat treatment of 1150°F & 50°F for 40 hours and furnace
cooled to 600°F.

IMPACT AND/OR FRACTURE TESTS S
YYPE TEMP, °F VALUES TEMP, °F VALUES — NDT

\.) pra Ft/Lbs %Shear MilsLatExp _Drop Weights W
. -80 7 0 3 -60 1 F -50°F

-80 9 0 6 - -50 1 NF 1 F ¥

-80 5 0 3 -40 2 NF

-40 18 0 13

-40 19 0 13

-40 34 15 26 -

+10 57 35 4) +100 90 100 67

+10 50 25 36 +100 89 100 n

+10 53 30 40 +100 90 100 70

+60 82 80 60 +160 94 100 79

+60 81 80 60 | +160 92 100 77

+60 76 80 54 +160 93 100 72

|
ALL WELD METAL .505 TENSILE
Lab Yield Strength Ultimate Tensile Elongation Reduction of
_Code ksl Strength ksi In 2"% Area %

) AN 72.8 87.4 25 0 63.8

/// /;,:o

JMA:gb



fPLE NO,

L O G4
LAB HO, 28503
TYPE WIRE Q'fa%ﬁ.: j
sizewvie | J7 |
 HEAT NO. | Qoryd |
FLUX /24 |
~ LOT HoO, (06 )
el Shidles
5 DO 007/
3 ] 01/ {
S1 ; . )
NI \/ ‘; ¥
Do \/&_ 52
¥ 004 4’//
" CB/TA N
Ti :
co
ow [ooF
) Ny
FE

- . -

METALLURGICAL & MATERIA..S LABORATORY
\

HUMBER P32255

U, & M o0t

CHEMICAL ANALYSIS OF WlRE—FLQX TEST WELD SAMPLE

¥

r

T

I

Cl 7tz

E3ay.




.~ " REQUEST
ke NCM QUALITY
J-‘w} MEDowesr . o
e TURNER DEH-BINEGRR=

]
/:; ko.: 32255

e
b4 sl

..
trhame va

s e,

FORM

ASSURANCE _
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Mr. Keith Reeser November 4, 1993
Southern California Edison Company S-MECH-93-062
Irvine Operations Center

23 Parker Street, MD 345

Irvine, CA 92718

Subject: Material Information for SONGS 2 and 3 Reactor Vessel Welds

References: 1) ABB/CE letter No. S-MECH-93-049, "Proposal No. 93-241-ClA;
Additional Reactor Vessel Material Information for SONGS 2 & 3", C.
Gimbrone, dated September 8, 1993.

2) ABB/CE Letter No. S-MECH-93-059, "Weld Fabrication Records for
SONGS Units 2 and 3", D. Walker, dated November 2, 1993,

Dear Mr. Reeser:

This letter provides weld wire heat numbers and flux types for the following welds as proposed
in Reference 1:

1) The surveillance weld for SONGS Unit 2.

2) Welds 2-203 A, B, and C - the SONGS Unit 2 reactor vessel.
3) The surveillance weld for SONGS Unit 3.

4) Weld No. 8-203 for the SONGS Unit 3 reactor vessel.

The above information wes researched using all of the available original fabrication records for
these welds which were obtained from the Chattanooga facility (Ref. 2). The requested
information is found in Table 1, and two major results of this effort are noted below:

1) The apove welds consisted of either filler metal type Mii-B4 or E8018 electrodes
as noted under "Filler Metal".

2) It was determined that repairs were made to welds 2-203A and 8-203.
Information regarding the consumables for the repair welds is included in Table
1. However, an investigation regarding the extent of these weld repairs was not
within the scope of this effort.

ABB Combustion Engineering Nuclear Power

Combushon Engineenng inc PO Box 500 Telephone (203) 6881811
1000 Prospect Mil Road Fax (230) 2859512
wingsor. Connacticut 0695-0500



S-MECH-93-062
2 of

Page 2 of 2
Table 1 - Weld Consumables for SONGS 2 and 3 Reactor Vessel Welds
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This effort was performed in accordance with the CE Nuclear Services Quality Assurance
Manual for Quality Class 1 work. The contents of this report have been reviewed to insure the
accuracy of its contents. If you should have any questions r garding this report, please contact

me at (203)-285-5911 or Mr. Craig Stewart at (203)-285-2294

Sincerely
Combustion Engineering, Inc

’ »
e L AAVK

Daniel Walker
Staff Engineer

r-— —— — e —————
VERIFICATION STATUS: COMPLETE
The Salely-Retal od daskgn nformalion condalnod in (s documend has boon v2iifiud
© bo carrog! by mors of
. Dosign Roview iing Chackist(s) ‘5_1‘_ ol JAM-101
—— - Nomals Arelrds - Copy allachod
e ¥ CTHiCAUGN ToLUNG - Tosi Ropoxi &

——

“ ' o
- ) ) /79
” 4 ' A
IO A ‘ .‘] $a o ‘A‘J."_'sfl 1/ Ah) )
e s VU« — e P s ey

madnpang Redovn M.r'-"f'»gf.a se/ak




Attachmeni | 1o S-MECH-93-071

Page 4 of §
I ‘ ., ' - - . . . . . .
S WELD /ME SARTERAC C ¢ X700 ‘ .
/44 ﬂG "Loniesar 7V, Re§oki mpnrs 1F ASarE PN,
{c’/‘u; uvr;’ 57 _(‘.cr,,,,_m{. Acsenkers pmo
7/ vl y ; ]
U, bArnis Tis M. A-DoasC Geveds Puvenr Dot
AT 7N
17; Zw:ﬁ Shesecr Jre, Seoav 9 C‘//dﬂﬂ 72'2-»'

ldﬂ( twnv TV e how. fvv‘; SJlenr’® Ab, ’[//J

———— - -

sS4 7/

77/¢’ Aes lNI"’b TEI7" ’/’74 /J’ A R },‘ f/4~m

o PRk ror ool lérm. Q/A

- . o PYOSE—— .-

A Wit DuloisT ke Apor vinE Twe Alsse . AT

V3 wm'g AmD Lar=. 4 . F2o X, ‘vﬂa/»v‘ baS Lapd” . ACCOR BanCE ) Ta
S TAANII-T . i 4 e e T ComleETED .
T T S "ﬂr/ﬂ A Sasr CERE . SAAPT THERT A m T 8 //_r-' __/:..-,ro,
o SAK_ACO m«m AL EOENNL e c6# 7. /rvc Wea =T 0 E o~
L. : RACTURE TESTS
( Txee v ov vaLuey TEMe. °F YALUES . ot
/ L
e | ¥ e | s —T0 F
7 & (‘ e | gm”
5/' /37 F
V4 79
7\ g '3 4
Al 2o smerptc . OF zmiier . -
( . o ) ) : : ; . v -
248 Yicco 2xercrsv. Uerrmnie 78%ine”  Léomecayrim Kflym«a
Sebs” LS Srwenerey AT/ _,_/,J . 3 : ,(,, 2
G2 20 rss A2 7°.f

———— -



APPENDIX E

SONGS UNIT 3: MCRs FOR BELTLINE MATERIALS







COMBUSTION CMGINEERING, INC.
ICAL RESCARCII AND DEVELQPM
jo— MATERIALS C[RTIFICATION REPORT
, MATERIAL SPECIFICATION P 119 (2) g
i VENDOR Lukens Steel Cqmpnm{

. HEAT NO, C9195-2

’ MATERIAL DESCRIF 1iON __220-1/4" ¥ 109-5/16"X 9-11/1G"

Revislon # 1
I DEPT january 24, 1974

B. 1. Moss

METALLU

CONTRACT NO._ 72170
JOB NO. __ A-908015 -001
CODE NO, C-6802-1
Intermediate Shc_l_l

MILL CHEMICAL AMNALYSIS

K5 . S b 5.8 (] £ Lo Ch Cu v
(Cheek] .22 11.35]1.0111 0131 221 .58 .55 206 ,003

‘ : : MECHANICAL TESTS

ULTIMATE
TEST NO. CALGE TEST YIELD REOWUCTION

TCUMPERATURE °F

STRENGTH, KS1

TENSILE
STRENGTH, Ksl‘,

N2 [/ OF AREA %

WC-TA .505

R. T,

64.3

85.9 .,

28.0 7 }” 66.5

wC-T18 . 505

R. 1.

63.2 _~

84.5

64.0

IMPACT AND/OR FRACTUR

E_TESTS

VALUES

Drop Weiahts

1 NF
F

TYPE | TEMP, | VALUCS |yene, o¢

Charpy ‘[ (L._tz ﬁhcnr Mlls Lat Exp
[ [mpact’ -40 o -30
gty -40 0 4 -20
Al | ...S__..__ 0 ~ ~10
W 410 29 107 2'0""
+10 23 10 17
+10 | 18.. 2 T IR
5 21

4]

. JH40 | 34 1
+40 27 1 19 Ft/Lbs %Shear MilslatExp
. 440 | 24 _ .S
+80 | 43 25 37" +160 84 80 62
= . +80 | 58 30 +160 79 80 - 60
| 480 | S6 43 +160 o | —
40 7
30 45/

B e
o om

: R

+100 27771100 100 74
+100 | 52 +212 99 100 S 72
-HQO 59 +212 95 100 70

ADDITION AL DATA INCLUDING MEAT TREATLENT:
(a) 1G00°F £25°F 4 hours. Water quenched.

(b) 1225°F £25°F. 4 hours,
(c) 1150°F 2 25°F 40 hours furnace cooled to 600°F.

The Imj.acts were taken tr_-:_msve?s/c to the major rolling direction of the plate at the
1} /4T level and notched perpendicular to the plate surface.

The dropweights and tenslles were taken transverse to the major rolling directlon.
Testing was done Tn 8ecordance with M&P Specification N=S.§ .2, 11(b) Add. 1 (a).

Fam £-2120
ce: P, Webb
H. Dinwiddle
R.C. Smith
S.R., lewls
I.. Lorentz, Jr.

Weo heraby cartily that the fareqelng dote Is o tive copy of the dote
funlshed vs by the poducing mill, or datn tesulting from tests pas.
tumed in the Conlurtion letallwgicol Laborotory,

COMDLLTION CHNGRIECRING, WC,

4’ /_._'f{ 7L ,-//

J. M, "Arnold
December 19, 1973
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D.

JUN-11~1992 13:31 FROM

K. MUSS

ABB/CE Chattancoga

TO 912032855669

METALLU...1] . RESEARCH AND DEVELOPM..[ NEFT

MATERIALS CERTIFICATION REPORT

MATERIAL SPECIFICATION_P3

F19 (a)

CONTRACT NO.

VENDOR

_Lukens Stecl Company

JOB NO.

HEAT NO,

C9218-2

72170
et e tat——————
A-98015-003

P.86716

N YAQavIE Y A

January 24, 1974

CODE NO. C-6802-2

MATERIAL DESCRIPTION __220~3/4"X 109-5/16"X 9-11/16"

Interiiediate Shell

i
i

P. Webb

H. Dinwlddie
R.E. Smith

S.R. lewls

R.E. Lorentz, Jr.

MILL CHEMICAL ANALYSIS
2E L1 Ma e S L St ]l ! Mo Ch v vV
[Check 4 11.271.0101.0131 .24 125 204 003 |
MECHANICAL TESTS N
TEST NO. | GAUGE TEST YIELD Lﬁ%}‘ ELONG, REOUCTION
_ TEMPERATURE °F STRENGTH, KS! r STRENGTH, K§! N2y ¥ OF AREA
[ ws-Ta .505 R. T. 66.8 LA 89.4 | 26.0 " 665  _
WS-TB 505 R. T. 8.3 50,8 ] 26,07 | 65.8 ]
IMPACT AND/OR FRACTURE TESTS -1
TYPE TEMP, °F VALUES TEMP, ®F VALUES NOT _]
Charpy p/;_!; %Shear MilslatExp Drop Welghts - i
-|impacts | _49 9 0 4 -20 1 F -20°F |
-40 6 0 3 -10 2 NF
[ -40 8 0 4 0 1 NF
vl +10 | 26 10 19
+§8 %4 18 11 Ft/Lb %Shear MilslatExp
+ 8 24
L1 +40 | 32 15 26 +100 66 40 50
+40 40 20 30 +100 27 S§0 59
+40 52 25 37 +100 69 40 54
+60 44 25 34 +160 114 890 77
+60 52 30 36 +160 110 90 75
+60 54 30 37 +160 106 S0 79
470 55/ 30 38~ +212 117 100 - 80
+70 577 35 39~ +212 116 100 82
+70 65 40 45 - +212 113 100 79
| it
ADOITIONAL DATA INCLUDING MEAT TREATMENT:
(a) 1600°F £25°F 4 hours. Water quenched.
(b) 1225°F 2+ 25°F 4 hours.
() 1150°F £25°F 40 hours furnace cooled to 600°F.
The Impacts were taken transverse to the major rolling direction of the plate at the
1/4T level and notched perpendicular to the plate surface.
The dropweights and tenslles were taken transverse to the major rolling direction.
Testing was done in accordance with M&P Speclification N-5.5.2.11(b) Add. 1 (a).
Form E~2120

We beraby cortily thot the foragelng dete 14 o trve copy of the ¢ o

fuenished vs by the preducing mill, or dote resulting from teuts wi--
formed in the Combustion Metallwgicol Loboretery.

WA

BY

7/ " 1.M. Amold

/



py of the dote
lrom te ity pat

o

&
>
>
“
«
-
-




O N T W L L S P

B: R MOSS  LETALLL “ICAL KESEARCII AND DEVELOIM T DEPT Revision # 1
January 24, 1974

b MATERIALS CERTIFICATION RCPORT
‘ ABATCRIAL SPECIFICATION_P3 F19 fa) CONTRACT N _72170
VENDOR lakens Steel Company JOB NO. ___A-90015-005
‘HEAT NO. Co195-1 CODE NO. _C~-(802-3
MATERIAL DESCRIPTION __220-3/4 X 109-5/16 X 9-11/16" Intermediate Shell
MILL CHEMICAL ANALYSIS
Lt o V. 1 » 5 51 H C My ch Cu v
(Checi] =23 |1 377011 [017] 22 1757 .50 .00 003
MECHANICAL TESTS
ULTIMATE
TEST YIELD ELONG, REOUC TION
VLSS | S TOMPCRATURE F | STRENGTI, KS$! nl‘t’:‘o‘c‘%ﬁ K5l IN 2" OF AREA %
WT-TA . 505 R. T. 67.8 90.0 ~ | 26.5 .-| 65.0
WT-T8 508 R. T. 68.3  / 89.1 7| 26.5 | 64.5
AMPACT AND/OR FRACTURE TESTS e
1ire TEMP, °F VALUCS TEMP, °F VALUES N::
Charpy {ft/1bs %Shear.Mils Lat Expl Drop WQightg
Impacts -:0 9 0 ] -18 1 F et | 2 A
:48 { 8 L & g 2 NF )
- . +10 26 10 20 ;
+10 26 10 ° 20
+10 | 15 S 11
A +40 37/ 15 27
+60
.,Eo 23 ;: §f Ft/Lbs %Shear MilslatExp
+ ' e -,
. L:ra'e‘s - "2;7“’38’ 37 +160| 100 90 71
+80 | 527 25§ 407, | 4160 95 90 6%
480 60 40___ 41601 84 ___ 90 67
4}38 ;g gg gg +212| 106 100 76
+ +212 | 109 100 78
+100 | 63 40 46 +212] 101 100 ‘/72 q§ /
ADDITIONAL OATA IMCLUDING MEAT TREATMENT: X%
(a) 1600°F £25°F 4 hours. Water quenched.
(b) 1225°F £ 25°F 4 hours.
(c) Y1S0°F £2S°F 40 hours furnace cooled to 600°F.
"
The Impacts were taken transverse to the major rolling dircction of the plate at the
1/4T level and notched perpendicular to the piate surface.
The dropweights and tenslles were taken transverse to the major rolling direction.
Testing was done In accordance with M&P Specilication N-5.5.2.11(b) Add. 1 (a).

orn €21
' ce: 7. wobh bt ot s e o 4
1. Dinwiddle // et o S Gt Sothnd L
glE ﬂns:r(l'; P/;/ COMDUSTION ENGINLCRING, INC
R.E. Lorentz, Jr. ’/9‘ '/“/ /Z‘/?/‘:A/d,////
: ya II M. ;\rnold
) DATE December 19, 1973

5(.4_1_[: -5 A




JUM-11-1992 13:36 FROM ABB/CE Chattanocoga TO 912032855668 1 P.13/16

B R MOZE O UETALLURG AL KESEARCH AND DEVELODIMLI .DLPT

' MATERIALS CURTIFICATION REPURT
"MATLRIAL SPECIFICATION_P3 F19 () _ _ CONTRACT NO._ 72170
VENDOR | _ . Lukens Steel Company .. JOB NO. __ ASB016-044
HEAT NO, C8220-1 ' COLE NQ.__C°5802-4

MATERIAL DUSCRIPTION | 220-3/4" X 109-5/16"X 9-11/16" Lower Shell (Test Plate "B" "

[ MILL CHEMICAL ANALYSIS |
e, 1€ | Ma M b ) ) Cr Mo Ch " Vv _
Checi] .21 [1,32].011).013 (.28 |.58 | | .52 o .8—5___ . 003
MECHANICAL TESTS
ULTIMATE
TEST YIELD ELONG. REDUCTION
nanthuedl B TEMPERATURE ®F |  STRENGTH, K8I n}tz'r?c'%oec. xs| IN 2% OF AREA %
| TE-TA .505 R. T. 69.3 90.3 1 27.5 7| 66,9
TE-TB . 505 R, 1. 70,4 / 91.3 7] 26.0 66.1
IMPACT AND/OR_FRACTURE TESTS e
1YPE TEMP, °F VALUES TEMP. °F VALUES NDT
Charpy [Et/Lbs Kshear MilsLatbxp Drop Weights -
Impacts | =40 R 0 4 -30 1 F -30°F
-40 10 . © 5 -20 2 NP
;40 11 0 )
) 4410 31 10 20
+10 37 15 25 - "
‘ +10 21 5 14 L&m HShear MilslatExy
440 47/ 20 38 +100 91 50 63
A440 25/ 10 19 +100 113 70 72
+40 48’ 25 38 +100 112 70 74
450 43 20 31 +160 135 95 B2
+50 52 25 37 +160 133 95 82
450 54 25 37 +160 141 95 L 85
+60 51 25 39 +212 140 = 100 82
460 68 35 47 : +212 140 100 84
460 3 30 44 +212 142 100 80
ADDITIONAL DATA INCLUDING MEAT TREATMENT:
(a) 1600°F £25°F 4 hours. Water Quenched, (Twice) ///
(b) 1225°F £25°F 4 hours, (Twice) {,/0'/ /
(¢) 1150°F £Z5°F 40 hours furnace cooled to 600°F, YT
The impacts were taken par'aﬁel to the major rolling direction of the plate at the 1/4
level and notched perpendicular to the plate surface.
The dropwelghts were taken parallel to the major rolling direction and the tensiles
were taken transverse to the major rolling directlon.
Testing was done in accordance with M & P Specification N~5.5,2.11 (b) Add. 1 (a)

Fom €E-2120 and Shop Order AS801C Supplement No. 10, =~

We hetaby certify that the lacegoing dato Is o true copy of the doti

T

p
4
B

2 furnlshad us by the producing mill, or doto resulting from tests po -
)CC. i;l'. Vlglenbwblddtc. lormed in the Combustion Metollgics] Laboratory.
T. U. Marston COMDUSTION ENGINECRING, INC.
S. R. Lowls ///, )
R. E. Lorantz, Jr. oY /.,Lz /
J. M. Arnold
4

Cantambhnre 1A 1974



x e B, Re bhaz MATLRIALS CLEIIICA LI RETORY
BAVLRIAL S ICHcatin P39 (). — e COHARACT 1. 72170 E
. A vinoor Lukens Slcg_l__(_‘._ggzi)‘.}gg________ JOn NO. Asnmc-o_u
MEAT Q. _ : c9220-1 oy ~. COOC 1O C-0802-14
MATERIAL DESCRIPTION | 220-3/47 X 109-5/16 % 9-11/16% Lower Sihell (Test Plate 84
) W T T L R ST
L i N I T, S r....-'...‘.._l‘.."..:,. ’-"..j.._f-... .'_;.'..-v";... f " AN i
(ool 207132 |01 | 7013! 2601 59 52| 05 T 803
pod MECHALIEAL 11.5TS (LT ATee—
UL
; AU {43 YIZLD 10 LG, RELUZ 11SH
SR e VCUPLRATIRE of STRTNS I, Ky :m':fd.lu. al (T et Of ARCA %
TE-TA__]_.505 R. T. 63.3 7 0.3 <] 27.5-7] 66.9
-T2 508 R, 1. 70.4 .~ $1.3 71 26.0 .4 85.1
APACT A1D.Q% FRACTURE TESTS
AL veuo, o | VALLTS | ygune, ¢ VALLUES NOT'
Charpy Ft/1b SiShear Milslatf:p | Droo \Weiahts —
Impacts -40 10 0~ 6 =30 I o =30°F
-40 14 ‘0 ] -20 2 NF o y
=40 110 o 6 ' 3 A
IS L A 1t 18 Ft/Lbs %Shaar Milslatf«o .
+10 28 10 20 +100 104 60 €5 &
+10 | 19 R s +100 69 40 52 [
—| +40 35 20 30 . +100 70 40 " \
+40 | 39 20 .32 THIBUTTi247 95 80 K
.‘, +40 | s1 25 37 +160 | 112 90 71 A\
+60° |487 20 "5 | 4160 106 80 .70 |
+60 54 25 39 +212 118 100~ 78
460 '49/ 20 34, +212 117 160 81
+70 | 7% 50 Ll +212 115 100 77
+70 53// 40 477 ~ -
+70 | 59 5 0 44~
ADDNTIC LA DATA LICLUDIIS MEAT TREATMENT: )
(2) 1€00°T 425°F 4hours. Water queached., (Twice) - ,,///‘
° ° s A ‘
(b) 1225°F £25°F dhours. (Twice) Sl
(€} 1iSO°F £25"F 40 hours furnace cooled to GOO0°F,
The impacts were taken trensverse to the major rolling dircction of the plate 28 the
1/4 T level and notched perpendiculsr to the plate surface.
The cropwelghts and tensiles were taken transverse to the major relling dircc_:,‘er:.
Testing was done {h accordance with M & I Specifiication N~-5.5.2.11 (b) Add, 1 (a),
and Shep Ordar A92016 Supplemaent No. 19,
: fom €210
' o bareby certify thar 15 foregaing dete Ih o tria gegy ¢f the 23y
ce: P, Webb lsealihed wa by 1hs predusing vl w durs teavtile s bogm testy peim
i1, Dinwiddle ' forrad ta 1y Cor Lusiton Hetalle gl Leboratory,
T. U. Marstea COMBUBNIGH fA0mi Cimnig, Wig,
S. R, levie ’
R. L. Larent2, Jr, : or /f/{v,-t////
: ¢ T)e ML Arold
' AN > Ea
. Semr.y A oasi _ Sterier 1, 1974
Pl&d. Peie
" }
|
i
- - ey ey oo - , Y Y T Tl
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e METALLURC \L RESSARCM AND DEVELOPMEN™ DEPT SCE ™3
MATERIALS CERTIFICATION REPORT |

MATERIAL SPECIFICATION P3 F19 (a) . CONTRACT NO. 72170
VENDOR Lukens Steel Company . 40B NO. _ A-9B016-009
EAT NO. C9218-1 CODE NO. C-6802-5
MATERIAL DESCRIPTION __220-3/4" X 109-5/16" X 9-11/16" Lower Shell
MILL CHEMICAL ANALYSIS
1YPE C _Ma_ P S Si NI Cr Mo Ch Cy '
(Check| .24 1.30( ,012] .013| .24 B2 53 .04 003
MECHANICAL TESTS
ULTIMATE
TEST YIELD ELONG, REDUCTION
FEST M0 | Gavae TEMPERATURE °F |  STRENGTH, KSI nl?»?a‘%ﬁ. Ksi IN 2% OF AREA %
AF-TA .505 R. T. 66.4 ~— | 88.3 1 26.0 —|
AF-TB .505 R T, €8.3 .~ 88.1 4 26.0 _{ 64.6
IMPACT AND/OR FRACTURE TESTS )
TYPE [ TEmp, o VALUES TEMP, OF VALUES NDT
Charpy Ft/Lb %Shear MilslatExp Drop Weights : I
Impacts | _49 10 0" 4 -20 1 F e
" -40 | 10 07 4 -10 1 F 1 NF -10°F
. .-{40 10 0 . B 0 2 NF
410 |22 10 16 |
410 15 5 10 . [Ft/Lb -%Shear MilsLatExp
. ; 310 | 16 5 10 | 4+100]| 81 50 55
440 |25+ 10 18 +100 | 97 60 67
440 |41~ 20 28 +100 | 84 50 60
440 | 32 15 20 +160 | 133 1007 g
+60 69 35 44 +160 } 132 100 _ 82
+60 |47 25 33 +180/| 127 100~ 78
+§8 2?/ gg gi . +212 | 146 100 83
+ - _4 )
oS FLo 7 (B o B B B S L
+70 63 35 42
ADDITIONAL DATA INCLUDING MEAT TREATMENT:
(@ 1600°F +25°F 4 hours. Water quenched.
(b) 1225°F 4+ 25°F 4 hours. .
(c) 1150°F £ 25°F 40 hours fLupace cooled to 600°F,
The Impacts were taken parallel  to the major rolling direction of the plate at the
1/4 T level and notched perpendicular to the plate surface.
The dropwelghts were taken parallel ; and the tensiles were taken transverse to
the major rolling direction. Testing was done In accordance with M & P Specifica~
tion N-5.5.2.11(b) Add. 1 (a) and Shop Order A-98016 Supplement No. 10,

Form £-2120
. Wa hereby certily thot the foregolng date Is o true copy of the deto
cc: P. Webb funishad us by the producing mill, or doto resulting from tests por—
. H. Dinwliddle SCIIT -+ / lormad in the Combustion Metallurgicol Leboratory,
. R. E. Smith o COMBUSTION ENGINEERING, INC.

S. R. Lewl!s ‘s :
R. E- wemz. Ir- By ﬁ%%“‘/
| - 17 M. Arnold 7

nave Marrh 27 1Q74
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MATERIAL SPECIFICATION

‘s - —-— -

R - . -~ S ‘

MATERIALS CERTIFICATION REPORT

P3 F19 (a)

CONTRACT NO._72170

&VE_NDOR Lukens Steel Company JOB NO. __ A-8B016-009
FYHEAT NO, C9218-1 CODE NO._C-6802-5
MATERIAL DESCRIPTION __220-3/4"X 109-5/16" X 9-11/16" Lower Shell
MILL CHEMICAL ANALYSIS
e | ¢ Mo | P s i NI G Mo Cb £ v
(Check| .24 [1.30) ,0121 013 ,24| 53 .04 003
MECHANICAL TESTS
TEST NO. | GAUGE TEST YIELD Sas ELONG. | REDUCTION
TEMPERATURE °F STRENGTH, KSI STRENGTH, KSI IN 2% OF AREA %
AF -TA .508 R. T. 66.4 ~— _ " | 26,0 ] 64
AF-TB .505 R. T. 66.3 .~ 88.1 ~ | 26.0<—]| 64.6
IMPACT AND/OR _FRACTURE TESTS
TYPE | TEWP, °F| VALUES TEMP, °F VALUES NDT
Charpy |Ft/Lb %Shear MilsLatExp Drop Welights
mpacts | _4p 9 0 4 -10 1 F T
-40 | 10 o? 5 0 1 F 0°F
- _552_‘__.2_.___,~Q_,___,~._§”__ +10 2 NF
L410 | 18 5 12
410 | 27 10 20 Ft/Lbs %Shear MilsLatExp
bl + Ko lis s i +100| 66 30 47
r@o 34 15 23 | 4100 70 35 49
440 | 34 15 24 4100 79 40 56 .
L 440 " |35 15 25 +160°[7118° 100 78 =
+60 | 39 15~ 26 +160 | 116 100 75 .
+60 | 39 15 28 +160 |.109 90 65 /o"F
+60, (38. 15 27 | 4212|119 100~ 78
+70 | 65~ 30 437 | 4212 | 110 100~ 72
+70 57« 30 40 7 v 74
290 | 81~ 3¢ a7 | +212 | 11 100
ADDITIONAL DATA INCLUDING HEAT TREATMENT:

(b)

cc:

4

1225°F

(a) 1600°F £25°F 4 hours. Water quenched.
2/&3}‘.4 hours,
(c) 1150°F £25°F 40 hours furnace cooled to 600°F,

The Impacts were taken transverse to the major rolling direction of the plate at the
1/4 T level and notched T erpendicular to the plate surface.
The dropwelghts were taken transverse : and the tensiles were taken transverse to

the major rolling direction, Testing was done In accordance with M & P Specifica-

tion N-5.5.2.11(b) Add. 1 (a) and Shop Order A~98016 Supplement No. 10,

Form E-2120

P. Webb

H. Dinwlddle
R. E. Smith
S. R. Lewls
R. E. Lorentz, Jr,

SCZZI-"M

We heraby cartily that the foregolng dota Is o trus copy of the dote
funlshed us by the producing mill, or doto tesvlting from testy per—
formed in the Combustion Metallurgicel Loboretory.

COMBUSTION ENGINCERING, INC.

ot toe )

/ ’]. M. Arnold
DATE March 27, 1974

w <

-
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MALT VAL DESCRIPIION
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————

-

- ———

JUN-11-1992 13:33 FROM ABB/CE Chattancoga TO 912032855669 P.@9-16
By B Moo METALLDREG AL RESLARCH AND DEVELONML" DLPT
MATLERIALS CLRTIFICATION RUPOR)
MATCRIAL SPECHWCATION_ _P3 F1S (@) CONTRACT NO._72170
VONOOR . ... _ .. ... Lukens Steel Company oo No. _A98016-046
HIEAL NO, . . B33ge-1 coonr No _C-6802-6

220-3/4"X 109-5/16"X 9-11/16" Lower Shell (Test Plate "B b

i SR MILL CHLMICAL ANALYSIS = ]
BRI S T B A “ T T e C. v
Cheok|.22 ]1.44|.011 ],014 | .27 1,65 | 283 08 .00
- " TMECHANICAL TESTS P
ULTIMATE
TEST YIELD NS ELONG, REDUCT'
WY M | | TEMPERATURE oF |  STRENGTHM, KS! STL?&G'%DE! xs IN 2% OF ARE/ 4
-TA_| .505 R. T. 56,0 80,8 -7 0_-
TF-TB . 505 R. T. 56.4 81,2 [ 31.0 7] 62
IMPACT AND/OR FRACTURE TESTS
TYPE TEMP, °F VALUES TEMP, °F VALUES NDT
Charpy Ft/@s %Shear MilslatExp Drop Weights
Impacts |-40 21 - 13 -40 1 F ~-30 F
-40 12 0 7 -30 1 NF 1 P
-40 15 0 & -20 2 NF.~" i
_A¥10 40 20 29
+10 38 20 28
: +160 113 78
1440 50 2§ 38
5 ~ +160 123 95 81
+40 $0 -~ 25 40
- +160 117 85 80
440 45 20 32 _/
+212 113 100 77
H-50 66 30 46 -a
4212 1158 100 78
F60 188 37 +212 | 140 100 81
450 61 30 44
4100 76 40 56
100 74 40 53 .
100 73 40 $7
ADDITIONAL DATA I4CLUDING MEAT TREATMENT;
(a) 1600°F £25°F 4 hours. Water Quenched. (Twice) \\, .
(b) 1225°F £25°F 4 hours. (Twice) W\\-" M
(¢) 1150°F 2 25°F 40 hours furnace cooled to 600°F, £\
The Impacts were taken parallel to the major rolling direction of the plate at the 1 "4T
level and notched perpendicular to the plate surface.
The dropweights were taken parallel to the major rolling direction and the tensile:
were taken transverse to the major rolling direction.
Testing was done |n accordance with M & P Speclflcatgon N-5.5.2.11 (b) Add. 1 1)

Form €-2120 and Shop Order AS8010 Supplement

Vo Mroby certily thot the faregoing dote Is o true copy of the
” funlshed vs by the producing mill, or dete resulting from te et
ce: P. WEbb lormed in 1he Combustion Merollurgicel Laborstory,
H. Dinwiddic
T. U. Marston COMNUSTION ENGINELRING, INC.
S. R. Lewls ;
R. E. Lorentz, Ir, fy

. Arnold

Septemhber 16, 1974




WAVCRIAL DFSCIARTICN | 220-3/4% X 109-5/16" % 9:11/16" __Lower Shell (Test Plaze "M

o B Rl MATERIALS CLETIICATION KUPORT
ATTUAVEGIAL MO AR 3 T (A e - CONTRACT ti0, 72179
vLHDOR Lukens Stcel Cempany : Jon 1o, AIN0L6-946 i
MEAT 1D, : ___b3agn-1__ e . cont noC-6r02-6 (L

.- -

.
+ ——— — - S————— . — T —— A .- —

_’.'l'.l_ €1 ‘ " IC | u' I'\'l-\ 34 ’
.'m". r. Lol u- o L I '" s ot ke ‘ B 7S R SN, .
01 l 27 ’ .06 !

| Caeee ), L2240, 41 Teli Y | S
N "'_"'"—"""'ZTL'ZT.T.M.‘. T"n?’"‘" """
: 141 YIELD S e (e REOUZ1ICH
SLNL W § DL TEMFLRANVL O STRLHISTIN, A9 s'.:.-rt'z’:g‘lgo, Nl ) ,...;' o}',.:;,. “
TE-TA | 508 R T. $6.0 .| 608 ~) 20.0-7) 60.1
TTr-Td | .50% | R.T. 56.4 s 81.2 . 31,0 -~ 62.2
IMPACT AND.OR ﬁmgnyc TELTS
1YPE 1CMP, °F VALUES TE12, °F valuls ¥OT"
| Charpy Fi/1b %Shear MMilslatin: Drop \ieights s
impe2ts | -40 | 10 0.~ 8 -40 W L -40°F
: -40 | 10 ‘0 4 -30 2 NP+~ ,
-40 8 0 4 y
T ATHID [ 27 10 i 4 ] . J
+10 | 28 10 20 $
+10 10 18 EzL 5 %Shear Milsiatiuol v b
~|"+40 "ﬁ“"Ts__*?c"" +100 30 42 X /
+40 | 43 20 34 +100 ss 50 51 §
0L TR W T S | 40 46 Q
+70 | S0 25 39 [F160 9% 95 72 \«
470 48 20 g +150 90 90 59
470 | S8 45 +160 g3 80 65
80 E 5 40~ 217 90 100" 70
+80 $7./7 30 45 7 +212 82 100 71
+50 | s3/ 25 4 4212 92 100 70

Aoomc.-u.n.'o:.u PICLUINIG VEAT TRTATMENT: )
(a) 1600°F £25°F dhours. Water quenched, (Twice)

(b} 1225°F 2 25°F 4hours, (Twice) \S \-&h\

(e) 1150°F £25"F 40 hours furnace cpoled to 600°F. s

The Impacis were takentransverse to the major rolling direction of the plate at the
1/4 T level and notched perpendicuiar to the plate surlace.

The dropwelghts and tensiles were taken transverse to the major roiling direction.
Testing was done In accordance with M & P Spectiication N-5.5.2.11 (b)) Add. 1 (&),
and S'\up Crder AJ8016 Suepleman: Wo. 10,

fom (-"l”
4 W hereby conttly thet the Taeselng €ata 1e o tevs €327 ¢f the dan

cc: P, Webb ) fuentihed wa by thy geaducieg adll, or data 1eanltiog bamesty jos

fermad tn the Covd warinn Meralivejitel Lebrretory.

1. Diawiddle
T. V. Marston COUBULTIL CHEEILLRING, n;.

8. R, lewls d //
R. L. Lorente, Jr. . oY / /’w’ N .Z'/

‘/; Je /\’. ‘ zl.'\fllo.id

pare __Sepiembar 16, 1974

A e ——

‘SC‘.LI.L- “-ip IS
MAc. Peye,



APPENDIX F

SONGS, UNIT 3: UNIRRADIATED C,, DATA

FOR PLATES AND WELDS



Table F-1 Charpy V-Notch Test Results
For Unit 3 Plate C6802-1 (TL), MCR Data

SPECIMEN  TEW ewERcy LATERAL fRact
w Tesi twract £xr APPE AR
i) (fe-im) {mil) x)
1 ~40.00 7.00 5.00 0.
2 «40.00 6.0 4.00 0.00
3 -40.00 %.00 4.00 9.00
& 10.00 29.00 20,00 ie.00
$ 10.90 23.00 i7.00 10.00
3 10.00 18.00 .00 3.0
7 40.00 34.00 21.00 15.00
L] 40.00 27.00 19.00 10.90
v 40.00 6.0 17.00 5.0
10 80.00 43.0 34.00 5.0
" 80.00 $5.00 45.00 30.00
12 80.00 $6.00 44,00 30.00
13 100.00 $0.00 37.00 5.0
" 100.90 52.00 40.00 n.w
1 $00.00 §9.00 45.00 30.00
14 160 .00 7v.00 60.00 80,00
L4 160.00 79.00 63.00 80.00
18 212.00 95.00 70.00 100.00
19 212.00 99.00 72.00 100,00
0 160,00 84,00 62.00 80 .00
N n.w 100.00 74.00 100.00



Table F-2 Charpy V-Notch Test Results
For Unit 3 Plate C6802-2 (TL), MCR Data

SPECINEN TEWP ZNERCY LATERAL FRACT
0 TEST IMPACT v APPEAR
(18] (ft-1b) (=il) (A1}
1 -40.00 9.00 4.00 0.00
B -40.00 é.00 1.00 e.00
b ) -40.00 s.00 4.0 6.00
4 10.00 14.00 19.00 10.00
s 10.00 14.00 11.00 .00
‘ 10.00 .00 34,00 10.00
7 40.00 32.00 16.00 1%.00
L3 40.00 40.00 30,00 10.00
y 4c.00 32.00 37.00 5.0
10 €0.00 44.00 34 00 15.00
il 40.00 $2.00 3¢.00 30.00
12 60.00 $4.00 37.00 j0.00
13 10.00 $5.00 is.00 Jo.o00
14 70.00 $7.00 3%.00 15.00
15 10.00 €3.00 4%.00 40.00
18 100.00 $4.00 s3¢.00 40.00
LR 100.00 77.00 .00 $0.00
ie 100.00 6%.00 $4.00 40.00
1 160.00 114,00 17.00 %0.00
10 160.00 110.00 7%.00 %0.00
11 140,00 106.00 1%.00 %0.20
22 i13.00 117.00 90.00 100.00
b ) 212.00 116,00 82.00 100.00
4 212.00 113.00 7%.00 100.00

F-2




Table F-3 Charpy V-Notch Test Results
For Unit 3 Plate C6802-3 (TL), MCR Data

SPECINEX  TEWP EWERCY LATERAL TRACT
io TEST INPACT exr APPRAR
(4] (tr-1b) twil) )
1 -40.00 §.00 4.00 6.00
2 -40.%0 7,00 3.00 0.00
3 ~40.00 v.00 $.00 0.00
. 10.00 i6.00 10.00 16,00
s 10.00 26.00 30.00 10.00
a 10.00 15.00 11.00 $.00
? 4,00 31.00 27,00 15.00
® 40.00 10.00 22.00 10,00
’ 40.00 1%.00 1s.00 15.00
10 €0.00 15.00 26.00 15.00
1 40.00 .00 34,00 15.00
12 40.00 35.00 Jo.00 20.00
13 00.00 $7.00 47,00 30.00
1 00.00 $2.00 40.00 2%.00
18 20.00 40,00 46.00 40,00
14 160.00 79.00 60.00 40.00
17 100.00 70.00 $¢.00 $0.00
e 100.00 61,00 46 .00 40.00
19 160.00 100.00 71.00 90.00
20 160.00 95.00 6v.00 90.00
21 160.00 $4.00 67,00 20.00
1 212.00 104 .00 14.00 100.00
1) 212.00 109.00 18.00 100.00
i 212.00 101.00 72.00 100,00

F-3



Table F-4 Charpy V-Notch Test Results
For Unit 3 Plate C6802-4 (TL.), MCR Data

SPECINMNEN
1o




Table F-5 Charpy V-Noich Test Results
For Unit 3 Plate C6802-5 (TL), MCR Data

ENERCY LATERAL FRACT
INPACT exy APPEAR
(fr-ib) (mil) (A1)
9.00 4.00 0.00
10.00 $.00 0.00
.00 .00 0.00
18.00 12.00 $.00
17.00 10.00 10.00
15.00 11.00 $.00
3400 13.00 15.00
.
4900 14,00 is.00
13,00 25.00 15.00
.00 24,00 13.00
3%.00 i0.00 15.00
Je.00 27.00 15.00
63.00 43.00 Jo.00
$7.00 40.00 J0.00
§1.00 17.00 25.00
66.00 47.00 jo.o00
70.00 49 .00 3%.00
7%.00 $4.00 40.00
118.00 78.00 100.00
116.00 7%5.00 100.00
10%.00 €%.00 90.00
1)%.00 78.00 100.00
110.00 72.00 100.00
117.00 74.00 100,00

F-5




Table F-6 Charpy V-Notch Test Resuits
For Unit 3 Plate C6802-6 (TL), MCR Data

SPRCINEN TEWP ENERGY LATERAL FRACT
io TESY INPRCY exy APPZAR
) (ft-lb) (mily v
1 -40.00 10.00 s.00 6.00
2 -40.00 10.00 é.00 9.00
3 ~40.00 0.00 4.00 0.00
4 10.90 13.00 17.00 10.00
3 10.00 20.00 10.00 10.00
L} 10.00 23.00 18,00 ie.00
7 40.00 34.00 2¢.00 15.00
L] 40.00 4).00 34,00 20.00
’ 40.00 13.00 2¢.00 15.00
10 70.00 30.00 3%.00 15.00
11 70.00 46.00 3s.00 10.0C
12 70.00 $8.00 45.00 30.00
1) 90,00 $2.00 40.00 25.00
14 f0.00 $7.00 45.00 j10.00
15 00.00 $3.00 41.00 15.00
is i00.¢co 30.00 42.00 jJ0.00
1 100.00 63.00 $1.00 $0.00
18 100.00 $%.00 46.00 40.00
19 160.00 96,00 72.00 5.00
0 160.00 %0.00 6%.00 %0.00
21 1640.00 03,00 635.00 0.00
PR 12.00 f0.00 70.00 100.00
1 212.00 92.00 T1.00 100.00
2 212.00 v1.00 10.00 100.00

F-6



Table F-7 Churpy V-Notch Test Results
For Unit 3 Weld Seam 9-203 (Heat #90069), WMC Data

SPECINEN  TPWe ENERCGY LATERAL FRACT
1o TEST IMPACT L 344 APPEAR
14) (fe-1b) (mil) )
1 ~100.00 13.00 .00 0.00
2 -190.00 $.00 4.00 0.00
) -100.00 13.00 $.00 0.00
B -80.00 24.00 15.00 5.00
S ~90.00 4).00 31.00 10.00
. -80.00 1%.00 17.00 .00
7 -40.00 $3.00 .00 15.00
l -40.00 &% .00 30.00 40.00
’ -40.00 6).00 44,00 15.00
10 0.00 8).00 ¢0.00 50.00
11 0.00 76.00 $2.00 40.00
12 0.00 97.00 §7.00 §0.00
1 40.00 130.00 #2.00 %0.00
14 40.00 119,00 #0.00 0,00
18 40.00 125.00 82.00 100,00
16 100.00 119.00 .00 100.050
1?7 100.00 117.00 .00 100,00
i 100.00 124.00 03.00 100.00
iy 140.00 123.00 #2.00 100,00
10 140.00 121.00 ®1.00 100.00
21 160.00 11).00 $2.00 100.00

F-7



Table F-8 Charpy V-Noich Test Results

For Unit 3 Weld Seam 3-203 (Heai #88114),‘5553‘&;1):“

SPRECINEN  TENP ENERCY LATERAL FRACT
L1 TEST INPACT exr APPEAPR
) (ft-lb) (mil) v
1 ~104.00 13.00 Y.00 0.00
3 -104.00 11.00 §.00 9.00
b} -104.00 20.00 13.00 s.00
. -80.00 .00 11.00 10.00
$ ~80.00 30,00 21.00 10.00
‘ ~80.00 24,00 13.00 10.00
? -40.00 110.00 §4.00 40.00
L3 ~40.00 74.00 .00 40,00
’ ~40.00 114.00 é8.00 é0.00
10 ~10,00 127.00 76.00 00.00
11 ~10.00 115.00 é4.00 70.00
i2 «10.00 117.00 é8.00 70.00
1) 10.00 i116.00 78.00 #0.00
14 10.00 151.00 #i.00 100,00
13 10.00 1%¢.00 84,00 100.00
14 $0.00 174.00 06.00 100.0¢
17 se.c0 14).00 95.00 100.00
" s0.00 142.00 9).00 100.00

F-8
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Table F-9 Charpy V-Notch Test Results
For Unit 3 Plaic C6802-1 (TL), CE Baseline Data

SPECIMEN TEMP Enency LATERAL FRACT
1o TEST INPACT r APPEAR
) (ft-1b) (mil) v
1% -40.00 13.00 12.00 0.00
13k 9.00 14.00 12.00 10.00
bL R 8.00 3.00 14,00 0.00
1 40.00 is.00 17.00 10.00
160 40,00 31.00 45.00 20.00
tRL €0.00 1%.00 1%.00 20.00
) 80.00 $7.00 se.co 40.00
ny 100.00 42.00 40.00 jc.00
bR 100.00 74.00 ¢0.00 40.00
247 109,00 #8.00 43.00 0,00
e 120.00 #3.00 73.00 30.00
. 120.00 106.00 #0.00 80,00
ER LY 160.00 61.00 60.00 §0.00
121 160.00 é).00 se. 00 70.00
sy is0.00 113.00 01.00 90.00
1w 210.00 ¥6.00 74.00 %0.00
198 110,00 10%.00 "2.00 100.00
1 2%0.00 00.00 71.00 100.00
22 2%0.00 07.00 13.00 100.00



Table F-10 Charpy V-Natch Test Result
For Unit 3 Plate C6802-1 (LT), CE Baseline Data

SPECINEN TENP ENERGY LATERAL FRACT
mw TESTY INPACT exy APPEAR
i) (ft-1b) (mil) (A%
1351 0.00 6.%0 $.00 0.00
144 40.00 15.00 13.00 10.00
127 40.00 14.00 15.00 10.00
v 80.00 313.%0 30.00 .00
1M 00.00 3v.%0 36,00 Jo.o00
14C 120.00 36,00 37.00 40,00
13¢ 120,00 43.00 41.00 40.00
148 160,00 s1.00 47.00 60.00
1w 160,00 4).00 70.00 80.00
1je 110.00 éé.00 61.00 70.00
T 210.00 %é.00 4).00 00,00
11L 150.00 0.00 #0.00 100.00
11¢c 1%50.00 93.00 87.00 100.00

F-10
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Table F-11 Charpy V-Notch Test Results
For Unit 3 Surveillance Weld, CE Bascline Data

SPRECTINEN  TEMP ENERCY LATERAL FRACT
io0 TEST INPACT L 114 APPEAR
r (tt-lb) (mil) (A1)
ny ~80.00 $.00 $.00 0.00
e ~80.00 11.00 1%.00 10.00
b L -40.00 17.00 is.00 10.00
Jn -40.90 .00 31.00 30.00
Jéc 0.00 ¥.00 34.00 30.00
T 0.00 48.00 45.00 40.00
e 40.00 8.00 $3.00 40.00
a2 40.00 §3.00 $4.00 é0.00
sy §0.00 72.00 §3.00 §0.00
Jam 90.00 §0.00 #2.00 100.00
17 120,00 T1.00 €5.00 80.00
1x 120.00 f4.00 79.00 %0.0¢
118 160.00 64.00 $7.00 70.00
Jas 180.00 87,00 $0.00 100.00
I 110.00 00.00 s.00 0.00
11C 110.00 97.00 8¢.00 %0.00
Ik 136.00 T1.60 §v.00 100.00
M 2%0.00 76.00 73.00 100.00
Jax 1%0.00 44,00 #2.00 100.00



Table F-12 Charpy V-Notch Test Results
For Unit 3 Plaic C6802-1 (LT), MCR Data

Test impact Lateral Fracture
Temperature Energy Expansion  Appearance
(°F) (ft-1bs) (mils) (% Shear)
-40 8 3 0
-40 7 2 0
-40 7 e 0
10 16 10 5
10 21 13 -]
10 27 18 10
40 40 27 15
40 26 17 10
40 31 23 10
60 33 25 18
60 34 25 16
60 as 24 15
80 50 39 20
80 52 40 25
80 50 as 20
100 102 65 70
100 104 61 70
100 96 63 60
160 126 81 100
160 132 84 100
160 135 83 100

F-12
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Table F-13 Charpy V-Notch Test Results
For Unit 3 Weld Seam 9-203 (Heat #90144), WMC Data

SPECIMEN  TEMP ENCRGY LATFRAL FRACY

D 1EST IMPACT Exp APPEAR
(r) (fe-th) (mit) %)

1 -80.00 7.00 3.00 0.00

2 -80.00 9.00 6.00 0.00

3 -80.00 5.00 5.00 0.00

3 -40.00 18.00 13.00 0.00

5 -40.00 19.00 13.00 0.00

6 +40.00 34.00 26.00 15.00

? 10.00 $7.00 41.00 35.00

8 10.00 50.00 36.00 25.00

9 10.00 $3.00 40.00 30.00

10 60.00 82.00 60.00 80.00

n 60.00 81.00 60.00 80.00

12 60.00 76,00 54.00 80.00

13 100.00 90.00 67.00 100.00

14 100.00 87.00 71.00 100.00

15 100.00 90.00 70.00 100.00

16 160,00 94.00 79.00 100.00

17 160.00 92.00 77.00 100,00

18 160.00 93.00 72.00 100.00

F-13



APPENDIX G

SONGS, UNIT 3: HAZ TEST RESULTS



CE Baseline Tests!!

SPECINEN TEW ERERCY LATERAL FRACT
mw ™ST IPACT Exy APPeAs
(14 (ft-1b) mil) o)
7L ~80.00 ‘.00 4.00 .00
“s ~80.00 .00 4.00 6.00
ar 40,00 .00 24.00 10.00
43 ~40.00 30.00 24.00 10.00
" .00 Jo.00 15.00 20.00
oy 0.0 44,00 17.00 Jo.e0
22 40.00 31,00 3¢.00 20.00
arx 40.00 35.00 32.00 20.00
av 80.00 73.00 a8 .00 0.0
a5 $0.00 .00 §3.00 56.00
& 120.00 42.00 41.00 60.00
o8 120.00 $0.00 4 .00 ¥0.00
e 180.00 41.00 $2.00 80.00
o 160.00 97.00 72.00 $0.00
e 210.00 8$7.00 $7.00 70.00
LLL 110.00 108.00 73.00 100.00
4en 1%0.00 §3.00 .00 100.00
ar 1%0.00 75.00 .00 100.00
a“y 1%0.00 800 00.00 io0.00

G-1



Westinghouse Capsule 97

SPECINEN TENP ERERGY LATERAL FRACT CRARPY IRRAD
i TRST IMPACT r APPRAR PLUENCE TN .
(1 4] (fr-1b) (mil) (L)) (n/end) "
L} -73.00 §.00 s.00 $.00 8.00K+10 §%0.900
a2 «~30.00 18,00 14,00 15,00  9.00E+10 $50.00
8¢ «20.00 3.00 4.00 $.00 §.008410 §30.00
o 0.00 26.00 23.00 35.00 s.00R:0N 350.00
a“i 15.00 35.00 17.00 45.00 9.00%+18 $%0.00
4ic 60.00 13.00 313.00 $0.00 9.00Be18 $%0.00
are y5.00 43.00 44,00 75.00  9.008+18 $%0.00
T 128.00 41.00 .00 70.00 9.008+10 850.00
A% 145,00 45.00 “.e 80,00  9.00R+10 $%0.00
o 168,00 6).00 41,00 100,00 8.00R+18 $%0.00
ar 100.00 8400 “0.00 100.00 6.00R+18 $%0.00
an 2%0.00 75.00 .00 100.00 0.00R+10 $50.00

G-2



Batielle Columbus Additional Unirradiated HAZ Results'

SPRCINEN  TENP EWERGY LATIRAL PRACT
mw TEST INPACT [ 244 AFPEAR
(L8] (ft-1b) (mil) )
m ~120.00 1.% s.00 11.00
3 «120.00 9.50 3.20 .3
1511 -#0.00 23.% 13.00 12.40
1512 -80.00 14.00 14.490 17.00
1517 -40.00 17.% 21.00 13.10
s -40.00 $7.00 .20 .10
s 0.00 M.% 11.e0 .20
s 0.00 $4.%0 4).20 $5.40
i8is 10.00 61.% 44,60 $2.00
183 10.00 74.00 49.80 84.7
in 10,00 02.00 50.40 34,30
isie 40.00 93.00 .90 61.10
isio 40.00 #9.00 64,00 73.40
1813 40.00 10%.00 §d.00 .00
158 $0.00 113.00 72.40 10¢.60
184 $0.00 115.00 ¢s.00 100.00
184 120.00 121.00 #3.40 100.00
inia 120.00 160.00 LU L 100,00
187 140,00 129.00 e7.30 100,00
182 140.00 1%3.00 82.30 100.00
e 210.00 110,00 .80 190.00
1813 110.00 132.00 75.00 180.00
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APFENDIX H

SCNGS, UNIT 3: IRRADIATED C,y DATA FROM CAPSULE 97




Table H-1 Charpy V-Notch Test Results
For Unit 3 Plate C6802-1 (LT)
Irradiated (f = 8 x 10" n/em?)

SPECIMEN TEMP ENERCY LATERAL FRACT
4] TEST INPACT Exp APPEAR
(14 (ft-1b) (mil) v
147 $0.00 6.00 $.00 s.00
153 7%.00 22.00 15.00 15.00
15k 100.00 2%.00 24.00 25.00
i 125.00 3s.00 32.00 Jo.00
14y 150.00 32.00 26.00 30.00
15» 1645.00 45.00 43.00 45.00
140 17%.00 30.00 27.00 45.00
i4e 200.00 46.00 46.00 $5.00
11T 225.00 7%.00 §6.00 #0.060
12x 2%0.00 45.00 40.00 #0.00
12L 1%0.00 40.00 46 .00 *5.00
14m 275.00 %0.00 76.00 100.00
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Table H-2 Charpy V-Noich Test Res.
For Unit 3 Plate C6802-1 (TL)
Irradiated (f = 8 x 10" n/cm?)

SPECINEN ENERGY
10 IMPACT
(ft-1b)




Table H-3 Charpy V-Notch Test Results
For Unit 3 Surveillance Weld
Irradiaied (f = 8 x 10" n/cm?)
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