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REPORT SUMMARY

Each boiling water reactor (BWR) has a surveillance program for monitoring changes in reactor
pressure vessel (RPV) material properties due to neutron irradiation. This report describes testing
and evaluation of BWR Supplemental Surveillance Program (SSP) capsules D, G, and H. These
results will be used to monitor embrittlement as part of the BWR Vessel and Internals Project
(BWRVIP) Integrated Surveillance Program (ISP).

Background

Light water reactor (LWR) vessel materials are subject to radiation-induced embrittlement,
manifested by an increase in the ductile-brittle transition temperature of the material and by a
drop in toughness in the ductile shelf region of the Charpy curve. Changes in the mechanical
properties of surveillance specimens determine the degree of embrittlement.

BWR surveillance programs consist of surveillance capsules installed inside the RPV that
include specimens from RPV plate, weld, and weld heat affected zone materials. These
specimens are removed at intervals and tested to monitor material property changes. In the late
1980s, several U. S. BWR plants initiated the SSP to provide additional data to supplement those
from the individual plant programs. The SSP consists of three capsules inserted into the Cooper
RPYV and six capsules inserted into the Oyster Creek RPV. The SSP capsules D, G, and H were
inserted into Oyster Creek in February 1993 and removed in September 1996.

Objectives

e To document results of the neutron dosimetry and Charpy-V notch ductility tests for
materials contained in the SSP capsules D, G, and H.

e To compare results with the embrittlement trend prediction of U.S. Nuclear Regulatory
Commission (USNRC) Regulatory Guide 1.99, Rev. 2.

Approach

The capsules were inserted into the Oyster Creek reactor at a location of sufficient lead factor

to provide the desired fluence. In September 1996, the capsules were removed from the Oyster
Creek RPV and transported to facilities for testing and evaluation. Dosimetry was used to gather
information about the neutron fluence accrual of the specimens, and thermal monitors were
placed in the capsule to approximate the highest temperature during irradiation. Testing of
Charpy V-notch specimens were performed according to ASTM standards.



Results

The report includes specimen chemical compositions, capsule neutron exposure, specimen
temperatures during irradiation, and Charpy V-notch test results. Photographs of the Charpy
specimen fracture surfaces also are provided. The project compared irradiated Charpy data for
the specimens to unirradiated data to determine the shift in Charpy curves due to irradiation.
Results indicate a shift lower than the predictions of Regulatory Guide 1.99, Revision 2, for all
but three of the materials. Flux wires were measured and fluence was determined for each
specimen set within the three capsules. Revision 1 of this report deletes the original fluence
evaluation, which has been superseded by the re-evaluation reported in BWRVIP-128.
Thermal monitor results demonstrated that the maximum temperature to which the

specimens were exposed was between 518°F (270°C) and 536°F.(280°C).

EPRI Perspective

Neutron irradiation exposure reduces the toughness of reactor vessel steel plates, welds, and
forgings. Results of this work will be used in the BWRVIP ISP (TR-114228) that will integrate
individual BWR surveillance programs into a single program. Data generated from the SSP
specimens will provide significant additional data of high quality to monitor BWR vessel
embrittlement. The ISP and the use of the SSP capsule specimen data will result in significant
cost savings to the BWR fleet and provide more accurate monitoring of embrittlement in BWRs.

Keywords

Reactor pressure vessel integrity
Reactor vessel surveillance program
Radiation embrittlement

BWR

Charpy testing

Mechanical properties
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ABSTRACT

This report describes the testing and evaluation of BWR Supplemental Surveillance Program
(SSP) capsules D, G, and H. These capsules were installed in the Oyster Creek reactor in
February 1993 and removed in September 1996. The capsules contained flux wires for neutron
fluence measurement, thermal monitors to measure temperature, and Charpy test specimens

for material property evaluations. The flux wires were evaluated to determine the fluence
experienced by the test specimens. Thermal monitors were evaluated to determine the maximum
temperature experienced by the specimens. Charpy V-notch impact testing was performed to
establish the mechanical properties of the irradiated surveillance materials.
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RECORD OF REVISIONS

Revision Number

Revisions

BWRVIP-87

Original Report (1000890).

Revision 1

The report as originally published (1000890) was revised to incorporate
changes resulting from the updated fluence analysis for this capsule
reported by BWRVIP-128, Updated Fluence Calculations for
Supplemental Surveillance Capsules D, G, and H Using RAMA
Fluence Methodology.
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errors were made as required.
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margin bars.
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INTRODUCTION

Part of the effort to assure reactor vessel integrity involves evaluation of the fracture toughness
of the vessel ferritic materials. The key values that characterize fracture toughness are the
reference temperature of nil-ductility transition (RT,,,) and the upper shelf energy (USE). These
are defined in 10CFR50 Appendix G [3] and in Appendix G of the ASME Boiler and Pressure
Vessel Code, Section XI [4]. Appendix H of 10CFRS50 [3] and ASTM E185-82 [5] establish the
methods to be used for testing of the Supplemental Surveillance Program (SSP) test materials.

Nine (9) capsules containing test specimens were placed in two host reactors as part of the SSP.
Three capsules (designated A, B, and C) were placed into the Cooper reactor, and the remaining
six capsules (designated D through I) were placed into the Oyster Creek reactor. This report
-addresses the first set of capsules (Capsules D, G, and H) of the SSP removed and tested under
this program. These capsules were removed from the Oyster Creek host reactor in September
1996 and shipped to the GE Vallecitos Nuclear Center (VNC) for testing. The surveillance
capsules contained flux wires for neutron flux monitoring, Charpy V-notch impact test
specimens fabricated using materials from a variety of sources, and thermal monitors.

The results of testing SSP capsules D, G, and H are presented in this report. The irradiated
material properties are compared to the unirradiated properties to determine the effect of
irradiation on material toughness for both base and weld materials, through Charpy testing.

The information and the associated evaluations provided in this report have been performed
in accordance with the requirements of 10CFRS50 Appendix B.

Implementation Requirements

The results documented in this report will be utilized by the BWRVIP ISP and by individual
utilities to demonstrate compliance with 10CFR50, Appendix H, Reactor Vessel Material
Surveillance Program Requirements. Therefore, the implementation requirements of 10CFR50,
Appendix H govern and the implementation requirements of Nuclear Energy Institute (NEI)
03-08, Guideline for the Management of Materials Issues, are not applicable.
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MATERIALS

The chemical compoSitions, material descriptions, and unirradiated (baseline) mechanical
properties of the materials irradiated in Oyster Creek Capsules D, G, and H are summarized
below.

Chemical Compositions

The materials irradiated in Capsules D, G, and H are illustrated in Tables 2-1, 2-2 and 2-3. The
capsules contained 30 sets of Charpy V-notch specimens representing 21 different materials.
Chemical compositions are presented in weight percent. The majority of the materials included
in these capsules were archive materials from BWR reactor pressure vessels. Other materials in
these capsules are typical of those used in the construction of many operating nuclear reactor
pressure vessels. With the exception of CE-1 (WM) and CE-2 (WM), the materials in Capsules
D and G represent different sets of the same materials. The relatively high copper levels in many
of these steels are representative of many older reactor vessels.

Table 2-1
Materials Irradiated in SSP (Oyster Creek) Capsule D

Identity Material Cu Ni P S Si

EP2 Japanese/EPRI Plate 0.06 0.59 0.006 | 0.008 | 0.22
(SA533B-1)

A1224-1 Grand Gulf Plate (SA533B-1) 0.03 0.65 0.012 | 0.012 | 0.28

C2331-2 Cooper Plate (SA533B-1) 0.16 0.62 0.014 | 0.020 | 0.24

P2130-2 Nine Mile Point 1 Plate 0.172 0.584 0.018 | 0.028 | 0.17
(SA302B, Mod)

C3278-2 FitzPatrick Plate (SA533B-1) 0.11 0.61 0.013 | 0.018 | 0.23

CE-1 (WM) | CE/EPRI Linde 1092 #1 Weld 0.22 1.00 0.014 | 0.009 | 0.21
(Submerged Arc Weld)

5P6214B Grand Gulf Weld 0.01 0.90 0.012 | 0.017 | 0.43
(Submerged Arc Weld)

34B009 Millstone 1 Weld 0.15 1.81 0.017 | 0.016 | 0.21
(Submerged Arc Weld)

DP2-21 Quad Cities 2 Weld 0.11 0.24 0.015 | 0.017 | 0.13
(Electroslag Weld) '

406L44 Quad Cities 1 Weld 0.29 0.69 0.016 | 0.018 | 0.47
(Submerged Arc Weld)
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Table 2-2 .
Materials Irradiated in SSP (Oyster Creek) Capsule G
Identity Material Cu Ni P S Si

EP2 Japanese/EPRI Plate 0.06 0.59 0.006 0.008 0.22
(SA533B-1)

A1224-1 Grand Gulf Plate (SA533B-1) 0.03 0.65 0.012 0.012 0.28

C2331-2 Cooper Plate (SA533B-1) 0.16 0.62 0.014 - 0.020 0.24

P2130-2 Nine Mile Point 1 Plate 0.172 0.584 0.018 0.028 0.17
(SA302B, Mod)

C3278-2 FitzPatrick Plate (SA533B-1) 0.11 0.61 0.013 0.018 0.23

CE-2 (WM) |CE/EPRI Linde 1092 #2 Weld 0.21 0.86 0.012 0.012 0.23
(Submerged Arc Weld)

5P6214B Grand Gulf Weld 0.01 0.90 0.012 0.017 0.43
(Submerged Arc Weld)

34B009 Millstone 1 Weld 0.15 1.81 0.017 0.016 0.21
(Submerged Arc Weld)

GP2-21 Quad Cities 2 Weld 0.1 0.24 0.015 0.017 0.13
(Electroslag Weld})

406L44 Quad Cities 1 Weld 0.29 0.69 0.016 0.018 0.47
(Submerged Arc Weld)
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Table 2-3
Materials Irradiated in SSP (Oyster Creek) Capsule H
Identity Material Cu Ni P S Si

B&W-1 (BM) | B&W/EPRI Plate 0.155' 0.63 0.012 | 0.017 0.20
(SA302B, Mod)

C3985-2 Hatch 1 Plate (SA533B-1) 0.11 0.60 0.015 | 0.017 0.27

C1079-1 Millstone 1 Plate 0.22 0.51 0.018 | 0.028 0.22
(SA302B, Mod)

A0610-1 Quad Cities 1 Plate 0.17 0.52 0.015| 0.018 0.19
(SA302B, Mod)

A1195-1 HSST-02 Plate (SA533B-1) 0.15 0.70 0.014 | 0.020 0.22

BMF B&W/EPRI Forging (SA508-2) | 0.04 0.75 0.006 | 0.012 0.25

A0421 ASTM Standard Plate 0.19 0.17 0.017 | 0.025 0.27
(SA302B)

HP2-BW B&W Linde 80 Weld 0.26 0.56 0.014 | 0.011 0.53
(Submerged Arc Weld)

HP2-6 Humboldt Bay 3 Weld 0.27 0.06 0.016 | 0.016 0.28
(Submerged Arc Weld)

5P6756 River Bend Weld 0.06 0.93 0.009 | 0.015 0.40
(Submerged Arc Weld)

Note:

1. Previously reported as 0.11 in BWRVIP-78. Revised to the best estimate value determined from all available surveillance
data, based on discussions with M. Devan of FTI.

Material Description

Tables 2-4 and 2-5 contain information about the specimens in SSP (Oyster Creek) Capsules D,
G, and H including fabricator, and copper and nickel content. Table 2-4 presents plate materials
and Table 2-5 presents weld materials. The sequence of materials has been ordered to indicate

increasing copper content.
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Materials

Table 2-4
Plate Materials Irradiated in SSP (Oyster Creek) Capsules D, G, and H
((I:c;:r;tli‘té ) Material Source | Material Type Cu Ni (RPVslgaubr;ce:ator)
A1224-1 (D&G) |Grand Gulf SA533B-1 0.03 0.65 |GE (CBIN)
BMF (H) B&W EPRI SA508-2 0.04 0.75 |EPRI (B&W)
EP2 (D&G) Japanese/EPRI SA533B-1 0.06 0.59 |CRIEPI
C3985-2 (H) Hatch 1 SA533B-1 0.11 0.60 |GE (CE)
C3278-2 (D&G) |FitzPatrick SA533B-1 0.11 0.61 |GE (CE)
B&W-1 (BM) (H) |B&W/EPRI SA302B, Mod 0.155' 0.63 |EPRI (B&W)
C2331-2 (D&G) |Cooper SA533B-1 0.16 0.62 |GE (CE)
A1195-1 (H) HSST-02 SA533B-1 0.15 0.70 |ORNL (Lukens Steel)
P2130-2 (D&G) |[Nine Mile Point 1 |SA302B, Mod 0.172 | 0.584 |GE (CE)
A0610-1 (H) Quad Cities 1 SA302B, Mod 0.17 0.52 |GE (B&W)
A0421 (H) ASTM Standard | SA302B 0.19 0.17 |GE (U.S. Steel)
C1079-1 (H) Millstone 1 SA302B, Mod 0.22 0.51 GEV(CE)
Note:

1. Previously reported as 0.11 in BWRVIP-78. Revised to the best estimate value determined from all available surveillance
data, based on discussions with M. Devan of FTI.
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Table 2-5
Weld Materials Irradiated in SSP (Oyster Creek) Capsules D, G, and H
Identity . . Source
(Capsule) Materlal Source Weld Type Cu Ni (RPV Fabricator)
5P6214B (D&G) |Grand Gulf Submerged Arc Weld 0.01 0.90 |GE (CBIN)
5P6756 (H) River Bend Submerged Arc Weld 0.06 0.93 |GE (CBIN).
DP2-21 & Quad Cities 2 Electroslag Weld 0.11 0.24 |GE (B&W)
GP2-21 (D&G)
34B009 (D&G) |Millstone 1 Submerged Arc Weld 0.15 1.81 |GE (CE)
CE-2 (WM) (G) |CE/EPRI Submerged Arc Weld, | 0.21 0.86 |EPRI (CE)
Linde 1092 Flux
CE-1 (WM) (D) |CE/EPRI Submerged Arc Weld, | 0.22 1.00 |EPRI (CE)
Linde 1092 Flux
HP2-BW (H) B&W Submerged Arc Weld, | 0.26 | 0.56 |B&W
Linde 80
HP2-6 (H) Humboldt Bay 3 Submerged Arc Weld 0.27 0.06 |GE (CE)
406L44 (D&G) [Quad Cities 1 Submerged Arc Weld 0.29 0.69 |GE (B&W)

Unirradiated Properties

CVN Baseline Properties

Tables 2-6, 2-7 and 2-8 provide a summary of the baseline (unirradiated) Charpy V-notch
properties of the SSP (Oyster Creek) Capsules D, G, and H materials, respectively. In these

tables and throughout this report, T
50 ft-1b (67.8 J) transition temperature; T

30

35mil

is the 30 ft-1b (40.7 J) transition temperature; T, is the
is the 35 mil (0.89 mm) lateral expansion

temperature; and USE is the average energy absorption at full shear. The values provided in
these tables were obtained from CVGRAPH [6, 18] hyperbolic tangent curve fits. Plate values
are transverse orientation with the exception of A0421 ASTM Standard material that is of
longitudinal orientation.
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Table 2-6
Baseline CNV Properties of SSP (Oyster Creek) Capsule D
; Upper Shelf
Material . T T T, :

. Material o 2 o 78 or ol Energy (USE)
Identity F (°C) F (°C) F (°C) Ft-Ib (J)
EP2 Japanese/EPRI Plate -41.6 (-40.9)| 0.7 (-17.4) -17.9 (-27.7) | 109.5(148.5)

‘ (SA533B-1)

A1224-1 | Grand Gulf Plate (SA533B-1) |-20.9 (-29.4)| 5.9 (-14.5) | 10.9(-11.7) | 147.3(199.7)

C2331-2 |[Cooper Plate (SA533B-1) -13.3(-25.2) | 30.1(-1.1) 34.1(1.2) 100.0 (135.6)

P2130-2 |Nine Mile Point 1 Plate -2.8(-19.3) | 41.6 (5.3) 22.8 (-5.1) 68.2 (92.5)
(SA302B, Mod)

C3278-2 |FitzPatrick Plate (SA533B-1) |-34.4(-36.9)| 5.4 (-14.8) 15.1 (-9.4) 113.3 (153.6)

CE-1 '| CE/EPRI Linde 1092 #1 Weld | -41.0 (-40.6) | -5.9 (-21.1) | -39.7 (-39.8) | 104.3 (141.4)

(WM) {Submerged Arc Weld)

5P6214B |Grand Gulf Weld (Submerged |-26.8 (-32.7)| 7.0 (-13.9) 9.2 (-12.7) 91.5 (124.1)
Arc Weld)

34B009  |Millstone 1 Weld (Submerged |-65.0 (-53.9) | -29.5 (-34.2) | -21.0 (-29.4) | 104.4 (141.5)
Arc Weld)

DP2-21 Quad Cities 2 Weld -23.1-(-30.6) | 17.9(-7.8) 22.4 (-5.3) 104.0 (141.0)
(Electroslag Weld)

406L44 Quad Cities 1 Weld -8.8 (-22.7) | 51.1(10.6) 39.2 (4.0) 73.3 (99.4)

{Submerged Arc Weld)
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Table 2-7
Baseline CNV Properties of SSP (Oyster Creek) Capsule G
Upper Shelf
Material . T, T, Torit Energy
Identity Material °F (°C) °F (°C) °F (°C) (USE)
Ft-1b (J)
EP2 Japanese/EPRI Plate -41.6 (-40.9) | 0.7 (-17.4) |-17.9 (-27.7) | 109.5 (148.5)
(SA533B-1)
A1224-1 Grand Gulf Plate -20.9 (-29.4) | 5.9 (-14.5) | 10.9 (-11.7) | 147.3 (199.7)
(SA533B-1)
C2331-2 Cooper Plate (SA533B-1) | -13.3 (-25.2) | 30.1(-1.1) | 34.1(1.2) |100.0 (135.6)
P2130-2 Nine Mile Point 1 Plate -2.8(-19.3) | 41.6(5.3) | 22.8(-5.1) | 68.2(92.5)
(SA302B, Mod)
C3278-2 FitzPatrick Plate -34.4 (-36.9) | 5.4 (-14.8) | 15.1(-9.4) | 113.3(153.6)
(SA533B-1)
CE-2 (WM) |CE/EPRI Linde 1092 #2 | -96.1 (-71.2) | -45.7 (-43.2) | -62.9 (-52.7) | 119.3 (161.7)
(Submerged Arc Weld)
5P6214B | Grand Gulf Weld . | -26.8(-32.7) | 7.0(-13.9) | 9.2(-12.7) | 91.5(124.1)
(Submerged Arc Weld)
34B009 Millstone 1 Weld -65.0 (-53.9) | -29.5 (-34.2) | -21.0 (-29.4) | 104.4 (141.5)
(Submerged Arc Weld)
GP2-21 Quad Cities 2 Weld 23.1(-30.6) | 17.9(-7.8) | 22.4(-5.3) |104.0 (141.0)
(Electroslag Weld) :
406144 Quad Cities 1 Weld -8.8 (-22.7) | 51.1(10.6) | 39.2(4.0) | 73.3(99.4)
(Submerged Arc Weld)
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Table 2-8
Baseline CNV Properties of SSP (Oyster Creek) Capsule H
. _ Upper Shelf
Material . T T T,..
. Material or 72 o 1o o 1om Energy (USE)
Identity F (°C) F (°C) F (°C) Ft-Ib (J)
B&W-1 (BM) | BRW/EPRI Plate | -0.7 (-18.2) 40.4 (4.7) 32.9 (0.5) 124.8 (169.2)
(SA302B, Mod)

C3985-2 Hatch 1 Plate -11.7 (-24.3) 27.0 (-2.8) 31.1 (-0.5) 112.8 (152.9)
(SA533B-1)

C1079-1 Millstone 1 Plate 9.7 (-12.4) 76.6 (24.8) 57.1 (13.9) 61.2 (83.0)
(SA302B, Mod)

A0610-1 Quad Cities 1 Plate -33.5 (-36.4) -4.1 (-20.1) -1.5(-18.6) 101.2 (137.2)
(SA302B, Mod)

A1195-1 HSST-02 Plate 39.8 (4.3) 78.7 (25.9) 79.6 (26.4) 99.7 (135.2)
(SA533B-1) ‘

BMF B&W/EPRI Forging -31.5(-35.3) -5.9 (-21.1) | -12.5(-24.7) | 125.8 (170.6)
(SA508-2)

A0421° ASTM Standard Plate 38.1 (3.4) 83.2 (28.4) 60.2 (15.7) 68.8 (93.3)
(8A302B)

HP2-BW B&W Linde 80 Weld 40.0 (4.4) 94.9 (34.9) 80.9 (27.2) 75.8 (102.8)
(Submerged Arc Weld)

HP2-6 Humboldt Bay 3 Weld -74.0 (-58.9) | -29.3 (-34.1) | -24.6 (-31.4) | 110.3 (149.5)
(Submerged Arc Weld)

5P6756 River Bend Weld -67.1 (-65.1) | -21.3(-29.6) | -20.3(-29.1) | 104.4 (141.5)
(Submerged Arc Weld)
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TEST SPECIMEN DESCRIPTION

An inventory of the Charpy specimens contained in SSP (Oyster Creek) Capsules D, G, and H is

provided in Table 3-1.

Table 3-1
Quantities of Specimens in SSP (Oyster Creek) Capsules D, G, and H
Id‘entityg Specimen Capsule Material S(;::irr?én
ode Quantity

EP2: EP2-41...83' D Japanese/EPRI Plate (SA533B-1) 10
A1224-1: DP1-67 D Grand Gulf Plate (SA533B-1) 10
C2331-2: DP1-30 D Cooper Plate (SA533B-1) 10
P2130-2: DP1-11 D Nine Milg Point 1 Plate (SA302B, Mod) 10
C3278-2: DP1-28 D FitzPatrick Plate (SA533B-1) _ 10
CE-1 (WM): C111.131? D CE/EPRI Linde 1092 #1 (Submerged Arc Weld) 10
5P6214B:A DP2-67 D Grand Gulf Weld (Submerged Arc Weld) 10
34B009: DP2-15 D Millstone 1 Weld (Submerged Arc Weld) 10
DP2-21: DP2-21° D Quad Cities 2 Weld (Electroslag Weld) 10
406L44: DP2-20 D Quad Cities 1 Weld (Submerged Arc Weld) 10
EP2: EP2-49...85° G Japanese/EPRI Plate (SA533B-1) 10
A1224-1: GP1-67 G Grand Gulf Plate (SA533B-1) 10
C2331-2: GP1-30 G Cooper Plate (SA533B-1) 10
P2130-2: GP1-11 G Nine Mile Point 1 Plate (SA302B, Mod) 10
C3278-2: GP1-28 G FitzPatrick Plate (SA533B-1) 10
CE-2 (WM): C212.232° G CE/EPRI Linde 1092 #2 (Submerged Arc Weld) 10
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Specimen Description

g?xt;lﬁti-ils of Specimens in SSP (Oyster Creek) Capsules D, G, and H (Continued)
Identit)g Specimen Capsule Material S;:::irr?lZn
ode Quantity
5P6214B: GP2-67 G Grand Gulf Weld (Submerged Arc Weld) 10
34B009: GP2-15 G Millstone 1 Weld (Submerged Arc Weld) 10
GP2-21: GP2-21° G Quad Cities 2 Weld (Electroslag Weld) 10
406L44: GP2-20 G Quad Cities 1 Weld (Submerged Arc Weld) 10
B&W-1 (BM): B11.20° H B&W/EPRI Plate (SA302B, Mod) 10
C3985-2: HP1-36 H Hatch 1 Plate (SA533B-1) 10
C1079-1: HP1-15 H Millstone 1 Plate (SA302B, Mod) 10
A0610-1;: HP1-20 H Quad Cities 1 Plate (SA302B, Mod) 10
A1195-1: HP1-H2 H HSST-02 Plate (SA533B-1) 10
BMF: A01.10’ H B&W/EPRI Forging (SA508-2) 10
A0421: Y41.YAC? H ASTM Standard Plate (SA302B) 10
HP2-BW: HP2-BW® H B&W Linde 80 Weld (qumerged Arc_WeId) 10
HP2-6: HP2-6° H Humboldt Bay 3 Weld (Submerged Arc Weld) 10
5P6756: HP2-72 H River Bend Weld (Submerged Arc Weld) 10

Notes:

Charpy specimen codes: EP2-41, -42, -45, -46, -57, -67, -68, -71, -72, -83

Charpy specimen codes: C111, C113, C115, C117, C119, C122, C124, C126, C128, C131
. The heat number of these materials is unknown. The specimen code has been used as the specimen identity for clarity.
. Charpy specimen codes: EP2-49, -50, -53, -54, -59, -75, -76, -79, -80, -85

. Charpy specimen codes: C212, C214, C216, C218, C221, C223, C225, C227, C229, C232
. Charpy specimen codes: B11, B12, B13, B14, B15, B16, B17, B18, B19, B20

. Charpy specimen codes: AO1, A02, A03, A04, A05, AD6, A07, AO8, A09, A10

. Charpy specimen codes: Y41, Y42, Y43, Y44, Y45, Y46, Y47, Y4A, Y4B, Y4AC
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Test Specimen Description

Charpy V-Notch Specimens

The Charpy specimens were full-size Charpy V-notch specimens machined to dimensions as
specified in ASTM Specification E185-82 [5]. Plate specimens were removed from both the 1/4T
and 3/4T positions, and were machined in the transverse direction, with several exceptions
discussed below. Weld specimens were removed from all thicknesses of the welded plate except
for the surface 0.5 inch (1.3 cm) and the weld root, with several exceptions discussed below.
Specimens were machined perpendicular to the length of the weld, with the notch perpendicular
to the surface, as specified in ASTM Specification E185-82.

The ASTM Standard material, A0O421 specimens were taken from all thicknesses of the plate,
and were cut in the longitudinal direction.

The B&W Linde 80 weld (HP2-BW) material was provided in a block with no weld root. The
outer surface was removed and discarded. The specimens were fabricated from the remaining
material to dimensions as specified in ASTM Specification E185-82.

The EPRI materials [EP2, CE-1 (WM), CE-2 (WM), B&W-1 (BM), and BMF] were provided as
finished specimens from several sources.

Dosimeters

Since numerous sets of specimens were placed in each capsule and the capsules are up to

20 inches in vertical height, full length copper and iron flux wires were included. These wires
were cut to lengths corresponding to the locations of each specimen set and analyzed separately
so that a precise fluence was determined for each set of specimens. In most cases, however, there
was little difference in fluence in a given capsule.

Capsules D and G each had an additional cylinder of special dosimetry. Table 3-2 presents an
inventory of the special dosimetry.

Radiometric analysis of the dosimetry is discussed in Section 4.
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Testr Specimen Description

Table 3-2

Special Dosimetry in SSP (Oyster Creek) Capsules D, G, and H

Capsule

Flux Wire Material

Quantity

Fe

4

Cu

1

Ni

1

Nb

Oyster Creek Capsule D

Ti

AlCo

Ag

AlAg

U5 (U-235)

Fe

Cu

Ni

Oyster Creek Capsule G

Nb

Ti

AICo

Ag

AlAg

Oyster Creek Capsule H

None

None

Thermal Monitors

The temperature monitors are quartz tubes containing small cylinders or wires of eutectic
material designed to melt within 4°F (2°C) of a specified temperature. The BWR annulus
between the vessel wall and the core shroud in the region of the surveillance capsules contains a
mix of water returning from the core and feedwater. Depending on feedwater temperature, this
annulus region is between 525°F (274°C) and 535°F (279°C). Therefore, temperature monitors
designed to melt at specific temperatures provided in Table 3-3 were included in SSP (Oyster

Creek) Capsule D.




Test Specimen Description

Table 3-3
Thermal Monitors Contained in SSP (Oyster Creek) Capsule D
Meltwire Composition .
Melting Temperature Quartz Tube Length
(Wt%)

73.7Pb, 258n, 1.3Sb 504°F (262°C) 1.0in (2.54 cm)
81Pb, 19In < 518°F (270°C) 1.25in (3.18 cm)
80Au, 20Sn 536°F (280°C) 1.5in (3.81 cm)
90Pb, 5Ag, 55n 558°F (292°C) 1.75in (4.45 cm)
97.5Pb, 2.5Ag 580°F (304°C) 2.0in (5.08 cm)

3-5



4

MATERIAL IRRADIATION

This chapter describes the irradiation facility, specimen loading within the capsules, and
radiometric analysis of the dosimetry.

Reactor Facility

Capsules D, G, and H of the Supplemental Surveillance Program were irradiated in the Oyster
Creek Nuclear Generating Station owned and operated by AmerGen, Inc. Oyster Creek has a
typical BWR core configuration with minor fuel management applied. Capsules D, G, and H
were not part of the reactor vessel complement, but were inserted for the purpose of irradiating
SSP materials. A plan view of the Oyster Creek reactor vessel demonstrating the location of the
SSP capsules is shown in Figure 4-1.
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Material Irradiation

CORE PERIPHERY

STAINLESS STEEL SHROUD 0°

REACTOR PRESSURE VESSEL

210 DEGREE CAPSULE

Figure 4-1
Oyster Creek Reactor Pressure Vessel Cross-Section at Core Midplane

.- 90°
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Figure 4-2
SSP (Oyster Creek) Capsule D, G, and H Installation Orientation
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Material Irradiation

Capsule Design

Capsules D, G, and H were designed and fabricated by GE Nuclear Energy of San Jose,
California. These three capsules were installed in the same azimuthal location (210°) at two
elevations in the Oyster Creek reactor pressure vessel as noted in Figures 4-1 and 4-2,
respectively. The approximate dimensions of Capsule D are 20 inches high by 5 inches wide by
0.5 inch deep (50.8 cm high by 12.7 cm wide by 1.3 cm deep). Capsules G and H are considered
a single double-thickness (or piggyback) capsule. The overall dimensions of the Capsule G/H
unit are approximately 20 inches high by 5 inches wide by 1 inch deep (50.8 cm high by 12.7 cm
wide by 2.5 cm deep).

Specimen Loading

The location of Charpy V-notch specimens (by group) in the SSP (Oyster Creek) Capsules D, G,
and H is provided in Figures 4-3, 4-4, and 4-5, respectively. The specimens were stacked in two
columns, with the V-notch facing the reactor core. Full length (approximately 20 inch) iron and
copper dosimeter wires were installed in each V-notch. Figure 4-6 provides the orientation of the
G/H capsule installation with respect to the vessel wall and reactor core. The location of the
special dosimetry contained in Capsules D and G, and thermal monitors contained in Capsule D
are provided in Figures 4-3 and 4-4. Figure 4-7 provides the orientation of the special dosimetry
wires within the capsule. It may be noted that, while azimuths are provided in Figure 4-7, a
known dosimetry capsule orientation is not necessary, as it can be determined from the induced
radioactivities after irradiation. Figure 4-2 depicts the capsule holders as installed in the Oyster
Creek reactor pressure vessel.

EP2-41 EP2-42 EP2-45 504°F c111 C113 C115

EP2-46 EP2-57 EP2-67 || (262°C) Cc117 C119 C122
EP2-68 EP2-71 EP2-72 || Monitor C124 - C126 Cc128
EP2-83 518°F C131
(270°C)

DP1-67 Monitor DP2-67
536°F
(280°C)

Monitor
DP1-30 558°F DP2-15
(292°C)

Monitor

: 580°F -

. DP1-11 (304°C) DP2-21
Monitor
Dosimetry

DP1-28 DP2-20
Spacer

Figure 4-3
Charpy Specimen, Thermal Monitor, and Dosimetry Locations for SSP (Oyster Creek)
. Capsule D -
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EP2-49 EP2-50 EP2-53 C212 C214 C216
EP2-54 EP2-59 EP2-75 }|Dosimetryjj €218 c221 C223
EP2-76 EP2-79 EP2-80 C225 C227 C229
EP2-85 C232
GP1-67 GP2-67
GP1-30 GP2-15
Spacer
GP1-11 GP2-21
GP1-28 GP2-20
Figure 4-4
Charpy Specimen and Dosimetry Locations for SSP (Oyster Creek) Capsule G
B11 B12 B13 AO1 AQ2 AQ3
B14 B15 B16 A04 A05 A06
B17 B18 B19 A07 A08 A09
B20 A10
Y41 Y42 Y43
HP1-36 Y44 Y45 Y46
Spacer Y47 Y4A Y4B
Y4C
HP1-15 HP2-BW
HP1-20 HP2-6
HP1-H2 HP2-72

Figure 4-5
Charpy Specimen Locations for SSP (Oyster Creek) Capsule H
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Figure 4-6
SSP (Oyster Creek) Capsule G/H Orientation
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180°

Note: U5 is included in Capsule D only

Figure 4-7
SSP (Oyster Creek) Capsule D and G Special Dosimetry Orientation

Neutron Dosimetry

Two sets of iron and copper flux wires were provided from each of the three capsules. In
addition, two special dosimetry capsules containing niobium, iron (4 wires), copper, nickel,
titanium, cobalt (Al + 4660 ppm Co), silver foil, and silver wire (Al + 1.08% silver) flux
monitors were provided from Capsules D and G. A uranium-235 (uranium sealed in quartz tube)
wire was also present in the Capsule D special dosimetry capsule. The special dosimetry
monitors were encased in gadolinium, which acted as a thermal neutron shield. The nuclear
reactions utilized by these dosimeters are:

Nb-93 (n,n") Nb-93m
Fe-54 (n,p) Mn-54
Cu-63 (n,a) Co-60
U-235 (n,f) Cs-137
Co-59 (n,y) Co-60
Ag-109 (n,y) Ag-110m
Ti-46 (n,p) Sc-46
Ni-58 (n,p) Co-58

The copper and iron flux wires were all longer than 19.65 inches, the height of the Charpy
specimens in each capsule. The Charpy specimens were loaded in sets of ten, each 3.93 inches

in height, with ten sets included in each capsule, five on each side. The flux wires ran along the
extent of each of the five sets and any additional length was bent over to keep the wires in place.
The wires were cut into 19 one-inch pieces. The remaining length of wire was cut at the bends
resulting in one horizontal and as many as two vertical pieces. The six sets of flux wires were
identified as Capsule D-Left, Capsule D-Right, Capsule G-Left, Capsule G-Right, Capsule H-
Left, and Capsule H-Right. The two special dosimetry capsules were identified as Capsule D and
Capsule G monitors for counting purposes. Capsule D was located closest to the RPV, about 6
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Material Irradiation

inches (centerline distance) (15.2 cm) from the vessel wall. Capsules G and H were piggybacked,
with Capsule H being closer to the vessel wall. Capsule H was about 6.25 inches (15.9 cm) from
the wall and Capsule G was about 6.75 inches (17.1 cm) from the wall. Capsule H did not
contain a dosimetry monitor.

All of the Fe and Cu wires were counted, as were the Fe, Cu, Nb, U, Al-Co, Ag and Al-Ag wires
from the special dosimetry capsules. The short half-life wires, Ti and Ni, were not counted since
the activities were too low. This was because the wires were pulled from the reactor almost four
years before they were counted. The dosimeter wire weights are presented in Tables 4-1, 4-2, 4-3
and 4-4. The left and right sets of flux wires in each capsule are identified in these tables as DL,
DR, GL, GR, HL, and HR. '

Each wire was cleaned with 4N or 8N HNO,, followed by rinses with water and acetone. Except
for Nb, each wire was then weighed and mounted on a counting card. The wires were then
analyzed for radioactivity content by gamma spectrometry.

Because Nb is analyzed via low energy x-rays which are easily self-absorbed in a wire, a
different specimen preparation technique was used. Each niobium wire was dissolved in a
minimum amount of HF + HNO.,. After diluting to 10.0 ml with water, a 0.100 ml aliquot was
pipetted onto a 2-cm Whatman 541 disk. After drying, the disk was sealed between sheets of
clear plastic tape. '

" The 170-cc Ge calibrated gamma detector was utilized in conjunction with a Nuclear Data, Inc.
6700 computer/multichannel analyzer system for all but the Nb wires. The 170-cc Ge gamma
detector was used in conjunction with Canberra Industries GENIE-2000 analyzer system for the
Nb wires. The counting systems used for the analysis of each dosimeter type are given in
Table 4-5. The measurements were performed, except for Nb93, between September 29, 1999
and November 12, 1999, 1120-1164 days after the end of irradiation. Where possible, at least
50,000 counts were accumulated in the peak of interest. The detector systems were calibrated
with standards procured from the National Institute of Standards and Technology (NIST) and
Amersham Corporation. The Nb wires were counted on July 20, 2000, 1415 days after end of
irradiation.

This work was performed in conformance with the following ASTM standards: E181 [8],
E261 [9], E263 [10], E1297 [11], ES23 [12], E844 [13], and E1005 [14].
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Table 4-1
Dosimetry Wires: Capsule D
Dosimeter | Dosimeter Weight Fe-54 Dosimeter (Dosimeter Weight| Cu-63 Weight
ID (mg) Weight (mg) ID (mg) (mg)

DL-FE1 33.8 1.927 DL-CU1H 205.7 140.905
DL-FE2 34.5 1.967 DL-CU2H 203.9 139.672
DL-FE3 35.4 2.018 DL-CU3H 216.7 148.440
DL-FE4 34.0 1.938 DL-CU5H 216.3 148.166
DL-FE5 31.0 1.767 DL-CU6H 210.4 144,124
DL-FE6 36.5 2.081 DL-CU7H 209.6 143.576
DL-FE7 34.5 1.967 DL-CU8H 200.0 137.000
DL-FE8 35.0 1.995 DL-CU9H 211.2 144.672
DL-FE9 33.6 1.915 DL-CU10H 208.5 142.823
DL-FE10 31.8 1.813 DL-CU11H 222.9 152.687
DL-FE11 34.9 1.989 DL-CU12H 202.0 138.370
DL-FE12 34.8 1.984 DL-CU13H 207.7 142.275
DL-FE13 36.3 2.069 DL-CU14H 200.3 137.206
DL-FE14 31.5 1.796 DL-CU15H 218.7 149.810
DL-FE15 34.9 1.989 DL-CU16H 205.3 140.631
DL-FE16 36.3 2.069 DL-CU17H 200.1 137.069
DL-FE17 35.8 2.041 DL-CU18H 200.0 137.000
DL-FE18 35.6 2.029 DL-CU19H 198.8 136.178
DL-FE19 34.9 1.989 DL-CU1TH 261.4 179.059
DL-FE1TH 33.3 1.898 DR-CU1H 215.5 147.618
DR-FE1TV 54.7 3.118 DR-CU2H 206.5 141.453
DR-FE1 35.0 1.995 DR-CU3H 210.1 143.919
DR-FE2 34.5 1.967 DR-CU4H 204.1 139.809
DR-FE3 36.7 2.092 DR-CU5H 215.6 147.686
DR-FE4 36.1 2.058 DR-CU6H 211.1 144.604
DR-FE5 34.3 1.955 DR-CU7H 201.9 138.302
DR-FE6 38.3 2.183 DR-CU8H 223.3 152.961
DR-FE7 39.9 2,274 DR-CU9H 206.5 141.453
DR-FE8 36.3 2.069 DR-CU10H 205.8 140.973
DR-FE9 36.7 2.092 DR-CU11H 189.2 129.602
DR-FE10 36.1 2.058 DR-CU12H 203.7 139.535
DR-FE11 36.5 2.081 DR-CU13H 204.7 140.220
DR-FE12 35.6 2.029 DR-CU14H 210.8 144.398
DR-FE13 37.2 2.120 DR-CU15H 192.1 131.589
DR-FE14 36.6 2.086 DR-CU16H 2171 148.714
DR-FE15 35.5 2.024 DR-CU17H 207.2 141.932
DR-FE16 35.5 2.024 DR-CU18H 201.7 138.165
DR-FE17 36.2 2.063 DR-CU19H 180.8 123.848
DR-FE18 36.8 2.098 DR-CU1TH 282.6 193.581
DR-FE19 39.4 2.246

DR-FE1TH 36.8 2.098

DR-FE1TV 37.1 2.115

DR-FE2TV 35.2 2.006
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Table 4-2
Dosimetry Wires: Capsule G
Dosimeter |Dosimeter Weight| Fe-54 Weight | Dosimeter |Dosimeter Weight Cu-63
ID (mg) (mg) ID (mg) Weight (mg)
GL-FE1 35.6 2.029 GL-CU1H 199.1 136.384
GL-FE2 37.2 2.120 GL-CU2H 209.6 143.576
GL-FE3 39.2 2.234 GL-CU3H 209.3 143.371
GL-FE4 37.0 2.109 GL-CU4H 203.6 139.466
GL-FE5 37.5 2.138 GL-CU5H 204.3 139.946
GL-FE6 39.9 2.274 GL-CUGH 205.8 140.973
GL-FE7 39.0 2.223 GL-CU7H 204.2 139.877
GL-FE8 37.3 2.126 GL-CU8H 204.2 139.877
GL-FE9 37.3 2.126 GL-CUSH 210.8 144.398
GL-FE10 38.1 2.172 GL-CU10H 208.5 142.823
. |GL-FE11 38.6 2.200 GL-CU11H 208.5 142.823
GL-FE12 36.8 2.098 GL-CU12H 207.7 142.275
GL-FE13 36.7 2.092 GL-CU13H 204.0 139.740
GL-FE14 36.9 2.103 GL-CU14H 207.8 142.343
GL-FE15 37.8 2.155 GL-CU15H 216.7 148.440
GL-FE16 37.7 2.149 GL-CU16H 2141 146.659
GL-FE17 38.5 2.195 GL-CU17H 208.4 142.754
GL-FE18 37.9 2.160 GL-CU18H 206.7 141.590
GL-FE19 37.5 2.138 GL-CU1THH 202.0 138.370
GL-FE1TH 38.6 2.200 GLCU1.375H 270.4  185.224
GL-FE1TV 38.4 2.189 GR-CU1H 199.1 136.384
GL-FE2TV 35.5 2.024 GR-CU2H 216.1 148.029
GR-FE1 40.2 2.291 GR-CU3H 207.5 142.138
GR-FE2 38.7 2.206 GR-CU4H 205.4 140.699
GR-FE3 36.8 2.098 GR-CU5H 198.9 136.247
GR-FE4 34.7 1.978 GR-CU6H 210.0 143.850
GR-FE5 36.3 2.069 GR-CU7H 202.9 138.987
GR-FE6 39.0 2.223 GR-CU8H 208.9 143.097
GR-FE7 38.7 2.206 GR-CU9H 203.9 139.672
GR-FES8 38.7 2.206 GR-CU10H 203.5 139.398
GR-FE9 42.5 2.423 GR-CU11H 199.6 136.726
GR-FE10 38.5 2.195 GR-CU12H 201.6 138.096
GR-FE11 36.8 2.098 GR-CU13H 197.9 135.562
GR-FE12 46.2 2.633 GR-CU14H 196.7 134.740
GR-FE13 37.7 2.149 GR-CU15H 206.0 141.110
GR-FE14 38.0 2.166 GR-CU16H 206.3 141.316
GR-FE15 37.2 2.120 GR-CU17H 214.9 147.207
GR-FE16 37.2 2.120 GR-CU18H 206.7 141.590
GR-FE17 35.8 2.041 GR-CU19H 195.6 133.986
GR-FE18 37.5 2.138 GR-CU1.5TH 326.1 223.379
GR-FE19 38.8 2.212
GR-FE1TH 38.5 2.195
GR-FE1.5TV 49.3 2.810
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Table 4-3
Dosimetry Wires: Capsule H

Dosimeter {Dosimeter Weight| Fe-54 Weight Dosimeter ID Dosimeter Weight 9u-63

ID (mg) (mg) (mg) Weight (mg)

HL-FE1 36.6 2.086 HL-CU1H 201.8 138.233
HL-FE2 38.2 2177 HL-CU2H 213.5 146.248
HL-FE3 38.0 2.166 HL-CU3H 202.6 138.781
HL-FE4 37.6 2.143 HL-CU4H 207.3 142.001
HL-FE5 37.6 2.143 HL-CU5H 204.5 140.083
HL-FES6 37.5 2.138 HL-CU6H 202.8 138.918
HL-FE7 37.0 2.109 HL-CU7H 201.9 138.302
HL-FE8 37.9 2.160 HL-CU8H 215.2 147.412
HL-FE9 37.1 2.115 HL-CUgH 2071 141.864
HL-FE10 36.0 2.052 HL-CU10H 204.7 140.220
HL-FE11 38.2 2177 HL-CU11H 201.2 137.822
HL-FE12 36.6 2.086 HL-CU12H 207.7 142.275
HL-FE13 39.1 2.229 HL-CU13H 210.2 143.987
HL-FE14 37.2 2.120 HL-CU14H 221.0 151.385
HL-FE15 36.7 2.092 HL-CU15H 208.7 142.960
HL-FE16 36.4 2.075 HL-CU16H 2131 145.974
HL-FE17 36.8 2.098 HL-CU17H 2135 146.248
HL-FE18 36.3 2.069 HL-CU18H 201.8 138.233
HL-FE19 34.6 1.972 HL-CU19H 211.2 144.672
HL-FE1TH 35.4 2.018 HL-CU1.5TH 302.4 207.144
HL-FE1.5TV 56.5 3.221 HR-CU1H 203.4 139.329
HR-FE1 36.4 2.075 HR-CU2H 209.4 143.439
HR-FE2 36.5 2.081 HR-CU3H 200.9 137.617
HR-FE3 36.7 2.092 HR-CU4H 204.7 140.220
HR-FE4 35.5 2.024 HR-CU5H 195.3 133.781
HR-FE5 36.3 2.069 HR-CU6H 202.1 138.439
HR-FE6 38.1 2.172 HR-CU7H 203.0 139.055
HR-FE7 36.7 2.092 HR-CU8H 202.5 138.713
HR-FE8 36.5 2.081 HR-CU9H 200.1 137.069
HR-FE9 35.7 2.035 HR-CU10H 215.8 147.823
HR-FE10 36.7 2.092 HR-CU11H 202.6 138.781
HR-FE11 36.8 2.098 HR-CU12H 214.6 147.001
HR-FE12 36.6 2.086 HR-CU13H 206.0 141.110
HR-FE13 35.2 2.006 HR-CU14H 212.6 145.631
HR-FE14 37.7 2.149 HR-CU15H 205.8 140.973
HR-FE15 36.8 2.098 HR-CU16H 207.0 141.795
HR-FE16 37.7 2.149 HR-CU17H 204.8 140.288
HR-FE17 37.5 2.138 HR-CU18H 207.7 142.275
HR-FE18 36.2 2.063 HR-CU19H 204.9 140.357
HR-FE19.25 51.2 2.918 HR-CU15HVH 218.5 170.000
HR-FE1TH 38.5 2.195 '
HR-FE1TV 48.5 2.765
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Table 4-4
Dosimetry Wires: Capsules D and G Monitors
Monitor Dosimeter Weight Target Isotope Weight
(mg) (mg)
Capsule D- Nb 1255 1.255
Capsule G- Nb 115.2 1.152
Capsule D-Fe 48.0 2.736
Capsule D-Fe 50.0 2.850
Capsule D-Fe 50.6 2.884
Capsule D-Fe 52.4 2.987
Capsule G-Fe 48.8 2.782
Capsule G-Fe 50.3 2.867
Capsule G-Fe 51.9 2.958
Capsule G-Fe 53.2 3.032
Capsule D- Cu 604.2 413.877
Capsule G- Cu 600.8 411,548 .
Table 4-5
Counting Systems for Radioactivity Analysis
. Gamma Ray
Dosimeter | Radionuclide Counting Energy ga‘mmas per
System Disintegration
(MeV)
Nb Nb-93m 170-cc Ge 16.6E-03, 0.115
18.6E-03
Fe Mn-54 170-cc Ge 0.8348 0.9998
Cu Co-60 170-cc Ge 1.3325, 0.9998,
1.1732 0.9990
Ag Ag-110m 170-cc Ge 0.8847 0.729
Co Co-60 170-cc Ge 1.3325, 0.9998,
1.1732 0.9990
U Cs-137 170-cc Ge 0.6616 0.8520

Table 4-6 lists the nuclear parameters associated with the dosimeters. The fluxes obtained from
the three dosimetry wires were consistent and within the uncertainties of the cross section data.
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Table 4-6
Dosimeter Nuclear Parameters
Target Isotopic >1 MeV
Dosimeter g Abundance | Radionuclide | Half-life A(d?) Cross-Section (mb)
Nucleus
(%) : 1t 20
Nb Nb-93 100 Nb-93m 16.13y 1177 E-4 209+ 4
Fe Fe-54 5.8 Mn-54 3123d | 2.2195E-3 156 + 16
Cu Cu-63 69.2 Co-60 5.271y 3.6003 E-4 2.63£0.26
Ag Ag-109 48.16 Ag-110m 249.9d 2.7737 E-3 Note 1
Co Co-59 100 Co-60 5271y | 3.6003 E-4 Note 1
U U-235 >99.9% Cs-137 30.17y 6.29 E-5 Note 2

1 The activation of Co and Ag is mostly due to E < 0.1 MeV neutrons, and is not used for these analyses.

2 The fission of the U-235 wire will be due to non-thermal neutrons because the monitor was shielded with Gadolinium. Thus
the response of this wire will include the neutrons in the resonance and fast regions. In order to obtain the correct fluence,
spectrum unfolding would have to be performed (a single effective cross section cannot be used). In addition, the fission rate
obtained for this wire will also have a significant contribution from photofission, which will have to be accounted for in order to
obtain a reliable neutron flux. These factors make the analysis of the U-235 wire much more complex than the other wires.
Since the multiple Nb, Fe and Cu wire data have yielded consistent fast flux values, the single additional value of the flux
from the U-235 wire will not add significant additional information to this database. Therefore, the U-235 wire was not
analyzed.

Capsule Neutron Exposure Determination

The fluence analysis originally reported in this capsule report has been superseded by the
updated fluence analysis of BWRVIP-128 [19]. A complete discussion of the revised fluence
analysis is provided in BWRVIP-128. The following tables summarize the results from that
analysis. :

Z:lll);ﬁl‘;;d Neutron Fluence and Rated Power Flux (>1.0 MeV) in Capsule D

Specimen Fluence n/cm? Stapdard \ ‘Rated Pov!er Standard Dzeviation

identifier Deviation nfcm Flux n/cm’-s n/cm’-s |
DP1-28 9.9311E+17 3.6850E+16 1.0065E+10 3.7345E+08 |
DP1-11 1.0112E+18 3.7521E+16 1.0248E+10 3.8024E+08 |
DP1-30 1.0118E+18 3.7543E+16 1.0254E+10 3.8048E+08 |
DP1-67 1.0164E+18 3.7716E+16 1.0301E+10 3.8222E+08 |
EP2 1.0044E+18 3.7270E+16 1.0179E+10 3.7772E+08 |
DP2-20 1.0018E+18 3.7173E+16 1.0153E+10 3.7673E+08 |
DP2-21 1.0222E+18 3.7930E+16 1.0359E+10 3.8436E+08 |
DP2-15 1.0261E+18 3.8072E+16 1.0399E+10 3.8586E+08 I
DP2-67 1.0317E+18 3.8281E+16 1.0455E+10 3.8794E+08 ]
C111-C131 1.0202E+18 3.7854E+16 1.0338E+10 3.8360E+08 ]
Average 1.0139E+18 3.7621E+16 1.0275E+10 3.8126E+08 |
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Material Irradiation

Table 4-8

Calculated Neutron Fluence and Rated Power Flux (>1.0 MeV) in Capsule G
Specimen Fluence n/cm? Standard Rated Power Standard
Identifier Deviation n/cm® Flux n/cm’-s Deviation n/cm’-s
GP1-28 1.7569E+18 9.9700E+16 1.7804E+10 1.0104E+09
GP1-11 1.8163E+18 1.0307E+17 1.8407E+10 1.0446E+09
GP1-30 1.8487E+18 1.0491E+17 1.8736E+10 1.0633E+09
GP1-67 1.8758E+18 1.0645E+17 1.9010E+10 1.0788E+09
EP2 1.8831E+18 1.0687E+17 1.9084E+10 1.0830E+09
GP2-20 1.8270E+18 1.0368E+17 1.8516E+10 1.0508E+09
GP2-21 1.8783E+18 1.0659E+17 1.9035E+10 1.0802E+09
GP2-15 1.9173E+18 1.0881E+17 1.9431E+10 1.1027E+09
GP2-67 1.9461E+18 1.1044E+17 1.9722E+10 1.1192E+09
C212-C232 1.9503E+18 1.1068E+17 1.9764E+10 1.1216E+09
Average 1.8700E+18 1.0612E+17 1.8951E+10 1.0755E+09
Table 4-9 :
Calculated Neutron Fiuence and Rated Power Flux (>1.0 MeV) in Capsule H
Specimen Fluence n/cm? Standard Rated Power Flux Standard
Identifier Deviation n/cm® n/cm’-s Deviation n/fcm®-s
HP1-H2 1.5224E+18 7.1163E+16 1.5429E+10 7.2120E+08
HP1-20 1.5720E+18 7.3479E+16 1.5931E+10 7.4465E+08
) HP1-15 1.6006E+18 7.4817E+16 1.6221E+10 7.5820E+08
HP1-36 1.6240E+18 7.5910E+16 1.6458E+10 7.6929E+08
B11-B20 1.6250E+18 7.5959E+16 1.6469E+10 7.6979E+08
HP2-72 1.5766E+18 7.3693E+16 1.5977E+10 7.4682E+08
HP2-6 1.6275E+18 7.6072E+16 1.6493E+10 7.7093E+08
HP2-BW 1.6615E+18 7.7665E+16 1.6838E+10 7.8707E+08
Y41-Y4C 1.6861E+18 7.8811E+16 1.7087E+10 7.9869E+08
A01-A10 1.6867E+18 7.8839E+16 1.7093E+10 7.9899E+08
Average 1.6182E+18 7.5641E+16 1.6400E+10 7.6656E+08
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Material Irradiation

Specimen Temperatures During Irradiation

Capsule D contained five alloy thermal monitors as discussed in Section 3 and defined in

Table 3-3. Examination of the monitors indicated that two of the thermal monitors were melted.
Evidence exists that two of the monitors were inadvertently switched during the capsule loading
prior to installation into the reactor. The monitor placed in the 518°F (270°C) sleeve did not melt
while the monitor placed in the 536°F (280°C) sleeve did melt. Measurements of the quartz
tubes containing the eutectic material also indicate that the 518°F and 536°F monitors were
interchanged within the sleeves. The thermal monitor results therefore demonstrated that the
maximum temperature to which the specimens were exposed was between 518°F and 536°F.
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5

RESULTS

Charpy V-Notch Testing

Impact Test Procedure

The testing of the Charpy V-notch specimens was performed in accordance with 10CFRS50,
Appendices G [3] and H [3] and ASTM Specification E185-82 [5].

The Charpy impact tests were performed per ASTM Specification E23-98 [17] on a Tinius-Olsen
Model 84 impact machine. The maximum energy capacity of this machine is 300 ft-1b (407J),
which produces a test velocity of 19.3 ft/sec (5.9 m/sec). The test apparatus (Tinius Olsen
machine) and operator were qualified using NIST Standard Reference Material specimens.

Charpy V-notch tests were conducted at temperatures between -50°F (-46°C) and

400°F (204°C). The cooling fluid used for irradiated specimens (and typical for unirradiated
specimens) tested at temperatures at or below 60°F (16°C) was ethyl alcohol. At temperatures
between 60°F (16°C) and 200°F (93°C), water was used as the temperature conditioning fluid.
The specimens were heated in silicon oil for test temperatures above 200°F (93°C). Several
exceptions are noted: six specimens were tested at an air temperature of 75°F (24°C), and silicon
oil was also used for temperatures between 125°F (52°C) and 200°F (93°C) for EP2 specimens.
Cooling of the conditioning fluids was achieved by heat exchange with liquid nitrogen

through a copper coil; heating was achieved using an immersion heater. The bath of fluid was
mechanically stirred to maintain uniform temperatures. The fluid temperature was measured
using an Omega Model DP460 (Serial Number 96090059) digital temperature read-out
connected to a calibrated Type K chromel-alumel thermocouple positioned near the samples.
After equilibration at the test temperature for at least five minutes, the specimens were manually
transferred with centering tongs to the Charpy test machine and impacted in less than five
seconds.

Lateral expansion and percent shear were measured according to specified methods defined in
ASTM E23-98. For each Charpy V-notch specimen the lateral expansion was determined using
a Brown & Sharpe dial caliper Model 579-1 (ID 27906). Percent shear was determined in
accordance with Appendix X1 of ASTM E23-98, which involved determining the percent shear
value from comparison of the cleavage surface against Figure A6.1. Photographs were taken

of both fracture surfaces of the irradiated specimens, which are presented in Appendix C, with
the following exception. Photographs of the EP2 specimens include one fracture surface only.
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Results

Impact Test Results

The results of Charpy V-notch impact tests performed on the various materials contained in the
SSP (Oyster Creek) capsules D, G, and H are presented in Appendix A, Tables A-1 through
A-30. Photographs of the fracture surfaces illustrating the transition in fracture appearance for
each irradiated material are provided in Appendix C, Figures C-1 through C-30. The fractures
generally show an increasingly ductile or tougher appearance with increasing test temperature.

Analysis of Impact Test Results

A hyperbolic tangent curve-fitting program named CVGRAPH [6, 18] developed by ATI
Consulting was used to fit the Charpy V-notch energy data. The impact energy curve-fits from
CVGRAPH are provided in Appendix B. Lower shelf energy was fixed at 2.5 ft-lbs (3.4 J) in all
cases. Upper shelf energy was fixed at the average of all test energies (at least 3) exhibiting shear
greater than or equal to 95%, consistent with ASTM Standard E185-82 [5]. In cases where there
were not three data points exhibiting greater than 95% shear, an engineering judgement was
made whether the upper shelf should remain free or be fixed at the average of those points

with greater than 95% shear.

Irradiated Versus Unirradiated CVN Properties

Tables 5-1, 5-2, and 5-3 summarize the T,, [30 ft-1b (40.7 J) Transition Temperature],

T, [50 ft-Ib (67.8 J) Transition Temperature], T, , [35 mil (0.89 mm) Lateral Expansion
Temperature}, and Upper Shelf Energy for the unirradiated and irradiated materials and show
the change from baseline values for Capsules D, G, and H, respectively.. These tables have been
sequenced by capsule. The unirradiated and irradiated values are taken from the CVGRAPH
fits provided in Appendix B. It may be noted that the materials in Capsules D and G [with the
exception of CE-1(WM) and CE-2(WM)] are the same.
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Table 5-1
Effect of Irradiation (E>1.0 MeV) on the Notch Toughness Properties of Capsule D Materials
T, 35 mil
T,,, 30 ft-Ib (40.7 J) 3smil . T,,, 50 ft-1b (67.8 J) CVN Upper Shelf Energy
. Transition Temperature (0-89 mm) Lateral Trar?sition Temperature (USE)
Material Expansion Temperature
Identity’
Unirrad | Irradiated | AT, Unirrad | Irradiated | AT, , |Unirrad |Irradiated | AT, Unirrad |Irradiated | Change
°F(°C) | °F(°C) °F (°C) | °F (°C) °F (°C) °F(°C) | °F(°C) | °F(°C) | °F(°C) | ft-lb(J) | ft-Ib (J) | ft-lb (J)
EP2 -41.6 -3.6 38.0 -17.9 20.7 38.6 0.7 37.0 36.3 109.5 101.1 -8.4
(-40.9) (-19.8) (21.1)y | (-27.7) (-6.3) (21.4) | (-17.4) (2.8) (20.2) | (148.5) (137.1) (-11.4)
A1224-1 -20.9 -11.3 9.6 10.9 19.6 8.7 5.9 237 17.8 147.3 148.0 0.7
(-29.4) (-24.1) (5.3) (-11.7) (-6.9) (4.8) (-14.5) (-4.6) (9.9) (199.7) (200.7) | (1.0)
C2331-2 | -13.3 48.7 62.0 34.1 86.3 52.2 30.1 92.8 62.7 100.0 89.3 -10.7
(-25.2) (9.3) (34.4) (1.2) (30.2) (29.0) (-1.1) (33.8) (34.8) | (135.6) (121.1) (-14.5)
P2130-2 -2.8 50.1 52.9 22.8 67.2 444 | 416 90.2 48.6 68.2 74.6 6.4
(-19.3) (10.1) (29.4) (-5.1) (19.6) (24.7) (5.3) (32.3) (27.0) (92.5) (101.1) (8.7)
C3278-2 | -34.4 1.2 35.6 15.1 49.9 34.8 5.4 52.1 46.7 113.3 104.1 -9.2
(-36.9) (-17.1) (19.8) (-9.4) (9.9) (19.3) | (-14.8) (11.2) (25.9) | (153.6) (141.1) (-12.5)

1. Fluence is unigue to each specimen set:

EP2

A1224-1
C2331-2
P2130-2
C3278-2

1.0044x10"® n/cm’
1.0164x10" n/em’
1.0118x10" n/cm’
1.0112x10" n/cm’
0.9931x10" n/cm’
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Results

E?ft::t 50-1‘1Irradiation (E>1.0 MeV) on the Notch Toughness Properties of Capsule D Materials (Continued)
T,, 30 ft-Ib (40.7 J) Teamsr 35 mil T,, 50 ft-Ib (67.8 J) CVN Upper Shelf Energy
Material Transition Temperature Ex (2:?0"2"11.) ;ate:a: v Transition Temperature (USE)
rial pans emperature

dentity Unirrad | Irradiated | AT, Unirrad |Irradiated | AT, , |Unirrad | Irradiated AT, | Unirrad | Irradiated | Change
°F(°C) | °F(°C) | °F(°C) | °F(°C) °F (°C) °F(°C) | °F(°C) | °F(°C) | °F(°C) | ft-Ib(J) | ft-Ib (Jd) | ft-Ib (J)

CE-1(WM) -41.0 86.8 127.8 -39.7 111.9 151.6 -5.9 131.6 137.5 104.3 80.3 -24.0
(-40.6) (30.4) (71.0) | (-39.8) (44.4) (84.2) | (-21.1) (55.3) (76.4) | (141 .4) (108.9) | (-32.5)

5P6214B -26.8 -23.7 3.1 . 9.2 7.6 -1.6 7.0 25.9 18.9 91.5 89.0 -2.5
(-32.7) | (-30.9) (1.7) (-12.7) (-13.6) (-0.9) (-13.9) (-3.4) (10.5) [ (1241) | (120.7) (-3.4)

34B009 -65.0 37.7 102.7 -21.0 78.8 99.8 -29.5 83.1 112.6 104 .4 76.7 -27.7
(-53.9) (3.2) (57.1) (-29.4) (26.0) (55.4) | (-34.2) (28.4) (62.6) | (141.5) | (104.0) | (-37.5)

DP2-21 -23.1 10.2 33.3 224 50.6 28.2 17.9 54.8 36.9 104.0 93.8 -10.2
(-30.8) {-12.1) (18.5) (-5.3) (10.3) (15.6) (-7.8) (12.7) (20.5) | (141.0) | (127.2) | (-13.8)

406L44 -8.8 119.2 128.0 39.2 2063 167.1 51.1 396.3 345.2 73.3 50.2 -23.1
(-22.7) (48.4) (71.1) (4.0) (96.8) (92.8) (10.6) (202.4) | (191.8) | (99.4) (68.1) {(-31.3)

1. Fluence is unique to each specimen set:

CE-1(WM) = 1.0202x10" n/cm’
5P6214B = 1.0317x10" n/em’
34B009 = 1.0261x10" n/cm’
DP2-21 = 1.0222x10" n/cm’
406L44 = 1.0018x10" n/cm’
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Table 5-2
Effect of Irradiation (E>1.0 MeV) on the Notch Toughness Properties of Capsule G Materials

Results

T, 30 ft-Ib (40.7

J)

T

35mil?

35 mil

(0.89 mm) Lateral

T, 50 ft-

507

Ib (67.8 J)

CVN Upper Shelf Energy

Materia! Transition Temperature Expansion Temperature Transition Temperature (USE)
\dentity Unirrad | Irradiated | AT, | Unirrad | Irradiated | AT, | Unirrad |Irradiated| AT, | Unirrad | Irradiated | Change
°F(°C) | °F(°C) |°F(°C)| °F(°C) | °F(°C) °F(°C) | °F(°C) | °F(°C) | °F(°C) | ft-lb(J) | ft-lb (J) | ft-b (J)
-41.46 -14.45 27.01 -17.9 13.21 31.10 0.7 32.2 31.5 109.5 104.9 -4.6
=2 (-40.9) | (-25.8) | (15.1) | (-27.7) (-10.5) (17.2) (-17.4) (0.1) (17.5) | (148.5) | (142.2) (-6.3)
-20.9 -0.6 20.3 10.9 25.1 14.2 5.9 31.3 25.4 147.3 144 .4 -2.9
Atzed (-29.4) | (-18.1) | (11.3) | (-11.7) (-3.8) (7.9) (-14.5) (-0.4) (14.1) | (199.7) | (195.8) | (-3.9)
-13.3 78.7 92.0 34.1 118.2 84.1 30.1 127.2 97.1 100.0 81.6 -18.4
cesstz (-25.2) | (25.9) | (51.1) | (1.2) (47.9) (46.7) (-1.1) (52.9) (53.9) | (135.6) (110.6) (-25.0)
-2.8 75.1 77.9 22.8 93.7 70.9 41.6 124.9 83.3 68.2 64.3 -3.9
P213.0-2 (-19.3) | (23.9) | (43.3) | (-5.1) (34.3) (39.4) (5.3) (51.6) (46.3) | (92.5) (87.2) (-5.3)
-34.4 -7.2 27.2 15.1 33.8 18.7 5.4 39.4 34.0 113.3 99.0 -14.3
C3278-2
(-36.9) | (-21.8) | (15.1) | (-9.4) (1.0) (10.4) | (-14.8) (4.1) (18.9) | (1536) | (134.2) | (-19.4)

1.

EP2

A1224-1
C2331-2
P2130-2
C3278-2

1.8831x10" n/cm®
1.8758x10" n/cm’
1.8487x10" n/om’
1.8163x10" n/cm’
1.7569x10" nfcm’

wononoan

Fluence is unique to each specimen set:

5-5




Results

E?f:lcet 5of2Irradiation (E>1.0 MeV) on the Notch Toughness Properties of Capsule G Materials (Continued)
T,, 30 ft-Ib (40.7 J) Tssmir 35 mil T,, 50 ft-Ib (67.8 J) CVN Upper Shelf Energy
Material Transition Temperature Ex (g:s?o:n':'za;at::::ure Transition Temperature (USE)
e P P
\dentity Unirrad | Irradiated | AT, | Unirrad |Irradiated | AT, ., | Unirrad |Irradiated AT, Unirrad | Irradiated | Change |-
°F(°C) | °F(°C) |°F(°C)| °F(°C) °F(°C) | °F(°C) | °F(°C) | °F(°C) °F (°C) | ft-lb (J) | fi-Ib (J) | ft-Ib (J)
CE-2(WM) | -96.1 68.8 164.9 -62.9 103.5 166.4 -45.7 126.7 172.4 119.3 70.1 -49.2
(-71.2) | (20.4) | (91.6) | (-52.7) (39.7) | (92.4) | (-43.2) | (52.6) (95.8) | (161.7) | (95.0) | (-66.7)
5P6214B -26.8 7.2 34.0 9.2 . 28.5 193 7.0 40.3 333 91.5 85.3 -6.2
(-32.7) | (-13.8) | (18.9) | (-12.7) (-1.9) (10.7) | (-13.9) (4.6) (18.5) (124.1) | (115.7) (-8.4)
34B009 -65.0 40.9 105.9 -21.0 67.8 88.8 -29.5 69.3 98.8 104.4 104.6 0.2
' (-53.9) (4.9) (58.8) | (-29.4) (19.9) (49.3) | (-34.2) | (20.7) (54.9) | (141.5) | (141.8) (0.3)
GP2-21 -23.1 55.0 78.1 224 79.7 57.3 17.9 90.1 72.2 104.0 . 96.9 -7.1
(-30.6) | (12.8) | (43.4) | (-5.3) (26.5) (31.8) | (-7.8) (32.3) (40.1) | (141.0) | (131.4) | (-9.6)
406L44 -8.8 147.9 156.7 39.2 178.8 139.6 51.1 Note 2 Note 2 73.3 49.4 -23.9
(-22.7) | (64.4) | (87.1) | (4.0) (81.6) (77.6) | (10.6) (99.4) 67.0) | (-32.4)

1. Fluence is unique to each specimen set:

CE-2(WM) = 1.9503x10" n/cm?
5P6214B = 1.9461x10" n/cm?
34B009 = 1.9173x10" nfcm?
GP2-21 = 1.8783x10" n/cm’
406L44 = 1.8270x10" n/cm?

2. This material did not achieve 50 ft-lbs.
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Table 5-3

Effect of Irradiation (E>1.0 MeV) on the Notch Toughness Properties of Capsule H Materials

Results

T,., 30 ft-Ib (40.7 J)

T 35 mil

35mil?

(0.89 mm) Lateral

T.,, 50 ft-Ib (67.8 J)

CVN Upper Shelf Energy

Materia! Transition Temperature Expansion Temperature Transition Temperature (USE)

dentity Unirrad |Irradiated| AT, |Unirrad |Irradiated | AT, , | Unirrad |Irradiated | AT, Unirrad | Irradiated | Change
F(°C) | °F(°C) |°F(°C)| °F(°C)| °F(°C) | °F(°C) | °F(°C) | °F(°C) | °F(°C) | ft-lb(J) | ft-Ib(J) | ft-Ib (J)

B&W-1(BM) -0.7 53.6 54.3 32.9 75.1 42.2 40.4 87.7 47.3 124.8 102.8 -22.0
(-18.2) { (12.0) | (80.2) | (0.5) (23.9) (23.4) 4.7) (30.9) (26.3) | (169.2) | (139.4) (-29.8)

C3985-2 17 19.4 31.1 31.1 55.6 245 27.0 62.5 35.5 112.8 110.5 -2.3

(-24.3) | (-7.0) | (17.3) | (-0.5) (13.1) (136) | (2.8) | (16.9) | (19.7) | (152.9) | (149.8) (-3.1)

C1079-1 9.7 102.3 92.6 57.1 128.9 71.8. 76.6 216.0 139.4 61.2 55.3 -5.9

(-12.4) | (39.1) | (51.4) | (13.9) | (53.8) (39.9) | (24.8) | (102.2) | (77.4) | (83.0) (75.0) (-8.0)

A0610-1 -33.5 24.9 58.4 -1.5 58.0 59.5 -4.1 67.4 71.5 101.2 85.0 -16.2
(-36.4) | (-3.9) | (32.4) | (-18.6) | (14.4) (33.1) | (-20.1) | (19.7) | (39.7) | (137.2) | (115.2) | (-22.0)

A1195-1 39.8 104.8 65.0 79.6 137.4 57.8 78.7 151.8 73.1 99.7 91.8 -7.9
(4.3) (40.4) | (36.1) | (26.4) | (58.6) (32.1) | (25.9) (66.6) | (40.6) | (135.2) | (124.5) | (-10.7)

1. Fluence is unique to each specimen set:

B&W-1(BM)
C3985-2
C1079-1
A0610-1
A1195-1

o o

1.6250x10" n/cm?®
1.6240x10" n/cm®
1.6006x10" n/cm?
1.5720x10" n/em?
1.5224x10% n/cm’
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Results

E?fl;fti-flrradiation (E>1.0 MeV) on the Notch Toughness Properties of Capsule H Materials (Continued)
T,, 30 ft-Ib (40.7 J) Tsom 35 mil T, 50 ft-Ib (67.8 J) CVN Upper Shelf Energy
Material Transition Temperature Ex (0;‘8!: n;n_:_) |l1.1ate|r'a: Transition Temperature (USE)
i pansion Temperature
\dentity Unirrad | Irradiated | AT, Unirrad |Irradiated | AT, , |Unirrad |Irradiated | AT, | Unirrad | Irradiated | Change
°F(°C) | °F(°C) | °F(°C) | °F(°C) °F (°C) °F(°C) | °F(°C) | °F(°C) | °F(°C) | ft-lb (J) | ft-Ib (J) | ft-Ib (J)
BMF -31.5 -20.0 11.5 -12.5 7.2 19.7 -5.9 17.2 23.1 125.8 119.8 -6.0
(-35.3) (-28.9) (6.4) (-24.7) (-13.8) (10.9) | (-21.1) (-8.2) (12.9) | (170.6)-| (162.4) (-8.2)
A0421 38.1 106.2 68.1 60.2 112.3 52.1 83.2 144.9 61.7 68.8 66.0 -2.8
(3.4) (41.2) (37.8) (15.7) (44.6) {(28.9) (28.4) (62.7) (34.3) | (93.3) (89.5) (-3.8)
HP2-BW 40.0 196.4 156.4 80.9 252.0 171.1 94.9 347.4 252.5 75.8 53.0 -22.8
(4.4) (91.3) (86.9) | (27.2) (122.2) (95.1) | (34.9) | (175.2) | (140.3) | (102.8) | (71.9) | (-30.9)
HP2-6 -74.0 22.3 96.3 -24.6 65.2 89.8 -29.3 84.8 1141 110.3 80.0 -30.3
(-58.9) (-5.4) (53.5) (-31.4) (18.4) (49.9) | (-34.1) (29.3) (63.4) | (149.5) | (108.5) | (-41.1)
5P6756 -67.1 -3.4 63.7 -20.3 12.5 32.8 -21.3 22.3 43.6 104.4 84.6 -19.8
. (-55.1) (-19.7) | (35.4) | (-29.1) (-10.8) (18.2) | (-29.8) (-5.4) (24.2) | (141 .5j (114.7) | (-26.8)

1. Fluence is unique to each specimen set:
1.6867x10" n/cm’
1.6861x10" n/cm’
1.6615x10"™ n/cmz

2

BMF
A0421
HP2-BW
HP2-6
5P6756

5-8

1.6275x10" n/cm
1.5766x10" n/cm




Results

Discussion

The materials irradiated in SSP (Oyster Creek) Capsules D, G, and H exhibited a wide range

of radiation embrittlement sensitivity. All but three of the materials experienced less |
embrittlement than that predicted using U.S. Nuclear Regulatory Commission (USNRC)
Regulatory Guide 1.99, Rev. 2 [1] (including margin), based on a unique fluence (E > 1.0 MeV)
for each set of specimens. Tables 5-4, 5-5, and 5-6 illustrate this comparison for Capsule D, G, |
and H materials, respectively. Measured shifts that are greater than predicted shifts including
margin are shown in bold.

Tables 5-7, 5-8 and 5-9 present a comparison of the predicted upper shelf energy (USE) percent |
decrease using the USNRC Regulatory Guide 1.99, Rev. 2 figure [1] with the measured percent
decrease calculated from the values presented in Tables 5-1 through 5-3. Measured percent |
decreases that are greater than those predicted are shown in bold.
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Results

zzﬂ::r?son of Actual Versus Predicted Embrittlement of SSP (Oyster Creek) Capsule D Materials
_ _ Fluence Meas‘uried RG 1.5?9 Rev. 2 [2] R.G 1.99 R.ev. 21 ]- s
Identity Material (x10" n/cm?) oShloﬂ Pred:cteod Shift PredlctedOSholft+Marg|n '
F(°C) F(°C) F(°C)

EP2 Japanese/EPRI Plate (SA533B-1) 1.0044 38.0 (21.1) 15.5 (8.6) 30.9 (17.2)"
A1224-1 |Grand Gulf Plate (SA533B-1) 1.0164 6 (5.3 4 (4.7) 16.8 (9.3)
C2331-2 |[Cooper Plate (SA533B-1) 1.0118 62.0 (34.4) 49.7 (27.6) 83.7 (46.5)
P2130-2 |Nine Mile Point 1 Plate (SA302B, Mod) 1.0112 52.9 (29.4) 53.2 (29.6) 87.2 (48.5)
C3278-2 |FitzPatrick Plate (SA533B-1) 0.9931 35.6 (19.8) 30.8 (17.1) 61.6 (34.2)
CE-1(WM) | CE/EPRI Linde 1092 #1 (Submerged Arc Weld) 1.0202 127.8 (71.0) 97.6 (54.2) 153.6 (85.4)
5P6214B |[Grand Gulf Weld (Submerged Arc Weld) 1.0317 3.1(1.7) 5(4.7) 16.9 (9.4)
34B009 Millstone 1 Weld (Submerged Arc Weld) 1.0261 102.7 (57.1) 84.4 (46.9) 140.4 (78.0)
DP2-21 Quad Cities 2 Weld (Electroslag Weld) 1.0222 33.3(18.5) 31.4 (17.5) 62.9 (34.9)
406L44 Quad Cities 1 Weld (Submerged Arc Weld) 1.0018 128.0 (71.1) 85.5 (47.5) 141.5 (78.6)
Notes:

1. See Table 5-1, AT,
2. Predicted shift = CF x FF, where CF is a Chemistry Factor taken from tables from USNRC Reg. Guide 1.99, Rev. 2 [1], based on each material’s Cu/Ni content, and FF is

fO 28-0.10log

Fluence Factor, , where f = fluence (E > 1.0 MeV) specified.

3. Margin = 2%(c” + 04”), where o, = the standard deviation on initial RT,,, (which is taken to be 0°F), and o, is the standard deviation on ART,,, (28°F for welds and 17°F for base
materials, except that o, need not exceed 0.50 times the mean value of ART,;;). Thus, margin is defined as 34°F for plate materials and 56°F for weld materials, or margin
equals shift (whichever is less), per Reg. Guide 1.99, Rev. 2.
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Table 5-5

Comparison of Actual Versus Predicted Embrittlement of SSP (Oyster Creek) Capsule G Materials

Results

_ _ Fluence Meas.ur‘ed RG 1.?9 Rev. 2 [3] R_G 1.99 R_ev. 2N ]_ e
Identity Material (x10®n/cm2) oShloﬂ Pred:cteod Shift Predlctedo Sh:ft+Margln '
F(°C) F(°C) F(°C)
EP2- Japanese/EPRI Plate (SA533B-1) 1.8831 27.1 (15.1) 20.5(11.4) 41.1 (22.8)
A1224-1 |Grand Gulf Plate (SA533B-1) 1.8758 20.3 (11.3) 11.1(6.2) 22.2(12.3)
C2331-2 |Cooper Plate (SA533B-1) 1.8487 92.0 (51.1) 65.3 (36.3) 99.3 (65.1)
P2130-2 |Nine Mile Point 1 Plate (SA302B, Mod) 1.8163 77.9 (43.3) 69.4 (38.6) 103.4 (57.5)
C3278-2 |FitzPatrick Plate (SA533B-1) 1.7569 27.2 (15.1) 40.0 (22.2) 74.0 (41.1)
CE-2(WM) | CE/EPRI Linde 1092 #2 (Submerged Arc Weld) 1.9503 164.9 (91.6) 116.4 (64.7) 172.4 (95.8)
5P6214B |[Grand Gulf Weld (Submerged Arc Weld) 1.9461 34.0 (18.9) 11.3 (6.3) 22.5(12.5)
34B009 Millstone 1 Weld (Submerged Arc Weld) 1.9173 105.9 (58.8) 111.9 (62.2) 167.9 (93.3)
GP2-21 Quad Cities 2 Weld (Electroslag Weld) 1.8783 78.1 (43.4) 41.4 (23.0) 82.7 (46.0)
406L44 Quad Cities 1 Weld (Submerged Arc Weld) 1.8270 156.7 (87.1) 112.3 (62.4) 168.3 (93.5)
Notes:

1. See Table 5-2, AT,,.

2. Predicted shift = CF x FF, where CF is a Chemistry Factor taken from tables from USNRC Reg. Guide 1.99, Rev. 2 [1]

Fluence Factor, {***°"*' where f = fluence (E > 1.0 MeV) specified.
3. Margin = 2¥(s? + 6.”), where ¢, = the standard deviation on initial RT,,,; (which is taken to be 0°F), and ¢, is the standard deviation on ART,;; (28°F for welds and 17°F for base

materials, except that 6, need not exceed 0.50 times the mean value of ART,;). Thus, margin is defined as 34°F for plate materials and 56°F for weld materials, or margin

equals shift (whichever is less), per Reg. Guide 1.99, Rev. 2.

, based on each material's Cu/Ni content, and FF is




Results

EZ?’(I\::;?son of Actuél Versus Predicted Embrittlement of SSP (Oyster Creek) Capsule H Materi‘als
) _ Fluence Meas_ured RG 1.5_)9 Rev. 2 1] R-G 1.99 R.ev. 2 [1]_
Identity Material (10" n/em?) oShloﬂ1 Pred:cteod Shift’ Predlctedo Sholft+Marg|n2’f’
F(°C) F(°C) F(°C)

B&W-1(BM) | B&W/EPRI Plate (SA302B, Mod) 1.6250 54.3 (30.2) 59.8 (33.2) 93.8 (52.1)
C3985-2 Hatch 1 Plate (SA533B-1) 1.6240 31.1 (17.3) 38.5 (21.4) 1725 (40.3)
C1079-1 Millstone 1 Plate (SA302B, Mod) 1.6006 92.6 (51.4) 77.0 (42.8) 111.0 (61.7)
A0610-1 Quad Cities 1 Plate (SA302B, Mod) 1.5720 58.4 (32.4) . 61.7 (34.3) 95.7 (53.2)
A1195-1 HSST-02 Plate (SA533B-1) 1.5224. 65.0 (36.1) 56.9 (31.6) 90.9 (50.5)
BMF B&W/EPRI Forging (SA508-2) 1.6867 11.5(6.4) - 13.8 (7.6) ' 27.5(15.3)
A0421 ASTM Standard Plate (SA302B) 1.6861 68.1 (37.8) 49.8 (27.7) 83.8 (46.6)
HP2-BW B&W Linde 80 Weld (Submerged Arc Weld) 1.6615 156.4 (86.9) 91.6 (50.9) 147.6 (82.0)
HP2-6 Humboldt Bay 3 Weld (Submerged Arc Weld) 1.6275 96.3 (53.5) 64.4 (35.8) " 1204 (66.9)
5P6756 River Bend Weld (Submerged Arc Weld) . 1.5766 63.7 (35.4) 42.2 (23.4) 84.3 (46.8)
Notes:

1. See Table 5-3, AT,

2. Predicted shift = CF x FF, where CF is a Chemistry Factor taken from tables from USNRC Reg. Guide 1.99, Rev. 2 [1], based on each material’s Cu/Ni content, and FF is
Fluence Factor, £°2*°*' where f = fluence (E > 1.0 MeV) specified.

3. Margin = 2V(c? + 64"), where o, = the standard deviation on initial R, (which is taken to be 0°F), and o, is the standard deviation on ART,;,; (28°F for welds and 17°F for base
materials, except that ¢ need not exceed 0.50 times the mean value of ART,;;). Thus, margin is defined as 34°F for plate materials and 56°F for weld materials, or margin
equals shift (whichever is less), per Reg. Guide 1.99, Rev. 2.
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Results

Ziﬂi:ri-,son of Actual Versus Predicted Percent Decrease in Upper Shelf Energy (USE) of SSP (Oyster Creek) Capsule D Materials
Measured RG 1.99 Rev. 2 [1]
|dentity Material (x‘:: c')ﬂer?/ﬁﬁf) P UsE | Decreasein USE
(%) (%)
EP2 Japanese/EPRI Plate (SA533B-1) 1.0044 7.7 <8
A1224-1 Grand Gulf Plate (SA533B-1) 1.0164 -0.5° 7.5
C2331-2 Cooper Plate (SA533B-1) 1.0118 10.7 15
P2130-2 Nine Mile Point 1 Plate (SA302B, Mod) 1.0112 -9.4° 15.5
C3278-2 FitzPatrick Plate (SA533B-1) 0.9931 8.1 11
CE-1(WM) | CE/EPRI Linde 1092 #1 (Submerged Arc Weld) 1.0202 23.0 21.5
5P6214B Grand Gulf Weld (Submerged Arc Weld) 1.0317 2.7 9
34B009 Millstone 1 Weld (Submerged Arc Weld) 1.0261 26.5 17
DP2-21 Quad Cities 2 Weld (Electroslag Weld) 1.0222 9.8 14.5
406L44 Quad Cities 1 Weld (Submerged Arc Weld) 1.0018 315 25.5
Notes:

1. Caiculated from Table 5-1, (Change/Unirradiated) * 100.

' 2. Predicted decrease from Figure 2 of USNRC Reg. Guide 1.99, Rev. 2 [1], based on each material's Cu content and specimen fluence.

3. This material represents an increase in USE.
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Results

Eza:::;isson of Actual Versus Predicted Percent Decrease in Upper Shelf Energy (USE) of SSP (Oyster Creek) Capsule G Materials
Measured RG 1.99 Rev. 2 [1]
contty | BT - L o IO
(%) (%)
EP2 Japanese/EPRI Plate (SA533B-1) 1.8831 4.2 10
A1224-1 Grand Gulf Plate (SA533B-1) 1.8758 2.0 8.4
' C2331-2 Cooper Plate (SA533B-1) 1.8487 18.4 17
P2130-2 Nine Mile Point 1 Plate (SA302B, Mod) 1.8163 57 | 17.5
C3278-2 FitzPatrick Plate (SA533B-1) 1.7569 12.6 13
CE-2(WM) | CE/EPRI Linde 1092 #2 (Submerged Arc Weld) 1.9503 41.2 24
5P6214B Grand Gulf Weld (Submerged Arc Weld) 1.9461 6.8 10.5
34B009 Millstone 1 Weld (Submerged Arc Weld) 1.9173 -0.2° 20
GP2-21 Quad Cities 2 Weld (Electroslag Weld) 1.8783 6.8 17
406L44 Quad Cities 1 Weld (Submerged Arc Weld) 1.8270 32.6 29
Notes:

1. Calculated from Table 5-2, (Change/Unirradiated) * 100.
2. Predicted decrease from Figure 2 of USNRC Reg. Guide 1.99, Rev. 2 [1], based on each material's Cu content and specimen fluence.
3. This material represents an increase in USE.
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Results

.(I;?)?rlmi:;?son of Actual Versus Predicted Percent Decrease in Upper Shelf Energy (USE) of SSP (Oyster Creek) Capsule H Materials
Identity Measured RG 1.99 Rev. 2 [1]
Material Fll118ence \ Decreas:e in Prediqted .
(x10" n/cm?) USE Decrease in USE
(%) (%)
B&W-1(BM) | B&W/EPRI Plate (SA302B, Mod) 1.6250 17.6 16.5
C3985-2 Hatch 1 Plate (SA533B-1) 1.6240 2.0 13
C1079-1 Millstone 1 Plate (SA302B, Mod) 1.6006 9.6 205
A0610-1 Quad Cities 1 Plate (SA302B, Mod) 1.5720 16.0 17
A1195-1 HSST-02 Plate (SA533B-1) 1.5224 7.9 15.5
BMF B&W/EPRI Forging (SA508-2) 1.6867 4.8 9
A0421 ASTM Standard Plate (SA302B) 1.6861 4.1 19
HP2-BW B&W Linde 80 Weld (Submerged Arc Weld) 1.6615 30.1 27
HP2-6 Humboldt Bay 3 Weld (Submerged Arc Weld) 1.6275 27.5 27
5P6756 River Bend Weld (Submerged Arc Weld) 1.5766 19.0 13

Notes:

1. Calculated from Table 5-3, (Change/Unirradiated) * 100.

2. Predicted decrease from Figure 2 of USNRC Reg. Guide 1.99, Rev. 2 [1], based on each material's Cu content and specimen fluence.
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A

SUMMARY OF CHARPY V-NOTCH TEST DATA

The following pages provide the irradiated Charpy V-notch test data for each specimen in tabular
form. All values other than millimeters have been rounded.



Summary of Charpy V-Notch Test Data

;zzlr(:)c -\;-Notch Results for Capsule D EP2 Japanese/EPRI Plate Material (SA533B-1)
Temperature Impact Energy - Lateral Expansion Shear
Specimen

Number °F °C ft-Ib Joules mils mm %
EP2-67 -50 -46 16 22 ‘ 15 0.381 0
EP2-42 -25 -32 29 39 25 0.635 2
EP2-68 0 -18 29 39 28 0.711 5
EP2-45 50 10 52 71 46 1.168 10
EP2-83 100 38 78 106 57 1.448 50
EP2-71 125 52 90 122 51 1.295 75
EP2-46 150 66 97 132 78 ' 1.981 98
EP2-72 200 93 106 144 81 2.057 95
EP2-57 300 ’ 149 105 142 73 1.854 100
EP2-41 400 204 96 130 79 2.007 100
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Summary of Charpy V-Notch Test Data

.(I;?\t:r:c-\iNotch Results for Capsule D A1224-1 Grand Gulf Plate Material (SA533B-1)
Temperature Impact Energy Lateral Expansion Shear
Specimen :

Number °F °C ft-lb Joules mils mm %
DP1-67 0 -18 24 33 17 0.432 5
DP1-67 25 -4 58 79 42 1.067 20
DP1-67 50 10 77 104 58 1.473 15
DP1-67 75 24 91 123 65 1.651 50
DP1-67 100 38 98 133 71 1.803 60
DP1-67 125 52 116 157 66 1.676 80
DP1-67 150 66 127 172 84 2.134 90
DP1-67 200 93 146 198 82 2.083 98
DP1-67 250 121 151 205 83 2.108 100
DP1-67 300 149 147 199 87 2.210 98




Summary of Charpy V-Notch Test Data

Table A-3
Charpy V-Notch Results for Capsule D C2331-2 Cooper Plate Material (SA533B-1)

Temperature Impact Energy Lateral Expansion Shear
Specimen
Number °F °C ft-1b Joules mils mm %
DP1-30 0 -18 9 12 8 0.203 5
DP1-30 25 -4 25 ‘34 21 0.533 10
DP1-30 50 10 28 38 19 0.483 15
DP1-30 75 24 51 69 39 - 0.991 20
DP1-30 100 38 49 66 37 0.940 40
DP1-30 150 66 68 92 51 1.295 90
DP1-30 200 93 84 114 57 1.448 100
DP1-30 250 121 93 126 65 1.651 100
DP1-30 300 149 94 127 71 1.803 100
DP1-30 400 204 87 118 71 1.803 100




Summary of Charpy V-Notch Test Data

.(;iglri)c-\?—Notch Resulits for Capsule D P2130-2 Nine Mile Point 1 Plate Material (SA3028, Mod)
Témperature Impact Energy Lateral Expansion Shear
Specimen

Number °F °C ft-1b Joules mils mm %

DP1-11 -25 -32 11 15 10 0.254 5

DP1-11 25 -4 20 27 18 0.457 15
DP1-11 50 10 32 43 31 0.787 10
DP1-11 60 16 28 38 29 0.737 20
DP1-11 75 24 48 65 36 0.914 35
DP1-11 100 38 51 69 47 1.194 35
DP1-11 150 66 73 99 65 1.651 100
DP1-11 200 93 74 100 65 1.651 100
DP1-11 250 121 74 100 66 1.676 100
DP1-11 300 149 78 106 66 1.676 100
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Summary of Charpy V-Notch Test Data

-(r:izl::)c .\f-Notch Results for Capsule D 03278-2 FitzPatrick Plate Material (SA533B-1)
Temperature Iimpact Energy Lateral Expansion Shear
Specimen -
Number °F °C ft-lb Joules mils mm %
DP1-28 -50 -46 16 22 10 0.254 5
DP1-28 0 -18 28 38 19 0.483 5
DP1-28 25 -4 44 60 30 0.762 15
DP1-28 90 32 ‘ 71 96 49 1.245 50
DP1-28 100 38 58 79 44 1.118 - 40
DP1-28 150 66 89 121 61 1.549 90
DP1-28 200 93 100 136 | 76 1.930 100
DP1-28 250 121 96 130 60 1.524 100
DP1-28 300 149 111 151 73 1.854 100
DP1-28 400 204 110 149 70 1.778 100
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Table A-6

Summary of Charpy V-Notch Test Data

Charpy V-Notch Resulits for Capsule D CE-1(WM) CE/EPRI Linde 1092 #1 Weld Material (Submerged Arc Weld)

Temperature Impact Energy Lateral Expansion Shear
Specimen : i
Number °F °C ft-ib Joules mils mm %
C117 25 -4 8 11 5 0.127 10
C113 50 10 24 33 17 0.432 10
Cc119 100 38 34 46 24 0.610 20
C131 125 52 54 73 51 1.295 90
C122 150 66 44 60 41 1.041 60
C128 175 79 69 94 59 1.499 - 98
C115 200 93 73 99 42 1.067 95
C124 250 121 86 117 78 1.981 100
Cin1 300 149 91 123 59 1.499 100
C126 400 204 83 113 68 1.727 100
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Summary of Charpy V-Notch Test Data

Table A-7
Charpy V-Notch Results for Capsule D 5P6214B Grand Gulf Weld Material (Submerged Arc Weld)

Temperature Impact Energy Lateral Expansion Shear
Specimen .

Number °F °C ft-Ib Joules mils mm %

DP2-67 -25 -32 26 35 20 0.508 5

DP2-67 0 -18 46 62 38 0.965 10
DP2-67 25 -4 52 71 40 1.016 20
DP2-67 50 10 56 76 46 1.168 50
DP2-67 75 24 63 85 51 1.295 80
DP2-67 100 38 75 102 65 1.651 97
DP2-67 150 66 88 119 67 1.702 98
DP2-67 200 93 92 125 53 1.346 | 100
DP2-67 300 149 92 125 76 1.930 - 100
DP2-67 400 204 99 134 58 1.473 100
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Summary of Charpy V-Notch Test Data

g?\t:l%c -\ils-Notch Results for Capsule D 34B00¢ Millstone 1 Weld Material (Submerged Arc Weld)
Temperature Impact Energy Lateral Expansion Shear
Specimen
Number °F °C ft-Ib Joules mils mm %
DP2-15 -25 -32 19 26 15 0.381 5
DP2-15 0 -18 19 26 13 0.330 5
DP2-15 50 10 30 41 25 0.635 25
DP2-15 100 38 53 72 43 1.092 85
DP2-15 140 60 74 100 44 1.118 95
DP2-15 150 66 76 103 46 1.168 95
DP2-15 200 93 71 96 62 1.575 98
DP2-15 250 121 82 111 58 1.473 100
DP2-15 300 149 83 113 57 1.448 100
DP2-15 400 204 76 103 72 1.829 100
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Summary of Charpy V-Notch Test Data

2712';);\ -\S/)-Notch Results for Capsule D DP2-21 Quad Cities 2 Weld Material (Electroslag Weld)
Temperature : impact Energy Lateral Expansion Shear
Specimen
Number °F °C ft-lb Joules . mils mm %
DP2-21 0 -18 26 35 17 0.432 0
DP2-21 25 -4 36 49 25 0.635 5
DP2-21 50 10 52 71 38 0.965 10
DP2-21 100 38 64 87 48 - 1.219 80
DP2-21 140 60 83" 113 60 1.524 90
DP2-21 150 66 89 121 60 1.524 90
DP2-21 200 93 80 108 64 1.626 95
DP2-21 250 121 101 137 » 66 1.676 100
DP2-21 300 149 98 133 67 1.702 100
DP2-21 400 204 96 130 67 1.702 100
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Table A-10

Summary of Charpy V-Notch Test Data

Charpy V-Notch Results for Capsule D 406L44 Quad Cities 1 Weld Material (Submerged Arc Weld)

Temperature Impact Energy Lateral Expansion Shear
Specimen
Number °F °C ft-lb Joules mils - mm %
DP2-20 50 10 18 24 12 0.305 10
DP2-20 75 24 25 34 20 0.508 40
DP2-20 100 38 22 30 17 0.432 5
DP2-20 110 43 25 34 21 0.533 20
DP2-20 125 52 33 45 27 0.686 70
DP2-20 150 66 34 46 28 0.711 80
~DP2-20 200 93 45 61 33 0.838 95
DP2-20 250 121 52 71 40 1.016 100
DP2-20 300 149 51 69 38 0.965 100
DP2-20 400 204 53 72 51 1.295 100
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Summary of Charpy V-Notch Test Data

Table A-11

Charpy V-Notch Results for Capsule G EP2 Japanese/EPRI Plate Material (SA533B-1)

Temperature Impact Energy Lateral Expansion Shear
Specimen :
Number °F °C ft-ib Joules mils mm %
EP2-49 -50 -46 22 30 17 0.432 0
EP2-59 -25 -32 26 35 18 0.457 2
EP2-79 0] -18 44 60 37 0.940 4
EP2-50 50 10 51 69 49 1.245 15
EP2-54 100 38 61 83 55 1.397 40
EP2-80 125 52 99 134 69 1.753 80
EP2-76 150 66 106 144 76 1.930 100
EP2-53 200 93 104 141 78 1.981 90
EP2-75 300 149 106 144 78 1.981 100
EP2-85 400 204 103 140 88 2.235 100




Table A-12

Charpy V-Notch Results for Capsule G A1224-1 Grand Gulf Plate Material (SA533B-1)

Suinmary of Charpy V-Notch Test Data

Temperature Impact Energy Lateral Expansion Shear
Specimen
Number °F °C ft-ib Joules mils mm %
GP1-67 0 -18 34 46 25 0.635 5
GP1-67 25 -4 60 81 42 1.067 5
GP1-67 50 10 27 37 22 0.559 15
GP1-67 60 16 92 125 67 1.702 30
GP1-67 100 38 110 149 70 1.778 70
GP1-67 150 66 123 167 73 1.854 90
GP1-67 180 82 130 176 71 1.803 95
GP1-67 200 93 148 201 74 1.880 100
GP1-67 250 121 157 213 87 2.210 100
GP1-67 300 149 143 194 72 1.829 100
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Summary of Charpy V-Notch Test Data

Table A-13
Charpy V-Notch Results for Capsule G C2331-2 Cooper Plate Material (SA533B-1)

Temperature Impact Energy Lateral Expansion Shear
Specimen -
Number °F °C ft-lb Joules mils mm %
GP1-30 25 -4 19 26 15 0.381 -5
GP1-30 75 24 34 46 24 0.610 20
GP1-30 100 38 36 49 27 0.686 10
GP1-30 125 52 42 57 35 0.889 35
GP1-30 140 60 52 71 37 0.940 40
GP1-30 150 66 64 87 47 1.194 70
GP1-30 200 93 76 103 57 1.448 100
GP1-30 250 121 85 115 58 1.473 100
GP1-30 300 149 83 113 70 1.778 100
GP1-30 400 204 83 113 65 1.651 100
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Summary of Charpy V-Notch Test Data

Z?mzlri))‘l\ -\;-4Notch Results for Capsule G P2130-2 Nine Mile Point 1 Plate Material (SA302B, Mod)
Temperature Impact Energy Lateral Expansion Shear
Specimen

Number °F °C ft-lb Joules mils mm %
GP1-11 50 10 20 27 19 0.483 5
GP1-11 75 24 31 42 29 0.737 15
GP1-11 100 38 43 58 39 0.991 35
GP1-11 125 52 44 60 40 1.016 75
GP1-11 150 66 56 76 50 1.270 100
GP1-11 175 79 62 84 60 1.524 95
GP1-11 200 93 67 91 58 1.473 98
GP1-11 250 121 73 99 66 1.676 100
GP1-11 300 149 64 87 62 1.575 100
GP1-11 350 177 65 88 62 1.575 100
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Summary of Charpy V-Notch Test Data

Z?\t;'ri);\ -\;-sNotch Results for Capsule G C3278-2 FitzPatrick Plate Material (SA533B-1)
Temperature | Impact Energy Lateral Expansion Shear
Specimen

Number °F °C ft-lb Joules mils mm %

GP1-28 -50 -46 21 28 15 0.381 10
GP1-28 0 -18 34 46 24 ‘ 0.610 5

GP1-28 25 -4 _ 46 62 33 0.838 20
GP1-28 75 24 : 62 ' 84 46 . 1.168 25
GP1-28 100 38 59 80 ’ 45 1.143 65
GP1-28 125 52 93 126 66 1.676 90
GP1-28 150 66 ' 101 137 69 1.753 100
GP1-28 200 93 95 129 69 1.753 100
GP1-28 250 121 100 136 66 1.676 100
GP1-28 300 149 100 136 73 1.854 100
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Summary of Charpy V-Notch Test Data

giglgchNotch Results for Capsule G CE-2(WM) CE/EPRI Linde 1092 #2 Weld Material (Submerged Arc Weld)
Temperature Impact Energy Lateral Expansion Shear
Specimen
Number °F °C ft-Ib Joules mils mm %
C212 0 -18 14 19 12 0.305 0
C218 50 10 24 33 21 0.533 10
C229 60 16 19 26 11 0.279 25
C221 75 24 44 60 38 0.965 40
C223 100 38 39 53 30 0.762 40
C225 150 66 47 64 39 0.991 70
C232 175 79 63 85 58 1.473 95
C216 200 93 72 98 54 1.372 95
C227 250 121 73 99 52 1.321 100
C214 300 149 73 99 56 1.422 100




Summary of Charpy V-Notch Test Data

Table A-17
Charpy V-Notch Results for Capsule G 5P6214B Grand Gulf Weld Material (Submerged Arc Weld)

Temperature Impact Energy Lateral Expansion Shear
Specimen :
Number °F °C ft-Ib Joules mils mm %
GP2-67 -25 -32 16 22 15 0.381 - 25
GP2-67 0 -18 20 27 16 0.406 65
GP2-67 25 -4 50 68 40 -1.016 70
GP2-67 50 10 52 71 44 1.118 70
GP2-67 75 24 66 89 54 1.372 90
GP2-67 100 38 79 107 55 1.397 95
GP2-67 150 66 81 110 56 1.422 99
GP2-67 200 93 85. 115 58 1.473 100
GP2-67 300 149 90 122 74 1.880 100
GP2-67 400 204 92 125 79 2.007 100




Table A-18

Charpy V-Notch Results for Capsule G 34B009 Milistone 1 Weld Material (Submerged Arc Weld)

Summary of Charpy V-Notch Test Data

Temperature Impact Energy Lateral Expansion Shear
Specimen
Number °F °C ft-b Joules mils mm %
GP2-15 0 -18 11 15 6 0.152 10
GP2-15 25 -4 10 14 8 0.203 10
GP2-15 50 10 37 50 26 0.660 30
GP2-15 75 24 65 88 43 1.092 40
GP2-15 125 52 93 126 70 1.778 90
GP2-15 150 66 75 102 55 1.397 80
"GP2-15 200 93 97 132 67 1.702 95
GP2-15 250 121 106 144 80 2.032 100
GP2-15 300 149 107 145 67 1.702 100
GP2-15 400 204 109 148 85 2.159 100
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Summary of Charpy V-Noich Test Data

'(l;il;t;;\ -V1-9Notch Results for Capsule G GP2-21 Quad Cities 2 Weld Material (E lectAroslag Weld)
Temperature Impact Energy Lateral Expansion Shear
Specimen
Number °F °C ft-1b Joules mils mm %
GP2-21 25 -4 26 35 19 0.483 5
GP2-21 50 10 40 54 31 0.787 5
GP2-21 75 24 20 27 18 0.457 10
GP2-21 100 38 58 79 47 1.194 30
GP2-21 140 60 | 68 92 54 1.372 60
GP2-21 150 66 102 138 66 1.676 100
GP2-21 200 93 85 115 69 1.753 95
‘GP2-21 250 121 101 - 137 78 1.981 100
GP2-21 300 149 95 129 71 1.803 100
GP2-21 400 204 . 102 138 68 1.727 100
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Table A-20

Charpy V-Notch Results for Capsule G 406L44 Quad Cities 1 Weld Material (Submerged Arc Weld)

Summary of Charpy V-Notch Test Data

Temperature Impact Energy Lateral Expansion Shear
Specimen
Number °F °C ft-lb Joules mils mm %
GP2-20 75 24 9 12 8 0.203 25
GP2-20 100 38 23 31 20 0.508 10
GP2-20 125 52 23 31 20 0.508 30
GP2-20 150 66 34 46 29 0.737 80
GP2-20 150 66 25 34 21 0.533 40
GP2-20 200 93 37 50 41 1.041 90
GP2-20 225 107 51 69 45 1.143 99
GP2-20 250 121 51 69 45 1.143 100
GP2-20 300 149 47 64 45 1.143 99
GP2-20 400 204 50 68 46 1.168 100
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Summary of Charpy V-Notch Test Data

Ziglrepc -\?-1Notch Results for Capsule H B&W-1(BM) B&W/EPRI Plate Material (SA302B, Mod)
Temperature Impact Energy Lateral Expansion Shear
Specimen
Number °F °C ft-Ib Joules mils mm %
B15 -50 -46 6 8 5 0.127 0
B14 0 -18 12 16 | 8 0.203 5
B13 50 10 30 41 26 0.660 10
B20 75 24 38 52 32 0.813 20
B16 100 38 64 87 51 1.295 65
B19 125 52 68 92 54 . 1.372 70
B17 150 66 83 113 64 1.626 80
B11 . 200 93 101 137 : 77 1.956 100
B18 250 121 107 145 80 2.032 100
B12 300 149 101 137 76 1.930 100
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Table A-22

Charpy V-Notch Results for Capsule H C3985-2 Hatch 1 Plate Material (SA533B-1)

Summary of Charpy V-Notch Test Data

Temperature Impact Energy Lateral Expansion Shear
Specimen

Number °F °C ft-1b Joules mils mm %

HP1-36 0 -18 25 34 18 0.457 5

HP1-36 25 -4 37 50 29 0.737 20
HP1-36 50 10 42 57 27 0.686 15
HP1-36 100 38 64 87 50 1.270 55
HP1-36 125 52 79 107 54 1.372 80
HP1-36 - 150 66 93 126 69 1.753 90
HP1-36 200 93 105 142 69 1.753 100
HP1-36 250 121 115 156 69 1.753 100
HP1-36 300 149 109 148 74 1.880 100
HP1-36 400 204 114 155 71 1.803 100
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Summary of Charpy V-Notch Test Data

Table A-23 .
Charpy V-Notch Results for Capsule H C1079-1 Millstone 1 Plate Material (SA302B, Mod)

Temperature Impact Energy Lateral Expansion Shear
Specimen

Number °F °C ft-1b Joules mils mm %

HP1-15 0 -18 10 14 6 0.152 5

HP1-15 50 10 19 26 17 0.432 - 15
HP1-15 75 24 27 37 22 0.559 20
HP1-15 100 38 25 34 24 0.610 35
HP1-15 | 150 66 40 54 40 - 1.016 85
HP1-15 200 93 50 68 ’ 49 1.245 100
HP1-15 - 250 121 : 54 73 46 1.168 100
HP1-15 300 149 57 77 54 1.372 100
HP1-15 375 191 55 75 48 1.219 : 100
HP1-15 400 T 204 61 83 56 1.422 100
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Summary of Charpy V-Notch Test Data

(T.T:Z'rt;c -\?-4Notch Results for Capsule H A0610-1 Quad Cities 1 Plate Material (SA302B, Mod)
Temperature Impact Energy Lateral Expansion Shear
Specimen
Number °F °C ft-1b Joules mils mm %
HP1-20 25 -4 27 37 23 0.584 10
HP1-20 50 10 48 65 34 0.864 20
HP1-20 100 38 62 84 47 1.194 70
HP1-20 125 52 64 87 47 1.194 100
HP1-20 150 66 82 111 61 1.549 80
HP1-20 175 79 87 118 59 1.499 100
HP1-20 200 93 76 103 63 1.600 99
HP1-20 250 121 98 133 70 1.778 100
HP1-20 300 149 9N 123 67 1.702 100
HP1-20 400 204 96 130 62 1.575 100
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Summary of Charpy V-Notch Test Data

ziglr:;\-\isNotch Results for Capsule H A1195-1 HSST-02 Plate Material (SA533B-1)
Temperature Impact Energy Lateral Expansion Shear
Specimen
Number °F °C ' ft-b Joules . mils ‘mm %
HP1-H2 75 24 26 35 18 0.457 25
HP1-H2 100 38 38 52 29 1 o737 35
HP1-H2 125 52 . 36 49 26 . 0.660 15
" HP1-H2 140 60 40 54 35 0.889 25
HP1-H2 175 79 | 49 66 41 1.041 25
HP1-H2 200 93 ' 61 83 51 1.295 80
HP1-H2 225 107 ) 87 118 62 1.575 95
HP1-H2 250 121 97 132 65 1.651 ! 100
HP1-H2 300 149 91 123 66 1.676 100
HP1-H2 400 204 92 125 64 | 1.626 ‘ 100
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Table A-26

Charpy V-Notch Results for Capsule H BMF B&W/EPRI Forging Material (SA508-2)

Summary of Charpy V-Notch Test Data

Temperature Impact Energy Lateral Expansion Shear
Specimen

Number °F °C ft-lb Joules mils mm %
A01 -25 -32 34 46 24 0.610 5
AO4 0 -18 40 54 31 0.787 5
A05 50 10 64 87 52 1.321 10
A10 75 24 80 108 62 1.575 40
A06 100 38 100 136 69 1.753 85
A09 125 52 115 156 79 2.007 100
AQ7 150 66 107 145 65 1.651 90
AO3 200 93 119 161 83 2.108 100
A08 250 121 123 167 88 2.235 100
A02 300 149 123 167 78 1.981 100
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Summary of Charpy V-Notch Test Data

ggﬁc -\?-INotch Results for Capsule H A0421 ASTM Standard Plate Material (SA302B)
Temperature Impact Energy Lateral Expansion Shear
Specimen
Number °F °C ft-Ib Joules mils mm %
Y44 75 24 24 - 33 25 0.635 20
Y41 100 38 23 31 30 0.762 30
Y45 125 52 33 45 32 0.813 60
Y42 150 66 56 76 49 1.245 95
Y4A 175 79 67 91 59 1.499 98
Y43 200 93 60 81 56 1.422 100
Y46 250 121 63 . 85 61 1.549 100
Y4C 300 149 80 108 71 - 1.803 100
Y4B 325 163 68 -92 68 1.727 100
Y47 400 204 70 95 65 1.651 100
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Table A-28

Summary of Charpy V-Notch Test Data

Charpy V-Notch Results for Capsule H HP2-BW B&W Linde 80 Weld Material (Submerged Arc Weld)

Temperature Impact Energy Lateral Expansion Shear
Specimen

Number °F °C ft-Ib Joules mils mm %

HP2-BW 100 38 16 22 11 0.279 5

HP2-BW 125 52 17 23 13 0.330 15
HP2-BW 150 66 21 28 15 0.381 25
HP2-BW 175 79 24 33 16 0.406 25
HP2-BW 200 93 28 38 23 0.584 60
HP2-BW 250 | 121 38 52 35 0.889 60
HP2-BW 275 135 44 60 40 1.016 80
HP2-BW 300 149 50 68 40 1.016 98
HP2-BW 350 177 54 73 51 1.295 100
HP2-BW 400 204 55 75 42 1.067 100
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Summary of Charpy V-Notch Test Data

Table A-29
Charpy V-Notch Results for Capsule H HP2-6 Humboldt Bay 3 Weld Material (Submerged Arc Weld)

Temperature Impact Energy Lateral Expansion Shear
Specimen .

Number °F °C ft-Ib Joules mils mm %
HP2-6 -25 -32 20 27 12 . 0.305 5
HP2-6 25 -4 32 43 24 0.610 15
HP2-6 75 24 47 64 39 0.991 20
HP2-6 100 38 52 71 44 1.118 80
HP2-6 150 66 60 81 48 1.219 75
HP2-6 175 79 75 102 62 1.575 95
HP2-6 200 93 78 106 57 1.448 95
HP2-6 250 121 77 104 67 1.702 100
HP2-6 300 149 89 121 55 1.397 100
HP2-6 400 204 82 111 71 1.803 100 -
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Table A-30

Charpy V-Notch Results for Capsule H 5P6756 River Bend Weld Material (Submerged Arc Weld)

Summary of Charpy V-Notch Test Data

Temperature Impact Energy Lateral Expansion Shear
Specimen
Number °F °C ft-1b Joules mils mm %
HP2-72 -25 -32 10 14 10 0.254 10
HP2-72 0 -18 39 53 31 0.787 15
HP2>-72 25 -4 53 72 43 1.092 50
HP2-72 50 10 67 91 53 1.346 80
HP2-72 100 38 77 104 54 1.372 98
HP2-72 150 66 81 110 56 1.422 99
HP2-72 200 93 82 111 73 1.854 98
HP2-72 250 121 90 122 65 1.651 100
HP2-72 300 149 88 119 64 1.626 100
HP2-72 400 204 90 122 68 1.727 100
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B

TANH CURVE FIT PLOTS OF CVN TEST DATA

Ten (10) Charpy V-Notch specimens of each irradiated plate and weld material were tested at

temperatures selected to define the toughness transition and upper shelf portions of the fracture
toughness curves. The absorbed energy and lateral expansion data were fit with the hyperbolic

tangent function of CVGRAPH [6]. The absorbed energy data and fit plots are presented in
this Appendix. Unirradiated data for the same materials were also fit and are presented for

comparison. The curves have been sequenced by material in order of unirradiated, followed by

irradiated.

Note: Fluences shown on CVGRAPH figures for AO421 and BMF have been superseded.
See Section 4 for the correct specimen fluences.

Note: Subsequent to the original issue of this capsule report, the Charpy V-notch data
Sfor most capsule materials were re-analyzed for other reports using a newer version of
CVGRAPH and to show the updated fluences from BWRVIP-128. In some cases, the newe

r

version of CVGRAPH resulted in a small (e.g., <0.3°F) change in reference temperature due

to the more advanced tanh fitting routine. In addition, for a few materials (e.g., P2130-2)
additional baseline data was found in addition to the original SSP baseline data, and
the curve fit was regenerated with all appropriate data. As a result, many of the original

CVGRAPH figures have been replaced in this appendix, to ensure consistency between this

report and the values reported and used in other BWRVIP ISP program documents and
capsule reports.
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated Heat EP2 - Japanese Plate

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 06/18/2001 03:37 PM

Page 1
Coefficients of Curve 1
A=56. B=535C=100.98 T0=11.99 D=0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper-Shelf Energy=109.5(Fixed)

Temp@30 ft-lbs=-41.6 Deg F Temp@50 ft-lbs=.7 Deg F

Lower Shelf Energy=2.5(Fixed)

B-2

Plant; Oyster Creck  Material: SAS33B1  Heat: EP2
Orientation: TL  Capsule: UNIRR "Fluence: 0 n/cm”2
300 : Co
250
0
£j 200 -
L 4
o
(<]
L
>
D 150 .
©
c
5 ) ﬁ
z O B—
> 100
'S ; .
50
0
-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
. Temperature Input CVN Computed CVN Differential
-80.00 : 13. 00 17.39 -4.39
-60.00 23.00 23.23 -.23
-60,00 16. 00 23.23 -7.23
-50.00 29.00 26.74 2.26
-50.00 25.00 26.-74 -1.74
-40. 00 33.00 30. 66 2.34
-40.00 51.00 . 30. 66 20. 34
-40.00 25.00 30. 66 -5.66
-30.00 27. 00 34.95 -7.95
Figure B-1

Charpy Energy Data for EP2 Japanese/EPRI Plate Unirradiated




Tanh Curve Fit Plots of CVN Test Data

Unirradiated Heat EP2 - Japanese Plate

Page 2
Plant: Oyster Creek  Material: SA533B1  Heat: EP2
Orientation: TL ~ Capsule: UNIRR  Fluence: 0 n/cm”2

Charpy V-Notch Data

Temperature Input CVN . Computed CVN Differential
-30.00 48. 00 34.95 13.05
-15.00 42.00 42.03 -.03
-15.00 34.00 42.03 -8.03

.00 64.00 49.68 14.32

.00 52.00 49. 68 2.32

.00 47.00 49.68 -2.68
15.00 50.00 ’ 57.59 -7.59
15.00 . 54.00 57.59 -3.59
20.00 49.00 60.24 -11.24
20.00 81.00 60. 24 20.76
20.00 42.00 60. 24 -18.24
20.00 69.00 60. 24 8.76
50.00 56.00 75.24 19.24
50.00 74.00 75.24 -1.24
50.00 73.00 75.24 -2.24
50.00 80.00 75.24 4.76
73.00 87. 00 84.89 2.11
80.00 92.00 87.42 4.58
80.00 87. 00 87. 42 -. 42
80. 00 89.00 87.42 1.58
80. 00 84.00 87.42 -3.42
120. 00 113. 00 98.23 14.717
160. 00 107. 00 104. 08 2.92
170. 00 105. 00 105.02 -.02
180. 00 105. 50 105.79 -.29
230.00 110. 00 108.09 1.91
300.00 106. 00 109. 14 -3.14
300.00 124.00 109. 14 14. 86
300.00 107.00 109. 14 -2.14
300.00 113.00 109. 14 3.86
300.00 111.00 109. 14 i.86
550.00 104. 00 109.50 -5.50
550.00 108. 00 109.50 -1.50

Correlation Coeflicient = 965

Figure B-1 .
Charpy Energy Data for EP2 Japanese/EPRI Plate Unirradiated (Continued
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Tanh Curve Fit Plots of CVN Test Data

CVN Energy Foot-lbs

Plate Heat EP2 in SSP D

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 07/24/2007 08:23 PM
Page 1
Coefficients of Curve 1
A =518 B=493C=9248 T0=40.29 D = 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=101.1(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp @30 ft-1bs=-3.6 Deg F Temp @350 ft-1bs=37.0 Deg F
Plant: Oyster Creek  Material: SA533B1  Heat: EP2
Orientation: TL ~ Capsule: SSP D Fluence: 1.0044E+18 n/cm"2
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0
-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN - Computed CVN Differential
. 00 29.00 31.59 ' -2.59
50.00 52.20 56.96 -4.76
100. 00 77.50 79. 84 -2.34
300.00 105. 20 100. 74 4,46
400.00 96.20 101.06 -4.86
200. 00 106. 00 98.08 7.92
-50.00 16.00 14.75 1.25
-25.00 29.00 . 21. 82 7.18
125.00 89.80 87.49 2.31

B-4

Figure B-2

Charpy Energy Data for EP2 Japanese/EPRI Plate Irradiated in Capsule D




Tanh Curve Fit Plots of CVN Test Data

Plate Heat EP2 in SSP D

Page 2
Plant: Oyster Creek  Material: SA533B1  Heat: EP2
Orientation: TL. ~ Capsule: SSP D Fluence: 1.0044E+18 n/cm”2

Charpy V-Notch Data

Temperature Input CVN : Computed CVN Differential
150. 00 96. 80 92.69 4.11

Correlation Coefficient = 991

Figure B-2
Charpy Energy Data for EP2 Japanese/EPRI Plate Irradiated in Capsule D (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat EP2 in SSP G

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 07/24/2007 08:35 PM
Page 1
Coefficients of Curve 1 .
A =537 B=51.2C=108.96 TO=40.05 D = 0.00E+00
Equation is A + B * [Tanh((T-To)XC+DT))]
Upper Shelf Energy=104.9(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp @30 fi-Ibs=-14.5DegF = Temp@50 fi-Ibs=32.2 Deg F
Plant: Oyster Creck  Material: SA533B1 ~ Heat: EP2
Orientation: T Capsule: G Fluence: 1.8831E+18 n/cm™2

300
250
é 200
k-]
O
'S
B 150
w
z
3 100 a2 —o—
e
(o}
50 o7
0
-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
Temperature Input CYN Computed CVN Differential
-50.00 22.00 18.96 3.04
-25.00 26.00 26.31 -.31
. 00 43.50 35.68 7.82
50.00 50.90 58.36 -7.46
100.00 60.70 79.33 ~18.63
125.00 99.20 87.11 12.09
150.00 105.50 92. 89 12. 61
200.00 ' 104.25 99.74 4.51
300. 00 106.30 104.04 2.26
Figure B-3

Charpy Energy Data for EP2 Japanese/EPRI Plate Irradiated in Capsule G
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat EP2 in SSP G

Page 2
Plant: Oyster Creek  Material: SA533B1  Heat: EP2
Orientation: TI.  Capsule: G Fluence: 1.8831E+18 n/cm”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
400.00 102.90 104.76 -1.86

Correlation Coefficient = .964

Figure B-3
Charpy Energy Data for EP2 Japanese/EPRI Plate Irradiated in Capsule G (Continued)




Tanh Curve Fit Plots of CVN Test Data

PLATE HEAT A1224-1 (SSP)
CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 09/09/2002 08:32 AM
Page 1
Coefficients of Curve 1
A=749 B=724C=73.25 T0=32.16 D =0.00E+00
Fquation is A + B * [Tanh((T-To)/(C+DT))) '
Upper Shelf Energy=147.3(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=-20.9 Deg F Temp@50 ft-1bs=5.9 Deg F
Plant: SSP Material: SAS33B1  Heat: A1224-1
Orientation: TL ~ Capsule: UNIRRA Fluence: 0.0 n/em”2
300 T T T T T T S
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; 100 - ——— SN R A0S SO S U e
L ’ : | : o) y i : : :
! .i o , i f
: ! | ! ! | |
50 - SR SR N AN e ok ! ! .
: | ! o/ ! j i ; ‘
. i | : | ; . '
N P N U R R S
0 - z oo b
-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
-80.00 6.00 8.97 -2.97
-60.00 12.00 13.32 -1.32
-40.00 8.50 20.22 -11.72
-20.00 20.5¢0 30.59 -10.09
-20.00 42.00 30.59 11.41
.00 24.00 45.01 -21.01
20. 00 84.00 62.99 21.01
20.00 71.00 62.99 8.01
40. 00 97.50 82.62 14. 88
60.00 83.00 101.17 -18.17
80.00 115.00 116. 44 -1.44

Figure B-4
Charpy Energy Data for A1224-1 Grand Gulf Plate Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

PLATE HEAT A1224-1 (SSP)

Page 2
Plant: SSP  Material: SA533B1  Heat: A1224-1
Orientation: TL ~ Capsule: UNIRRA  Fluence: 0.0 n/cm”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
100.00 120. 00 127.67 -7.617
180.00 143.00 144.79 -1.79
300.00 154.00 147.20 6.80
400,00 145.00 147.29 -2.29

Correlation Coefficient = 975

Figure B-4
Charpy Energy Data for A1224-1 Grand Gulf Plate Unirradiated (Continued)




Tanh Curve Fit Plots of CVN Test Data

" Plate Heat A1224-1 in SSP-D
CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/02/2006 04:11 PM
Page 1
Coefficients of Curve 1
A=7525 B=7275C =95.54 T0=58.2 D =0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=148.0(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-lbs=-11.3 Deg F Temp@50 ft-1bs=23.7 Deg F
Plant: SSP Material: SA533B1  Heat: A1224-1
Orientation: TL ~ Capsule: SSP-D Fluence: 1.0164E+18 n/cm”2
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-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential

.00 23.50 35.71 -12.21

300.00 147.00 147. 08 -.08

200.00 146.00 140. 89 5.11

25.00 57.50 50.94 6.56

50.00 77.00 69.02 7.98
1.00. 00 97.50 105.19 -7.69
150.00 127.00 129.42 -2.42
250.00 151.00 145. 42 5.58
125.00 116.00 119.18 -3.18

Figure B-5
Charpy Energy Data for A1224-1 Grand Gulf Plate Irradiated in Capsule D
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat A1224-1 in SSP-D

Page 2
Plant: SSP  Material: SA533B1  Heat: A1224-1
Orientation: TL  Capsule: SSP-D  Fluence: 1.0164E+18 n/cm”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN ‘Differential
75.00 91.00 87.91 3.09

Correlation Coefficient = .988

Figure B-5
Charpy Energy Data for A1224-1 Grand Gulf Plate Irradiated in Capsule D (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat A1224-1 in SSP-G

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/02/2006 04:14 PM
Page 1
Coefficients of Curve 1
A =173.45 B=70.95C =86.41 T0=60.94 D= 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=144.4(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-Ibs=-.6 Deg F Temp@50 ft-bs=31.3 Deg F
Plant: SSP Material: SA533B1  Heat: A1224-1
Orientation: TL ~ Capsule: SSP-G Fluence: 1.8758E+18 n/cm”2
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!
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' : Charpy V-Notch Data

|

Temperature Input CVN Computed CVN Differential
.00 33.50 30.33 3.17
300.00 143.00 143, 84 -. 84
200.00 148.00 138.94 9.06
25.00 60.00 45.53 14. 47
50.00 26.50 64.51 -38.01
100.00 110.00 103.50 6.50
150. 00 i 123.00 128.38 -5.38
250.00 156.50 142. 64 13. 86
60.00 92.00 72.68 19.32

Figure B-6
Charpy Energy Data for A1224-1 Grand Gulf Plate Irradiated in Capsule G



Tanh Curve Fit Plots of CVN Test Data

Plate Heat A1224-1 in SSP-G

Page 2
Plant: SSP Material: SAS33B1  Heat: A1224-1
Orientation: TL.  Capsule: SSP-G  Fluence: 1.8758E+18 n/cm”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
180.00 130.00 135.92 -5.%2

Correlation Coefficient = .939

Figure B-6
Charpy Energy Data for A1224-1 Grand Gulf Plate Irradiated in Capsule G (Continued)
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Tanh Curve Fit Plots of CVN Test Data

UNIRRADIATED PLATE HEAT C2331-2
CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 06/23/2003 03:05 PM
Page 1
Coefficients of Curve 1
A =51.25 B=48.75C=98.29 T0=32.52 D= 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=100.0(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 fi-lbs=-13.3 Deg F Temp@50 fi-lbs=30.1 Deg F
Plant: Cooper Material: SA533B1  Heat: C2331-2
Orientation: TL  Capsule: UNIRRA Fluence: 0 n/cm”"2
300 [ : N — - ——— — e
% i | : | T ! l——
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- |
o v
L !
B 150 ‘
)
c
w
3
s 100 : “_‘
! 1
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-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
-80.00 12.00 11.47 .53
-60.00 15.50 15.38 12
-40.00 24,50 20. 64 3.86
-20.00 20.00 27.43 -7.43
-20.00 31.50 27.43 4.07
.00 43. 50 35.68 7.82
20. 00 46. 00 45.07 . .93
40. 00 52.50 ' 54.95 -2.45
60.00 i _53.50 64.53 -11.03
Figure B-7

Charpy Energy Data for C2331-2 Cooper Plate Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

UNIRRADIATED PLATE HEAT C2331-2

Page 2

Plant: Cooper Material: SA533B1  Heat: C2331-2
Orientation: TL  Capsule: UNIRRA  Fluence: 0 n/cm"2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
60.00 49.50 64.53 -15.03

80.00 91.50 ) 73.12 18.38

100.00 86.00 80.29 5.71

180. 00 97.00 95.38 1.62

300. 00 97.00 99.58 -2.58

400.00 106. 00 99.94 6.06

Correlation Coefficient = .969
Figure B-7

Charpy Energy Data for C2331-2 Cooper Plate Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat C2331-2 in SSP-D

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/01/2006 05:51 PM
Page 1
Coefficients of Curve 1
A=459 B=434C=92.06 TO=84.06 D=0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=89.3(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=48.7 Deg F Temp@30 ft-1bs=92.8 Deg F
Plant: Oyster Creek  Material: SA533B1  Heat: C2331-2

Orientation: TL  Capsule: SSP-D Fluence: 1.0118E+18 n/cm”2
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-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
.00 9.00 14.54 -5.54
25.00 24.50 21,34 3.16
50.00 28.00 30.54 -2.54
75.00 50.50 41,64 8.86
100.00 49.00 53.34 -4.34
150.00 68.00 72.58 -4.58
200.00 83.75 82.83 .92
250.00 92.50 87.00 5.50
300.00 94.00 88.51 5.49

Figure B-8
Charpy Energy Data for C2331-2 Cooper Plate Irradiated in Capsule D
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat C2331-2 in SSP-D

Page 2
Plant: Oyster Creek  Material: SA533B1  Heat: C2331-2
Orientation: TL  Capsule: SSP-D  Fluence: 1.0118E+18 n/em”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
400. 00 87.00 89.21 -2.21

Correlation Coefficient = .987

Figure B-8 .
Charpy Energy Data for C2331-2 Cooper Plate Irradiated in Capsule D (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat C2331-2 in SSP-G

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/01/2006 05:54 PM
Page 1
Coefficients of Curve 1
A=42,05 B=39.55C=93.59 T0=108.08 D = 0.00E+00
. Equation is A + B * [Tanh((T-To)/{C+DT))]
Upper Shelf Energy=81.6(Fixed) Lower Shelf Energy=2.5(Fixcd)
Temp@30 ft-1bs=78.7 Deg F Temp@50 ft-1bs=127.2 Deg F
Plant: Oyster Creek  Material: SA533B1  Heat: C2331-2
Orientation: TL ~ Capsule: SSP-G Fluence: 1.8487E+18 nfcm”2
300 - e e PR -

CVN Energy Foot-ibs

50

e T I ey
i :

-300 -200 -100 Y} 100 200 © 300 400 500 600

Temperature in Deg F

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
25.00 18.50 13.96 4.54
75.00 33.50 28.63 4.87
100.00 35.50 38.64 -3.14
125.00 41.50 49.12 ~7.62
140.00 51.50 55.04 «~3.54
150.00 63.50 58.67 4.83
200.00 76.00 71.87 4.13
250.00 84.50 77.96 6.54
300.00 83.00 80.31 2.69

Figure B-9

Charpy Energy Data for C2331-2 Cooper Plate Irradiated in Capsule G
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat C2331-2 in SSP-G

Page 2
Plant: Oyster Creek  Material: SAS33B1  Heat: C2331-2
Orientation: TL ~ Capsule: SSP-G  Fluence: 1.8487E+18 n/cm"2

Charpy V-Notch Data

Temperature ' Input CVN Computed CVN Differential
400.00 83.00 81.45 1.55

Correlation Coefficient = .982

Figure B-9
Charpy Energy Data for C2331-2 Cooper Plate Irradiated in Capsule G (Continued)
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Tanh Curve Fit Plots of CVN Test Data

UNIRRADIATED PLATE HEAT P2130-2
CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 06/20/2003 04:52 PM
Page 1
Coefficients of Curve 1
A =35.35 B=32.85C=69.02 T0O=8.45 D=0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=68.2(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 fi-Ibs=-2.8 Deg F Temp@50 fi-lbs=41.6 Deg F
Plant: Nine Mile Point 1  Material: SA302BM  Heat: P2130-2
Orientation: TL  Capsule: UNIRRA Fluence: 0 n/cm”2
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-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
-80.00 3.50 7.20 -3.70
-60.00 13.50 10. 45 3.05
-40.00 21.50 15.46 . 6.04
-20.00 17.50 22.53 -5.03
-20.00 35.50 22.53 12.97
.00 30.00 31.35 -1.35
20.00 34.00 40. 80 -6.80
40.00 48. 00 49.40 -1.40
66.00 61.00 56.15 4.85
Figure B-10

Charpy Energy Data for P2130-2 Nine Mile Point 1 Plate Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

UNIRRADIATED PLATE HEAT P2130-2

Page 2
Plant: Nine Mile Point 1  Material: SA302BM  Heat: P2130-2
Orientation: TL.  Capsule: UNIRRA  Fluence: 0 n/em”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
100. 00 77.00 63.88 13.12
100.00 63.50 63.88 -.38
180. 00 60.00 67.75 -7.75
180.00 62.00 67.75 -5.75
300.00 72.50 68.19 4.31
400. 00 68.00 68.20 -.20
-80.00 7.30 7.20 .10
-80.00 9.00 7.20 1.80
-40.00 11.00 15.46 -4.46
-40.00 12.20 15.46 -3.26

10.00 33.90 36.09 -2.19
10.00 41.00 36. 09 4.91
35.00 41. 00 47.40 -6.40
35.00 45.50 47.40 -1.90
57.00 60. 10 55.27 4.83
57.00 53.10 55.27 -2.17
57.00 57.20 55.27 1.93
79.00 53.00 60.67 -7.67
79.00 51.20 60.67 -9.47
79.00 68.30 60.67 7.63
110.00 69.00 64.91 4.09
110.00 73.30 64.91 8.39
212.00 68.00 68.02 -.02
212.00 64.00 68.02 -4.02
Cormelation Coefficient = .967
Figure B-10

Charpy Energy Data for P2130-2 Nine Mile Point 1 Plate Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Irradiated Plate heat P2130-2 (SSP D)

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/01/2006 04:52 PM
Page 1
Coefficients of Curve 1
A =38.55 B=136.05C=70.24 T0=67.03 D =0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=74.6(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 fi-Ibs=50.1 Deg F Temp@50 ft-1bs=90.2 Deg F
Plant: Oyster Creek  Material: SA302BM  Heat: P2130-2
Orientation: TL  Capsule: SSP D Fluence: 1.0112E+18 n/em”2
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Temperature in Deg F
Charpy V-Notch Data
' Temperature Input CVN Computed CVN’ Differential
-25.00 10.50 7.39 3.11
25.00 20.00 19.23 .77
50.00 32.00 29.98 2.02
60.00 28.00 34.95 -6.95
75.00 47.50 42.62 4.88
100.00 51.00 54.33 -3.33
150.00 73.00 68.39 4.61
200. 00 73.50 73.00 .50
250.00 74.25 74.21 .04

Figure B-11
Charpy Energy Data for P2130-2 Nine Mile Point 1 Plate Irradiated in Capsule D
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Tanh Curve Fit Plots of CVN Test Data

Irradiated Plate heat P2130-2 (SSP D)

Page 2
‘Plant; Oyster Creek  Material: SA302BM  Heat: P2130-2
Orientation: TL ~ Capsule: SSP D Fluence: 1.0112E+18 n/cm”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
300.00 77.50 74.51 2.99

Correlation Coefficient = 989

Figure B-11
Charpy Energy Data for P2130-2 Nine Mile Point 1 Plate Irradiated in Capsule D
(Continued)
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat P2130-2 in SSP G
CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/01/2006 04:59 PM
Page 1 )
Cocflicients of Curve 1
A=334 B=30.9C=170.13 T0=82.75 D =0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=64.3(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-lbs=75.1 Deg F Temp@50 ft-1bs=124.9 Deg F
Plant: Oyster Creek  Material: SA302BM  Heat: P2130-2
Qrientation;: TL  Capsule: SSP G Fluence: 1.8163E+18 n/cm”2
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Temperature in Deg F
Charpy V-Notch Data ’
Temperature Input CVN Computed CVN Differential
50.00 20.00 19.93 .07
75.00 31.00 30.00 .00
100.00 43.00 40. 85 2.15§
125.00 44.00 50.05 -6.05
150.00 56.00 56.38 -.38
175.00 62.00 60. 15 1.85
200.00 67.00 62.19 4.81
250.00 73.00 63.78 9.22
300.00 63.50 64.17 -.67

Figure B-12

Charpy Energy Data for P2130-2 Nine Mile Point 1 Plate Irradiated in Capsule G
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat P2130-2 in SSP G

Page 2
Plant: Oyster Creek  Material: SA302BM  Heat: P2130-2
Orientation: TL  Capsule: SSP G Fluence: 1.8163E+18 n/cm”2

Charpy V-Notch Data-

Temperature Input CVN Computed CVN Differential
350.00 64.50 64.27 .23

Correlation Coefficient = 975

Figure B-12
Charpy Energy Data for P2130-2 Nine Mile Point 1 Plate Irradiated in Capsule G
{Continued)
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Tanh Curve Fit Plots of CVN Test Data

UNIRRADIATED PLATE HEAT C3278-2 (TL)
CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 06/23/2003 03:07 PM
Page 1
Coefficients of Curve 1
A =579 B=554C=96.87 T0=19.24 D =0.00E+00
Equation’is A + B * [Tanh((T-To)(C+DT))]
Upper Shelf Energy=113.3(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 fi-lbs=-34.4 Deg F Temp@50 ft-1bs=5.4 Deg F
Plant: FitzPatrick Material: SA533B1  Heat: C3278-2
Orientation: TL  Capsule: UNIRRA Fluence: 0 n/cm”2
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Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
-80.00 19.00 15.15 3.85
-60.00 24.00 20.56 3.44
-60.00 17.00 20.56 -3.56
-40.00 36.50 27.70 8.80
-20.00 25.50 ' 36.61 -11.11
-20.00 48.00 36.61 11.39
.00 40. 50 47.04 -6.54
20.00 67.00 58.33 8.67
20.00 40.00 58.33 -18.33
Figure B-13

Charpy Energy Data for C3278-2 Fitzpatrick Plate Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

UNIRRADIATED PLATE HEAT C3278-2 (TL)

Plant: FitzPatrick Material: SA533B1

Page 2

Heat: C3278-2

Orientation: TL ~ Capsule: UNIRRA  Fluence: 0 nfem”2
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
60.00 77.00 79.92 -2.92
60.00 89.00 79.92 9.08
100.00 102.00 95. 71 6.29
180.00 105.00 109. 43 -4.43
300.00 120. 00 112.96 7.04
400. 00 115.00 113.26 1.74
Correlation Coefficient = .973
Figure B-13 :

Charpy Energy Data for C3278-2 Fitzpatrick Plate Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

CVN Energy Foot-lbs

Plate Heat C3278-2 in SSP-D

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/01/2006 05:37 PM
Page 1
Coefficients of Curve 1
A=533 B=50.8C=118.36 T0=59.8 D = 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=104.1(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-lbs=1.2 Deg F Temp@50 ft-lbs=52.1 Deg F
Plant: OYSTER CREEK  Material: SAS33B1  Heat: C3278-2

Orientation: TL  Capsule: SSP D Fluence: 9.9311E+17 n/fem”2
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-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F -

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
-50.00 16.00 16.24 -.24
.00 28.00 29.62 -1.62
25.00 44.00 38.78 5.22
90.00 71.00 65.99 5.01
100.00 57.50 69.92 -12.42
150.00 88.50 85.93 2.57
200.00 100.00 95.41 4.59
250.00 . 96.00 100.17 -4.17
300.00 111.00 102.38 8.62

Figure B-14

Charpy Energy Data for C3278-2 Fitzpatrick Plate Irradiated in Capsule D
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat C3278-2 in SSP-D

Page 2
Plant: OYSTER CREEK  Material: SA533B1  Heat: C3278-2
Orientation: TL ~ Capsule: SSP D Fluence: 9.9311E+17 n/em”2

Charpy V-Notch Data

Temperature [nput CVN - Computed CVN Differential
400.00 109.50 103. 78 5,72

Correlation Coefficient = .984

Figure B-14
Charpy Energy Data for C3278-2 Fitzpatrick Plate Irradiated in Capsule D (Continued)

B-29




Tanh Curve Fit Plots of CVN Test Data

B-3

Plate Heat C3278-2 in SSP-G

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/01/2006 05:43 PM
Page 1
Coefficients of Curve 1
A=50.75 B=48.25C=104.98 T0=41.02 D=0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=99.0(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 fi-lbs=-7.2 DegF ~~ Temp@50 ft-1bs=39.4 Deg F
Plant: Oyster Creek  Material: SA533B1  Heat: C3278-2
Orientation: TL  Capsule: SSP-G Fluence: 1.7569E+18 n/cm”2
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Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN . Computed CVN Differential
-50.00 20.50 16.98 3.52
.00 33.50 32.80 .70
25.00 46.00 43. 44 2.56
75.00° 62.25 65. 84 -3.59
100.00 58.5¢0 75.32 -16. 82
125.00 92.50 82.79 9.71
150.00 101.00 88.25 12,75
200.00 95.00 94.55 .45
250.00 100.00 97.23 2.77

Figure B-15

Charpy Energy Data for C3278-2 Fitzpatrick Plate Irradiated in Capsule G
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat C3278-2 in SSP-G

Page 2
Plant: Oyster Creek  Material: SA533B1  Heat: C3278-2
Orientation: TL  Capsule: SSP-G  Fluence: 1.7569E+18 n/cm”2

Charpy V-Notch Data
' Temperature Input CVN Computed CVN Differential
300.00 100.00 98.31 1.69

Correlation Coefficient = .966

Figure B-15
Charpy Energy Data for C3278-2 Fitzpatrick Plate Irradiated in Capsule G (Continued)
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Tanh Curve Fit Plots of CVN Test Data

WELD HEAT CE-1 (WM) (SSP)

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 09/09/2002 08:27 AM
Page 1
Coefficients of Curve 1
A =534 B=50.9 C=81.48 T0=-55 D= 0.00E+00
Equation is A + B * [Tanh((T-To)(C+DT))]
Upper Shelf Energy=104.3(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-lbs=-41.0 Deg F Temp@50 ft-1bs=-5.9 Deg F
Plant: SSP  Material: SAW  Heat: CE-1 (WM)
Orientation: NA  Capsule: UNIRRA Fluence: 0.0 n/cm”2
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Temperature in Deg F

Charpy V-Notch Data

Temperature Input CVN Computed CVN ’ Differential
-100.00 7.00 10. 65 -3.65
-100.00 11.00 10.65 .35
-80.00 11.00 15.18 -4.18
-80. 00 27.00 15.18 11.82
-40.00 26.00 30. 51 -4.51
-40.00 29.00 30.51 -1.51
00 66.00 53.74 12.26

.00 48. 00 53.74 -5.74
20.00 59.00 65.97 -6.97
20.00 67.00 65.97 1.03
40.00 78.00 76.83 .17

Figure B-16 :
Charpy Energy Data for CE-1(WM) CE/EPRI Linde 1092 #1 Weld Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

WELD HEAT CE-1 (WM) (SSP)

Page 2
Plant: SSP  Material: SAW  Heat: CE-1 (WM)
Orientation: NA  Capsule: UNIRRA  Fluence: 0.0 n/em”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
40. 00 80.00 76.83 3.17
70.0 82.00 88.99 -6.99
70.00 91.00 88.99 2.01
100.00 104.00 96.35 7.65
100.00 88.00 96.35 -8.35
180.00 110.00 103.10 6.90
180.00 113.50 103.10 10.40
240.00 105.00 104.02 .98
240.00 105.00 104.02 .98

Correlation Coefficient = 985

Figure B-16
Charpy Energy Data for CE-1(WM) CE/EPRI Linde 1092 #1 Weld Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Weld Heat CE-1(WM) in SSP-D

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/02/2006 04:02 PM
Page 1
Coefficients of Curve 1
A=414 B=389C=85.08 T0=112.45 D = 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=80.3(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 fi-1bs=86.8 Deg F Temp@50 ft-1bs=131.6 Deg F
Plant; SSP Material: SAW  Heat: CE-1 (WM)
Orientation: NA  Capsule: SSP-D Fluence: 1.0202E+18 n/cm”"2
300 .E____,_ e e e e m————— i s e ..,i._._ U : -
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-30 -200 -100 ] 100 200 - 300 400 500 600
Temperature in Deg F

Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
300.00 90.50 - 79.36 11.14
50.00 24.00 17.07 6.93
200.00 73.00 71.49 1.51
25.00 7.50 11.33 -3.83
100.00 33.50 35.75 -2.25
150.00 43.50 57.53 -14.03
250.00 86.00 77.35 8.65
400.00 83.00 80.21 2.79
175.00 69.00 65.176 3.24

Figure B-17 _
Charpy Energy Data for CE-1(WM) CE/EPRI Linde 1092 #1 Weld Irradiated in Capsule D
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Tanh Curve Fit Plots of CVN Test Data

Weld Heat CE-1(WM) in SSP-D

Page 2
Plant: SSP Material: SAW  Heat: CE-1 (WM) '
Orientation: NA  Capsule: SSP-D  Fluence: 1.0202E+18 n/em”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
125.00 54.00 47.10 6.90

Correlation Coefficient = .969

Figure B-17
Charpy Energy Data for CE-1(WM) CE/EPRI Linde 1092 #1 Weld Irradiated in Capsule D
(Continued)
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Tanh Curve Fir Plots of CVN Test Data

WELD HEAT CE-2 (WM) (SSP)

Page 1
Coefficients of Curve 1
A=60.9 B=584C=126.03 T0O=-21.98 D =0.00E+00
: Equation is A + B * [Tanh((T-To)/(C+DT))}

Upper Shelf Energy=119.3(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=-96.1 Deg F Temp@50 ft-1bs=45.7 Deg F
Plant: SSP  Materiai: SAW  Heat: CE-2 (WM)
Orientation: NA  Capsule: UNIRRA Fluence: 0.0 n/cm”2

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 09/09/2002 12:11 PM
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-300 -200 -100 0 100 200 300 400 500 600
« Temperature in Deg F
Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
©94.00 19.00 30.74 -11.74
-90.00 37.00 32.12 4.88
-70.00 45.00 39.66 5.34
-60.00 51.00 43.80 7.20
.00 63.00 70.98 -7.98
68.00 96.00 96.71 <. 71
150.00 121.00 112.14 8.86
250.00 113.00 117.76 -4.76
320. 00 124,00 118.79 5.21

Figure B-18
Charpy Energy Data for CE-2(WM) CE/EPRI Linde 1092 #2 Weld Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

Weld Heat CE-2(WM) in SSP-G

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/02/2006 04:05 PM
Page 1
. Coefficients of Curve 1
A=363 B=33.8C=93.55 T0=86.4 D=0.00E+00
Equation is A + B * [Tanh({T-To)(C+DT))}
Upper Shelf Energy=70.1(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=68.8 Deg F Temp@50 ft-Ibs=126.7 Deg F
Plant: SSP Material: SAW  Heat: CE-2 (WM)

Orientation: NA  Capsule: SSP-G Fluence: 1.9503E+18 n/cm"2
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-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
00 14.00 11.71 2.29
300. 00 73.00 69.40 3.60
200.00 72.00 64.62 .38
50.00 24.00 23.77 .23
75.00 43,50 32.20 11.30
100.00 39.00 41.18 -2.18
150.00 47.00 56.29 -9.29
250.00 72.50 68.11 4.39
60.00 18.50 27.01 -8.51
Figure B-19 :
Charpy Energy Data for CE-2(WM) CE/EPRI Linde 1092 #2 Weld Irradiated in Capsule G
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Tanh Curve Fit Plots of CVN Test Data

Weld Heat CE-2(WM) in SSP-G

Page 2
Plant: SSP Material: SAW  Heat: CE-2 (WM)
Orientation: NA  Capsule: SSP-G  Fluence: 1.9503E+18 n/cm”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
175.00 63.00 61.26 1.74

Correlation Coefficient = .960

Figure B-19 .
Charpy Energy Data for CE-2(WM) CE/EPRI Linde 1092 #2 Weld Irradiated in Capsule G
(Continued)
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Tanh Curve Fit Plots of CVN Test Data

WELD HEAT 5P6214B (SSP)

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/08/2003 12:59 PM

Page 1
Coefficients of Curve 1

A=47. B=445C=71.84 T0=2.06 D= 0.00E+00

Equation is A + B * [Tanh((T-To)/(C+DT))]

Upper Shelf Energy=91.5(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 fi-1bs=-26.8 Deg F Temp@50 fi-1bs=7.0 Deg F

Plant: SSP  Material: SAW  Heat: 5P6214B

Orientation: NA  Capsule: UNIRRA Fluence: 0.0 n/em”2
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-300 -200 -100 o 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
Temperature [nput CVN Computed CVN Differential
-80.00 7.50 10.72 -3.22
-60.00 19.00 15.93 3.07
-40.00 17.00 23.56 -6.56
-20.00 31.50 33.75 -2.25
-20.00 45.00 33.75 11.25
.00 41.50 45.72 -4.22
20.00 61.00 57.89 3.11
20.00 56.00 57.89 -1.89
-.53

40.00 68.00 68.53

Figure B-20
Charpy Energy Data for 5P6214B Grand Gulf Weld Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

WELD HEAT 5P6214B (SSP)

Page 2
Plant: SSP  Material: SAW  Heat: SP6214B
Orientation: NA  Capsule: UNIRRA  Fluence: 0.0 n/em”2

Charpy V-Notch Data
Temperature Input CVN Computed CVN - Differential
60.00 ' 76.00 76.71 -. 71
80.00 82.00 82.38 -.38
100. 00 86.00 86.03 -.03
180.00 93.00 90. 88 2.12
300.00 93.00 91.48 1.52
400.00 94.00 91.50 2.50

Correlation Coefficient = .991

Figure B-20
Charpy Energy Data for 5P6214B Grand Gulf Weld Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Irradiated Weld Heat 5P6214B in SSP-D
CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/02/2006 03:53 PM
Page 1
Coefficients of Curve 1
A=45.75 B=43.25C=103.3 T0=15.66 D= 0.90E+00
Equation is A + B * [Tanh((T-To)(C+DT)))
Upper Shelf Energy=89.0(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=-23.7 Deg F Temp@50 ft-1bs=25.9 Deg F
Plant: SSP Material: SAW  Heat: 5P6214B
Orientation: NA  Capsule: SSP-D Fluence: 1.0317E+18 n/em”2
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-300 -200 100 0 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
-25.00 25.50 29.55 -4.05
300.00 92.00 88.65 3.35
200.00 91.50 86.63 4.87
25.00 52.00 49.65 - 2.35
.00 46.00 39.24 6.76
75.00 62.50 68.18 -5.68
100.00 75.00 74. 86 .14
150.00 88.00 8§3.03 4.97
50.00 56.00 59.62 ~3.62

Figure B-21 '
Charpy Energy Data for 5P6214B Grand Gulf Weld Irradiated in Capsule D
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Tanh Curve Fit Plots of CVN Test Data

Irradiated Weld Heat SP6214B in SSP-D_

Page 2
Plant: SSP Material: SAW  Heat: 5P6214B
Orientation: NA  Capsule: SSP-D  Fluence: 1.0317E+18 n/cm”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN - Differential
400.00 98.50 88.95 9.55

Correlation Coefficient = .982

Figure B-21
Charpy Energy Data for 5P6214B Grand Gulf Weld Irradiated in Capsule D (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Weld Heat 5P6214B in SSP-G

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/02/2006 03:56 PM
Page 1
Coefficients of Curve 1
A =439 B=41.4C=66.33 T0=230.36 D=0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]

Upper Shelf Energy=85.3(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 fi-lbs=7.2 Deg F Temp@50 ft-1bs=40.3 Deg F

Plant: SSP Material: SAW  Heat: 5P6214B

Orientation: NA  Capsule: SSP-G Fluence: 1.9461E+18 n/em"2
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-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
200.00 85.00 84.81 .19
300.00 90.00 85.28 4.72
.00 20.00 26. 17 -6.17
25.00 50.00 40.56 9.44
-25.00 16.00 15.62 .38
75.00 66.00 68.20 -2.20
100.00 79.00 76.27 2.73
150.00 81.00 83.11 -2.11
50.00 51.50 55.81 -4.31

Figure B-22 .
Charpy Energy Data for 5P6214B Grand Gulf Weld Irradiated in Capsule G
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Tanh Curve Fit Plots of CVN Tesi Data

{

Weld Heat 5SP6214B in SSP-G

Page 2.
Plant: SSP  Material: SAW  Heat: 5P6214B
Orientation: NA  Capsule: SSP-G  Fluence: 1.9461E+18 n/cm™2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
400. 00 91.50 85.30 6.20

Correlation Coefficient = 985

Figure B-22
Charpy Energy Data for 5P6214B Grand Gulf Weld Irradiated in Capsule G (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated Weld Heat 34B009
CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 03/25/2006 11:25 AM
Page 1
Coefficients of Curve 1
A =53.45 B=150.95 C=82.53 T0=-23.95 D =0.00E+00
Equation is A + B * [Tanh((T-To)(C+DT))]
Upper Shelf Energy=104.4(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-lbs=-65.0 Deg F Temp@50 ft-lbs=-29.5 Deg F
Plant: OYSTER CREEK  Material: SAW - Heat: 34B009
Orientation: NA  Capsule: UNIRR Fluence: 0 n/em”2
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0 | i |
-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F '
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
-100.00 20.00 16.43 3.57
-80.00 27.50 23.34 4.16
-60.00 36.50 32.51 3.99
-40.00 41.00 43.67 -2.67
-20.00 55.00 55.89 -. 89
.00 57.590 67.84 -10.34
20.00 75.00 78.28 -3.28
40.00 86.50 86.56 -.06
60.00 100.00 92.62 7.38

Figure B-23

Charpy Energy Data for 34B009 Millstone 1 Weld Unirradiated




Tanh Curve Fit Plots of CVN Test Data

Unirradiated Weld Heat 34B009

Page 2
Plant: OYSTER CREEK  Material: SAW  Heat: 34B009
Orientation: NA  Capsule: UNIRR  Fluence: 0 n/em”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
60.00 100.00 92.62 7.38
80.00 101.50 96. 81 4.69
100.00 102.00 99.59 2.41
180.00 104.50 103.68 .82

300.00 106.50 104.36 2.14
400.00 112.00 104.40 7.60

Correlation Coefficient = .989

Figure B-23 o
Charpy Energy Data for 34B009 Millstone 1 Weld Unirradiated (Continued)

B-46



Tanh Curve Fit Plots of CVN Test Data

Weld Heat 34B009 SAW in SSP D

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 07/24/2007 09:07 PM
Page 1
Coefficients of Curve 1
A=39.6 B=137.1C =82.01 T0=59.38 D= 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=76.7(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp @30 fi-1bs=37.7 Deg F Temp@50 ft-1bs=83.1 Deg F
Plant: OYSTER CREEK  Material: SAW  Heat: 34B009
Orientation: NA  Capsule: D Fluence: 1.0261E+18 n/cm*2
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Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
.00 18.50 16.62 1.88
300. 00 82.50 76. 49 6.01
200. 00 70.50 74.37 -3.87
50.00 29.50 35.38 -5.88
-25.00 18.75 10.90 7.85
100.00 52.50 56.61 -4.11
150. 00 76.00 69.37 6.63
250. 00 82.00 76.00 6.00
140.00 73.50 67.59 5.91
Figure B-24

Charpy Energy Data for 34B009 Millstone 1 Weld Irradiated in Capsule D
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Tanh Curve Fit Plots of CVN Test Data

Weld Heat 34B009 SAW in SSP D

Page 2
Plant: OYSTER CREEK  Material: SAW  Heat: 34B009
Orientation: NA  Capsule: D Fluence: 1.0261E+18 n/cm”2

Charpy V-Notch Daté

Temperature Input CVN Computed CVN Differential
400.00 75.50 76.68 -1.18

Correlation Coefficient = .980

Figure B-24 .
Charpy Energy Data for 34B009 Millstone 1 Weld Irradiated in Capsule D (Continued)

B-48



Tanh Curve Fit Plots of CVN Test Data

Weld Heat 34B009 SAW in SSP G

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 07/24/2007 09:12 PM
Page 1
Coefficients of Curve 1
A =53.55 B=51.05C=66.04 TO=73.85 D =0.00E+00
Equation is A + B * [Tanh((T-To)AC+DT))]
Upper Shelf Energy=104.6(Fixed) Lower Sheif Energy=2.5(Fixed)
Temp@30 fi-1bs=40.9 Deg F Temp @50 ft-1bs=69.3 Deg F
Plant: OYSTER CREEK  Material: SAW  Heat: 34B009

Orientation: NA  Capsule: G Fluence: 1.9173E+18 n/em”2
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Temperature in Deg F

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
300. 00 106.50 . 104. 49 2.01
75.00 64.50 54.44 10. 06
200. 00 97.00 102. 41 -5.41
25.00 10. 00 21. 44 -11. 44
.00 10.50 12.35 -1.85
50.00 37.00 35.88 1.12
150. 00 75.00 95.35 -20.35
250.00 106. 00 104.11 1.89
400. 00 109.00 104. 59 4. 41
Figure B-25

Charpy Energy Data for 34B009 Millstone 1 Weld Irradiated in Capsule G
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Tanh Curve Fit Plots of CVN Test Data

Weld Heat 34B009 SAW in SSP G

Page 2
Plant: OYSTER CREEK  Material: SAW  Heat: 34B009
Orientation: NA  Capsule: G Fluence: 1.9173E+18 n/cm”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
125.00 93.00 86.71 6.29

Correlation Coefficient = .973

Figure B-25
Charpy Energy Data for 34B009 Milistone 1 Weld Irradiated in Capsule G (Continued)
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Tanh Curve Fit Plots of CVN Test Data ¢

Unirradiated Quad Cities 2 ESW

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 03/25/2006 11:34 AM
Page 1
Coefficients of Curve 1
A =53.25 B=50.75C=95.05 T0=23.9 D =0.00E+00
Equation is A + B * [Tanh((T-To)}/(C+DT))]
Upper Shelf Energy=104.0(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 fi-lbs=23.1 Deg F Temp@50 ft-Ibs=17.9 Deg F
Plant: OYSTER CREEK  Material: ESW  Heat: QUAD CITIES
Orientation: NA  Capsule: UNIRR Fluence: 0 n/cm”2
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-30 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F

~ Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
-100.00 2.00 9.47 -7.47
-80.00 7.00 2.75 -5.75
-60.00 25.50 17.33 8.17
-40.00 25.00 23.49 1.51
-20.00 42.50 31.35 B IS )
-20.00 26.00 31.35 -5.35
.00 39.00 40.75 -1.75
20.00 49.00 51.17 -2.17
40.00 60.00 61.77 -1.77
Figure B-26

Charpy Energy Data for DP2-21 Quad Cities 2 Weld Unirradiated
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 Tanh Curve Fit Plots of CVN Test Data

Unirradiated Quad Cities 2 ESW

Page 2

Plant: OYSTER CREEK  Material: ESW  Heat: QUAD CITIES

Orientation: NA  Capsule: UNIRR  Fluence: 0

Charpy V-Notch Data

Temperature Input CVN
60.00 66.50
80.00 " 84.50

100.00 88.00
180.00 104.00
300.00 104.00
400.00 104.00

Correlation Coefficient = .989

n/em”2
Computed CVN Differential
71.65 -5.15
80.15 4.35
86.97 1.03
100. 34 3.66
103.70 .30
103.96 .04

Figure B-26

Charpy Energy Data for DP2-21 Quad Cities 2 Weld Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Quad Cities 2 ESW (Heat Unk) in SSP D

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 07/24/2007 09:17 PM
Page 1
Coefficients of Curve 1
A =48.15 B =45.65C =96.66 TO=50.86 D =0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=93.8(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=10.2 Deg F Temp@50 ft-1bs=54.8 Deg F
Plant: Oyster Creek  Material: ESW  Heat: QUAD CITIES
Orientation: NA  Capsule: D Fluence: 1.0222E+18 n/cm*2
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250
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[=3
(=}

CVN Energy Foot-lbs
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o

R
/9/0
/’
50 /
0
-300 -200 -100 0 100 200 300 400 500 600
' Temperature in Deg F

-
(=4
o

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
300.00 98.00 93.28 4.72
.00 25.50 26.12 -. 62
25.00 35.50 36.22 .72
50.00 51.50 47.74 3.76
100.00 63.50 69.54 -6.04°
200. 00 80.25 - 89.81 -9.56
150.00 89. 00 83.40 5.60
250.00 101.00 92.34 8.66
140.00 83.00 81.33 1.67
Figure B-27

Charpy Energy Data for DP2-21 Quad Cities 2 Weld Irradiated in Capsule D
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Tanh Curve Fit Plots of CVN Test Data

Quad Cities 2 ESW (Heat Unk) in SSP D

Page 2
Plant: Oyster Creek  Material: ESW  Heat: QUAD CITIES
Orientation: NA  Capsule: D Fluence: 1.0222E+18 n/cm”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
400. 00 96.00 93.73 2.21

Correlation Coefficient = .980

Figure B-27 :
Charpy Energy Data for DP2-21 Quad Cities 2 Weld Irradiated in Capsule D (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Quad Cities 2 ESW (Heat Unk) in SSP G

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 07/24/2007 09:21 PM
Page 1
Coefficients of Curve 1
A=49.7 B=472C="7782 T0=289.58 D = 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=96.9(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=55.0 Deg F Temp @50 ft-1bs=90.1 Deg F
Plant: Oyster Creek  Material: ESW  Heat: QUAD CITIES
Orientation: NA  Capsule: G Fluence: 1.8783E+18 n/cm"2
300 -

250

N
(=4
(=

-
(=
o
D
D
-

CVN Energy Foot-ibs
&
[=]

50 /

/

(]
° .
0

-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F

Charpy V-Notch Data.

Temperature Input CVN Computed CVN Differential
300.00 95.00 96.48 -1.48
50.00 40.00 27.57 12.43
200. 00 85.00 91.68 -6.68
25.00 25.50 ' 17.59 7.91
75.00 o 19.50 40.96 -21.46
100. 00 57.50 55.98 1.52
150.00 101.50 80. 41 21.09
250. 00 101. 00 95.40 ’ .60
140.00 68.00 76.62 -8.62
Figure B-28

Charpy Energy Data for GP2-21 Quad Cities 2 Weld Irradiated in Capsule G
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Tanh Curve Fit Plots of CVN Test Data

Quad Cities 2 ESW (Heat Unk) in SSP G

Page 2
Plant: Oyster Creek  Material: ESW  Heat: QUAD CITIES
Orientation: NA  Capsule: G Fluence: 1.8783E+18 n/em”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
400.00 102.00 96. 87 5.13

Correlation Coefficient = .930

Figure B-28
Charpy Energy Data for GP2-21 Quad Cities 2 Weld Irradiated in Capsule G (Continued)
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Tanh Curve Fit Plots of CVN Test Data

UNIRRADIATED WELD HEAT 406L44
CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 06/23/2003 02:03 PM
Page 1
Coefficients of Curve 1
A=379 B=354C=102.68 T0=14.47 D=0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=73.3(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 fi-1bs=-8.8 Deg F Temp@50 fi-Ilbs=51.1 Deg F
Plant: Quad Cities |  Material: SAW  Heat: 406144
Orientation: NA  Capsule: UNIRRA Fluence: 0 n/em”2
300 T e R o [ e e e —————
; '; | ! l | 1 2
L , [ : | N | I
260 <= - -~ 2 - = ; | ; -
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£ 200 - — g i ‘ i
k) : | | | :
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w : 1 i | 0
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B 150 —— S T B e
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w v ) ' ) i ! ! | | i
£ 100 - | | ‘ AN | | |
o " . | | R i ||
, 1 | | !
\ |
50 - ' T ae e
i | | ' 1 I|
! | :
! ‘ |
0 el U SRS R SRR,
-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
-80.00 23.00 12.20 10. 80
-60.00 13.00 15.95 -2.95
-40.00 11.00 20. 71 -9.71
-20.00 26.50 26. 44 .06
-20.00 36. 00 26.44 9.56
.00 33. 00 32.95 .05
20.00 34,50 39. 81 -5.31
40.00 47.50 46.53 .97
60.00 45.00 52.64 -7.64
Figure B-29

Charpy Energy Data for 406L44 Quad Cities 1 Weld Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

UNIRRADIATED WELD HEAT 406144

Page 2
Plant: Quad Cities 1~ Material: SAW  Heat: 406L44
Orientation: NA  Capsule: UNIRRA  Fluence: 0 n/cm”"2

Charpy V-Notch Data

Temperature Input CVN Computed CVN . Differential
80.00 64.00 57. 85 6.15
100.00 61.50 62.05 -.55
140.00 75.50 67.65 7.85
180,00 70.00 70.59 -. 59
300.00 75.50 73.03 2.47
400.00 72.00 73.26 -1.26

Correlation Coefficient = .965

Figure B-29
Charpy Energy Data for 406L44 Quad Cities 1 Weld Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Weld Heat 406L.44 in SSP-D

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/01/2006 06:01 PM
Page 1
Coefficients of Curve 1
A =26.35 B=23.85C=107.36 T0=102.6 D=0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=50.2(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=119.2 Deg F Temp@50 ft-lbs=396.3 Deg F
Plant: Oyster Creek  Material: SAW  Heat: 406144
Orientation: NA  Capsule; SSP-D Fluence: 1.0018E+18 n/cm”2
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Temperature in Deg F

Charpy V-Notch Data

Temperature Input CVN Computed CVN
50.00 18.00 15.52
75.00 24,50 20.35

100.00 ’ 21.50 25.717
110.00 25.00 27.99
125.00 32.50 31.26
150.00 34.00 36.25
200.00 45.00 43.52
250.00 52.25 47.32
300.00 51.00 49.02

-30 -200 100 0 100 200 300 400 500

S —

600
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.15
.27
- 99
.24
.25
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Figure B-30
Charpy Energy Data for 406L44 Quad Cities 1 Weld Irradiated in Capsule D
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Tanh Curve Fit Plots of CVN Test Data

Weld Heat 406L.44 in SSP-D

Page 2
Plant: Oyster Creck  Material: SAW  Heat: 406L44
Orientation: NA  Capsule: SSP-D  Fluence: 1.0018E+18 n/em”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
400.00 52.50 50.01 2.49

Correlation Coefficient = .975

Figure B-30 :
Charpy Energy Data for 406L44 Quad Cities 1 Weld Irradiated in Capsule D (Continued
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Tanh Curve Fit Plots of CVN Test Data

Weld Heat 406144 in SSP-G
CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/01/2006 06:03 PM
. Page 1
Coefficients of Curve 1
A=2595 B=2345C=83.2 T0=133.38 D =0.00E+00
Equation is A + B * [Tanh((T-To)(C+DT))]
Upper Shelf Energy=49.4(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=147.9Deg F Temp@50 ft-lbs= NA
Plant: Oyster Creek  Material: SAW  Heat: 406144
Orientation: NA  Capsule: SSP-G Fluence: 1.8270E+18 n/cm”2
BOO - o e e e s s R R el
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@ 160 e e e
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50 1 : :
! : :
-300 -200 -100 0 . 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
75.00 9.00 11.75 -2.75
100.00 23.00 17.02 5.98
125.00 22.50 23.60 -1.10
150.00 33.50 30.57 2.93
150.00 25.00 30.57 5.57
200.00 37.00 41.53 -4.53
225.00 50.25 44.73 5.52
250.00 51.00 46.72 4,28
300. 00 47.00 48.56 -1.56
Figure B-31

Charpy Energy Data for 406L44 Quad Cities 1 Weld Irradiated in Capsule G
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Tanh Curve Fit Plots of CVN Test Data

Weld Heat 406L.44 in SSP-G

Page 2
Plant: Oyster Creek  Material: SAW  Heat: 406144
Orientation: NA  Capsule: SSP-G  Fluence: 1.8270E+18 n/em”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
400.00 49.50 ’ 49.32 .18

Correlation Coefficient = .959

Figure B-31 :
Charpy Energy Data for 406L44 Quad Cities 1 Weld Irradiated in Capsule G (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Plate B& W-1(BM) Unirradiated - Combined Data
CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 07/21/2007 03:37. PM
Page |
Coetficients of Curve |
A=63.63 B=61.13C=104.77 T0 =64.07 D =0.00E+00
Equation is A + B * [Tanh((1-To)/(C+DT))]
Upper Shelf Energy=124.8(Fixcd) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=-.7 Deg F Temp@S50 fi-lbs=40.4 Deg F
Plant: Oyster Creek  Material: SA302BM  Hear: B&W-1 (BM)
Orientation: TL  Capsule: UNIRR Fluence: 0 n/cm”2
300 - ——— e e ey
250 T e - - - ;
!
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$ 200 —-  —m——— - - e e
‘6 - f
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? 150 S : i : - -
ﬁ ] o 5 o 8%
: S S
3 100 [ i i ,,___w.i_.. -
50 — e B e
-300 -200 -100 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN DifTerential
-100.00 4. 15 7.61 -3.46
-20.00 27.51 22.96 4.55
-20.00 23.63 22.96 .67
-10.00 12.47 26.42 -13.95
-10.00 20.58 26.42 -5.84
.00 34.57 30.30 4.27
.00 40.93 30.30 10.63
20.00 39.52 39.34 .18
20.00 45.66 39.34 6.32

Figure B-32
Charpy Energy Data for B&W-1(BM) B&W/EPRI Plate Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

B&W-1(BM) Unirradiated - Combined Data

Page 2
Plant: Oyster Creek  Material: SA302BM  Heat: B&W-1 (BM)
Orientation: TL ~ Capsule: UNIRR  Fluence: 0 n/em™2

Charpy V-Notch Data

‘Temperature Input CVN Computed CVN Differential
32.00 41.08 45.48 -4.40
32.00 52.87 45.48 7.39
70.00 77.46 67.09 10.37
70.00 76.94 67.09 9.85
120.00 110.39 93.48 16.91
120.00 100.08 93.48 6.60
160. 00 121.52 - 107. 88 13.64
200.00 135.96 116.27 19.69
200.00 132.46 116.27 16.19
300.00 134.40 _ 123.42 10.98
300.00 127.78 123.42 4.36
-60.00 30.00 12.97 17.03
-59.00 9.00 13.15 -4.15
-22.00 16.00 22.31 -6.31
20.00 53.00 39.34 13.66
20.00 28.00 39.34 -11.34
20.00 47.00 39.34 7.66
68.00 54.00 65.92 -11.92
68.00 53.00 65.92 -12.92
68.00 54.00 65.92 -11.92
99.00 79.00 83.29 -4.29
100.00 73.00 83.81 -10. 81
130.00 79.00 97.72 -18.72
130.00 105..00 97.72 7.28
131.00 83.00 98. 11 15001
200.00 111.00 116.27 -5.27

T201.00 113.00 116.42 -3.42
203.00 110.00 116. 71 -6.71
260.00 129.00 121.92 7.08
320.00 132.00 ’ 123. 84 8. 16
320.00 113.00 123. 84 -10. 84
320.00 111.50 . 123, 84 -12.34

Correlation Coefficient = .968

Figure B-32
Charpy Energy Data for B&W-1(BM) B&W/EPRI Plate Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat B& W-1(BM) in SSP H

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 07/24/2007 08:56 PM
Page 1
Coefficients of Curve 1
A =52.65 B=50.15C =78.49 T0=91.8 D = 0.00E+00
Equation is A + B * [Tanh((T-To){C+DT))] '
Upper Shelf Energy=102.8(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-Ibs=53.6 Deg F Temp@50 ft-1bs=87.7 Deg F
Plant: Oyster Creek  Material: SA302BM  Heat: B&W-1(BM)
Orientation: TL ~ Capsule: SSP H Fluence: 1.6250E+18 n/cm?2
300 .

250

N
[~
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CVN Energy Foot-lbs
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o o

50 //
__n/‘

-300 -200 -100 0 100 200 300 400 500 600

Temperature in Deg F

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
200. 00 101. 00 96. 81 4.19
300. 00 101.00 102. 30 ©-1.30
50.00 30.00 28.21 1.79

.00 11. 50 11.32 .18

-50.00 6.25 5.13 1.12

100. 00 64.00 57.817 6.13

150. 00 82.50 84.25 -1.75

250.00 106. 50 101.05 5.45

125.00 68. 00 72.68 -4.68
Figure B-33

Charpy Energy Data for B&W-1(BM) B&W/EPRI Plate Irradiated in Capsule H
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat B& W-1(BM) in SSP H

' Page 2
Plant: Oyster Creek  Material: SA302BM ~ Heat: B&W-1(BM)
Orientation: TL.  Capsule: SSPH  Fluence: 1.6250E+18 n/cm”2

Charpy V-Notch Data

Temperature Input CVN Computed CYN Differential
75.00 ~38.00 42.08 -4.08

Correlation Coefficien( =.995

Figure B-33
Charpy Energy Data for B&W-1(BM) B&W/EPRI Plate Irradiated in Capsule H (Continued)
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Tanh Curve Fit Plots of CVN Test Data

UNIRRADIATED PLATE HEAT C3985-2

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 06/23/2003 03:10 PM
Page 1
Cocfficients of Curve 1
A =57.65 B=55.15C =94. T0=40.03 D =0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=112.8(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 fi-bs=-11.7 Deg F Temp@50 fi-1bs=27.0 Deg F
Plant: Hatch |  Material: SA533B1  Heat: C3985-2
Orientation: TL  Capsule: UNIRRA Fluence: 0 n/cm”2
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-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F

Charpy V-Notch Data

Temperature Input CVN . Computed CVN Differential
-80.00 8. 00 10. 46 -2.46
-60.00 9.00 14.23 -5.23
-40.00 16.00 o 19.50 -3.50
-20.00 36.00 26.55 9.45

.00 42.00 35.49 6.51
20.00 50.50 46.07 4.43
40. 00 54.00 57.63 -3.63
60.00 62.50 69.19 -6.69
60.00 57.00 69.19 -12.19
Figure B-34 .

Charpy Energy Data for C3985-2 Hatch 1 Plate Unirradiated

B-67




Tanh Curve Fit Plots of CVN Test Data

UNIRRADIATED PLATE HEAT C3985-2

Page 2
Plant: Hatch 1  Material: SA533B1  Heat: C3985-2
Orientation: TL  Capsule: UNIRRA  Fluence: 0 n/em"2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
80.00 84.50 79.78 4.72
100. 00 96. 50 88.73 7.77
100.00 88. 00 88.73 -.73
180.00 114. 00 107. 46 6.54
300.00 116. 00 112.36 3.64
400. 00 108.50 112,75 -4.25

Correlation Coefficient = .986

Figure B-34
Charpy Energy Data for C3985-2 Hatch 1 Plate Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat C3985-2 in SSP-H

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/01/2006 05:28 PM
Page 1
Coefficients of Curve 1
A =565 B=54.C=103.49 T0 = 74.94 D = 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]

Upper Shelf Energy=110.5(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=19.4 Deg F Temp@50 ft-1bs=62.5 Deg F
Plant: Oyster Creek  Material: SA533Bl  Heat: C3985-2
Orientation: T Capsule: SSP-H Fluence: 1.6240E+18 n/cm”2
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-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F

Charpy V-Netch Data

Temperature Input CVN . Computed CVN Differential
.00 25.00 23.05 1.95
25.00 37.00 32.29 4.71
50.00 41.50 43.73 -2.23
106.00 64.00 69.32 -5.32
125.00 79.00 80.76 -1.76
150.00 92.50 89.99 2.51
200.00 105.00 101.65 3.35
250.00 115.00 106.95 8.05
300.00 108,50 109.12 -.62

Figure B-35
Charpy Energy Data for C3985-2 Hatch 1 Plate Irradiated in Capsule H
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat C3985-2 in SSP-H

Page 2
Plant; Oyster Creek  Material: SA533B1  Heat: C3985-2
Orientation: TL ~ Capsule: SSP-H  Fluence: 1.6240E+18 n/cm”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
400.00 113.50 110.30 3.20

Correlation Coefficient = 994

Figure B-35
Charpy Energy Data for C3985-2 Hatch 1 Plate Irradiated in Capsule H (Continued)
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Tanh Curve Fit Plots of CVN Test Data

PLATE HEAT C1079-1 (SSP)
CVGRAPH 5.6.2 Hyperbolic Tangent Curve Printed on 09/09/2002 08:32 AM
Page 1
Coefficients of Curve 1
A=31.85 B=29.35C=85.19 T0=14.98 D = 0.00E+00
Equation is A + B * [Tanh((T-To)(C+DT))]
Upper Shelf Energy=61.2(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=9.7 Deg F Temp@50 ft-1bs=76.6 Deg F
Plant: SSP Material: SA302BM  Heat: C1079-1
Orientation: TL  Capsule: UNIRRA Fluence: 0.0 n/cm”2
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Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
-80.00 12.50 8.20 4.30
-60.00 11.50 1111 .39
-40.00 19. 00 15.16 3. 84
-20.00 21.00 20. 43 .57
.00 25.00 26. 74 -1.74
20.00 31.00 33.58 -2.58
20.00 32.00 33.58 -1.58
40.00 34.50 40.23 -5.73
60.00 50.00 46. 06 3.94
80.00 52.00 50.72 1.28
IOQ 00 58.00 54.18 3.82

‘Figure B-36

Charpy Energy Data for C1079-1 Millstone 1 Plate Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

PLATE HEAT C1079-1 (SSP)

Page 2 .
Plant: SSP  Material: SA302BM  Heat: C1079-1
Orientation: TL.  Capsule: UNIRRA  Fluence: 0.0 n/em”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
140.00 62.50 58.24 4.26
180. 00 61.50 60.01 1.49
300.00 62.00 61.13 .87
400.00 62.00 61.19 .81

Correlation Coefficient = .989

Figure B-36 '
Charpy Energy Data for C1079-1 Millstone 1 Plate Unirradiated (Continued)

B-72



Tanh Curve Fit Plots of CVN Test Data

Plate Heat C1079-1 in SSP-H
CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/02/2006 04:16 PM
Page 1 '
Coefficients of Curve 1
A =289 B=26.4C=107.79 TO=97.74 D = 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=55.3(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=102.3 Deg F Temp@50 ft-1bs=216.0 Deg F
Plant: SSP  Material: SA302BM  Heat: C1079-1
Orientation: TL  Capsule: SSP-H Fluence: 1.6006E+18 n/cm”2
300 - = S oo | ——
i ; | : : i
| | ; ' s
| | - | |
o o |
0 i ! i l i f
8 200 L ' ‘ ‘ | |
- i i ; :
3 ! ! ; | ! :
i . : - i ; ! , t
: : i 5 R S
s 150 - - o T i i i : |
3 i i H . ! 1
c t i . | ‘ ! ;
w B ! !
3 100 ! f L ; ‘ et
: | |
: 0 :
50 -—- —E—--A —
| ! :
o
0 e R e L ¢ ————pe T : :
-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
75.00 26.50 23.41 3.09
200.00 50.00 48.42 1.58
150.00 39.50 40.78 -1.28
.00 10. 00 9.90 .10
100. 00 25.00 29.45 ~-4.45
250.00 53.80 . 52.34 1.46
400. 00 61.00 55.11 5.89
50.00 19.30 17.92 1.38
300.00 56.50 54.09 2.41

Figure B-37
Charpy Energy Data for C1079-1 Millstone 1 Plate Irradiated in Capsule H
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Tanh Curve Fir Plots of CVN Test Data

Plate Heat C1079-1 in SSP-H

Page 2
Plant: SSP  Material: SA302BM  Heat: C1079-1
Orientation: TL.  Capsule: SSP-H  Fluence: 1.6006E+18 n/cm"2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
375.00 55.00 54.99 : .01

Correlation Coefficient =.990

Figure B-37
Charpy Energy Data for C1079-1 Milistone 1 Plate Irradiated in Capsule H (Continued)
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Tanh Curve Fit Plots of CVN Test Data

PLATE HEAT A0610-1 (SSP)
CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 09/09/2002 08:32 AM
Page 1 .
Coefficients of Curve 1
A =51.85 B=49.35C=67.03 T0=-1.66 D =0.00E+00
) Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=101.2(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=-33.5 Deg F Temp@50 ft-1bs=-4.1 Deg F
Plant: SSP  Material: SA302BM  Heat: A0610-1
Orientation: TL  Capsule: UNIRRA Fluence: 0.0 n/cm”2
300 A | ___; I " - i T _" R T
! 1 ‘ | 1 | | i
| | | | |
250 + ; —t+ Jr__ . !LA._ e o e __E..__ -
. i ‘ : \ X g :
L
» b ! | !‘! I | L i
g 200 - T ‘ ——— ‘_ e — A — __;‘_ — _  e
° : ‘ \ '
8 :
w i
> : ‘ f 9
E’ 150 ;,7 — - S - ,‘ R ‘ .
2 . i i
wooo | ] f _
4 T i d) i :
> 100 - : i !
(&) + * ? | '
T ! : i
50 _;_Y e e :_4.‘.._ b
: : ! 7 !
| | | |
0 /———v=" 1. .. I - ] | —
-30 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
-80.00 9.50 11,19 -1.69
-60.00 17.00 17.23 -.23
-40.00 37.50 26. 34 11.16
-20.00 34.00 38.67 -4.67
-20.00 39.50 38.67 . 83
.00 45.00 53.07 -8.07
20. 00 69.00 67.26 1.74
60.00 98.00 87.67 10.33
60.00 82.50 87.67 -5.17
100. 00 96. 00 96.66 -.66
180.00 109.00 100.76 8.24

Figure B-38

Charpy Energy Dafa for A0610-1 Quad Cities 1 Plate Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

PLATE HEAT A0610-1 (SSP)
Page 2
Plant: SSP  Material: SA302BM  Heat: A0610-1
Orientation: TL  Capsule: UNIRRA  Fluence: 0.0 n/em”2
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
180.00 105.00 100.76 4.24
300.00 100. 00 101.19 -1.19
400. 00 82.00 . 101.20 -9.20
400.00 105. 00 ’ 101.20 3.80
Correlation Coefficient = .985
Figure B-38

Charpy Energy Data for A0610-1 Quad Cities 1 Plate Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat A0610-1 in SSP-H

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/02/2006 04:08 PM
Page 1
Coefficients of Curve 1
A=43.75 B=41.25C=85.06 T0 =54.34 D = 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=85.0(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=24.9 Deg F Temp@50 ft-lbs=67.4 Deg F
Plant: SSP Material: SA302BM  Heat: A0610-1
Orientation: TL ~ Capsule: SSP-H Fluence: 1.5720E+18 n/cm”2

300 r 1 [N 'i - J— ;. P e e —
! | : i

| |

N
[=}
o
l
1
|

CVN Energy Foot-lbs
&
o

0 : : ceed : s : g
-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
300.00 91.00 84.75 6.25
50.00 48.00 41.65 6.35
200.00 75.50 82.40 -6.90
25.00 26.50 30.06 -3.56
100. 00 62.00 63.99 -1.99
150.00 81.50 77.13 4.37
250.00 97.50 84.18 13.32
400.00 95.50 84.98 10.52
175.00 86.50 80.43 6.07
Figure B-39

Charpy Energy Data for A0610-1 Quad Cities 1 Plate Irradiated in Capsule H
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat A0610-1 in SSP-H

Page 2
Plant: SSP  Material: SA302BM  Heat: A0610-1
Orientation: TL  Capsule: SSP-H  Fluence: 1.5720E+18 n/em”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
125.00 64.00 71. 84 -7.84

Correlation Coefficient = .953

Figure B-39
Charpy Energy Data for A0610-1 Quad Cities 1 Plate Irradiated in Capsule H (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated Plate Heat A1195-1

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 03/25/2006 11:41 AM
Page 1
Coefficients of Curve 1
A=51.1 B=48.6 C=88.01 T0=80.68 D = 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=99.7(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=39.8 Deg F Temp@50 ft-1bs=78.7 Deg F
Plant: OYSTER CREEK  Material: SA533B1  Heat: A1195-1
Orientation; LT  Capsule: UNIRR Fluence: 0 n/cm”2
300 - - ‘
1 i v |

250

200 |

150

CVN Energy Foot-lbs

50 -

0 | _ |
-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
-60.00 3.50 6.32 -2.82
-40.00 11.50 8.38 3.12
-20.00 10.50 11.45 -.95

.00 14.50 15.90 -1.40
20.00 30.00 22.05 7.95
40.00 37.50 30.11 7.39
60.00 39.50 39.88 -.38
60.00 28.00 39.88 -11.88
80.00 51.00 50.72 .28
Figure B-40

Charpy Energy Data for A1195-1 HSST-02 Plate Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated Plate Heat A1195-1

Page 2
Plant: OYSTER CREEK  Material: SA533B1  Heat: A1195-1
- "Orjentation: LT ~ Capsule: UNIRR  Fluence: 0 n/em”2

Charpy V-Notch Data

Temperature Input CVN . Computed CVN Differential
100. 00 61.00 ) 61.60 -. 60
100.00 60.00 61.60 -1.60
140.00 80.00 79.66 .34
180.00 98.50 90.49 §.01
300.00 100.50 99. 04 1.46
400.00 100.00 99.63 .37

Correlation Coefficient = .989

Figure B-40
Charpy Energy Data for A1195-1 HSST-02 Plate Unirradiated (Continued)

B-80



Tanh Curve Fit Plots of CVN Test Data

Plate Heat A1195-1in SSP H

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 07/24/2007 08:46 PM
Page 1
Coefficients of Curve 1

A =47.15 B =44.65 C =100.25 T0 =145.35 D = 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=91 8(Fixed)

Temp@30 fi-Ibs=104.8 Deg F
Plant: OYSTER CREEK  Material: SA533B1
Orientation: TL  Capsule: H

Lower Shelf Energy=2.5(Fixed)
Temp @350 ft-1bs=151.8 Deg F
Heat: A1195-1
Fluence: 1.5224E+18 n/cm"2

300 -
250 -
!f 200
3
'8
B 150
[]
=
W
Z
3 100 - O T
T
[]
50 4
0/66
0
-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
75.00 25.50 20.12 5.38
175.00 49,00 59.98 -10.98
100.00 38.00 28.22 9.78
125.00 35.50 38.21 22,71
300. 00 91.00 87.90 3.10
400. 00 92.00 91. 25 .15
200. 00 61.00 69.33 -8.33
140. 00 40.00 44,77 -4.77
250. 00 97.00 81.95 5.05
Figure B-41

Charpy Energy Data for A1195-1 HSST-02 Plate Irradiated in Capsule H
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat A1195-1in SSP H

Page 2
Plant: OYSTER CREEK  Material: SA533B1  Heat: A1195-1
Orientation: TL ~ Capsule: H Fluence: 1.5224E+18 n/em”2

Charpy V-Notch Data

Temperature Input CVN . Computed CVN Differential
225.00 87.00 76.66 10. 34

Correlation Coefficient = 951

Figure B-41
Charpy Energy Data for A1195-1 HSST-02 Plate Irradiated in Capsule H (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated Heat BMF
CYGRAPH 4.1 Hyperbolic Tangent Curve Printed at 124031 on 05-15-2000
Page 1
Coefficients of Curve 1
| A = 6415 B = 6L65 C =66 0 = 97 1
Equation i CVN = A + B *{ tanh((T - T0)/0) )
Upper Shelf Energy: 1238 Fixed Temp. at 30 ft-lbs -315 Temp. at 50 ft-lbs -59 Lower Shelf Energy: 25 Fixed
Material: FORGING SA508CL2 Heat Number: BMF Orientation:
Capsule: UNIRR  Total Fluence: 0
300
n 250
e
T
= oo
>y
ef
=~ 150 —q
(<3} g o
g T
= y-q
100
Z
>
Q of
50
g
0_=#'
-300 ~-200 -100 0 100 200 300 400 500 600
Temperature in Degrees F
Data Set(s) Plotted :
Plant: 0YS Cap: UNIRR Material FORGING SA508CL2 Ori: Heat #: BMF
Charpy V-Notch Data
Temperature Input CVN Energy Computed CVN Energy Differential
-41 18 244 -6.34
-39 24 246 -146
-389 r 2551 648
-18 B Kit]; -1
-155 39 4183 -283
~15 54 224 117
-15 : 6l 5402 697
K] 49 5586 -686
989 65 64.64 3
*=** Data continued on next page ****
.Figure B-42

Charpy Energy Data for BMF B&W/EPRI Forging Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated Heat BMF
Page 2
Material: FORGING SA508CL2 Heat Number. BMF Orientation:
Capsule: UNIRR Total Fluence: 0
Charpy V-Notch Data (Continued)

Temperature Input CVN Energy Comnputed CVN Energy Differential
2039 ti 7441 258
205 62 45 -125
798 109 1129 -39
798 17 1129 109
799 119 1233 606
139 18 12347 432

- 1405 19 12357 -457
1411 1Y 12361 1038
19739 147 1254 2159
201 128 154 255
22 124 12545 -145
27829 12 12576 -37%
21879 18 12578 ]
27939 27 12578 123
RSN 12 12579 =37
35929 124 12579 -179
3oLt 121 12579 -479
36129 122 12579 -0

SUM of RESIDUALS = 1014
Figure B-42 ‘

Charpy Energy Data for BMF B&W/EPRI Forging Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Forging Heat BMF in SSP Capsule H

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 132621 on 08-25-2000
Page 1
Coefficients of Curve 2

|  a=eus B =585 =08 . =35
Equation is CVN = 4 + B * [ tanh((T - T0)/C) |
Upper Shelf Energy: 198 Fixed Temp. at 30 ft-lbs  ~20 Temp. at 30 ft-lbs 172 Lower Shelf Energy: 25 Fixed
Materiak FORGING SAS08CL2 Heat Number: BMF Orientation:
Capsule: SSP-H Total Fluence: LEOE+18

CVN Energy Ft-lbs
g 5

w iV
r-#-'“/

=300 ~200 -100 0 100 200 300 400 500 600

Temperature in Degrees F

Data Set(s) Plotted
Plant: 0YS Cap: SP-H Material: FORGING SAG06CL2 Ori: Heat # BMF

Charpy V-Notch Data

Temperature Input CVN Energy Computed CVN Energy Differential
-2 u a4 617
0 40 4003 -3
50 4 704 64
i) 80 847 -478
100 100 96.41 358
25 s 10488 104
150 1065 - 11058 . ~408
200 1185 11647 202

*+* Data continued on next page ****

Figure B-43
Charpy Energy Data for BMF B&W/EPRI Forging Irradiated in Capsule H
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Tanh Curve Fit Plots of CVN Test Data

Forging Heat BMF in SSP Capsule H
Page 2

Material: FORGING SA308C1L2 " Heat Number: BMF Orieniation:
Capsule: SSP-H Total Fluence: L60E+B
Charpy V-Notch Data (Continued)

Temperature Input CVN Ener Computed CVN Energy Differential
250 1225 v : . ussl 186

3o 123 194 358
: SUM of RESIDUALS = 1405

Figure B-43
Charpy Energy Data for BMF B&W/EPRI Forging Irradiated in Capsule H (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated Heat A0421
CYGRAPH 4.1 Hyperbolic Tangent Curve Printed at 115528 on 05-15-2000
Page |
Coefficients of Curve 1
| A = 365 B =3 C = 097 10 = 5039 |
Equation iz CVN = A + B * | tanh{(T - T0)/C} )
Upper Shelf Energy: 688 Fixed Temp. at 30 fi-lbs 381 Temp. at 50 ft-lhs 832 Lower Shelf Energy: 25 Fixed
Material: PLATE SA302B Heal Number: A0421 Orientation: LT
Capsule: UNTRR Total Fluence: 0
300
n 250
=
T
& 200
>
ap
~ 150
Q
-
= .
100 ‘
E ,
(] =
() ,/
50
o
g
0 I
-300 -200 -100 0 100 200 300 400 500 600
Temperature in Degrees F
Data Set(s) Plotted
Plant: 0YS Cap: UNIRR Material: PLATE SA302B Ori: LT Heat #: AO421
Charpy V—Notch Data
Temperature Input CVN Energy Computed CVN Energy Differential
60 45 iK% -8
-40 7. 73 -3
-2 155 1051 498
-20 245 1051 1398
0 . 123 154 -23
20 2 226 7
20 17 226 =526
40 205 308 -33
60 H 4011 -6t
***¢ Data continued on next page **¢
Figure B-44

Charpy Energy Data for A0421 ASTM Standard Plate Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated Heat A0421
Page 2

Material: PLATE SA302B Heat Number: A0421 Orientation: LT
Capsule: UNIRR Total Fluence: D
Charpy V-Notch Data (Continued)

Temperature Input CVN Energy Computed CVN Energy
100 67 5366
240 705 6848

201
SUM of RESIDUALS = 1429

Figure B-44
Charpy Energy Data for A0421 ASTM Standard Plate Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat A0421 in SSP Capsule H
CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 122103 on 08-25-2000
Page 1
Coefficients of Curve 2
[ 1= U5 B = 317 C = 5707 T0 = 1139
Equation is CVN = & + B * [ tanh((T - T0}/C) |
Upper Shelf Energy: 66 Fixed Temp. at 30 fi-ibs 1062 Temp. at 30 ft-lbs 1449 Lower Shelf Energy: 25 Fixed
Material: PLATE SA302B Heat Number: A0421 Orientation: LT
Capsule: SSP-H Total Fluence: L34E+18

300
in 250
o) v
T
E 200
>
ap
~ 150
QJ B
=
=

100
> o o ol
) o/‘,

50 /

o}
| ! ! |
=300 —-200 -100 o 100 200 300 400 500 600
Temperature in Degrees F
Data Setls) Plotted
Plant: 0YS Cap: SSP-H Material: PLATE  SA302B Ori: LT Heal # 40421
Charpy V-Notch Data
Temperature Input (VN Energy Computed CVN Energy Differential

7 ' 25 1543 -B06

100 3 ' 2666 - -366

125 B 4034 -4

150 37 5202 37

1% 67 5932 767

200 60 6303 ~303

20 625 6246 -296

300 % 659 . 1409

*== Nata continued on next page "=
Figure B-45

Charpy Energy Data for A0421 ASTM Standard Plate Irradiated in Capsule H
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat A0421 in SSP Capsule H
Page 2

Material: PLATE SA302B Heat Number: AG421 Orientation: LT
" Capsule: SSP-H  Total Fluence: 154K+18
Charpy V-Notch Data (Continued)
Temperature Input CVN Energy Computed CVN Energy Differential
35 ' 675 6596 133

400 ‘ 695 35
SUM of RESIDUALS = 2164

Figure B-45 .
Charpy Energy Data for A0421 ASTM Standard Plate Irradiated in Capsule H (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated SSP B&W Linde 80 Weld (Heat Unk)
CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 03/25/2006 11:49 AM
Page 1
Coefficients of Curve -1
A =39.15 B=36.65C=97.99 T0=64.97 D=0.00E+00
Equation is A + B * [Tanh((T-To)(C+DT))]
Upper Shelf Energy=75.8(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=40.0 Deg F Temp@50 ft-1bs=94.9 Deg F
Plant: OYSTER CREEK  Material: SAW  Heat: B&W LINDE 80
Oricntation: NA  Capsule: UNIRR Fluence: 0 n/cm”2
300 - T T
i H
250 1
)
£ 200 -
- H
[=]
(=]
'S
B 150 : - —
@ !
2 :
w
§ 10
e 0
o e Q-
’ Voyf" =
0 ——————*'U"‘(i - !
-30 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
-80.00 3.50 6.11 -2.61
-60.00 6.50 7.81 -1.31
-40.00 7.50 10.20 -2.70
-20.00 11.00 13.50 -2.50
.00 19.50 17.88 1.62
20.00 25.50 23.42 2.08
40.00 35.00 30.01 4.99
60.00 37.50 37.29 .21
80.00 43.00 » 44.73 -1.73
Figure B-46

Charpy Energy Data for HP2-BW B&W Linde 80 Weld Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated SSP B&W Linde 80 Weld (Heat Unk)

Page 2
Plant: OYSTER CREEK  Material: SAW  Heat: B&W LINDE 80
Orientation: NA  Capsule: UNIRR  Fluence: 0 n/cm"2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
100.00 49.00 , S1.72 -2.72
140.00 58.50 62.717 -4.27
180.00 76.00 69.41 6.59
300.00 71.50 75.20 -3.170
300.00 77.00 75.20 ’ 1.80
400.00 78. 50 75.72 2.78

Correlation Coefficient = .993

'Figure B-46
Charpy Energy Data for HP2-BW B&W Linde 80 Weld Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Weld B&W Linde 80 SAW in SSP H

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 07/24/2007 08:51 PM
Page 1
Coefficients of Curve 1
A =27.75 B =2525C=116.95 T0 =185.86 D = 0.00E+00
Equation is A + B * [Tanh((T-To)AC+DT))]
Upper Shelf Energy=53.0(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-1bs=196.4 Deg F Temp@350 ft-1bs=347.4 Deg F

Plant: OYSTER CREEK  Material: SAW  Heat: B&W LINDE 80
Orientation: NA  Capsule: H Fluence: 1.6615E+18 n/em”2

300

250

N
(=4
o

CVN Energy Foot-lbs
> &
(=] o

5: Mﬁ

-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
300.00 50.00 46.72 3.28
100.00 15.75 11.95 3.80
250.00 38.00 40. 36 -2.36
150. 00 20.50 20. 24 .26
125.00 16. 50 15.68 . 82
200. 00 28.00 30.79 -2.179
400. 00 55.00 51.74 3.26
175.00 24.00 25.41 -1.41
275.00 44,25 43.97 .28

Figure B-47

" Charpy Energy Data for HP2-BW B&W Linde 80 Weld Irradiated in Capsule H
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Tanh Curve Fit Plots of CVN Test Data

" Weld B&W Linde 80 SAW in SSP H

Page 2
Plant: OYSTER CREEK  Material: SAW  Heat: B&W LINDE 80
Orientation: NA  Capsule: H Fluence: 1.6615E+18 n/em”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
350.00 54.00 50.12 3.88

Carrelation Coefficient = .987

Figure B-47 .
Charpy Energy Data for HP2-BW B&W Linde 80 Weld Irradiated in Capsule H (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated Humboldt Bay 3 Weld (Heat Unknown)

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 03/25/2006 11:44 AM
Page 1
Coefficients of Curve 1
A =564 B=539C=107.33 T0=-16.54 D = 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=110.3(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=-74.0 Deg F Temp@50 ft-lbs=-29.3 Deg F
Plant: OYSTER CREEK  Material;: SAW  Heat: HUMBOLDT BAY
Orientation: NA  Capsule: UNIRR Fluence: 0 n/cm”2
300 .

250 |

200 ;

150

CVN Energy Foot-lbs

300 200 -100 [} 100 200 300 400 500 600
Temperature in Deg F

0 F—— ‘ 1 ‘!

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
-100.00 29.00 21.29 7.71
-80.00 . 22.50 27.79 -5.29
-60.00 45.00 35.69 9.31
-60.00 35.00 35.69 -.69
-20.00 40.00 54.66 -14.66
-20.00 55.00 54.66 .34
.00 63.50 64. 64 -1.14
20.00 73.50 74.07 -. 57
20.00 75.50 74.07 1.43
Figure B-48 .

Charpy Energy Data for HP2-6 Humboldt Bay 3 Weld Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

)

Unirradiated Humboldt Bay 3 Weld (Heat Unknown)

Page 2
Plant: OYSTER CREEK  Material: SAW  Heat: HUMBOLDT BAY
Orientation: NA  Capsule: UNIRR  Fluence: 0 n/cm”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
40.00 95.50 : 82.43 13.07
60.00 82.00 89.42 -7.42
100.00 102. 00 99.27 2.73
180. 00 110.00 107.60 2.40
300.00 113.00 110.01 2.99
400.00 116. 00 . 110.25 5.75

Correlation Coefficient = .977

Figure B-48 :
Charpy Energy Data for HP2-6 Humboldt Bay 3 Weld Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

‘Humboldt Bay 3 Weld/SAW in SSP H
CVGRAPH5.0.2 Hyperbolic Tangent Curve Printed on 07/24/2007 08:41 PM
Page 1
Coefficients of Curve 1
A=41.25 B=38.75C=118.28 T0=57.61 D = 0.00E+00
Equation is A + B * [Tanh((T-To)(C+DT))]
Upper Shelf Energy=80.0(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-1bs=22.3 Deg F Temp @50 ft-1bs=84.8 Deg F
Plant: Oyster Creek  Material: SAW  Heat: HUMBOLDT BAY
Orientation: NA  Capsule: H Fluence: 1.6275E+18 n/cm”2
300 -
250
é 200
g
('S
B 150
Q
| =
w
=
3 100
Q b
[}
50
0
-300 -200 -100 0 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
-25.00 19.50 17.87 1.63
300.00 8§8.50 78.173 9.177
200.00 78.00 73.60 4.40
25.00 32.00 30.83 1.17
100. 00 52.00 54.57 -2.57
75.00 47.00 46.91 .09
250.00 77.00 17012 -0 12
150.00 60.00 66.57 : -6.57
175.00 75.00 70.64 4.36
Figure B-49

Charpy Energy Data for HP2-6 Humboldt Bay 3 Weld Irradiated in Capsule H
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Tanh Curve Fit Plots of CVN Test Data

Humboldt Bay 3 Weld/SAW in SSP H

Page 2 .
Plant: Oyster Creek  Material: SAW  Heat: HUMBOLDT BAY
Orientation: NA  Capsule: H Fluence: 1.6275E+18 n/cm”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
400.00 81.50 79.76 1.74

Correlation Coefficient = .983

Figure B-49
Charpy Energy Data for HP2-6 Humboldt Bay 3 Weld Irradiated in Capsule H (Continued)
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Tanh Curve Fit Plots of CVN Test Data

WELD HEAT 5P6756 (RB AND SSP)

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/07/2003 04:46 PM
Page 1
Coefficients of Curve 1
A =53.45 B=50.95C=106.52 T0=-14.17 D = 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=104.4(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-lbs=-67.1 Deg F Temp@50 ft-1bs=-21.3 Deg F
Plant: RIVER BEND AND SSP  Material: SAW  Heat: S5P6756

Orientation: NA  Capsule: UNIRRA Fluence: 0.0 n/em”2
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-300 -200 -100 100 200 300 400 500 600
Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
-100. 00 7.50 19.45 -11.95
-80.00 22.00 25. 44 -3.44
-60.00 43,00 32.79 10.21
-60.00 32.50 32.79 -.29
-40.00 47.00 41.33 5.67
-20, 00 54.50 50.66 3.84
.00 53.50 60.19 -6.69
20. 00 72.50 69.25 3.25
40.00 75.50 77.33 -1.83
Figure B-50

Charpy Energy Data for 5P6756 River Bend Weld Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

WELD HEAT 5P6756 (RB AND SSP)

Page 2
Plant: RIVER BEND AND SSP  Material: SAW  Heat: 5P6756
Orientation: NA  Capsule: UNIRRA  Fluence: 0.0 n/cm”"2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
60.00 70.00 84.12 -14.12
60.00 88.00 84.12 3.88
100.00 102.00 93.71 8.29
180.00 102. 00 101,81 : .19
300.00 106.00 104.12 1.88
400. 00 107.50 104,36 3.14

Correlation Coefficient = 977

Figure B-50
Charpy Energy Data for 5P6756 River Bend Weld Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Weld heat 5P6756 in SSP-H
CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 04/02/2006 03:59 PM
Page 1 ’
Coefficients of Curve 1
A =43.55 B=41.05C=51.24 T0=14.12 D= 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=84.6(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-lbs=-3.4 Deg F Temp@50 fi-1bs=22.3 Deg F
Plant: RIVER BEND AND SSP  Material: SAW  Heat: 5P6756
Orientation: NA  Capsule: SSP-H Fluence: 1.5766E+18 n/cm”2
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-25.00 9.50 17.15 -7.65
300.00 88. 00 84.60 3.40
200.00 82.00 84.54 -2.54
.00 38.50 32.52 5.98
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100.00 . 77.00 81.82 -4.82
[50.00 81.00 84.19 -3.19
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Figure B-51
Charpy Energy Data for 5P6756 River Bend Weld Irradiated in Capsule H
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Tanh Curve Fit Plots of CVN Test Data

Weld heat SP6756 in SSP-H

Page 2
Plant: RIVER BEND AND SSP  Material: SAW  Heat: 5P6756
Orientation: NA  Capsule: SSP-H  Fluence: 1.5766E+18 n/cm”2

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential
400.00 90.00 84.60 5.40

Correlation Coefficient = 985

Figure B-51
Charpy Energy Data for 5P6756 River Bend Weld Irradiated in Capsule H (Continued)
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CVN FRACTURE APPEARANCE PHOTOGRAPHS

Photographs of each Charpy specimen fracture surface were taken per the requirements of
ASTM E185-82 [5]. Figures C-1 through C-30 show both fracture surfaces of each specimen
presented in order of test temperature, which is identified below each photograph. Exceptions to
this are Figures C-1 and C-11, representing the EP2 materials, which show only one fracture
surface. Specific details of the Charpy test results including percent shear values are presented in
Tables A-1 through A-30.

-25°F (-32°C) 0°F (-18°C) 50°F (10°C)

125°F (52°C) 150°F (66°C) 200°F (93°C)

300°F (149°C) 400°F (204°C)

Figure C-1
Charpy Fracture Appearance for Capsule D EP2 Japanese/EPRI Plate Material (SA533-1)
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CVN Fracture Appearance Photographs

0°F (-18°C) 25°F (-4°C) 50°F (10°C) 75°F (24°C)

100°F (3800) 125°F (5200) 150°F (66°C) 200°F (9300)

250°F (121°C) 300°F (149°C)

Figure C-2
Charpy Fracture Appearance for Capsule D A1224-1 Grand Gulf Plate Material (SA533B-1)
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CVN Fracture Appearance Photographs

0°F (-18°C) 25°F (-4°C) 50°F (10°C) 75°F (24°C)

100°F (38°C) 150°F (66°C) 200°F (93°C) 250°F (121°C)

300°F (149°C) 400°F (204°C)

Figure C-3
Charpy Fracture Appearance for Capsule D C2331-2 Cooper Plate Material (SA533B-1)
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CVN Fracture Appearance Photographs

-25°F (-32°C) 25°F (-4°C) 50°F (10°C) 60°F (16°C)

75°F (24°C) 100°F (38°C) 150°F (66°C) 200°F (93°C)

250°F (121°C) 300°F (149°C)

Figure C-4
Charpy Fracture Appearance for Capsule D P2130-2 Nine Mile Point 1 Plate Material
(SA302B, Mod)




CVN Fracture Appearance Photographs

-50°F (-46°C) 0°F (-18°C) 25°F (-4°C) 90°F (32°C)

100°F (38°C) 150°F (66°C) 200°F (93°C) 250°F (121°C)

300°F (149°C) 400°F (204°C)

Figure C-5
Charpy Fracture Appearance for Capsule D C3278-2 Fitzpatrick Plate Material (SA533B-1)




CVN Fracture Appearance Photographs

25°F (-4°C) 50°F (10°C) 100°F (38°C) 125°F (52°C)

150°F (66°C) 175°F (79°C) 200°F (93°C) 250°F (121°C)

300°F (149°C) 400°F (204°C)

Figure C-6
Charpy Fracture Appearance for Capsule D CE-1(WM) CE/EPRI Linde 1092 #1 Weld
Material (Submerged Arc Weld)




CVN Fracture Appearance Photographs

-25°F (-32°C) O°F (-18°C) 25°F (-4°C) 50°F (10°C)

75°F (24°C) 100°F (38°C) 150°F (66°C) 200°F (93°C)

300°F (149°C) 400°F (204°C)

Figure C-7
Charpy Fracture Appearance for Capsule D 5P6214B Grand Gulf Weld Material
(Submerged Arc Weld)




CVN Fracture Appearance Photographs

25°F (-32°C) 0°F (-18°C) 50°F (10°C) 100°F (38°C)

140°F (60°C) 150°F (66°C) 200°F (93°C) 250°F (121°C)

300°F (149°C) 400°F (204°C)

Figure C-8
Charpy Fracture Appearance for Capsule D 34B009 Millstone 1 Weld Material (Submerged
Arc Weld)
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CVN Fracture Appearance Photographs

0°F (-18°C) 25°F (-4°C) 50°F (10°C) 100°F (38°C)

1400F (GOOC) 150°F (660C) 200°F (gsoc) 2500F (1 21 oc)

300°F (149°C) 400°F (204°C)
Figure C-9

Charpy Fracture Appearance for Capsule D DP2-21 Quad Cities 2 Weld Material
(Electroslag Weld)
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CVN Fracture Appearance Photographs

50°F (10°C) 75°F (24°C) 100°F (38°C) 110°F (43°C)

125°F (52°C) 150°F (66°C) 200°F (93°C) 250°F (121°C)

300°F (149°C) 400°F (204°C)

Figure C-10
Charpy Fracture Appearance for Capsule D 406L44 Quad Cities 1 Weld Material
(Submerged Arc Weld)
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CVN Fracture Appearance Photographs

-25°F (-32°C) 0°F (-18°C) 50°F (10°C)

100°F (3800) 125°F (52°C) 150°F (66°C) 200°F (9300)

300°F (149°C) 400°F (204°C)

Figure C-11
Charpy Fracture Appearance for Capsule G EP2 Japanese/EPRI Plate Material (SA533-1)
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CVN Fracture Appearance Photographs

0°F (-18°C) 25°F (-4°C) 50°F (10°C) 60°F (16°C)

100°F (38°C) 150°F (66°C) 180°F (82°C) 200°F (93°C)

250°F (121°C) 300°F (149°C)

Figure C-12
Charpy Fracture Appearance for Capsule G A1224-1 Grand Gulf Plate Material (SA533B-1)
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CVN Fracture Appearance Photographs

25°F (-4°C) 75°F (24°C) 100°F (38°C) 125°F (52°C)

140°F (60°C) 150°F (66°C) 200°F (93°C) 250°F (121°C)

300°F (149°C) 400°F (204°C)

Figure C-13
Charpy Fracture Appearance for Capsule G C2331-2 Cooper Plate Material (SA533B-1)



CVN Fracture Appearance Photographs

50°F (10°C) 75°F (24°C) 100°F (38°C) 125°F (52°C)

150°F (66°C) 175°F (79°C) 200°F (93°C) 250°F (121°C)

300°F (149°C) 350°F (177°C)

Figure C-14
Charpy Fracture Appearance for Capsule G P2130-2 Nine Mile Point 1 Plate Material
(SA302B, Mod)
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CVN Fracture Appearance Photographs

-50°F (-46°C) 0°F (-18°C) 25°F (-4°C) 75°F (24°C)

100°F (38°C) 125°F (62°C) 150°F (66°C) <O F L)

250°F (121°C) 300°F (149°C)

Figure C-15
Charpy Fracture Appearance for Capsule G C3278-2 Fitzpatrick Plate Material (SA533B-1)
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CVN Fracture Appearance Photographs

0°F (-18°C) 50°F (10°C) 60°F (16°C) 75°F (24°C)

100°F (38°C) 150°F (66°C) 175°F (79°C) 200°F (93°C)

250°F (121°C) 300°F (149°C)

Figure C-16
Charpy Fracture Appearance of Capsule G CE-2(WM) CE/EPRI Linde 1092 #2 Weld Material
(Submerged Arc Weld)



CVN Fracture Appearance Photographs

-25°F (-32°C) 0°F (-18°C) 25°F (-4°C) BUFF(10°G)

75°F (24°C) 100°F (38°C) 150°F (66°C) 200°F (93°C)

300°F (149°C) 400°F (204°C)

Figure C-17
Charpy Fracture Appearance of Capsule G 5P6214B Grand Gulf Weld Material (Submerged
Arc Weld)
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CVN Fracture Appearance Photographs

0°F (-18°C) 25°F (-4°C) 50°F (10°C) 75°F (24°C)

125°F (52°C) 150°F (66°C) 200°F (93°C) 250°F (121°C)

300°F (149°C) 400°F (204°C)

Figure C-18
Charpy Fracture Appearance of Capsule G 34B009 Millstone 1 Weld Material (Submerged
Arc Weld)
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CVN Fracture Appearance Photographs

25°F (-4°C) 50°F (10°C) 75°F (24°C) 100°F (38°C)

140°F (60°C) 150°F (66°C) 200°F (93°C) 2BOF 21y

300°F (149°C) 400°F (204°C)

Figure C-19
Charpy Fracture Appearance of Capsule G GP2-21 Quad Cities 2 Weld Material
(Electroslag Weld)
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CVN Fracture Appearance Photographs

75°F (24°C) 100°F (38°C) 125°F (52°C) 150°F (66°C)

150°F (66°C) 200°F (93°C) 225°F (107°C) 250°F (121°C)

300°F (149°C) 400°F (204°C)

Figure C-20
Charpy Fracture Appearance of Capsule G 406L44 Quad Cities 1 Weld Material
(Submerged Arc Weld)
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CVN Fracture Appearance Photographs

-50°F (-46°C) 0°F (-18°C) 50°F (10°C) W @ra)

100°F (38°C) 125°F (52°C) 150°F (66°C) 200°F (93°C)

250°F (121°C) 300°F (149°C)

Figure C-21
Charpy Fracture Appearance of Capsule H B&W-1 (BM) B&W/EPRI Plate Material (SA302B,
Mod)
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CVN Fracture Appearance Photographs

0°F (-18°C) 25°F (-4°C) 50°F (10°C) 100°F (38°C)

125°F (52°C) 150°F (66°C) 200°F (93°C) 250°F (121°C)

300°F (149°C) 400°F (204°C)

Figure C-22
Charpy Fracture Appearance of Capsule H C3985-2 Hatch 1 Plate Material (SA533B-1)
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CVN Fracture Appearance Photographs

0°F (-18°C) 50°F (10°C) 75°F (24°C) 100°F (38°C)

150°F (66°C) 200°F (93°C) 250°F (121°C) 300°F (149°C)

375°F (191°C) 400°F (204°C)

Figure C-23
Charpy Fracture Appearance of Capsule H C1079-1 Millstone 1 Plate Material (SA302B,
Mod)
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CVN Fracture Appearance Photographs

25°F (-4°C) 50°F (10°C) 100°F (38°C) 125°F (52°C)

150°F (66°C) 175°F (79°C) 200°F (93°C) 250°F (121°C)

300°F (149°C) 400°F (204°C)

Figure C-24
Charpy Fracture Appearance of Capsule H A0610-1 Quad Cities 1 Plate Material (SA302B,
Mod)
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CVN Fracture Appearance Photographs

75°F (24°C) 100°F (38°C) 125°F (52°C) 140°F (60°C)

175°F (79°C) 200°F (93°C) 225°F (107°C) 250°F (121°C)

300°F (149°C) 400°F (204°C)

Figure C-25
Charpy Fracture Appearance of Capsule H A1195-1 HSST-02 Plate Material (SA533B-1)
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CVN Fracture Appearance Photographs

-25°F (-32°C) 0°F (-18°C) 50°F (10°C) D

100°F (38°C) 125°F (52°C) 150°F (66°C) 200°F (93°C)

250°F (121°C) 300°F (149°C)

Figure C-26
Charpy Fracture Appearance of Capsule H BMF B&W/EPRI Forging Material (SA508-2)




CVN Fracture Appearance Photographs

75°F (24°C) 100°F (38°C) 125°F (52°C) 150°F (66°C)

175°F (79°C) 200°F (93°C) 250°F (121°C) 300°F (149°C)

325°F (163°C) 400°F (204°C)

Figure C-27
Charpy Fracture Appearance of Capsule H A0421 ASTM Standard Plate Material (SA302B)
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CVN Fracture Appearance Photographs

100°F (38°C) 125°F (52°C) 150°F (66°C) 175°F (79°C)

200°F (93°C) 250°F (121°C) 275°F (135°C) 300°F (149°C)

350°F (177°C) 400°F (204°C)

Figure C-28
Charpy Fracture Apperaance of Capsule H HP2-BW B&W Linde 80 Weld Material
(Submerged Arc Weld)
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CVN Fracture Appearance Photographs

25°F (_400) 75°F (24°C) 100°F (3800)

150°F (66°C) 175°F (79°C) 200°F (93°C) 250°F (121°C)

300°F (149°C) 400°F (204°C)

Figure C-29
Charpy Fracture Appearance of Capsule H HP2-6 Humbolt Bay 3 Weld Material
(Submerged Arc Weld)
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CVN Fracture Appearance Photographs

-25°F (-32°C) 0°F (-18°C) 25°F (-4°C) SR {0°C)

100°F (38°C) 150°F (66°C) 200°F (93°C) 250°F (121°C)

300°F (149°C) 400°F (204°C)

Figure C-30
Charpy Fracture Appearance of Capsule H 5P6756 River Bend Weld Material (Submerged
Arc Weld)
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RECORD OF REVISIONS

BWRVIP-87,
Revision 1

Information from the following documents was used in preparing the changes included
in this revision of the report:

1. BWRVIP-135: BWR Vessel and Internals Project, Integrated Surveillance Program
(ISP) Data Source Book and Plant Evaluations, EPRI, Palo Alto, CA: 2004.
1011019.

2. BWRVIP-128: BWR Vessel and Internals Project, Updated Fluence Calculations for
Supplemental Surveillance Capsules D, G, and H Using RAMA Fluence
Methodology, EPRI, Palo Alto, CA 2004. 101997.

3. Framatome ANP, Engineering Information Record 51-5023275-00, “Charpy Impact
Testing of Oconee 1 Plate Material,” December 20, 2002.

4. GE-NE-523-101-1290, “Progress Report on Phase 2 of the BWR Owners’ Group
Supplemental Surveillance Program,” GE Nuclear Energy, January 1992.

5. Letter, W.L. Server (ATl Consulting) to R.G. Carter (EPRI), Reassessment of
EPRI-CRIEPI Joint Program Materials Heat Identities and Chemistries, October 25,
2002.

Details of the revisions can be found in Table D-1.




Record of Revisions

Table D-1
" Revision Details

Required Revision

Source of Requirement
for Revision

Description of Revision
Implementation

SECTION 1, INTRODUCTION

NEI 03-08

Implementation Requirements added.

SECTION 2, MATERIALS

Update the best estimate
chemistry values for plate
heats C2331-2, P2130-2,
C3985-2, and C3278-2 and
weld heat 5P6756.

Reference 1.

The chemistry values originally reported
were based on the chemistry
measurements made by GE at the time
the SSP capsules were assembled [4].
Subsequent to the publication of the
original issue of this report, the BWRVIP
found additional chemistry measurements
for these surveillance materials from the
source plant records. Reference 1
calculated a revised best estimate based
on all valid data. Tables 2-1 through 2-5
were updated to show the latest best
estimate chemistry values for these
surveillance materials.

Correct the best estimate Cu
chemistry value for weld heat
CE-1(WM).

Reference 1.

The Cu value for CE-1(WM) was :
incorrectly reported as 0.21 wt.%. Tables
2-1 and 2-5 were revised to show the
correct value of 0.22 wt.%.

Correct the Si chemistry value
for plate heat A0610-1.

Reference 4.

The Si value for A0610-1 was incorrectly
reported as 0.019 wt.%. This value was
corrected to 0.19 wt.% in Table 2-3.

Correct the material description
of Heat BMF; it is a forging, not
a plate.

Reference 5.

The material description of BMF in
Table 2-3 was changed from “plate” to
“forging.”

Update the baseline Charpy
properties of heats EP2,
A1224-1, C2331-2, C3278-2,
CE-1(WM), CE-2(WM), C3985-
2, C1079-1, A0610-1, A1195-1,
B&W Linde 80 SAW, Humboldt
Bay 3 SAW, 34B009, Quad
Cities 2 ESW, 5P6214B,
5P6756, and 406L44.

Make the reported baseline
Charpy properties of these
materials consistent with
other BWRVIP ISP capsule
reports.

The tanh curve fits to the baseline data
originally reported for these materials
were generated with CVGRAPH Version
4.1. Subsequent analyses for all materials
utilized in the BWRVIP ISP have used an
updated version of CVGRAPH, Version
5.0.2. Depending on the data set
analyzed, small differences in reference
temperature may be obtained due to the
improved tanh fitting routine in CVGRAPH
5.0.2. Therefore, to ensure consistent
results for all materials analyzed by the
BWRVIP ISP, the baseline data were
reanalyzed using Version 5.0.2, and the
baseline values reported in Tables 2-6,
2-7, and 2-8 were updated. The updated
curve fits are provided in Appendix B.
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Table D-1
Revision Details (Continued)

Record of Revisions

Required Revision

-Source of Requirement
for Revision

Description of Revision
Implementation

Update the baseline Charpy
properties of plate heat
P2130-2 in Tables 2-6 and 2-7.

Reference 1

This material is used in the BWRVIP ISP.
Subsequent to the original issue of this
capsule report, additional analyses of the
CVN properties were conducted using an
updated version of CVGRAPH, Version
5.0.2, and documented in Reference 1.
Additional, valid baseline data for the
material was found and included in the
analysis. The baseline values reported in
Tables 2-6 and 2-7 were updated to be
consistent with the values used in the
BWRVIP ISP BWRVIP-135 Data Source
Book for ISP implementation. The
updated curve fits are provided in
Appendix B.

Correct the baseline Charpy
properties of plate heat
B&W-1(BM) in Table 2-8.

Reference 3.

The baseline Charpy values originally
reported in Table 2-8 for B&W-1(BM) were
incorrect; the fabricator had provided the
HAZ Charpy data as being the base plate
data. Archive material for this heat was
retested, and in addition the correct
original baseline data were identified.
The combined baseline data were fit by
CVGRAPH and are reported in Table 2-8.
The updated curve fit is provided in
Appendix B.

Correct the material description
of Heat BMF; it is a forging, not
a plate.

Reference 5.

The material description of BMF in
Table 2-8 was changed from “plate” to
“forging.”

SECTION 3, TEST SPECIMEN
DESCRIPTION

Correct the material description
of Heat BMF; it is a forging, not
a plate.

Reference 5.

The material description of BMF in
Table 3-1 was changed from “plate” to
“forging.”

SECTION 4, MATERIAL
IRRADIATION

Revise subsection “Capsule
Neutron Exposure
Determination”.

Reference 2.

This subsection, as originally published,
has been superseded in its entirety by
the revised fluence analysis reported by
BWRVIP-128 [2]. The original subsection
was deleted and the results tables from
BWRVIP-128 were added to provide
immediate reference to the revised
fluence results. Readers are referred to
BWRVIP-128 for a detailed discussion
on the revised capsule fluence analysis.
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Record of Revisions

Table D-1
Revision Details (Continued)

Required Revision

Source of Requirement
for Revision

_ Description of Revision
Implementation

SECTION 5, RESULTS

Update the paragraph under
Irradiated versus Unirradiated
CVN Propetrties.

Editorial.

Deleted mention of References 7 and 18
as the sources of the CVGRAPH curve
fits; those references are no longer the
source of most fits in Appendix B;
identification of the internal ATI
documents which are the sources is not
necessary. Deleted description of
Tables 5-4 through 5-12, which have
been deleted in this Revision because
they were unnecessary repetition of the
data in Tables 5-1 through 5-3.

Table 5-1: Update the notch
toughness properties for EP2,
A1224-1, C2331-2, P2130-2,
C3278-2, CE-1(WM),
5P6214B, 34B009, Quad
Cities 1 ESW, and 406L44.

Table 2-6

The values shown in this table were
updated to reflect the values from updated
tanh curve fits for these materials. The
updated Charpy energy curve fits are
presented in Appendix B.

Table 5-1: Update the fluence
values for the specimens given
in the footnote to the table.

Reference 2.

Fluences were updated per BWRVIP-128.

Table 5-2: Update the notch
toughness properties for EP-2,
A1224-1, C2331-2, P2130-2,
C3278-2, CE-2(WM),
5P6214B, 34B009, Quad Cities
2 ESW, and 406L44.

Table 2-7

1 The values shown in this table were

updated to reflect the values from updated
tanh curve fits for these materials. The
updated Charpy energy curve fits are
presented in Appendix B.

Table 5-2: Update the fluence
values for the specimens given
in the footnote to the table.

Reference 2.

Fluences were updated per BWRVIP-128.

Table 5-3: Update the notch
toughness properties for B&W-
1(BM).

Reference 3.

The baseline (unirradiated) values shown
in this table were updated to reflect the
values from updated tanh curve fit for
B&W-1(BM), based on new test data. The
updated baseline Charpy energy curve fit
is presented in Appendix B.

Table 5-3: Update the notch
toughness properties for
C3985-2, C1079-1, A0610-1,
A1195-1, B&W Linde 80 SAW,
Humboldt Bay 3 SAW, and
5P6756.

Table 2-8

The values shown in this table were
updated to reflect the values from updated
tanh curve fits for these materials. The
updated Charpy energy curve fits are
presented in Appendix B.
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Revision Details (Continued)

Record of Revisions

Required Revision

Source of Requirement
for Revision

Description of Revision
Implementation

Table 5-3: Update the fluence
values for the specimens given
in the footnote to the table.

Reference 2.

Fluences were updated per BWRVIP-128.

to specify the revised number
of materials which exceeded
predicted embrittlement; to
reflect deletion of Tables 5-4
through 5-12; and to delete
discussion of the extent to
which USE decrease was
exceeded in some materials.

Delete Tables 5-4 through Editorial. These tables unnecessarily duplicated the
5-12. data in Tables 5-1 through 5-3.
Update the Discussion section |Editorial. The discussion of the number of materials

exceeding a 1.15 x predicted decrease in
USE was out of date as a result of the
revised analyses and is not required to
be reported in the capsule report.

Update the three tables
(formerly Tables 5-13, 5-14,
and 5-15, now 5-4, 5-5, and 5-
6, for Capsules D, G, and H,
respectively) which compare
the actual versus predicted
embrittlement of the capsule.
specimens.

Reference 2.

As a result of the revised fluences from
BWRVIP-128, all materials have a revised
predicted shift. Some materials also have
revised measured shifts, based on
updated baseline data or updated tanh
curve fits. Also, Footnote 3 to each table
was modified to more precisely define the
margin term.

Correct the material description
of Heat BMF; it is a forging, not
a plate.

Reference 5.

The material description of BMF in
Table 5-6 was changed from “plate” to
“forging.”

Update the three tables
(formerly Tables 5-16, 5-17,
and 5-18, now 5-7, 5-8, and 5-
9, for Capsules D, G, and H,
respectively) which present the
percent decrease in USE of the
capsule specimens.

Reference 2.

All materials were updated for new
fluence values from BWRVIP-128. Some
materials were updated for % USE
decrease based on revised CVN curve
fits. The RG 1.99 Rev. 2 — predicted
decrease in USE was updated due to all
materials having a new fluence and some
materials having an updated best estimate
Cu.

SECTION 6, REFERENCES

Add references as required.

Editorial.

CVGRAPH Version 5.0.2, used for all
tanh curve fitting for the revised Charpy
analyses for this revision, was added
as Reference 18, replacing the previous
Reference 18, which is superseded

|and no longer required as a reference.

BWRVIP-128 revised fluence analysis
was added as Reference 19. BWRVIP-
135 ISP Data Source Book was added as
Reference 20. Framatome testing report
for B&W-1(BM) was added as Reference
21,
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Table D-1
Revision Details (Continued)

Required Revision

Source of Requirement
for Revision

Description of Revision
Implementation

APPENDIX A, SUMMARY OF
CHARPY V-NOTCH TEST
DATA

Update the caption for
Table A-26 to show BMF is a
forging, not a plate.

Reference 5.

Replaced “plate” with “forging.”

APPENDIX B, Tanh Curve Fit
Plots.of CVN Test Data

Add a note at the introduction
of the appendix to explain that
some fluences on the
CVGRAPH printouts for A0421
and BMF have been
superseded by BWRVIP-128.

Editorial.

An explanatory note was added. Readers
are directed to Section 4 for the updated
specimen fluences.

Add a note at the introduction
of the appendix to explain that
the original baseline and
irradiated curve fits for many
capsule materials have been
replaced by updated
CVGRAPH curve fits.

Reference 1.

In order to ensure consistency between
the data in this report and other BWRVIP
ISP documents and capsule reports, most
CVGRAPH Version 4.1 figures have been
replaced with the more recent tanh fit
analyses generated using CVGRAPH
Version 5.0.2. Replacement of the tanh
fits for AO421 and BMF was not required
because those heats are unique to SSP
Capsule H.

Replace Figures B-1, B-2, and
B-3 with updated curve fits for
heat EP-2.

Data consistency within all
BWRVIP ISP reports.

Tanh curve fit(s) for this material were
generated using CVGRAPH Version 5.0.2
to replace previous fits using Version 4.1.

Replace Figures B-4, B-5, and
B-6 with updated curve fits for
heat A1224-1.

Data consistency within all
BWRVIP ISP reports.

Tanh curve fit(s) for this material were
generated using CVGRAPH Version 5.0.2
to replace previous fits using Version 4.1.

Replace Figures B-7, B-8 and
B-9 with updated curve fits for
heat C2331-2.

Data consistency within all
BWRVIP ISP reports.

Tanh curve fit(s) for this material were-
generated using CVGRAPH Version 5.0.2
to replace previous fits using Version 4.1.

Replace Figures B-10, B-11,
and B-12 with updated curve
fits for heat P2130-2.

Reference 1.

The updated tanh curve fit(s) for this
material generated for Reference 1
(BWRVIP-135) using CVGRAPH 5.0.2
included additional baseline data which
became available after the original
curve(s) in this report were generated.
The updated curves are used to ensure
consistency of ISP data in all BWRVIP
reports.
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Implementation

Replace Figures B-13, B-14,
and B-15 with updated curve
fits for heat C3278-2.

Data consistency within all
BWRVIP ISP reports.

Tanh curve fit(s) for this material were
generated using CVGRAPH Version 5.0.2
to replace previous fits using Version 4.1.

Replace Figures B-16 and B-
17 with updated curve fits for
heat CE-1(WM).

Data consistency within all
BWRVIP ISP reports.

Tanh curve fit(s) for this material were
generated using CVGRAPH Version 5.0.2
to replace previous fits using Version 4.1,

Replace Figurés B-18 and B-
19 with updated curve fits for
heat CE-2(WM).

Data consistency within all
BWRVIP ISP reports.

Tanh curve fit(s) for this material were
generated using CVGRAPH Version 5.0.2
to replace previous fits using Version 4.1.

Replace Figures B-20, B-21,
and B-22 with updated curve
fits for heat 5P6214B.

Data consistency within all
BWRVIP ISP reports.

Tanh curve fit(s) for this material were
generated using CVGRAPH Version 5.0.2
to replace previous fits using Version 4.1,

Replace Figures B-23, B-24,
and B-25 with updated curve
fits for heat 34B009.’

Data consistency within all
BWRVIP ISP reports.

Tanh curve fit(s) for this material were
generated using CVGRAPH Version 5.0.2
to replace previous fits using Version 4.1.

Replace Figures B-26, B-27,
and B-28 with updated curve
fits for heat Quad Cities 2
ESW.

Data consistency within all
BWRVIP ISP reports.

Tanh curve fit(s) for this material were
generated using CVGRAPH Version 5.0.2
to replace previous fits using Version 4.1,

Replace Figures B-29, B-30,
and B-31 with updated curve
fits for heat 406L44.

Data consistency within all
BWRVIP ISP reports.

Tanh curve fit(s) for this material were
generated using CVGRAPH Version 5.0.2
to replace previous fits using Version 4.1.

Replace Figure B-32 with
updated curve fit for heat B&W-
1(BM) baseline data.

Reference 3.

The baseline data originally reported for
B&W-1(BM) was incorrect. Additional
baseline Charpy testing was conducted
and the updated curve fit is provided.

Replace Figure B-33 with
updated curve fit for heat B&W-
1(BM) in SSP H.

Data consistency within all
BWRVIP ISP reports.

Tanh curve fit(s) for this material were
generated using CVGRAPH Version 5.0.2
to replace previous fits using Version 4.1.

Replace Figures B-34 and B-
35 with updated curve fits for
heat C3985-2.

Data consistency within all
BWRVIP ISP reports.

Tanh curve fit(s) for this material were
generated using CVGRAPH Version 5.0.2
to replace previous fits using Version 4.1.

Replace Figures B-36 and B-
37 with updated curve fits for
heat C1079-1.

Data consistency within all
BWRVIP ISP reports.

Tanh curve fit(s) for this material were
generated using CVGRAPH Version 5.0.2
to replace previous fits using Version 4.1.

Replace Figures B-38 and B-
39 with updated curve fits for
heat A0610-1.

Data consistency within all
BWRVIP ISP reports.

Tanh curve fit(s) for this material were
generated using CVGRAPH Version 5.0.2
to replace previous fits using Version 4.1.

Replace Figures B-40 and B-
41 with updated curve fits for
heat A1195-1.

Data consistency within all
BWRVIP ISP reports.

Tanh curve fit(s) for this material were
generated using CVGRAPH Version 5.0.2
to replace previous fits using Version 4.1.
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Table D-1

Revision Details (Continued)
Required Revision Source of Requirement Description of Revision
q for Revision Implementation
Update the captions for Reference 5. In the captions for Figures B-42 and
Figures B-42 and B-43 to show B-43, replaced “plate” with “forging”.

BMF is a forging, not a plate.

Replace Figures B-46 and B- |Data consistency within all |Tanh curve fit(s) for this material were

47 with updated curve fits for |BWRVIP ISP reports. generated using CVGRAPH Version 5.0.2
heat B&W Linde 80 SAW. to replace previous fits using Version 4.1.
Replace Figures B-48 and B-  |Data consistency within all |Tanh curve fit(s) for this material were

49 with updated curve fits for |BWRVIP ISP reports. generated using CVGRAPH Version 5.0.2
heat Humboldt Bay 3 SAW ' to replace previous fits using Version 4.1.

(unknown heat).

Replace Figures B-50 and B- {Data consistency within all | Tanh curve fit(s) for this material were

51 with updated curve fits for |BWRVIP ISP reports. generated using CVGRAPH Version 5.0.2
heat 5P6756. to replace previous fits using Version 4.1.
APPENDIX C, CVN

FRACTURE APPEARANCE

PHOTOGRAPHS

Update the caption for Figure |Reference 5. In the caption for Figure C-26, replaced
C-26 to show BMF is a forging, " “plate” with “forging”.

not a plate. ‘
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