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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 E, F and I. These
results will be used to monitor embrittlement as part of the BWR Vessel and Internals Project
(BWRVIP) Integrated Surveillance Program (ISP).

Results & Findings
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 are also 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 two of the materials. Upper shelf energy results indicate a larger decrease than the
predictions from Regulatory Guide 1.99, Revision 2, for eighteen of the thirty materials. Flux
wires were measured and fluence was determined for each specimen set within the three
capsules. Fluence values were somewhat higher than the original target values due to an
extension in the operating cycle at Oyster Creek from 18 to 24 months.

Challenges & Objectives
Neutron irradiation exposure reduces the toughness of reactor vessel steel plates, welds and
forgings. The objectives of this project were twofold:

* To document results of the neutron dosimetry and Charpy-V notch ductility tests for
materials contained in the SSP capsules E, F and I.

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

Applications, Values & Use
Results of this work will be used in the BWRVIP ISP 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 datawill result in significant cost savings
to the BWR fleet and provide more accurate monitoring of embrittlement in BWRs.
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EPRI Perspective
The BWRVIP ISP represents a major enhancement to the process of monitoring embrittlement
for the U.S. fleet of BWRs. The ISP optimizes surveillance capsule tests while at the same time
maximizing the quantity and quality of data, thus resulting in a more cost-effective program.
The BWRVIP ISP will provide more representative data that may be used to assess
embrittlement in RPV vessel beltline materials and improve trend curves in the BWR range
of irradiation conditions.

Approach
The capsules were inserted into the Oyster Creek reactor in February 1993 at a location of
sufficient lead factor to provide the desired fluence. In October 2000, the capsules were removed
from the reactor 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. A neutron
transport calculation was performed in accordance with Regulatory Guide 1.190 and compared
to the results from the dosimetry. Testing of Charpy V-notch specimens were performed
according to ASTM standards.

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 E, F and I. These capsules were installed in the Oyster Creek reactor in February
1993 and removed in October 2000. 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-1 11 Original Report (1003553).

Revision 1 The report as originally published (1003553) was revised to incorporate changes to the
best estimate chemistry values and baseline (unirradiated) Charpy V-notch reference
temperatures of some materials to reflect additional testing and analyses conducted
since this report was first published. For those materials with changes, shifts, predicted
shifts, USE drops and predicted USE drops were recalculated as required.

Other editorial changes, clarifications and corrections for typographical errors were
made as required. Minor changes (e.g., 0.1°F) were made to the shift predictions for
some materials due to a more precise, refreshed calculation.

Details of the revision can be found in Appendix E.

All changes except corrections to typographical errors are marked with margin bars.
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1
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 (RTNMIT) and the upper shelf energy (USE). These
are defined in IOCFR50 Appendix G [1] and in Appendix G of the ASME Boiler and Pressure
Vessel Code, Section XI [2]. Appendix H of IOCFR50 [1] and ASTM E185-82 [3] 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. The results from
the first set of capsules (Capsules D, G and H) have been reported in EPRI 1000890 [4]. This
report addresses the second set of capsules (Capsules E, F and I) of the SSP removed and tested
under this program. These capsules were irradiated at the Oyster Creek Nuclear Power Station
and were removed from the reactor vessel in October 2000. These capsules were received at
BWXT Services, Inc. (BWXS) Lynchburg Technology Center (LTC) for testing in late June
2001. 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 [5]. The final evaluation of capsule fluxes and fluences was conducted by TransWare
Enterprises Inc. [6].

The results of testing SSP capsules E, F and I 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 bothbase and weld materials, using Charpy V-notch test results.
Comparisons have been made with the predictions of Regulatory Guide 1.99, Revision 2 [7].

The information and the associated evaluations provided in this report have been performed in
accordance with the requirements of I OCFR50 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 IOCFR50, Appendix H, Reactor Vessel Material
Surveillance Program Requirements. Therefore, the implementation requirements of IOCFR50,
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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2
MATERIALS

The chemical compositions, material descriptions and unirradiated (baseline) mechanical
properties of the materials irradiated in Oyster Creek Capsules E, F and I are summarized below.

Chemical Compositions

The materials irradiated in Capsules E, F and I 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-I (WM) and CE-2(WM), the materials in Capsules
E and I represent different sets of the same materials. The relatively high copper levels in many
of these steels are representative of many older reactor vessels.
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Materials

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

Identity Material Cu
(wt%)

Ni
(wt%)

P
(wt%)

S
(wt%)

Si
(wt%)

EP2 Japanese/EPRI Plate 0.062 0.592 0.0062 0.0082 0.222

(SA533 B-1)

A1224-1 Grand Gulf Plate 0.031 0.671 0.018' 0.015' 0.28'

(SA533B-1) 0.02' 0.66' 0.011' 0.009' 0.28'

0.03' 0.63' 0.007'

Avg. Values 0.03 0.65 0.012 0.012 0.28

C2331-2 Cooper Plate 0.163 0.623 0.0143 0.0203 0.243

(SA533B-1)

P2130-2 Nine Mile Point 1 Plate 0.1723 0.5843 0.0183 0.0283 0.173

(SA302B, Mod)

C3278-2 FitzPatrick Plate 0.113 0.613 0.0133 0.0183 0.233

(SA533B-1)

CE-2 (WM) CE/Linde 1092 #2 Weld 0.212 0.862 0.01 22 0.0122 0.232

(Submerged Arc Weld)

5P6214B Grand Gulf Weld 0.02' 0.89' 0.015' 0.017' 0.43'

(Submerged Arc Weld) 0.00' 0.90' 0.009'

Avg. Values 0.01 0.90 0.012 0.017 0.43

34B009 Millstone 1 Weld 0.16' 1.78' 0.0171 0.016' 0.211

(Submerged Arc Weld) 0.13' 1.84' 0.016'

Avg. Values 0.15 1.81 0.017 0.016 0.21

EP2-21 Quad Cities 2 Weld 0.12' 0.25' 0.02' 0.017' 0.13'

(Electroslag Weld) 0.11' 0.23' 0.015' 0.016' 0.13'

0.10' 0.24' 0.011'
Avg. Values 0.11 0.24 0.015 0.017 0.13

406L44 Quad Cities 1 Weld 0.30' 0.71' 0.02' 0.018' 0.47'

(Submerged Arc Weld) 0.29' 0.68' 0.015' 0.017' 0.47'

0.27' 0.68' 0.012'

Avg. Values 0.29 0.69 0.016 0.018 0.47

1. measured data (from Reference 10).

2. reported values (from Reference 19).

3. best estimate average (from Reference 22).
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Table 2-2
Materials Irradiated in SSP (Oyster Creek) Capsule F

Identity Material Cu Ni P S Si

(wt%) (wt%) (wt%) (wt%) (wt%)

B&W-1 (BM) B&W/EPRI Plate 0.1553 0.632 0.0122 0.0172 0.202

(SA302B, Mod)
B0673-1 Duane Arnold Plate 0.1504 0.704 0.0064 0.074

(SA533B-1) 0.1504 0.694 0.0064 0.064

0.1404 0.624 0.0104 0.014

0.1414 0.624 0.0144 0.024

0.1414 0.654 0.0104 0.094
0.145 4 0.6 14 0.0114 0.18 4

Avg. Values 0.15 0.65 0.010 N/A 0.07

C1079-1 Millstone 1 Plate 0.21 0.521 0.171 0.0281 0.221

(SA302B, Mod) 0.23' 0.51 0.191
Avg. Values 0.22 0.51 0.018 0.028 0.22

A0610-1 Quad Cities 1 Plate 0.16' 0.531 0.0181 0.018' 0.17'
(SA302B, Mod) 0.171 0.54' 0.0121 0.017' 0.2'

0.171 0.50' 0.016'
Avg. Values 0.17 0.52 0.015 0.018 0.19

Al195-1 HSST-02 Plate 0.16' 0.71' 0.018' 0.02' 0.22'
(SA533B-1) 0.141 0.68' 0.011

Avg. Values 0.15 0.70 0.014 0.020 0.22
B&W-1 (WM) B&W/EPRI Linde 80 Weld 0.2876 0.6326 0.0206 --6 0.4616

(Submerged Arc Weld)
EE/EK Duane Arnold Weld 0.0204 1.004 0.0114 0.324

(Shielded Metal Arc Weld) 0.0204 0.904 0.0104 0.334

0.0254 0.964 0.0114 0.024

0.0254 0.944 0.0084 0.024

0.0244 0.884 0.0104 0.024

Avg. Values 0.02 0.94 0.010 N/A 0.14
FP2-BW B&W Linde 80 Weld 0.26' 0.551 0.0181 0.011' 0.53'

(Submerged Arc Weld) 0.25' 0.571 0.01'
Avg. Values 0.26 0.56 0.014 0.011 0.53

FP2-6 Humboldt Bay 3 Weld 0.28' 0.051 0.0171 0.016' 0.28'
(Submerged Arc Weld) 0.26' 0.06' 0.015'

Avg. Values 0.27 0.06 0.016 0.016 0.28
5P6756 River Bend Weld 0.065 0.93' 0.0095 0.015- 0.40s

1 (Submerged Arc Weld)
1. measured data (from Reference 10).

2. reported values (from Reference 19).

3. estimated values (from Reference 20).

4. measured data from Duane Arnold surveillance capsule report (Reference 21).

5. best estimate average (from Reference 22).

6. average of measured data (from Reference 24).
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Table 2-3
Materials Irradiated in SSP (Oyster Creek) Capsule I

Identity Material Cu Ni P S Si

(wt%) (wt%) (wt%) (wt%) (wt%)

EP2 Japanese/EPRI Plate 0.062 0.592 0.0062 0.0082 0.222

(SA533B-1)

A1224-1 Grand Gulf Plate 0.031 0.671 0.018' 0.015' 0.28'

(SA533B-1) 0.021 0.661 0.0111 0.009' 0.28'
0.031 0.63' 0.007'

Avg. Values 0.03 0.65 0.012 0.012 0.28

C2331-2 Cooper Plate 0.163 0.623 0.0143 0.0203 0.243

(SA533B-1)

P2130-2 Nine Mile Point 1 Plate 0.1723 0.5843 0.0183 0.0283 0.173

(SA302B, Mod)

C3278-2 FitzPatrick Plate 0.11 3  0.613 0.0133 0.0183 0.233

(SA533B-1)

CE-1 (WM) CE/Linde 1092 #1 Weld 0.222 1.002 0.0142 0.0092 0.212

(Submerged Arc Weld)

5P6214B Grand Gulf Weld 0.02' 0.89' 0.015' 0.017' - 0.43'

(Submerged Arc Weld) 0.00' 0.90' 0.009'

Avg. Values 0.01 0.90 0.012 0.017 0.43

34B009 Millstone 1 Weld 0.16' 1.78' 0.017' 0.016' 0.21'

(Submerged Arc Weld) 0.13' 1.84' 0.016'

Avg. Values 0.15 1.81 0.017 0.016 0.21

IP2-21 Quad Cities 2 Weld 0.12' 0.25' 0.02' 0.017' 0.13'

(Electroslag Weld) 0.11' 0.23' 0.015' 0.016' 0.13'

0.10' 0.24' 0.011'

Avg. Values 0.11 0.24 0.015 0.017 0.13

406L44 Quad Cities 1 Weld 0.30' 0.71' 0.02' 0.018' 0.47'

(Submerged Arc Weld) 0.29' 0.68' 0.015' 0.017' 0.47'

0.27' 0.68' 0.012'

Avg. Values 0.29 0.69 0.016 0.018 0.47

1 measured data (from Reference 10).

2 reported values (from Reference 19).

3. best estimate average (from Reference 22).
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Material Description

Tables 2-4 and 2-5 contain information about the specimens in SSP (Oyster Creek) Capsules E, F
and I including fabricator and copper and nickel content. Table 2-4 presents plate materials and
Table 2-5 presents weld materials.

Table 2-4
Plate Materials Irradiated in SSP (Oyster Creek) Capsules E, F and I

Identity Material Source Material Type Cu Ni Source
(Capsule) (RPV Fabricator)

A1224-1 (E&I) Grand Gulf SA533B-1 0.03 0.65 GE (OBIN)

EP2 (E&I) Japanese/EPRI SA533B-1 0.06 0.59 CRIEPI

03278-2 (E&I) FitzPatrick SA533B-1 0.11 0.61 GE (CE)

B0673-1 (F) Duane Arnold SA533B-1 0.15 0.65 GE (OBIN)

C2331-2 (E&I) Cooper SA533B-1 0.16 0.62 GE (CE)

Al 195-1 (F) HSST-02 SA533B-1 0.15 0.70 ORNL (Lukens Steel)

B&W-1(BM) (F) B&W/EPRI SA302B, Mod 0.155 0.63 EPRI (B&W)

P2130-2 (E&I) Nine Mile Point 1 SA302B, Mod 0.172, 0.584 GE (CE)

A0610-1 (F) Quad Cities 1 SA302B, Mod 0.17 0.52 GE (B&W)

C1079-1 (F) Millstone 1 SA302B, Mod 0.22 0.51 GE (CE)
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Table 2-5
Weld Materials Irradiated in SSP (Oyster Creek) Capsules E, F and I

Material Source
Identity (Capsule) Source Weld Type Cu Ni Source

Source(RPV Fabricator)

5P6214B (E&I) Grand Gulf Submerged Arc Weld 0.01 0.90 GE (CBIN)

EE/EK (F) Duane Arnold Shielded Metal Arc Weld 0.02 0.94 GE (CBIN)

5P6756 (F) River Bend Submerged Arc Weld 0.06 0.93 GE (CBIN)

EP2-21 & IP2-21 (E&I) Quad Cities 2 Electroslag Weld 0.11 0.24 GE (B&W)

34B009 (E&I) Millstone 1 Submerged Arc Weld 0.15 1.81 GE (CE)

CE-2(WM) (E) CE/EPRI Submerged Arc Weld, 0.21 0.86 EPRI (CE)
Linde 1092 Flux

CE-i (WM) (I) CE/EPRI Submerged Arc Weld, 0.22 1.00 EPRI (CE)
Linde 1092 Flux

FP2-BW (F) B&W Submerged Arc Weld, 0.26 0.56 B&W
Linde 80

FP2-6 (F) Humboldt Bay 3 Submerged Arc Weld 0.27 0.06 GE (CE)

406L44 (E&I) Quad Cities 1 Submerged Arc Weld 0.29 0.69 GE (B&W)

B&W-1 (WM) (F) B&W/EPRI - Submerged Arc Weld 0.287 0.632 B&W
Linde 80

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 E, F and I materials, respectively. In these tables
and throughout this report, T3, is the 30 ft-lb (40.7 J) transition temperature; T,0 is the 50 ft-lb
(67.8 J) transition temperature; T3.5 m,, 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 [8] hyperbolic tangent curve fits provided in Appendix B. All plate
specimens were transverse orientation with the exception of B0673-1 (Duane Arnold plate
material), which was longitudinal.
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Table 2-6
Baseline CVN Properties of SSP (Oyster Creek) Capsule E

Material T. T. T35... Upper Shelf
yMaterial Energy (USE)

Identity °F (°C) 0F (°C) 0F (°C) Ft-lb (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 -1323 (-25.2) 30.1 (-1.1) 34.1 (1.2) 100.0 (135.6)
(SA533B-1)

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)

EP2-21 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 CVN Properties of SSP (Oyster Creek) Capsule F

Material TUpper Shelf
Identity Material OF TC TO-C Energy (USE)I(°C) 0F (°C) 0F (°C) Ft-lb (J)

B&W-1(BM) B&W/EPRI Plate -0.7 (-18.2) 40.4 (4.7) 32.9 (0.5) 124.8 (169.2)
(SA302B, Mod)

B0673-1 Duane Arnold Plate -35.5 (-37.5) -7.3 (-21.8) -23.6 (-30.9) 158.1 (214.4)
(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)

Al195-1 HSST-02 Plate 39.8 (4.3) 78.7 (25.9) 79.6 (26.4) 99.7 (135.2)
(SA533B-1)

B&W-1 (WM) B&W/EPRI Linde 80 9.6 (-12.4) 69.0 (20.6) 30.8 (-0.7) 80.3 (108.9)
(Submerged Arc Weld)

EE/EK Duane Arnold Weld -45.4 (-43.0) -10.2 (-23.4) -37.3 (-38.5) 99.0 (134.2)
(Shielded Metal Arc Weld)

FP2-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)

FP2-6 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 (-55.1) -21.3 (-29.6) -20.3 (-29.1) 104.4 (141.5)
(Submerged Arc Weld)
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Table 2-8
Baseline CVN Properties of SSP (Oyster Creek) Capsule I

Material Material T. T. T.... Upper Shelf
Identity °F (°C) OF (°C) -F (°C) Energy (USE)

Ft-lb (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 -13.3 (-25.2) 30.1 (-1.1) 34.1 (1.2) 100.0 (135.6)
(SA533B-1)

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

IP2-21 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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3
TEST SPECIMEN DESCRIPTION

An inventory of the Charpy specimens contained in SSP (Oyster Creek) Capsules E, F and I
is provided in Table 3-1.

Table 3-1
Quantities of Specimens in SSP (Oyster Creek) Capsules E, F and I

Identity: Specimen Charpy

Code Capsule Material Specimen
Quantity

EP2: EP2-43..84' E Japanese/EPRI Plate (SA533B-1) 10

A1224-1: EPl-67 E Grand Gulf Plate (SA533B-1) 10

C2331-2: EP1-30 E Cooper Plate (SA533B-1) 10

P2130-2: EPI-11 E Nine Mile Point 1 Plate (SA302B, Mod) 10

C3278-2: EPl-28 E FitzPatrick Plate (SA533B-1) 10

CE-2 (WM): C211..2312 E CE/EPRI Linde 1092 #2 (Submerged Arc Weld) 10

5P6214B: EP2-67 E Grand Gulf Weld (Submerged Arc Weld) 10

34B009: EP2-15 E Millstone 1 Weld (Submerged Arc Weld) 10

DP2-21: EP2-21 3  E Quad Cities 2 Weld (Electroslag Weld) 10

406L44: EP2-20 E Quad Cities 1 Weld (Submerged Arc Weld) 10

EP2: EP2-51..864  I Japanese/EPRI Plate (SA533B-1) 10

A1224-1: IPl-67 I Grand Gulf Plate (SA533B-1) 10

C2331-2: IP1-30 I Cooper Plate (SA533B-1) 10

P2130-2: IP1-11 I Nine Mile Point 1 Plate (SA302B, Mod) 10

C3278-2: IP1-28 I FitzPatrick Plate (SA533B-1) 10

CE-1 (WM): Cl 12..132' I CE/EPRI Linde 1092 #1 (Submerged Arc Weld) 10
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Table 3-1
Quantities of Specimens in SSP (Oyster Creek) Capsules E, F and I (Continued)

Charpy
Identity: Specimen Capsule Material Specimen

Code Quantity

5P6214B: IP2-67 I Grand Gulf Weld (Submerged Arc Weld) 10

34B009: IP2-15 I Millstone 1 Weld (Submerged Arc Weld) 10

IP2-21: IP2-21 3  I Quad Cities 2 Weld (Electroslag Weld) 10

406L44: IP2-20 I Quad Cities 1 Weld (Submerged Arc Weld) 10

B&W-1 (BM): B01..10 6  F B&W/EPRI Plate (SA302B, Mod) 10

B0673-1: ECE..ED2 7  F Duane Arnold Plate (SA533B-1) 10

C1079-1: FP1-15 F Millstone 1 Plate (SA302B, Mod) 10

A0610-1: FP1-20 F Quad Cities 1 Plate (SA302B, Mod) 10

Al195-1: FP1-H2 F HSST-02 Plate (SA533B-1) 10

B&W-1(WM): M01..M11 8

EE/EK: EEC..EK13'9

FP2-BW: FP2-BW
3

FP2-6: FP2-6
3

5P6756: FP2-72

F B&W/EPRI Linde.80 (Submerged Arc Weld) 10

Duane Arnold Weld (Shielded Metal Arc Weld) 10

B&W Linde 80 Weld (Submerged Arc Weld) 10

Humboldt Bay 3 Weld (Submerged Arc Weld) 10

River Bend Weld (Submerged Arc Weld) 10

Notes:
1. Charpy specimen codes: EP2-43, -44, -47, -48, -58, -69, -70, -73, -74, -84.
2. Charpy specimen codes: C211, C213, C215, C217, C219, C222, C224, C226, C228, C231:
3. The heat number of these materials is unknown. The specimen code has been used as the
specimen identity for clarity.
4. Charpy specimen codes: EP2-51, -52, -55, -56, -60, -77, -78, -81, -82, -86.
5. Charpy specimen codes: C112, C114, C116, C118, C121, C123, C125, C127, C129, C132.
6. Charpy specimen codes: B01, B02, B03, B04, B05, B06, B07, B08, B09, B10.
7. Charpy specimen codes: ECE, ECJ, ECU, ECY, EDB, EDD, EDJ, EDM, EDP, ED2.
8. Charpy specimen codes: M01, M02, M03, M04, M05, M06, M07, M08, M09, M1 1.
9. Charpy specimen codes: EEC, EEJ, EKA, EKB, EKC, EKE, EKJ, EKT, EKY, EK1.

Charpy V-Notch Specimens

Reference [10] provided the following description of the CVN specimens. The Charpy
specimens were full-size Charpy V-notch specimens machined to dimensions as specified in
ASTM Specification E185-82 [3]. 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
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Test Specimen Description

were machined perpendicular to the length of the weld, with the notch perpendicular to the
surface, as specified in ASTM Specification E185-82.

The Duane Arnold plate specimens are archive specimens fabricated at the same time as the
standard surveillance specimens. The Duane Arnold plate specimens are longitudinal from the
1/4T or 3/4T thickness with the notch machined perpendicular to the plate surface [10].

The B&W Linde 80 weld (FP2-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 El 85-82.

The EPRI materials [EP2, CE-1 (WM), CE-2(WM), B&W- I (BM) and B&W- 1 (WM)] 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. One 1.5-inch
long section of iron wire and one 3-inch long section of copper wire, with their center coincident
with the center of the Charpy specimen set, were removed from various locations from each of
the full capsule length wires. Therefore, a total of ten iron'and ten copper wires were prepared
for each capsule with one set of iron and copper wires covering a Charpy specimen data set. The
numbering system started from top to bottom and left to right. For example, Capsule E#1 iron
and copper wires were for Charpy specimen set EP2 43-84 and Capsule E#10 iron and copper
wires were for Charpy specimen set EP2-20.

Capsules E and I 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 and details of the activity
measurements are presented in Appendix D.
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Table 3-2
Additional Special Dosimetry in SSP (Oyster Creek) Capsules E, F and I

Capsule Flux Wire Material Quantity

Fe 4

Cu 1

Ni 1

Nb 1

Oyster Creek Capsule E Ti 1

Co-Al 1

Ag 1

Ag-Al 1

U-235 1

Fe 4

Cu 1

Ni 1

Oyster Creek Capsule I Nb 1

Ti 1

Co-Al 1

Ag 1

Ag-Al 1

Oyster Creek Capsule F 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 I.

A visual inspection of each temperature monitor was performed to determine if there was any
irregular bending or slumping. These indications were taken as evidence of melting. The results
are shown in Table 3-3.
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Table 3-3
Thermal Monitors Contained in SSP (Oyster Creek) Capsule I

Meltwire Composition Melting Temperature Quartz Tube Melted?

(wt%) Length

73.7Pb, 25Sn, 1.3Sb 5040F (2620C) 1.0 in (2.54 cm) Yes

81Pb, 191n 518°F (270°C) 1.25 in (3.18 cm) Yes

80Au, 2OSn 536°F (280°C) 1.5 in (3.81 cm) Yes

9OPb, 5Ag, 5Sn 558°F (29200) 1.75 in (4.45 cm) Yes

97.5Pb, 2.5Ag 5800 F (30400) 2.0 in (5.08 cm) No
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4
MATERIAL IRRADIATION

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

Reactor System Geometry and SSP Surveillance Capsules

The Oyster Creek Nuclear Power Station is a General Electric Company designed BWR/2
located in Forked River, New Jersey. The reactor core consists of 560 fuel assemblies with
a rated thermal power of 1930 MWt. Figure 4-1 shows the Oyster Creek core configuration.
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Figure 4-1
Oyster Creek Core Configuration

Table 4-1 summarizes the reactor system design data for the Oyster Creek reactor. Figures 4-2
through 4-4 contain descriptions of the SSP surveillance capsules in the Oyster Creek reactor.
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Table 4-1
Oyster Creek Reactor System Design Data

Reactor Component Design Element Data

Reactor Design reactor thermal power 1930 MWt

Core operating pressure 7.24 MPa (1050 psia)

Radius of shroud inner surface 223.52 cm (88.00 in)

Shroud thickness 3.81 cm (1.50 in)

Inner radius of RPV liner 270.51 cm (106.5 in)

Thickness of RPV liner 0.555 cm (0.2185 in)

RPV wall thickness 18.10 cm (7.125 in)

Inner radius of mirror insulation 294.323cm (115.875 in)

Thickness of mirror insulation 7.62 cm (3.00 in)

Inner radius of biological shield 317.50 cm (125.0 in)

Thickness of biological shield 74.93 cm (29.5 in)

Elevation of bottom of core support plate region 452.44 cm (178.125 in)

Thickness of core support plate region 56.52 cm (25.25 in)

Elevation of bottom of top guide region 900.75 cm (354.625 in)

Thickness of top guide region 32.38 cm (12.75 in)

Core and Fuel Total number of fuel assemblies 560
Assembly

Fuel assembly pitch 15.24 cm (6.00 in)

Effective radius that preserves core volume 203.47 cm (80.11 in)

Active core length 365.76 cm (144.0 in)

Elevation of bottom of active core 531.65 cm (209.3125 in)

Surveillance Capsules Azimuthal location of surveillance capsules 210 degrees

Height of surveillance capsules 51.435 cm (20.25 in)

Width of surveillance capsules 12.45 cm (4.9 in)

Thickness of capsules I and E 1.27 cm (0.50 in)

Thickness of capsule F 1.067 cm (0.42 in)

Elevation of bottom of capsule I 679.755 cm (267.62 in)

Elevation of bottom of capsules E and F 735.025 cm (289.38 in)

Inner radius of capsule 1* 253.111 cm (99.65 in)

Inner radius of capsule E* 258.496 cm (101.77 in)

Inner radius of capsule F* 259.766 cm (102.27 in)

Elevation of center of I dosimetry 695.757 cm (273.92 in)

Elevation of center of E dosimetry 783.920 cm (308.63 in)
Insufficient drawing information was available to determine the radial position of the surveillance

capsules. The radial position was determined based upon the assumption that the surveillance
capsule bracket is in direct contact with the RPV liner.
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Reactor System Material Compositions

This section defines the material compositions, in terms of atom number densities, for the key
reactor system components.

Core Region Materials

The core region is defined by 24 axial homogeneous material zones for each fuel assembly. Each
core material zone consists of fuel (235U and 238U), oxygen, Zircaloy,. coolant and bypass water.
The material composition of each of these material regions varies due to voiding in the core
and due to the different fuel design types that constitute the core loading in each of the cycles.

There are six different fuel assembly designs in the Oyster Creek core over cycles 14-17. These
fuel designs have axially varying enrichments, as well as different radial enrichment splits and
uranium stack densities. The concentration of 23

1U, 
2 38

U, oxygen, zircaloy, coolant and bypass
water in each axial node for each assembly type is computed using the volume fractions for each
of the constituent materials in the node. These concentrations are assigned to core regions based
upon the axial node location and the fuel design type of the fuel assembly at each bundle location
in the core. The number densities for hydrogen and oxygen that compose the coolant and bypass
regions of the core are based upon the coolant relative water density. The process computer
output files contain the coolant relative water density data for selected operating points
(designated as state points) in each operating cycle. Saturated water conditions for the core
operating condition are shown in Table 4-2.

Table 4-2

Saturated Water at In-core Operating Conditions

Saturated Water Weight (%) Density (g/cc) Atomic Weight (g/mol) Number Density (atoms/b-cm)

H 0.1119 0.73578 1.008 4.919E-02

0 0.8881 0.73578 15.9994 2.460E-02

Ex-Core Region Materials

Saturatedwater number densities shown in Table 4-2 are also used for water in the reflector
and the downcomer regions of the reactor system. Air, which resides in the reactor cavity
regions of the system is assumed to be oxygen at a number density of 4.476x 105 atoms/barn-cm.
Tables 4-3, 4-4 and 4-5 show the material composition of the shroud; RPV and concrete
biological wall, respectively. The core support region consists of saturated water and SS304
stainless steel. The relative densities of each constituent in the core support region are shown in
Table 4-6. Similarly, the top guide region is assumed to be composed of voided water and SS304
stainless with relative densities of each constituent shown in Table 4-7.
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Table 4-3
Material Composition of the Shroud

Material Weight (%) Density (g/cc) Atomic Weight (g/mol) Number Density (atoms/b-cm)

Cr 1.90E-01 7.8 51.996 1.717E-02

Mn 2.OOE-02 7.8 54.938 1.710E-03

Fe 6.79E-01 7.8 55.847 5.711 E-02

Ni 1.O0E-01 7.8 58.71 8.001E-03

C 3.OOE-04 7.8 12.011 1.173E-04

Table 4-4

Material Composition of the Reactor Pressure Vessel

Material Weight (%) Density (g/cc) Atomic Weight (g/mol) Number Density (atoms/b-cm)

Cr 1.70E-03 7.8 51.996 1.536E-04

Mn 1.OOE-02 7.8 54.938 8.551 E-04

Fe 9.84E-01 7.8 55.847 8.277E-02

Ni 6.60E-03 7.8 58.71 5.281 E-04

C 2.90E-03 7.8 12.011 1.134E-03

Table 4-5
Material Composition of the Biological Shield Wall

Atomic Weight Number Density
Material Weight (%) Density (glcc) (g/mol) (atoms/b-cm)

Al 3.40E-02 2.4 26.9815 1.821 E-03

C 1.OOE-03 2.4 12.011 1.203E-04

Ca 4.40E-02 2.4 40.08 1.587E-03

Fe 1.40E-02 2.4 54.938 3.683E-04

H-1 1.OOE-02 2.4 1.008 1.434E-02

K 1.30E-02 2.4 39.1 4.806E-04

Mg 2.OOE-03 2.4 24.305 1.189E-04

Na-23 1.60E-02 2.4 22.9898 1.006E-03

0-16 5.29E-01 2.4 15.9994 4.779E-02

Si 3.37E-01 2.4 28.086 1.734E-02
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Table 4-6
Material Composition of the Core Support Plate Region

Material Volume Fraction

saturated water 0.77

SS304 stainless steel 0.23

Table 4-7

Material Composition of the Top Guide Region

Material Volume Fraction

saturated water 0.212

saturated vapor 0.346

SS304 stainless steel 0.442

Reactor Operating Data

Operating plant data must be incorporated into an evaluation of the neutron fluence in a reactor
system to ensure that the neutron transport model accurately reflects the actual operating plant
conditions throughout the cycles being evaluated. The primary operating system parameters that
affect neutron fluence evaluations for BWR's are the plant power level, core relative power
distribution, instantaneous void fraction distribution (or equivalently, instantaneous relative
water density) and core exposure distribution. In addition, the core loading patterns for the
cycles provide the necessary cycle-dependent fuel region composition information.

Plant Power History

The plant power history for the Oyster Creek unit is obtained from daily power history edits
provided by the plant personnel over the four cycles of operation being evaluated (cycles 14
through 17). The daily power values are assumed to represent step changes in power from one
day to the next and the power is assumed to be representative of the power over the entire day.
The average plant power over the four cycles resulted in an effective average plant power
fraction of 0.858 with an effective full power operation of 2430 effective full power days
(6.653 effective full power years). The fluence evaluation for Oyster Creek considered the
complete daily operating history, i.e., each daily power level was included in the evaluation.

Cycle State Point Data

The core distribution data (relative power, relative water density and nodal exposure) are
obtained from plant process computer edits that were taken at approximately monthly intervals
throughout each of the cycles of operation. These process computer edits are considered to be
operating state points that are representative of overall plant operation around the time of the
edit.
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A total of approximately 20 state points for each cycle were provided. A separate neutron
transport analysis is carried out for each of the state points in all cycles. Within the period
surrounding the state point, the neutron flux distribution is assumed to be constant while
the magnitude of the flux is assumed to vary proportionally to the plant power.

Tables 4-8 through 4-11 describe the state point conditions and the corresponding operating
dates over which the state point, is assumed to be applicable.

Table 4-8
Cycle 14 Operating State Points

Case # Date (YY MM DD) Power (MWt) Begin Date (YY MM DD) End Date (YY MM DD)

1 9301 04 1930.0

2 930217 1061.1 930215 930221

3 930225 1928.8 930222 930310

4 930324 1926.2 930311 930408

5 930423 1929.4 930409 930507

6 930521 1930.3 930508 930606

7 930623 1926.9 930607 930708

8 930723 1926.4 930709 930809

9 930826 1926.2 930810 930916

10 931008 1928.4 930917 931022

11 9311 05 1924.1 931023 9311 21

12 931208 1927.2 9311 22 931222

13 9401 06 1927.1 931223 9401 23

14 940209 1929.2 9401 24 940226

15 940315 1928.1 940227 940401

16 940419 1926.0 940402 940517

17 940614 1927.7 940518 940706

18 940728 1928.5 940707 940807

19 940817 1927.4 940808 940908

20 940910 605.0
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Table 4-9
Cycle 15 Operating State Points

Case # Date (YY MM DD) Power (MWt) Begin Date (YY MM DD) End Date (YY MM DD)

1 941016 1930.0

2 941219 1052.8 941214 * 941223

3 941228 1928.0 941224 9501 10

4 950126 1929.0 9501 11 950208

5 950222 1929.9 950209 950309

6 950324 1928.0 950310 950408

7 950421 1929.4 950409 950507

8 950524 1928.0 950508 950611

9 950629 1927.9 950612 950726

10 950823 1912.4 950727 950909

11 950928 1927.8 950910 951011

12 951025 1928.4 951012 9511 11

13 9511 29 1928.1 9511 12 951223

14 9601 17 1926.6 951224 960207

15 960228 1926.9 960208 960313

16 960326 1927.3 960314 960420

17 960515 1927.2 960421 960529

18 960612 1926.9 960530 960626

19 960710 1926.9 960627 960727

20 960814 1926.5 960728 960903

21 960904 1926.8
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Table 4-10
Cycle 16 Operating State Points

Case # Date (YY MM DD) Power (MWt) Begin Date (YY MM DD) End Date (YY MM DD)

1 960905 1930.0

2 961205 1927.6 961020 961208

3 961211 1928.5 961209 961228

4 9701 14 1928.8 96 1229 9701 31

5 970218 1897.4 970201 970304

6 970318 1928.1 970305 970415

7 970513 1930.1 970416 970528

8 970612 1928.0 970529 970702

9 970723 1929.3 970703 970809

10 970827 1929.1 970810 970913

11 970930 1930.0 970914 971019

12 9711 06 1927.1 971020 9711 24

13 971211 1926.8 9711 25 971231

14 9801 21 1928.5 9801 01 980206

15 980223 1928.9 980207 980324

16 980422 1928.3 980325 980510

17 980528 1928.9 980511 980610

18 980624 1927.3 980611 980711

19 980729 1927.9 980712 980812

20 980826 1887.0 980813 980923

21 980926 425.9
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Table 4-11
Cycle 17 Operating State Points

Case # Date (YY MM DD) Power (MWt) Begin Date (YY MM DD) End Date (YY MM DD)

1 981015 1930.0

2 981222 1927.8 9811 12 9901 09

3 9901 27 1927.2 9901 10 9902 17

4 990310 1929.2 990218 990329

5 990407 1929.6 990330 990425

6 990513 1929.1 990426 990530

7 990616 1929.9 990531 990707

8 990728 1929.5 990708 990814

9 990901 1928.9 990815 990921

10 991011 1927.5 990922 991011

11 991012 1928.0 991012 9911 02

12 991124 1928.5 991103 991215

13 0001 05 1927.6 991216 000216

14 000406 1926.5 000217 000427

15 000519 1929.3 000428 000611

16 000705 1928.6 000612 000724

17 000812 1773.3 000725 000828

18 000913 1652.9 000829 001013

19 001014 0.0

Core Loading Pattern

The various fuel designs that are present in the core lead to variations in fuel composition
throughout the core. Table 4-12 provides a summary of the various fuel designs that were in the
Oyster Creek core during cycles 14 through 17. The cycle core loading patterns were used to
obtain detailed fuel assembly compositions in the transport analysis models.
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Table 4-12
Summary of Oyster Creek Core Loading Pattern

Fuel GE7- GE8- GE8- GE8- GE9B- GE9B-

Design DRB299- P8D0B321- P8DQB388 P8DQB338 P8DWB348- P8DWB338-
7GZ2 8GZ2 -11GZ2 -12GZ2 12BZ2 11GZ2

Cycle 14 96 220 60 184 -

Cycle 15 68 76 120 136 140 20

Cycle 16 - - 52 160 260 88

Cycle 17 8 4 368 180

Calculation Methodology

In order to perform an accurate evaluation of the neutron fluence accumulation in surveillance
capsules and reactor components it is desirable to obtain the detailed three-dimensional flux
distribution throughout the reactor system. Regulatory Guide 1.190 [11] describes two basic
methodologies that have historically been used to determine the neutron flux distribution in the
reactor system. The methodology that has been applied most frequently in the United States is
based upon discrete ordinates particle transport techniques. This approach has the advantage of
providing a deterministic flux distribution for all modeled regions in the reactor system utilizing
relatively efficient solution techniques. The other methodology, which is based upon Monte
Carlo particle transport techniques, frequently requires excessive computation time in order to
obtain flux distribution solutions with sufficient statistical accuracy. The more traditional
discrete ordinate method was used in this evaluation.

Discrete ordinates-based methodologies that provide for detailed modeling of the reactor system
in three-dimensions have not been extensively used due to their large computational demands
and their limited flexibility in describing complex geometric shapes. As a result, discrete
ordinates evaluations are usually performed by combining flux distribution calculations from
lower dimension models in order to simulate the detailed three-dimensional flux distribution.

A common method for performing three-dimensional evaluations using lower dimension
solutions is based upon the "single channel synthesis" method. The lower dimension solutions
are performed using the popular transport code, DORT [12], which can be used to generate
one-dimensional and two-dimensional neutron flux distributions.

Three-Dimensional Flux Synthesis

Since the regions of greatest interest in reactor system fluence evaluations are usually best
described using cylindrical geometry (e.g., the shroud and RPV), it is common to use flux
solutions from various cylindrical models of the reactor system in the three-dimensional flux
synthesis process. In this process, the three-dimensional flux distribution is obtained by synthesis
of flux solutions from a two-dimensional planar (RO) DORT evaluation, a two-dimensional
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axi-symmetric (RZ) DORT evaluation, and a one-dimensional radial (R) DORT evaluation.
The resulting flux at any three-dimensional location is then determined to be:

O(R 0,Z) _ RO(R, 0) x Rz (R, Z)

OAR(R)

Equation 4-1

The synthesis operation is carried out using the DOTSYN [13] module of the LEPRICON [14]
code package.

Planar (RO) Flux Solution Model

The combination of a fairly symmetrical fuel loading pattern in the Oyster Creek core and the
radial symmetry of the ex-core reactor system components allows the reactor system to be
modeled in octant symmetry with reflected boundaries on the symmetry planes. The model
extends radially from the center of the core to the outer surface of the biological concrete shield
around the reactor cavity, at which point a vacuum boundary is assumed. The model used in the
DORT RO solution is composed of 60 angular (0) mesh intervals with a variable number of
radial mesh intervals in each 0 interval, ranging from 143 to172 radial intervals. The ex-core
region of the RO model consists of nine separate homogeneous material regions: one each for the
reflector, shroud, downcomer, RPV liner, RPV, cavity outside the RPV, mirror insulation, cavity
outside the insulation and the biological shield wall. Figure 4-5 illustrates the octant RO model
used in the DORT evaluation of the Oyster Creek reactor system.

FWACTOfi CORE

0.00 392.4

RADIUS (cm)

Figure 4-5
DORT RO Octant Model of Oyster Creek Reactor

The recommended limitations on mesh size presented in [11] have been followed in laying
out the radial and azimuthal meshing in all material regions of the DORT RO model.
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Since the center of the SSP capsules are located at a core azimuth of 2100, the modeled octant
of the core represents the one-eighth reactor azimuthal sector between 1800 and 2250 (that is,
a model azimuth of 0=00 corresponds to a core azimuth of 180' and a model azimuth of 0=450
corresponds to a core azimuth of 2250). Thus the azimuthal center of the surveillance capsules
is located at a model azimuth of 0=300.

Radially, the core region is separated into four homogenized material zones. The zones are
composed of fuel assemblies which are selected based upon their distances from an edge face
of the core. For example, the outer zone (zone 4) is composed of those assemblies that reside on
the core periphery, while zone 3 is composed of those assemblies that are adjacent to a peripheral
assembly, etc. Figure 4-6 shows the material zone assignments for the bundles in an octant of the
Oyster Creek core. The radial boundaries of the core material zones are computed to preserve the
total assembly volume in the material zone.

4
2 3 4

_ 1 1 2 3 4,

1 1 1 2 3 4

1 1 1 1 2 3 4

1 1 1 1 1 1 2 3 4
1 1 1 1 1 1 1 2 3 4

1 1 1 1 1 1 1 1 2 3 4
1 1 1 1 1 1 1 1 1 2 3 4

111 1 1 1 1 1 1 2 3 4

.Figure 4-6
Radial Zone Assignement Assemblies in a Core Octant

Anisotropic scattering in the RO model is represented with a P3 Legendre expansion of the
scattering cross sections. A symmetric S, angular quadrature [15] is used in the DORT solution
of the RO models.

While it is possible to account for the local flux perturbations resulting from the presence of the
SSP capsules by including the capsule geometry in the DORT RO model, this approach results in
a significant proliferation of individual DORT RO models. Many individual DORT RO models
are generated because all six of the SSP capsules are located at different radii and three of the
six capsules were removed after two cycles of operation. In addition, including the surveillance
capsule in the RO model has the added disadvantage that the synthesized three-dimensional
fluxes would include capsule perturbations over the entire height of the reactor system. An
alternative approach for dealing with the local perturbations caused by the surveillance capsules
that circumvents these disadvantages has been utilized. This alternative approach is described
later in this section under "Peripheral Assembly Pin Powers."
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A DORT RO solution is performed for each state point identified in the section entitled
"Cycle State Point Data" in order to account for variations in core power distribution, core void
distribution and exposure over the four cycles of operation. For each state point solution, the
water densities used in the fuel region of the core are determined from the bundle average water
densities for the state point. Similarly, the bundle average powers and exposures are used to
obtain the source distribution, using the method described in the section entitled "Neutron Source
Generation", for each state point solution. The strong influence of local power resulting from the
peripheral bundles is taken into account by including pin-by-pin power distributions for the outer
two fuel rows in the RO model. The section entitled "Surveillance Capsule Flux Perturbation
Calculations" describes the method for determining the relative pin powers for the outer fuel
assemblies.

Axi-Symmetric (RZ) Flux Solution Mode

The DORT RZ model is defined axially from the bottom of the core support plate to the top
of the top guide. Radially, the DORT RZ model extends from the center of the core to the
outer surface of the biological, concrete shield. The core centerline is modeled using a reflective
boundary, while the top, bottom and outer shield surfaces are modeled using vacuum boundaries.

The core support region of the RZ model extends from the bottom of the core support plate to the
bottom of active fuel. The top guide region of the RZ model extends from the top of active fuel
to the top of the top guide. The material in each of these regions is homogenized so that the total
mass of the components in the region is preserved.

Radially, the core region is separated into four homogenized material zones as described in
the section entitled "Planar Flux Solution Model" for the RO model. Axially, the core region
is modeled using 24 homogeneous material planes, each plane having a height of 15.24 cm.
(6.00 inches).

The fuel material in each axial node of each radial zone in the core region is computed using the
azimuthally averaged nodal fuel composition for each assembly's fuel design. Water density in
each axial node of each radial zone in the core region is similarly computed using azimuthally
averaged nodal water densities from the appropriate process computer data file.

The ex-core region of the RZ model consists of nine separate homogeneous material regions:
one each for the reflector, shroud, downcomer, RPV liner, RPV, cavity outside the RPV, mirror
insulation, cavity outside the insulation and the biological shield wall.

The recommended limitations on mesh size presented in [11] have been followed in laying out
the radial and axial meshing in all material regions of the DORT RZ model. The resulting RZ
model contains 147 radial intervals and 84 axial intervals. Anisotropic scattering in the RZ
model is represented with a P3 Legendre expansion of the scattering cross sections. A symmetric
S8 angular quadrature [15] is used in the DORT solution of the RZ models.
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A DORT RZ solution is performed for each state point identified in the section entitled
"Cycle State Point Data" in order to account for variations in core power distribution, core void
distribution and exposure over the four cycles of operation. Each core material zone consists of
fuel (235U and 238U), oxygen, Zircaloy-2, coolant and bypass water. For each state point solution,
the water densities used in the fuel region of the core are determined from the bundle average
water densities for the state point. Similarly, the bundle average powers and exposures are used
to obtain the source distribution, using the method described in the section entitled "Neutron
Source Generation", for each state point solution.

Radial (R) Flux Solution Model

The DORT R model extends from the center of the core to the outer surface of the biological
concrete shield. The material regions in the DORT R model coincide with the RZ model region
definitions at a core axial location. Radially, the core region is separated into four homogenized
material zones as described in section entitled "Planar Flux Solution Model" for the RO model.
The nine homogeneous material regions that exist outside the core in the RZ model exist in the
R model'as well. The radial meshing of the DORT R model coincides with the RZ model and
consists of 147 radial intervals.

Anisotropic scattering in the R model is represented with a P3 Legendre expansion of the
scattering cross sections. A symmetric S8 angular quadrature [15] is used in the DORT solution
of the R models.

A DORT R solution is performed for each state point identified in the section entitled "Cycle
State Point Data" in order to account for variations in core power distribution, core void
distribution and exposure over the four cycles of operation. Each core material zone consists of
fuel (2315U and 238U), oxygen, Zircaloy-2, coolant and bypass water. For each state point solution,
the water densities used in the fuel region of the core are determined from the bundle average
water densities for the state point. Similarly, the bundle average powers and exposures are used
to obtain the source distribution, using the method described in the section entitled "Neutron
Source Generation", for each state point solution.

Neutron Source Generation

Calculation of the neutron source for the each of the DORT models is performed by the
DOTSOR code, a module of the LEPRICON code system. The function of the DOTSOR code
is to generate the RO source for DORT transport calculations based upon the traditional XY
representation of core nodal powers. DOTSOR includes an exposure dependent spectral
adjustment for the source contributions from 215U and 239 Pu for a single input exposure. The
power distributions, provided in the state point process computer data files identified in the
section entitled "Cycle State Point Data", are specified in the traditional XY nodal format.
Therefore, the nodal power factors, after axial averaging if appropriate, can be used directly in a
DOTSOR calculation to obtain the corresponding neutron source distribution for use in a DORT
solution.

4-17



Material Irradiation

In order to generate the neutron source for the DORT RO model, the relative power input to
DOTSOR consists of the axially averaged power factors for each assembly. The exposure for the
DORT RO source computation is determined as the average of the average peripheral assembly
exposures. DOTSOR computes the corresponding neutron source distribution and maps the
source terms into the DORT RO core mesh regions.

For the DORT RZ model, a separate neutron source distribution is computed for each axial node
using the DOTSOR code. For a given axial node, the relative nodal powers, along with the nodal
peripheral assembly average exposure is directly input into a DOTSOR computation. The RO
geometry provided to DOTSOR consists of a single azimuthal sector over the core octant
containing the radial mesh from the DORT RZ model. In this fashion, the resulting neutron
source is "automatically" averaged in the azimuthal direction by the DOTSOR code. This
method also has the advantage that the axial exposure distribution is reflected in the axial
neutron source distribution.

The DORT R model neutron source distribution is computed using a combination of the
techniques used to compute the DORT RO and RZ model source terms. The axially averaged
power factors from the DORT RO source evaluation are combined with the single azimuthual
region RO geometry to obtain a power distribution that is averaged both axially and azimuthally.

This technique for generating the neutron source terms for the DORT models results in a total of
26 applications of the DOTSOR code for each state point identified in the section entitled "Cycle
State Point Data", i.e. one for the DORT RO model, one for the DORT R model and 24 for the
DORT RZ model (one for each axial node in the model).

Peripheral Assembly Pin Powers

The strong power gradients present in fuel assemblies located near the edge of the core can have
a significant effect on the ex-core neutron flux distribution. Regulatory Guide 1.190 indicates
that the pin-by-pin source distributions in peripheral assemblies should be included in best
estimate vessel fluence computations.

Pin-by-pin power distributions were not available for Cycles 14 through 17 of the Oyster Creek
reactor. As a result, pin-by-pin powers for the outer two rows of fuel assemblies were determined
by alternate methods. The assemblies in the outer two core rows can be grouped into four basic
groups: (1) peripheral assemblies lying on a side of the core, (2) peripheral assemblies lying in
a corner of the core, (3) second row assemblies with a side to the core edge and (4) second row
assemblies with a corner on the core edge. Figure 4-7 shows the orientation of these four types
of assemblies in the modeled octant of the Oyster Creek reactor.

A DORT RO analysis was performed using the kef solution mode instead of the fixed source
mode typical of fluence evaluation solutions. The resulting pin-by-pin fission source terms
determined from the DORT solution for the eight by eight pin regions in selected fuel assemblies
typical of each peripheral assembly type are then normalized to the average assembly fission
source term. The resulting distribution provides an estimate of the relative pin powers for these
assemblies. Since there should not be a strong variation in the relative power in edge bundles
over the course of a cycle (or even over multiple cycles) the DORT solution was performed
using a typical mid-cycle state point (Cycle 15, state point 10).
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Figure 4-7
Orientation of Peripheral Assembly Types in a Core Octant

Tables 4-13 through 4-16 show the resulting pin by pin relative powers for an eight by eight
array for each of the four peripheral assembly types.

Table 4-13
Pin Powers for Eight by Eight Array for Type 1 (Peripheral Side) Assemblies

Pin Col. 1 Pin Col. 2 Pin Col. 3 Pin Col. 4 Pin Col. 5 Pin Col. 6 Pin Col. 7 Pin Col. 8

Pin Row 1 1.23 1.17 1.09 1.01 0.93 0.85 0.81 0.93

Pin Row 2 1.23 1.17 1.09 1.01 0.93 0.85 0.81 0.93

Pin Row 3 1.23 1.17 1.09 1.01 0.93 0.85 0.81 0.93

Pin Row 4 1.23 1.17 1.09 1.01 0.93 0.85 0.81 0.93

Pin Row 5 1.23 1.17 1.09 1.01 0.93 0.85 0.81 0.93

Pin Row 6 1.23 1.17 1.09 1.01 0.93 0.85 0.81 0.93

Pin Row 7 1.23 1.17 1.09 1.01 0.93 0.85 0.81 0.93

Pin Row 8 1.23 1.17 1.09 1.01 0.93 0.85 0.81 0.93
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Table 4-14
Pin Powers for Eight by Eight Array for Type 2 (Peripheral Corner) Assemblies

Pin Col. 1 Pin Col. 2 Pin Col. 3 Pin Col. 4 Pin Col. 5 Pin Col. 6 Pin Col. 7 Pin Col. 8

Pin Row 1 1.24 1.03 0.69 0.74 0.56 0.60 0.46 0.46

Pin Row 2 1.21 1.16 0.95 0.96 0.79 0.79 0.62 0.46

Pin Row 3 1.14 1.10 0.98 0.94 0.84 0.81 0.79 0.60

Pin Row 4 1.22 1.12 1.04 0.97 0.90 0.84 0.79 0.56

Pin Row 5 1.25 1.19 1.10 1.03 0.97 0.94 0.96 0.74

Pin Row 6 1.35 1.27 1.19 1.10 1.04 0.98 0.95 0.69

Pin Row 7 1.39 1.33 1.27 1.19 1.12 1.10 1.16 1.03

Pin Row 8 1.49 1.39 1.35 1.25 1.22 1.14 1.21 1.24

Table 4-15

Pin Powers for Eight by Eight Array for Type 3 (2n"d Row Side) Assemblies

Pin Col. 1 Pin Col. 2 Pin Col. 3 Pin Col. 4 Pin Col. 5 Pin Col. 6 Pin Col. 7 Pin Col. 8

Pin Row 1 1.07. 1.06 1 .05 1.02 1.00 0.97 0.93 0.90

Pin Row 2 1.07 1.06 1.05 1.02 1.00 0.97 0.93 0.90

Pin Row 3 1.07 1.06 1.05 1.02 1.00 0.97 0.93 0.90

Pin Row 4 1.07 1.06 1.05 1.02 1.00 0.97 0.93 0.90

Pin RowS5 1.07 1.06 1.05 1.02 1.00 0.97 0.93 0.90

Pin Row 6 1.07 1.06 1.05 1.02 1.00 0.97 0.93 0.90

Pin Row 7 1.07 1.06 1.05 1.02 1.00 0.97 0.93 0.90

Pin Row 8 1.07 1.06 1.05 1.02 1.00. 0.97 0.93 0.90

.4-20



Material Irradiation,

Table 4-16
Pin Powers for Eight by Eight Array for Type 4 (2nd Row Corner) Assemblies

Pin Col. 1 Pin Col. 2 Pin Cot. 3 Pin Col. 4 Pin Col. 5 Pin Cot. 6 'Pin Col. 7 Pin Col. 8

Pin Row 1 1.04 1.03 0.99 0.97 0.95 0.93 0.92 0.87

Pin Row 2 1.04 1.02 1.00 0.97 0.95 0.93 0.92 0.92

Pin Row 3 1.04 1.02 0.96 0.97 0.96 0.95 0.93 0.93

Pin Row 4 1.04 1.02 1.00 0.99 0.98 0.96 0.95 0.95

Pin Row 5 1.05 1.04 1.02 1.01 0.99 0.97 0.97 0.97

Pin Row 6 1.06 1.05 1.04 1.02 1.00 0.96 1.00 0.99

Pin Row 7 1.08 1.07 1.05 1.04 1.02 1.02 1.02 1.03

Pin Row 8 1.09 1.08 1.06 1.05 1.04 1.04 1.04 1.04

Survfeillance Capsule Flux Perturbation Calculation

The presence of capsule and pressure vessel sample material inside the surveillance capsules has
an effect upon the neutron flux spectrum for regions inside the capsules. It is necessary to correct
for these spectral perturbations in order to obtain an accurate prediction of the neutron flux in the
capsules. In order to estimate the extent of these spectral perturbations, energy-group dependent
flux perturbation factors can be determined. When applied to the unperturbed flux in the
surveillance capsule region, these perturbation factors will correctly represent the local effects
resulting from the location of each surveillance capsule holder in the surveillance capsules.

There are two different axial locations for the surveillance capsules, one for capsules D, E and F
and one for capsules G, H and I. In addition, capsules D, G and H and their containers are only
present during cycles 14 and 15. Capsules E, F and I are present throughout cycles 14 through
17.

A series of radial (one-dimensional) DORT calculations were performed to represent the various
combinations of capsule locations and cycle variations in capsule content. The calculations are
performed in pairs, one in which the actual capsule material is present and one in which the
capsule region was represented by water. The ratio of the group-dependent neutron fluxes
between each of these paired runs provides a flux multiplication factor that corrects for the
surveillance capsule flux perturbations. Tables 4-17 and 4-18 present the flux multiplication
factors for cycles 14-15 and 16-17, respectively.
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Table 4-17
Capsule Flux Multiplication Factors for Cycles 14 and 15

Energy Group Capsule E Capsule F Capsule I
1 0.806 0.725 0.732
2 0.808 0.728 0.735
3 0.819 0.746 0.753
4 0.834 0.764 0.770
5 0.845 0.774 0.779
6 0.849 0.769 0.775
7 0.868 0.783 0.790
a 0.917 0.822 0.833
9 0.996 0.894 0.907
10 1.111 0.998 1.010
11 1.168 1.049 1.063
12 1.211 1.088 1.099
13 1.231 1.136 1.141
14 1.299 1.187 1.197
15 1.461 1.321 1.334
16 1.616 1.488 1.496
17 1.761 1.637 1.649
18 2.136 2.013 2.030
19 2.185 2.129 2.141
20 1.885 1.797 1.815
21 2.657 2.592 2.605
22 2.281 2.219 2.254
23 2.175 2.081 2.100
24 2.406. 2.404 2.424
25 1.843 1.836 1.853
26 1.923 1.933 1.955
27 1.628 1.641 1.657
28 1.582 1.572 1.603
29 1.187 1.200 1.212
30 0.655 0.757 0.737
31 4.634 4.785 4.728
32 1.948 . 2.046 2.083
33 1.305 1.381 1.388
34 1.332 1.338 1.367
35 1.544 1.535 1.546
36 1.399 1.386 1.413
37 1.410 1.382 1.404

381.224 1.217 1.227
391.408 1.359 1.380

40 1.372 1.325 1.343
41 1.319 1.277 1.292
4ý2- 1.231 1.202 1.213
43 1.157 1.137 1.144
44 1.031 1.032 1.034
45 0.954 0.964 0.963
46 0.428 0.438 0.431
47 0.092 0.128 0.120
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Table 4-18
Capsule Flux Multiplication Factors for Cycles 16 and 17

Energy Group Capsule E Capsule F Capsule I
1 0.928 0.835 0.922
2 0.927 0.834 0.922
3 0.927 0.845 0.925
4 0.934 0.860 0.933
5 0.940 0.869 0.938
6 0.950 0.872 0.944
7 0.967 0.888 0.957
8 1.011 0.923 0.988
9 1.069 0.979 1.030
10 1.148 1.065 1.087
11 1.184 1.103 1.112
12 1.216 1.132 ____1.131

13 1.208 1.155 1___ .129
14 .1.263 1.201 1.168
15 1.375 1.305 1.242
16 1.457 1.408 1.294
17 1.535 1.503 1.351
18 1.722 1.717 1.468

.19 1.712 -1.752 1.466
20 1.559 1.547 1.361
21 1.932 1.990 1.578
22 1.721 1.753 1.461
23 1.685 1.680 1.424
24 1.753 1.824 1.477
25 1.499 1.522 ____1.325

26 1.528 1.570 ____1.350

27 1.390 1.405 1.258
28 1.371 1.363 ____1.253

29 1.178 1.118 1.122
30 0.857 0.741 0.885
31 3.498 3.751 2.795
32 1.487 1.597 1.332
33 1.208 1.249 1.145
34 1.262 1.231 1.187
35 1.373 1.363 1.241
36 1.285 1.254 1.193
37 1.296 1.255 1.193
38 1.216 1.152 1.142
39 1.309 1.252 1.197
40 1.281 1.221 1.175
41 1.255 1.191 1.160
42 1.213 1.145 1.135
43 1.180 1.109 1.116
44 1.117 1.043 1.078
45 1.107 1.036 1.093
46 0.606 0.556 0.678
47 0.213 0.177 0.290
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Nuclear Data Library

The nuclear cross section library is an essential element in neutron fluence evaluations. The
accuracy of the cross section data is one of the primary factors that governs the accuracy of the
neutron fluence prediction in reactor components. Several multi-group cross section libraries
have been developed over the years for use in neutron fluence evaluations. The most recent of
these libraries is the BUGLE-96 library [16], which has been developed exclusively from
ENDF/B-VI nuclear data by Oak Ridge National Laboratory.

Nuclear Cross Sections

BUGLE-96 consists of 47 neutron energy groups that span an energy range of 0. 1 eV to
17.332 MeV. The group structure is especially well-suited to applications requiring accurate
determination of neutron flux with energy > I MeV. This is of primary importance in the
evaluation of irradiation damage to reactor components. BUGLE-96 also includes energy group
upscattering in the lower (thermal) energy range of < 5.04 eV. This significantly improves the
prediction of thermal flux. Table 4-19 shows the group structure for the 47 neutron groups in
BUGLE-96. In addition to the neutron cross section set, BUGLE-96 also contains photon fission
production and nuclear cross section data to support gamma particle transport calculations.
Table 4-20 shows the group structure for the photon cross sections.

The BUGLE-96 library contains an extensive set of nuclide cross sections that are pre-shielded
and spectrally collapsed using light water reactor flux spectra. BUGLE-96 incorporates an
improved resonance treatment for steel nuclides. The resonance treatment is of particular
importance in reactor system component fluence evaluations. Except for oxygen in the reactor
cavity regions, the Oyster Creek surveillance capsule evaluations exclusively use pre-shielded
and spectrally collapsed cross section data. Table 4-21 lists the nuclides for which pre-shielded
and spectrally weighted cross section data is available on BUGLE-96.

BUGLE-96 has been especially developed for the solution of ex-core neutron transport
calculations that must account for anisotropic scattering effects. Lighter nuclides contain
scattering data for up to P7 Legendre scattering expansion, while the heavier nuclides contain
data for up to P5 scattering.
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Table 4-19
BUGLE-96 Neutron Energy Group Structure (Neutron Cross Section Set)

Energy Range (eV)Energy Group Upper Energy Lower Energy

1 1.7332E+07 1.4191 E+07
2 1.4191 E+07 1.2214E+07
3 1.2214E+07 1.OOOOE+07
4 1.0000E+07 8.6071 E+06
5 8.6071 E+06 7.4082E+06
6 7.4082E+06 6.0653E+06
7 6.0653E+06 4.9659E+06
8 4.9659E+06 3.6788E+06
9 3.6788E+06 3.0119E+06
10 3.0119E+06 2.7253E+06
11 2.7253E+06 2.4660E+06
12 2.4660E+06 2.3653E+06
13 2.3653E+06 2.3457E+06
14 2.3457E+06 2.2313E+06
15 2.2313E+06 1.9205E+06
16 1.9205E+06 1.6530E+06
17 1.6530E+06 1.3534E+06
18 1.3534E+06 1.0026E+06
19 1.0026E+06 8.2085E+05
20 8.2085E+05 7.4274E+05
21 7.4274E+05 6.0810E+05
22 6.0810E+05 4.9787E+05
23 4.9787E+05 3.6883E+05
24 3.6883E+05 2.9721 E+05
25 2.9721E+05 1.8316E+05
26 1.8316E+05 1.1109E+05
27 1.1109E+05 6.7379E+04
28 6.7379E+04 4.0868E+04
29 4.0868E+04 3.1828E+04
30 3.1828E+04 2.6058E+04
31 2.6058E+04 2.4176E+04
32 2.4176E+04 2.1875E+04
33 2.1875E+04 1.5034E+04
34 1.5034E+04 7.1017E+03
35 7.1017E+03 3.3546E+03
36 3.3546E+03 1.5846E+03
37 1.5846E+03 4.5400E+02
38 4.5400E+02 2.1445E+02
39 2.1445E+02 1.0130E+02
40 1.0130E+02 3.7266E+01
41 3.7266E+01 1.0677E+01
42 1.0677E+01 5.0435E+00
43 5.0435E+00 1.8554E+00
44 1.8554E+00 8.7643E-01
45 8.7643E-01 4.1399E-01
46 4.1399E-01 1.OOOOE- 01
47 1.OOOOE-01 1.0000:E-05

4-25



Material Irradiation

Table 4-20
BUGLE-96 Gamma Energy Group Structure (Photon Cross Section Set)

Energy Range (eV)
Energy Group Upper Energy Lower Energy

1 1.4000E+07 1.OOOOE+07

2 1.OOOOE+07 8.OOOOE+06

3 8.OOOOE+06 7.OOOOE+06

4 7.OOOOE+06 6.OOOOE+06

5 6.OOOOE+06 5.OOOOE+06

6 5.OOOOE+06 4.OOOOE+06

7 4.OOOOE+06 3.OOOOE+06

8 3.OOOOE+06 2.OOOOE+06

9 2.OOOOE+06 1.5000E+06

10 1.5000E+06 1.OOOOE+06

11 1.OOOOE+06 8.OOOOE+05

12 8.OOOOE+05 7.OOOOE+05

13 7.OOOOE+05 6.OOOOE+05

14 6.OOOOE+05 4.OOOOE+05

15 4.OOOOE+05 2.OOOOE+05

16 2.OOOOE+05 1.OOOOE+05

17 1.OOOOE+05 6.OOOOE+04

18 6.OOOOE+04 3.OOOOE+04

19 3.OOOOE+04 2.OOOOE+04

20 2.0000E+04 1.OOOOE+04
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Table 4-21
List of BUGLE 96 Nuclides

Nuclide Legendary Expansion (Pn) BUGLE-96 Material Identifier

BWR Core Weighted Nuclides

H-1 core coolant 7 6033-6040

0-16 core coolant 7 6041-6048

0-16 core fuel 7 6049-6056

U-235 core fuel 5 6057-6062

U-238 core fuel 5 6063-6068

Fe-54 core clad 7 6001-6008

Fe-56 core clad 7 6009-6016

Fe-57 core clad 7 6017-6024

Fe-58 core clad 7 6025-6032

Zr core clad 5 6069-6074

Stainless Steel Nuclides

C 7 5009-5016

Cr-50 7 5025-5032

Cr-52 7 5041-5048

Cr-53 7 5057-5064

Cr-54 7 5073-5080

Mn-55 7 5153-5160

Fe-54 7 5089-5096

Fe-56 7 5105-5112

Fe-57 7 5121-5128

Fe-58 7 5137-5144

Ni-58 7 5169-5176

Ni-60 7 5185-5192

Ni-61 7 5201-5208

Ni-62 7 5217-5224

Ni-64 7 5233-5240
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Table 4-21 (continued)
List of BUGLE 96 Nuclides

Nuclide Legendre Expansion (Pn) BUGLE-96 Material Identifier
PWR Downcomer Weighted

Nuclides

H-1 7 2001-2008

C 7 2017-2024

0-16 7 2009-2016

Cr-50 7 2025-2032

Cr-52 7 2033-2040

Cr-53 7 2041-2048

Cr-54 7 2049-2056

Mn-55 7 2089-2096

Fe-54 7 2057-2064

Fe-56 7 2065-2072

Fe-57 7 2073-2080

Fe-58 7 2081-2088

Ni-58 7 2097-2104

Ni-60 7 2105-2112

Ni-61 7 2113-2120

Ni-62 7 2121-2128

Ni-64 7 2129-2136

Carbon Steel Nuclides

C 7 5001-5008

Cr-50 7 5017-5024

Cr-52 7 5033-5040

Cr-53 7 5049-5056

Cr-54 7 5065-5072

Mn-55 7 5145-5152

Fe-54 7 5081-5088

Fe-56 7 5097-5104

Fe-57 7 5113-5120

Fe-58 7 5129-5136

Ni-58 7 5161-5168

Ni-60 7 5177-5184

Ni-61 7 5193-5200

Ni-62 7 5209-5216

Ni-64 7 5225-5232
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Table 4-21 (continued)
List of BUGLE 96 Nuclides

Nuclide Legendre Expansion (Pn) BUGLE-96 Material Identifier

PWR 1/4 T PV Weighted Nuclides

C 7 3001-3008

Cr-50 7 3009-3016

Cr-52 7 3017-3024

Cr-53 7 3025-3032

Cr-54 7 3033-3040

Mn-55 7 3073-3080

Fe-54 7 3041-3048

Fe-56 7 3049-3056

Fe-57 7 3057-3064

Fe-58 7 3065-3072

Ni-58 7 3081-3088

Ni-60 7 3089-3096

Ni-61 7 3097-3104

Ni-62 7 3105-3112

Ni-64 7 3113-3120

Concrete Type 04 Nuclides

H-1 7 4057-4064

C 7 4009-4016

0-16 7 4089-4096

Na-23 7 4081-4088

Mg 7 4073-4080

AI-27 7 4001-4008

Si 7 4097-4104

K 7 4065-4072

Ca 7 4017-4024

Fe-54 7 4025-4032

Fe-56 7 4033-4040

Fe-57 7 4041-4048

Fe-58 7 4049-4056
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Table 4-21 (continued)
List of BUGLE 96 Nuclides

Nuclide Legendre Expansion BUGLE-96 Material Identifier

(Pn)

PWR Core Weighted Nuclides

H-1 core coolant 7 1073-1080

B-10 core coolant 7 1001-1008

O-16 core coolant 7 1121-1128

O-16 core fuel 7 1129-1136

U-235 core fuel 5 1137-1142

U-238 core fuel 5 1143-1148

Cr-50 core clad 7 1009-1016

Cr-52 core clad 7 1017-1024

Cr-53 core clad 7 1025-1032

Cr-54 core clad 7 1033-1040

Fe-54 core clad 7 1041-1048

Fe-56 core clad 7 1049-1056

Fe-57 core clad 7 1057-1064

Fe-58 core clad 7 1065-1072

Ni-58 core clad 7 1081-1088

Ni-60 core clad 7 1089-1096

Ni-61 core clad 7 1097-1104

Ni-62 core clad 7 1105-1112

Ni-64 core clad 7 1113-1120

Zr core clad 5 1149-1155

Activation Response Functions

Response functions are used to calculate nuclear reactions and other integral parameters (e.g.,
integrated fluxes over various energy ranges) of interest in ex-core calculations. Tables 4-22
and 4-23 list the activation response functions included in the BUGLE-96 nuclear data library:

The response function tables are identified in the BUGLE-96 nuclear data library with the
nuclide identifiers 7001, 7002, 7003 and 7004. Response tables 7001 (Part A) and 7002
(Part B) contain response functions which have a flat weighting corresponding to the in-vessel
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surveillance capsule location. Response tables 7003 (Part A) and 7004 (Part B) contain response
functions which have a weighting corresponding to the 1/4 T location in the pressure vessel.
These tables include ENDF/B-VI fission spectra (i.e., chi values) for the fissionable nuclides
which are used in neutron source calculations.

Table 4-22
Row Positions of Response Functions in BUGLE-96 Tables 7001 and 7003

Row Response Row Response
1 Group upper energy (MeV) 29 1-127 (n,2n)

2 U-235 fission spectrum (chi) 30 Sc-45 (ny)

3 Li-6 (n,x) He-4 31 Na-23 (n, y)

4 B-10 (n,ct) 32 Fe-58 (n, y)

5 Th-232 (n,fission) 33 Co-59 (n, 7)

6 U-235 (n,fission) 34 Cu-63 (n, 7)

7 U-238 (n,fission) 35 In-115 (n, y)

8 Np-237 (n,fission) 36 Au-1 97 (n, y)

9 Pu-239 (n,fission) 37 Th-232 (n, 7)

10 AI-27 (n,p) 38 U-238 (n, y)

11 AI-27 (n, a) 39 j- ,,, (MeV,")

12 S-32 (n,p) 40 Total neutron flux

13 Ti-46 (n,p) 41 U-234 (n,fission)

14 Ti-47 (n,p) 42 U-236 (n,fission)

15 Ti-47 (n,n'p) 43 Pu-240 (n,fission)

16 Ti-48 (n,p) 44 Pu-241 (n,fission)

17 Ti-48 (n,n'p) 45 Pu-242 (n,fission)

18 Mn-55 (n,2n) 46 Rh-103 (n,nN)

19 Fe-54 (n,p) 47 Si displacement kerma (eV--b)

20 Fe-56 (np) 48 U-238 fission spectrum (chi)

21 Co-59 (n,2n) 49 Pu-239 fission spectrum (chi)

22 Co-59 (n, a) 50 E > 1.0 MeV neutron flux

23 Ni-58 (n,p) 51 E > 0.1 MeV neutron flux

24 Ni-58 (n,2n) 52 E < 0.414 eV neutron flux

25 Ni-60 (n,p) 53 Average energy (MeV)

26 Cu-63 (n, c) 54 Delta energy (MeV)

27 Cu-65 (n,2n) 55 Delta lethargy

28 In-115 (n,nN)
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Table 4-23
Row Positions of Response Functions in BUGLE-96 Tables 7002 and 7004

Row Response

1 Pu-238 (n,fission)

2 U-234 neutrons/fission (nubar)

3 U-235 neutrons/fission (nubar)

4 U-236 neutrons/fission (nubar)

5 U-238 neutrons/fission (nubar)

6 Pu-238 neutrons/fission (nubar)

7 Pu-239 neutrons/fission (nubar)

8 Pu-240 neutrons/fission (nubar)

9 Pu-241 neutrons/fission (nubar)

10 Pu-242 neutrons/fission (nubar)

11 U-234 fission spectrum (chi)

12 U-236 fission spectrum (chi)

13 Pu-238 fission spectrum (chi)

14 Pu-240 fission spectrum (chi)

15 Pu-241 fission spectrum (chi)

16 Pu-242 fission spectrum (chi)

Fluence Evaluation Results

This section contains the results from the Oyster Creek fluence analysis. Predicted neutron
fluence, neutron flux for energy > I MeV and > 0.1 MeV and comparison of the predicted
activation to the activation measurements [5] for each capsule are presented. Appendix D
contains the details of the procedure and results from the activation measurement. Best estimate
neutron fluence and neutron flux for energy > I MeV and > 0.1 MeV are also presented for the
reactor pressure vessel and reactor shroud at various thicknesses. The measured activity in the
E capsule is observed to be consistently lower than the F capsule measurements. One possible
explanation for the observation is that the E capsule was positioned behind the F capsule during
irradiation. The actual mounting of the capsules has a small impact on the calculated best
estimate surveillance capsule flux and fluence since the predicted to measured bias for each
capsule is taken into account in determining the best estimate values. Consequently, the results
presented in this section assume that the E capsule was inserted in the surveillance capsule
holder behind capsule F (as viewed from the core).
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Surveillance Capsule Evaluation

Comparison of Predicted Activation to Measurements

Tables 4-24, 4-25 and 4-26 provide comparisons of the predicted to measured activation for the
iron flux wires, copper flux wires and dosimetry specimens, respectively, for capsule E. The flux
wire regions reported in the tables correspond to the flux wire specimen identifiers reported in
the measurement report. Tables 4-27 and 4-28 show comparisons of the predicted to measured
activation for the iron and copper flux wires, respectively, in capsule F. Tables 4-29 through 4-31
show comparisons of the predicted to measured activation for the iron flux wires, copper flux
wires and dosimetry, respectively, in capsule I. The total calculated to experimental (C/E) results
for all capsule measurements is 0.81 with a standard deviation of 0.07.

It is not possible to obtain dosimetry comparisons for some of the dosimeter sample materials
due to limitations in the BUGLE-96 activation response sets. In two instances (silver and
niobium), activation response cross sections are not available in the cross section library. In two
other instances (cobalt and 235U) the reactions extend into the thermal region. The dosimeter
containers are shielded with gadolinium. However, the BUGLE-96 cross section set does not
include gadolinium, so the effects of thermal shielding by the gadolinium-lined containers
can not be represented in the prediction analysis.

Table 4-24

Capsule E Iron Flux Wire Comparison

Identification Measured (pCi/g) Measured (dps/cm3) Calculated (dps/cm3) CIE

Fe-1 3.447E+02 5.724E+06 4.3372E+06 0.76

Fe-2 3.559E+02 5.910E+06 4.3716E+06 0.74

Fe-3 3.326E+02 5.523E+06 4.3894E+06 0.79

Fe-4 3.081 E+02 5.116E+06 4.3866E+06 0.86

Fe-5 3.041 E+02 5.050E+06 4.3591 E+06 0.86

Fe-6 3.539E+02 5.877E+06 4.4644E+06 0.76

Fe-7 3.550E+02 5.895E+06 4.4999E+06 0.76

Fe-8 3.578E+02 5.942E+06 4.5186E+06 0.76

Fe-9 3.298E+02 5.477E+06 4.5159E+06 0.82

Fe-10 3.487E+02 5.791 E+06 4.4876E+06 0.77

Average 3.391 E+02 5.631 E+06 4.4330E+06 0.79

Standard Deviation 0.04
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Table 4-25
Capsule E Copper Flux Wire Comparison

Identification Measured (pCi/g) Measured (dps/cm3 ) Calculated (dps/cm3 ) C/E

Cu-1 2.471 E+00 5.611 E+05 - 4.5629E+05 0.81

Cu-2 2.602E+00 5.909E+05 4.5860E+05 0.78

Cu-3 2.579E+00 5.857E+05 4.5958E+05 0.78

Cu-4 2.740E+00 6.222E+05 4.5866E+05 0.74

Cu-5 2.448E+00 5.559E+05 4.5550E+05 0.82

Cu-6 2.588E+00 5.877E+05 4.6671 E+05 0.79

Cu-7 2.526E+00 5.736E+05 4.6909E+05 0.82

Cu-8 2.529E+00 5.743E+05 4.7010E+05 0.82

Cu-9 2.829E+00 6.424E+05 4.6916E+05 0.73

Cu-10 2.742E+00 6.227E+05 4.6594E+05 0.75

Average 2.605E+00 5.917E+05 4.6296E+05 0.78

Standard Deviation 0.03

Table 4-26

Capsule E Dosimetry Comparison

Identification Measured (pCi/g) Measured (dps/cm3 ) Calculated (dps/cm') C/E

Cu 3.090E+00 7.017E+05 4.5948E+05 0.65

Nickel 5.422E+02 1.204E+08 7.9558E+07 0.66

Cobalt 6.099E+03 1.430E+05 See Note 1 N/A

Titanium 1.169E+02 1.557E+06 9.6140E+05 0.62

Niobium 5.334E+01 1.691 E+07 See Note 1 N/A

Silver Foil 2.869E+03 5.369E+08 See Note 1 N/A

Silver Wire 4.950E+03 1.OOOE+06 See Note 1 N/A

Fe-0 Degrees 3.859E+02 6.408E+06 4.4120E+06 0.69

Fe-90 Degrees 3.953E+02 6.564E+06 4.4120E+06 0.67

Fe-180 Degrees 4.016E+02 6.669E+06 4.4120E+06 0.66

Fe-270 Degrees 3.997E+02 6.638E+06 4.4120E+06 0.66

Dosimetry Average 1.474E+03 6.399E+07 1.4090E+07 0.66

Standard Deviation 0.02

*Note 1: Not calculated due to limitations in BUGLE-96 library.
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Table 4-27
Capsule F Iron Flux Wire Comparison

Identification Measured (pCi/g) Measured (dps/cm3 ) Calculated (dps/cm3 ) C/E

Fe-1 3.721 E+02 6.179E+06 5.2597E+06 0.85

Fe-2 3.857E+02 6.405E+06 5.3018E+06 0.83

Fe-3 3.705E+02 6.153E+06 5.3237E+06 0.87

Fe-4 3.912E+02 6.496E+06 5.3209E+06 0.82

Fe-5 4.030E+02 6.692E+06 5.2885E+06 0.79

Fe-6 3.908E+02 6.490E+06 5.4096E+06 0.83

Fe-7 3.898E+02 6.473E+06 5.4533E+06 0.84

Fe-8 3.704E+02 6.151E+06 5.4761E+06 0.89

Fe-9 3.982E+02 6.613E+06 5.4733E+06 0.83

Fe-10 4.152E+02 6.895E+06 5.4403E+06 0.79

Average 3.887E+02 6.455E+06 5.3747E+06 0.83

Standard Deviation 0.03

Table 4-28

Capsule F Copper Flux Wire Comparison

Identification Measured (pCi/g) Measured (dps/cm') Calculated (dps/cm') C/E

Cu-1 2.975E+00 6.756E+05 5.4894E+05 0.81

Cu-2 3.047E+00 6.919E+05 5.5179E+05 0.80

Cu-3 2.914E+00 6.617E+05 5.5295E+05 0.84

Cu-4 3.016E+00 6.849E+05 5.5188E+05 0.81

Cu-5 3.252E+00 7.385E+05 5.4820E+05 0.74

Cu-6 3.012E+00 6.840E+05 5.6076E+05 0.82

Cu-7 3.084E+00 7.003E+05 5.6367E+05 0.80

Cu-8 2.943E+00 6.683E+05 5.6487E+05 0.85

Cu-9 2.960E+00 6.722E+05 5.6379E+05 0.84

Cu-iO 3.244E+00 7.367E+05 5.6003E+05 0.76

Average 3.045E+00 6.914E+05 5.5669E+05 0.81

Standard Deviation 0.03
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Table 4-29
Capsule I Iron Flux Wire Comparison

Identification Measured (pCi/g) Measured (dps/cm3 ) Calculated (dps/cm 3) C/E

Fe- 1 5.329E+02 8.850E+06 7.6569E+06 0.87

Fe-2 5.762E+02 9.569E+06 7.8687E+06 0.82

Fe-3 5.694E+02 9.456E+06 8.0535E+06 0.85

Fe-4 5.940E+02 9.864E+06 8.2197E+06 0.83

Fe-5 5.880E+02 9.765E+06 8.3634E+06 0.86

Fe-6 5.817E+02 9.660E+06 7.8564E+06 0.81

Fe-7 5.894E+02 9.788E+06 8.0745E+06 0.82

Fe-8 5.397E+02 8.962E+06 8.2647E+06 0.92

.Fe-9 5.591 E+02 9.285E+06 8.4359E+06 0.91

Fe-10 5.647E+02 9.378E+06 8.5841 E+06 0.92

Average 5.695E+02 9.457E+06 8.1378E+06 0.86

Standard Deviation 0.04

Table 4-30

Capsule I Copper Flux Wire Comparison

Identification Measured (pCi/g) Measured (dps/cm 3) Calculated (dps/cm 3) C/E

Cu-1 4.230E+00 9.606E+05 7.9585E+05 0.83

Cu-2 4.348E+00 9.874E+05 8.1181 E+05 0.82

Cu-3 4.108E+00 9.329E+05 8.2544E+05 0.88

Cu-4 4.073E+00 9.249E+05 8.3795E+05 0.91

Cu-5 4.361 E+00 9.903E+05 8.4870E+05 0.86

Cu-6 4.396E+00 9.983E+05 8.0980E+05 0.81

Cu-7 4.293E+00 9.749E+05 8.2606E+05 0.85

Cu-8 4.519E+00 1.026E+06 8.3993E+05 0.82

Cu-9 4.109E+00 9.331E+05 8.5269E+05 0.91

Cu-10 4.324E+00 9.819E+05 8.6365E+05 0.88

Average 4.276E+00 9.711 E+05 8.3119E+05 0.86

Standard Deviation 0.04
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Table 4-31
Capsule I Dosimetry Comparison

Identification Measured Measured Calculated CIE

(PCi/g) (dps/cm3 ) (dps/cm3 )

Cu 4.508E+00 1.024E+06 8.199E+05 0.80

Nickel 6.415E+02 1.424E+08 1.249E+08 0.88

Cobalt 9.298E+03 2.180E+05 See Note 1 N/A

Titanium 1.370E+02 1.825E+06 1.528E+06 0.84

Niobium 8.019E+01 2.543E+07 See Note 1 N/A

Silver Foil 4.238E+03 7.931 E+08 See Note 1 N/A

Silver Wire 8.248E+03 1.667E+06 See Note 1 N/A

Fe-0 Degrees 5.433E+02 9.022E+06 7.984E+06 0.88

Fe-90 Degrees 5.724E+02 9.505E+06 7.984E+06 0.84

Fe-180 Degrees 5.348E+02 8.881E+06 7.984E+06 0.90

Fe-270 Degrees 5.674E+02 9.422E+06 7.984E+06 0.85

Dosimetry Average 2.260E+03 9.114E+07 2.273E+07 0.86

Standard Deviation 0.03

*Note 1: Not calculated due to limitations in BUGLE-96 library.

Surveillance Capsule Calculated Neutron Fluence and Flux

Tables 4-32 and 4-33 show the calculated neutron fluence and flux for energy > I MeV and > 0.1
MeV, respectively, for capsule E specimen locations. Tables 4-34 and 4-35 show the values for
capsule F and Tables 4-36 and 4-37 show the capsule I fluence and flux values for the two
energy ranges. These values do not reflect an adjustment for the bias that is observed between
predicted and measured activation results.
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Table 4-32
Calculated Neutron Fluence and Rated Power Flux for Energy > 1 MeV in Capsule E

Specimen Identifier Fluence (n/cm2 ) Rated Power Flux (n/cm2-s)

EP2 1.2807E+18 6.1747E+09

EP1-67 1.2904E+18 6.2212E+09

EP1-30 1.2961E+18 6.2487E+09

EPl-l 1.2969E+18 6.2525E+09

EP1-28 1.2918E+18 6.2278E+09

CE-2. 1.3247E+18 6.3869E+09

EP2-67 1.3347E+18 6.4351E+09

EP2-15 1.3407E+18 6.4636E+09

EP2-21 1.3415E+18 6.4676E+09

EP2-20 1.3362E+18 6.4422E+09

Average 1.3134E+18 6.3320E+09

Table 4-33

Calculated Neutron Fluence and Rated Power Flux for Energy > 0.1 MeV in Capsule E

Specimen Identifier Fluence (n/cm2) Rated Power Flux (n/cm'-s)

EP2 2.1730E+18 1.0477E+10

EP1-67 2.1901E+18 1.0559E+10

EP1-30 2.2003E+18 1.0608E+10

EPl-11 2.2023E+18 1.0618E+10

EP1-28 2.1943E+18 1.0579E+10

CE-2 2.2512E+18 1.0854E+10

EP2-67 2.2689E+18 1.0940E+10

EP2-15 2.2795E+18 1.0990E+10

EP2-21 2.2816E+18 1.1000E+10

EP2-20 2.2734E+18 1.0960E+10

Average 2.2315E+18 1.0759E+10
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Table 4-34
Calculated Neutron Fluence and Rated Power Flux for Energy > 1 MeV in Capsule F

Specimen Identifier Fluence (n/cm2) Rated Power Flux (n/cm2-s)

B01-BlO 1.5216E+18 7.3362E+09

EC/ED 1.5332E+18 7.3921E+09

FP1-15 1.5401 E+18 7.4253E+09

FP1-20 1.5412E+18 7.4304E+09

FP1-H2 1.5353E+18 7.4023E+09

M01-Mil 1.5734E+18 7.5859E+09

EE/EK 1.5855E+18 7.6439E+09

FP2-BW 1.5926E+18 7.6783E+09

FP2-6 1.5937E+18 7.6837E+09

FP2-72 1.5877E+18 7.6547E+09

Average 1.5604E+18 7.5233E+09

Table 4-35

Calculated Neutron Fluence and Rated Power Flux for Energy > 0.1 MeV in Capsule F

Specimen Identifier Fluence (n/cm2 ) Rated Power Flux (n/cm2-s)

B01-BlO 2.5016E+18 1.2061 E+10

EC/ED 2.5216E+18 1.2157E+10

FP1-15 2.5335E+18 1.2215E+10

FP1-20 2.5361 E+1 8 1.2227E+10

FP1-H2 2.5274E+18 1.2185E+10

M01-Mil 2.5915E+18 1.2494E+10

EE/EK 2.6122E+18 1.2594E+10

FP2-BW 2.6246 E+ 18 1.2654E+10

FP2-6 2.6273E+18 1.2667E+10

FP2-72 2.6183E+18 1.2623E+10

Average 2.5694E+18 1.2388E+10
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Table 4-36
Calculated Neutron Fluence and Rated Power Flux for Energy > 1 MeV in Capsule I

Specimen Identifier Fluence (n/cm2) Rated Power Flux (n/cm2-s)

EP2 2.2323E+18 1.0763E+10

lP1-67 2.2808E+18 1.0996E+10

IP1-30 2.3241E+18 1.1205E+10

P1-11 2.3638E+18 1.1396E+10

IP1-28 2.3990E+18 1.1566E+10

CE-1 2.3076E+18 1.1126E+10

IP2-67 2.3578E+18 1.1368E+10

IP2-15 2.4026E+18 1.1584E+10

IP2-21 2.4437E+18 1.1781E+10

IP2-20 2.4801E+18 1.1957E+10

Average 2.3592E+18 1.1374E+10

Table 4-37
Calculated Neutron Fluence and Rated Power Flux for Energy > 0.1 MeV in Capsule I

Specimen Identifier Fluence (n/cm2 ) Rated Power Flux (n/cm2-s)

EP2 3.5901 E+1 8 1.7309E+10

lP1-67 3.6693E+18 1.7690E+10

IP1-30 3.7405E+18 1.8034E+10

P1-11 3.8057E+18 1.8348E+10

lP1-28 3.8635E+18 1.8627E+10

CE-1 3.7211 E+1 8 1.7940E+10

IP2-67 3.8032E+18 1.8336E+10

IP2-15 3.8772E+18 1.8693E+10

IP2-21 3.9448E+18 1.9019E+10

IP2-20 4.0048E+18 1.9308E+10

Average 3.8020E+18 1.8331E+10
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Surveillance Capsule Best Estimate Neutron Fluence and Flux

Tables 4-38 through 4-43 show the best estimate neutron fluence and flux for energy > 1 MeV
and > 0.1 MeV for the three surveillance capsules. The values in these tables have been corrected
for the observed bias in the neutron flux based upon comparison to the activation measurements.
Flux computation uncertainty (1 standard deviation) resulting from the comparison to activation
measurements is shown as well.

Table 4-38
Best Estimate Neutron Fluence and Rated Power Flux for Energy > 1 MeV in Capsule E

Specimen 2 Standard Deviation Rated Power Flux Standard Deviation
Identifier (n/cm2) (n/cm 2-s) (n/cm'-s)

EP2 1.6988E+18 1.1281 E+17 8.1904E+09 5.4387E+08

EP1-67 1.7116E+18 1.1366E+17 8.2521E+09 5.4797E+08

EP1-30 1.7192E+18 1.1416E+17 8.2886E+09 5.5039E+08

EPI-11 1.7202E+18 1.1423E+17 8.2936E+09 5.5072E+08

EP1-28 1.7135E+18 1.1378E+17 8.2609E+09 5.4855E+08

CE-2 1.7572E+18 1.1668E+17 8.4718E+09 5.6256E+08

EP2-67 1.7704E+18 1.1756E+17 8.5358E+09 5.6680E+08

EP2-15 1.7783E+18 1.1809E+17 8.5737E+09 5.6932E+08

EP2-21 1.7794E+18 1.1816E+17 8.5790E+09 5.6967E+08

EP2-20 1.7724E+18 1.1769E+17 8.5452E+09 5.6743E+08

Average 1.7421 E+18 1.1568E+17 8.3991E+09 5.5773E+08
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Table 4-39
Best Estimate Neutron Fluence and Rated Power Flux for Energy > 0.1 MeV in Capsule E

Specimen Fluence Standard Deviation Rated Power Flux Standard Deviation

Identifier (n/cm2) (n/cm2) (n/cm'-s) (n/cm2-s)

EP2 2.8824E+18 1.9140E+17 1.3897E+10 9.2279E+08

EP1-67 2.9051E+18 1.9291E+17 1.4006E+10 9.3005E+08

EP1-30 2.9186E+18 1.9380E+17 1.4071E+10 9.3437E+08

EPI-11 2.9212E+18 1.9398E+17 1.4084E+10 9.3520E+08

EP1-28 2.9106E+18 1.9328E+17 1.4033E+10 9.3183E+08

CE-2 2.9861 E+1 8 1.9829E+17 1.4397E+10 9.5602E+08

EP2-67 3.0096E+18 1.9985E+17 1.4511E+10 9.6357E+08

EP2-15 3.0237E+18 2.0078E+17 1.4578E+10 9.6802E+08

EP2-21 3.0264E+18 2.0096E+17 1.4591 E+IO 9.6891 E+08

EP2-20 3.0155E+18 2.0024E+17 1.4538E+10 9.6539E+08

Average 2.9599E+18 1.9655E+17 1.4271E+1O 9.4762E+08

Table 4-40
Best Estimate Neutron Fluence and Rated Power Flux for Energy > 1 MeV in Capsule F

Specimen Fluence Standard Deviation Rated Power Flux Standard Deviation

Identifier (n/cm2 ) (n/cm2 ) (n/cm2-s) (n/cm2-s)

B01-BlO 1.8558E+18 6.3790E+16 8.9471E+09 3.0755E+08

EC/ED 1.8699E+18 6.4276E+16 9.0154E+09 3.0990E+08

FP1-15 1.8783E+18 6.4565E+16 9.0558E+09 3.1128E+08

FP1-20 1.8796E+18 6.4611E+16 9.0620E+09 3.1150E+08

FP1-H2 1.8725E+18 6.4365E+16 9.0278E+09 3.1032E+08

M01-M011 1.9189E+18 6.5962E+16 9.2517E+09 3.1802E+08

EE/EK 1.9336E+18 6.6466E+16 9.3225E+09 3.2045E+08

FP2-BW 1.9423E+18 6.6765E+16 9.3644E+09 3.2189E+08

FP2-6 1.9437E+18 6.6811E+16 9.3710E+09 3.2212E+08

FP2-72 1.9364E+18 6.6561 E+1 6 9.3356E+09 3.2091 E+08

Average 1.9031E+18 6.5417E+16 9.1753E+09 3.1539E+08
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Table 4-41
Best Estimate Neutron Fluence and Rated Power Flux for Energy > 0.1 MeV in Capsule F

Specimen
Identifier

Fluence
(n/cm2)

Standard Deviation
(n/cm2 )

Rated Power Flux
(n/cm'-s)

Standard Deviation
(n/cm'-s)

B01-BlO 3.0510E+18 1.0487E+17 1.4710E+10 5.0563E+08

EC/ED 3.0753E+18 1.0571 E+17 1.4827E+10 5.0966E+08

FP1-15 3.0899E+18 1.0621E+17 1.4897E+10 5.1207E+08

FP1-20 3.0930E+18 1.0632E+17 1.4912E+10 5.1260E+08

FP1 -H2 3.0823E+18 1.0595E+17 1.4861 E+1 0 5.1083E+08

M01-Mil 3.1605E+18 1.0864E+17 1.5238E+10 5.2378E+08

EE/EK 3.1858E+18 1.0951E+17 1.5359E+10 5.2796E+08

FP2-BW 3.2009E+18 1.1003E+17 1.5432E+10 5.3047E+08

FP2-6 3.2042E+18 1.1014E+17 1.5448E+10 5.3103E+08

FP2-72 3.1932E+18 1.0976E+17 1.5395E+10 5.2920E+08

Average 3.1336E+18 1.0772E+17 1.5108E+10 5.1932E+08

Table 4-42
Best Estimate Neutron Fluence and Rated Power Flux for Energy > 1 MeV in Capsule I

Specimen Fluence Standard Deviation Rated Power Flux Standard Deviation

Identifier (n/cm2) (n/cm2) (n/cm'-s) (n/cm 2-s)

EP2 2.6016E+18 9.4841E+16 1.2543E+10 4.5726E+08

IP1-67 2.6581E+18 9.6900E+16 1.2815E+10 4.6718E+08

IP1-30 2.7085E+18 9.8737E+16 1.3058E+10 4.7604E+08

P1-11 2.7548E+18 1.0043E+17 1.3281E+10 4.8416E+08

IP1-28 2.7958E+18 1.0192E+17 1.3479E+10 4.9138E+08

CE-1 2.6893E+18 9.8040E+16 1.2966E+10 4.7268E+08

IP2-67 2.7478E+18 1.0017E+17 1.3248E+10 4.8295E+08

IP2-15 2.8000E+18 1.0207E+17 1.3500E+10 4.9213E+08

IP2-21 2.8479E+18 1.0382E+17 1.3730E+10 5.0053E+08

IP2-20 2.8903E+18 1.0537E+17 1.3935E+10 5.0801E+08

Average 2.7494E+18 1.0023E+17 1.3256E+10 4.8323E+08
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Table 4-43
Best Estimate Neutron Fluence and Rated Power Flux for Energy.> 0.1 MeV in Capsule I

Specimen Fluence Standard Deviation Rated Power Flux Standard Deviation

Identifier (n/cm') (n/cm2 ) (n/cm'-s) (n/cm2-s)

EP2 4.1839E+18 1.5252E+17 2.0172E+10 7.3536E+08

IP1-67 4.2762E+18 1.5589E+17 2.0616E+10 7.5158E+08

IPl-30 4.3592E+18 1.5892E+17 2.1017E+10 7.6617E+08

IPl-11 4.4352E+18 1.6169E+17 2.1383E+10 7.7953E+08

lPl-28 4.5025E+18 1.6414E+17 2.1708E+10 7.9137E+08

CE-1 4.3365E+18 1.5809E+17 2.0908E+10 7.6220E+08

IP2-67 4.4322E+18 1.6158E+17 2.1369E+10 7.7901E+08

IP2-15 4.5185E+18 1.6472E+17 2.1784E+10 7.9416E+08

IP2-21 4.5973E+18 1.6760E+17 2.2165E+10 8.0802E+08

IP2-20 4.6672E+18 1.7014E+17 2.2502E+10 8.2031E+08

Average 4.4309E+18 1.6153E+17 2.1362E+10 7.7877E+08
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RESULTS

Charpy V-Notch Testing

Impact Test Procedure

The testing of the Charpy V-notch specimens was performed in accordance with IOCFR50,
Appendices G [1] and H [1] and ASTM Specification E185-82 [3].

Charpy impact testing was performed in accordance with Lynchburg Technology Center (LTC)
Technical Procedures TP-80 and TP-412, which are in compliance with ASTM E23-94a [17].

For each specimen, impact energy, lateral expansion, percent shear fracture and test temperature
were measured and recorded. Impact energy was measured using a Satec S -1 K Impact tester
with 240 ft-lb available energy. Lateral expansion was measured using dial indicators mounted
on a specialized anvil. Percent shear was estimated by video examination and comparison with
the visual standards contained in ASTM E23-94a. The Satec S 1-1K impact tester is currently
certified by the NIST of Boulder, Colorado; the certification of calibration is available upon
request. Test temperature was controlled to ±2°F and monitored using circulating oil heating
baths and an ethanol cooling bath with digital temperature controllers. Calibration verification
records for temperature measurement are kept on file at BWXS N&EO in accordance with the
N&EO Quality Assurance Program.

There are three liquid baths in the FFL for heating/cooling the test specimens.

1. Ethyl Alcohol Bath: -100°F to room temperature

2. Dow Corning 200 fluid (100 cSt. viscosity polydimethylsiloxane): 70'F - 300'F

3. Dow Corning 210 H fluid (100 cSt. viscosity): 150'F - 550'F

Centering tongs for V-notch Charpy specimens of the type shown in ASTM E23-94a were used
to center the specimens within the testing machine's anvil.

Lateral expansion and percent shear were measured according to specified methods defined in
ASTM E23-98. 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.
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Impact Test Results

The results of Charpy V-notch impact tests performed on the various materials contained in the
SSP (Oyster Creek) capsules E, F and I are presented in Appendix A, Tables A-I 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 [8] 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 [3]. In cases where there were not
three data points exhibiting greater than 95% shear, an engineering judgment 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 T3, [30 ft-lb (40.7 J) Transition Temperature], T51 [50 ft-lb
(67.8 J) Transition Temperature], T3 m,,i [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 E, F and I, respectively. These tables have been sequenced by
capsule. The unirradiated and irradiated values are taken from the CVGRAPH tanh fits of
Charpy energy data presented in Appendix B. It may be noted that the materials in Capsules E
and I [with the exception of CE-I (WM) and CE-2 (WM)] are the same. For ease of comparison
of these materials for different flux/fluence, Tables 5-4 through 5-12 present the Capsule.E and
Capsule I information as provided in Tables 5-1 through 5-3, by material.

5-2



Results

Table 5-1
Effect of Irradiation (E>1.0 MeV) on the Notch Toughness Properties of Capsule E Materials

T,,, 30 ft-lb (40.7 J) T35,.,, 35 mil T., 50 ft-lb (67.8 J) CVN Upper Shelf Energy
Transition Temperature (0.89 mm) Lateral Tr 50sit- T p t USEn

Material Expansion Temperature Transition Temperature (USE)Identity1
Unirrad Irradiated AT,( Unirrad Irradiated AT3,m, Unirrad Irradiated AT,0 Unirrad Irradiated Change
OF (°C) °F (°C) OF (°C) OF (°C) OF (-C) OF (°C) OF (°C) OF (°C) °F (-C) ft-lb (J) ft-lb (J) ft-lb (J)

EP2 -41.6 -18.0 23.6 -17.9 15.2 33.1 0.7 24.3 23.6 109.5 94.6 -14.9

(-40.9) (-27.8) (13.1) (-27.7) (-9.3) (18.4) (-17.4) (-4.3) (13.1) (148.5) (128.3) (-20.2)

A1224-1 -20.9 17.2 38.1 10.9 49.8 38.9 5.9 41.2 35.3 147.3 139.8 -7.5

(-29.4) (-8.2) (21.2) (-11.7) (9.9) (21.6) (-14.5) (5.1) (19.6) (199.7) (189.5) (-10.2)

C2331-2 -13.3 62.8 76.1 34.1 124.2 90.1 30.1 105.8 75.7 100.0 82.3 -17.7

(-25.2) (17.1) (42.3) (1.2) (51.2) (50.1) (-1.1) (41.0) (42.1) (135.6) (111.7) (-23.9)

P2130-2 -2.8 77.1 79.9 22.8 120.2 97.4 41.6 168.7 127.1 68.2. 55.5 -12.7

(-19.3) (25.1) (44.4) (-5.1) (49.0) (54.1) (5.3) (75.9) (70.6) (92.5) (75.2) (:17.2)

C3278-2 -34.4 23.3 57.7 15.1 87.1 72.0 5.4 67.6 62.2 113.3 95.3 -18.0

(-36.9) (-4.8) (32.1) (-9.4) (30.6) (40.0) (-14.8) (19.8) (34.6) (153.6) (129.2) (-24.4)

1. Fluence is unique
EP2 =
A1224-1 =
C2331-2 =
P2130-2 =

to each specimen set:
1.6988x10

1 8 n/cm2

1.7116x1001 n/cm
2

1.7192x1018 n/cm2

1.7202x10
18 n/cm2

C3278-2 = 1.7135x101 8 n/cm
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Table 5-1
Effect of Irradiation (E>I.0 MeV) on the Notch Toughness Properties of Capsule E Materials (Continued)

T31mi, 35 mil T , 50 ft-lb (67.8 J) CVN Upper Shelf EnergyT3o, 30 ft-lb (40.7 J) (.9m)Ltrls
(0.89 mm) Lateral s

Material Transition Temperature Expansion Temperature Transition Temperature (USE)
Identity'

Unirrad Irradiated AT30 Unirrad Irradiated AT35m., Unirrad Irradiated AT,0 Unirrad Irradiated Change

OF (0C) OF (°C) OF (°C) °F (°C) OF (°C) OF (°C) °F (°C) OF (°C) OF (0C) ft-lb (J) ft-lb (J) ft-lb (J)

CE-2(WM) -96.1 96.6 192.7 -62.9 142.4 205.3 -45.7 152.7 198.4 119.3 67.7 -51.6

.(-71.2) (35.9) (107.1) (-52.7) (61.3) (114.0) (-43.2) (67.1) (110.3) (161.7) (91.8) (-70.0)

5P6214B -26.8 -22.7 4.1 9.2 17.8 8.6 7.0 24.0 17.0 91.5 88.5 -3.0

(-32.7) (-30.4) (2.3) (-12.7) (-7.9) (4.8) (-13.9) (-4.4) (9.5) (124.1) (120.0) (-4.1)

34B009 -65.0 59.5 124.5 -21.0 97.6 118.6 -29.5 105.4 134.9 104.4 74.4 -30.0

(-53.9) (15.3) (69.2) (-29.4) (36.4) (65.8) (-34.2) (40.8) (75.0) (141.5) (100.9) (-40.7)

EP2-21 -23.1 57.5 80.6 22.4 95.7 73.3 17.9 94.5 76.6 104.0 94.4 -9.6
(QC2 ESW) (-30.6) (14.1) (44.8) (-5.3) (35.4) (40.7) (-7.8) (34.7) (42.5) (141.0) (128.0) (-13.0)

406L44 -8.8 159.8 168.6 39.2 257.9 218.7 51.1 Note 2 Note 2 73.3 46.8 -26.5

(-22.7) (71.0) (93.7) (4.0) (125.5) (121.5) (10.6) (99.4) (63.5) (-35.9)

1. Fluence is unique to each specimen set:
CE-2(WM) = 1.7572x1 018 n/cm 2

5P6214B = 1.7704x10
18 n/cm 2

34B009 = 1.7783x10
18 n/cm 2

EP2-21 = 1.7794x1018 n/cm2

4061L44 = 1.7724x101" n/cm2

2. This material did not achieve 50 ft-lbs.
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Table 5-2
Effect of Irradiation (E>1.0 MeV) on the Notch Toughness Properties of Capsule F Materials

T3o, 30 ft-lb (40.7 J) T., 35 mil T,0, 50 ft-lb (67.8 J) CVN Upper Shelf Energy
Transition Temperature (0.89Transition Temperature (USE)

Material Expansion Temperature
Identity' IrradiatUnirrad ed AT,, Unirrad Irradiated AT,,m, Unirrad Irradiated AT, Unirrad Irradiated Change

OF (°C) oF (Oc) °F (°C) OF (°C) °F (-C) OF (°C) OF (°C) °F (°C) OF (°C) ft-lb (J) ft-lb (J) ft-lb (J)

B&W-1(BM) -0.7 43.1 43.8 32.9 80.8 47.9 40.4 86.5 46.1 124.8 94.5 -30.3

(-18.2) (6.2) (24.3) (0.5) (27.1) (26.6) (4.7) (30.3) (25.6) (169.2) (128.1) (-41.1)

B&W-1 (WM) 9.6 149.8 140.2 30.8 188.0 157.2 69.0 Note 2 Note 2 80.3 47.3 -33.0

(-12.4) (65.4) (77.8) (-0.7) (86.7) (87.4) (20.6) (108.9) (64.1) (-44.7)

C1079-1 9.7 82.8 73.1 57.1 134.6 77.5 76.6 Note 2 Note 2 61.2 49.3 -11.9

(-12.4) (28.2) (40.6) (13.9) (57.0) (43.1) (24.8) (83.0) (66.8) (-16.1)

A0610-1 -33.5 51.7 85.2 -1.5 97.9 99.4 -4.1 102.5 106.6 101.2 73.0 -28.2

(-36.4) (10.9) (47.3) (-18.6) (36.6) (55.2) (-20.1) (39.2) (59.3) (137.2) (99.0) (-38.2)

A1195-1 39.8 109.1 69.3 79.6 144.0 64.4 78.7 155.9 77.2 99.7 83.2 -16.5

(4.3) (42.8) (38.5) (26.4) (62.2) (35.8) (25.9) (68.8) (42.9) (135.2) (112.8) (-22.4)

1. Fluence is uni
B&W-1 (BM)
B&W-1 (WM)
C1079-1
A0610-1
Al195-1

que to each specimen set:
= 1.8558x10'

8 n/cm 2

=. 1.9189x10
18 n/cm 2

= 1.8783x10
18 n/cm 2

= 1.8796x10l" n/cm 2

= 1.8725x10l" n/cm 2

2. This material did not achieve 50 ft-lbs.
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Results

Table 5-2
Effect of Irradiation (E>1.0 MeV) on the Notch Toughness Properties of Capsule F Materials (Continued)

ft-lb (40.7 J)T 35m,, 35 mil 6.8J

T., 30 ft-lb (40.7(0.89 mm) Lateral T., 50 ft-lb (67.8 J) CVN Upper Shelf Energy
Material Transition Temperature Expansion Temperature Transition Temperature (USE)

Identity
Unirrad Irradiated AT30  Unirrad Irradiated AT3 s,,, Unirrad Irradiated AT. Unirrad Irradiated Change
OF (-C) OF (°C) °F (°C) OF (°C) OF (°C) OF (°C) °F (-C) OF (-C) OF (°C) ft-lb (J) ft-lb (J) ft-lb (J)

FP2-6 -74.0 29.5 103.5 -24.6 87.2 111.8 -29.3 95.3 124.6 110.3 74.8 -35.5
(Humboldt

Bay 3 SAW) (-58.9) (-1.4) (57.5) (-31.4) (30.7) (62.1) (-34.1) (35.2) (69.2) (149.5) (101.4) (-48.1)

5P6756 -67.1 -5.2 61.9 -20.3 31.7 52.0 -21.3 39.5 60.8 104.4 79.3 -25.1

(-55.1) (-20.7) (34.4) (-29.1) (-0.2) (28.9) (-29.6) (4.2) (33.8) (141.5) (107.5) (-34.0)

FP2-BW 40.0 162.1 122.1 80.9 222.7 141.8 94.9 282.8 187.9 75.8 54.2 -21.6
(B&W Linde

80 SAW) (4.4) (72.3) (67.8) (27.2) (105.9) (78.8) (34.9) (139.3) (104.4) (102.8) (73.5) (-29.3)

B0673-1 -35.5 37.9 73.4 -23.6 57.8 81.4 -7.3 66.9 74.2 158.1 133.0 -25.1

(-37.5) (3.3) (40.8) (-30.9) (14.3) (45.2) (-21.8) (19.4) (41.2) (214.4) (180.3) (-34.0)

EE/EK -45.4 -19.1 26.3 -37.3 14.2 51.5 -10.2 35.5 45.7 99.0 99.0 0
(Duane
Arnold (-43.0) (-28.4) (14.6) (-38.5) (-9.9) (28.6) (-23.4) (1.9) (25.4) (134.2) (134.2) (0)

SMAW)

1. Fluence is unique to each specimen set:
FP2-6 = 1.9437x10"' n/cm2

5P6756 = 1.9364xl 01" n/cm 2

FP2-BW = 1.9423x10,8 n/cm 2

B0673-1 = 1.8699x1018 n/cm2

EE/EK = 1.9336x10 18 n/cm 2
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Results

Table 5-3
Effect of Irradiation (E>I.0 MeV) on the Notch Toughness Properties of Capsule I Materials

T, 30 ft-lb (40.7 J) T3,,, 35 mil T., 50 ft-lb (67.8 J) CVN Upper Shelf Energy
Transition Temperature (0.89 mm) Lateral

Material Expansion Temperature Transition Temperature (USE)
Identity'

Unirrad Irradiated AT3o Unirrad Irradiated AT35,, Unirrad Irradiated ATo Unirrad Irradiated Change
OF (°C) °F (°C) °F (°C) OF (-C) OF (°C) °F (°C) °F (°C) °F (°C) OF (°C) ft-lb (J) ft-lb (J) ft-lb (J)

EP2 -41.6 -16.4 25.2 -17.9 19.3 37.2 0.7 20.8 20.1 109.5 97.8 -11.7

(-40.9) (-26.9) (14.0) (-27.7) (-7.1) (20.7) (-17.4) (-6.2) (11.2) (148.5) (132.6) (-15.9)

A1224-1 -20.9 14.2 35.1 10.9 56.5 45.6 5.9 50.5 44.6 147.3 133.8 -13.5

(-29.4) (-9.9) (19.5) (-11.7) (13.6) (25.3) (-14.5) (10.3) (24.8) (199.7) (181.4) (-18.3)

C2331-2 -13.3 80.4 93.7 34.1 128.3 94.2 30.1 128.8 98.7 100.0 80.3 -19.7

(-25.2) (26.9) (52.1) (1.2) (53.5) (52.3) (-1.1) (53.8) (54.8) (135.6) (108.9) (-26.7)

P2130-2 -2.8 92.2 95.0 22.8 121.2 98.4 41.6 141.0 .99.4 68.2 62.1 -6.1

(-19.3) (33.4) (52.8) (-5.1) (49.6) (54.7) (5.3) (60.6) (55.2) (92.5) (84.2) (-8.3)

C3278-2 -34.4 34.0 68.4 15.1 77.6 62.5 5.4 67.6 62.2 113.3 94.5 -18.8

(-36.9) (1.1) (38.0) (-9.4) (25.3) (34.7) (-14.8) (19.8) (34.6) (153.6) (128.1) (-25.5)

1. Fluencei
EP2
A1224-1
C2331-2
P2130-2
C3278-2

is unique to each specimen set:
2.6016x10'8 n/cm2

2.6581x 108 n/cm2

2.7085x10
18 n/cm2

2.7548x1 018 n/cm
2

2.7958x1 018 n/cm
2
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Results

Table 5-3
Effect of Irradiation (E>I.0 MeV) on the Notch Toughness Properties of Capsule I Materials (Continued)

T3 0 ,30 f-lb(40. J)T 3srmii, 35 mil
T(, 30 ft-lb (40.7 J) 0.,mm) Lateral T,0, 50 ft-lb (67.8 J) CVN Upper Shelf Energy

Material Transition Temperature Expansion Temperature Transition Temperature (USE)

Identity1

Unirrad Irradiated AT3, Unirrad Irradiated AT 35 ., Unirrad Irradiated AT. Unirrad Irradiated Change
OF (-C) °F (°C) OF (°C) OF (°C) °F (°C) OF (°C) °F (°C) °F (°C) OF (°C) ft-lb (J) ft-lb (J) ft-lb (J)

CE-1(WM) -41.0 150.9 191.9 -39.7 191.9 231.6 -5.9 219.3 225.2 104.3 64.4 -39.9

(-40.6) (66.1) (106.6) (-39.8) (88.8) (128.7) (-21.1) (104.1) (125.1) (141.4) (87.3) (-54.1)

5P6214B -26.8 -4.3 22.5 9.2 42.6 33.4 7.0 44.9 37.9 91.5 87.7 -3.8

(-32.7) (-20.2) (12.5) (-12.7) (5.9) (18.6) (-13.9) (7.2) (21.1) (124.1) (118.9) (-5.2)

34B009 -65.0 74.0 139.0 -21.0 112.7 133.7 -29.5 108.4 137.9 104.4 87.0 -17.4

(-53.9) (23.3) (77.2) (-29.4) (44.8) (74.3) (-34.2) (42.4) (76.6) (141.5) (118.0) (-23.6)

IP2-21 -23.1 53.2 76.3 22.4 98.4 76.0 17.9 99.8 81.9, 104.0 90.7 -13.3
(QC2 ESW) (-30.6) (11.8) (42.4) (-5.3) (36.9) (42.2) (-7.8) (37.7) (45.5) (141.0) (123.0) (-18.0)

406L44 -8.8 179.9 188.7 39.2 328.3 289.1 51.1 Note 2 Note 2 73.3 42.3 -31.0

(-22.7) (82.2) (104.8) (4.0) (164.6) (160.6) (10.6) (99.4) (57.4) (-42.0)

1. Fluence is unique to each specimen set:
CE-1(WM) = 2.6893x10

18 n/cm 2

5P6214B = 2.7478x10
18 n/cm2

34B009 = 2.8000x10"' n/cM2

IP2-21 = 2.8479x 1018 n/cm2

406L44 = 2.8903x10"' n/cm2

2. This material did not achieve 50 ft-lbs.
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Results

Table 5-4
Effect of Irradiation (E>1.0 MeV) on the Notch Toughness Properties of Capsule E and I EP2 Plate Materials1

T,~, 30 ft-lb (40.7 J), 35 mil 6.8J
T0, 30 ft-lb (40.7 J) 0.89 mm) Lateral T, 50 ft-lb (67.8 J) CVN Upper Shelf Energy

Transition Temperature Exaso m perat Transition Temperature (USE)Capsule' Expansion Temperature

Unirrad Irradiated AT3o Unirrad Irradiated AT3 ,sm Unirrad Irradiated ATo Unirrad Irradiated Change
OF ("C) "F ("C) OF (-C) "F (-C) OF (°C) OF (°C) OF (°C) °F (°C) "F ("C) ft-lb (J) ft-lb (J) ft-lb (J)

E -41.6 -18.0 23.6 -17.9 15.2 33.1 0.7 24.3 23.6 109.5 94.6 -14.9

(-40.9) (-27.8) (13.1) (-27.7) (-9.3) (18.4) (-17.4) (-4.3) (13.1) (148.5) (128.3) (-20.2)

1 -41.6 -16.4 25.2 -17.9 19.3 37.2 0.7 20.8 20.1 109.5 97.8 -11.7

(-40.9) (-26.9) (14.0) (-27.7) (-7.1) (20.7) (-17.4) (-6.2) (11.2) (148.5) (132.6) (-15.9)

1.

2.

These specimens were not tested in a safety related manner.

Fluence is unique to each specimen set:
Capsule E = 1.6988x10"8 n/cm2

Capsule I = 2.6016x10 8 n/cm 2
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Table 5-5
Effect of Irradiation (E>I.0 MeV) on the Notch Toughness Properties of Capsule E and I A1224-1 Grand Gulf Plate Materials

T,,.,,, 35 mil T., 50 ft-lb (67.8 J) CVN Upper Shelf Energy
T30, 30 ft-lb (40.7 J) T08 5)Laea

Transition Temperature (0.89 mm) Lateral Transition Temperature (USE)
Capsule' Expansion Temperature

Unirrad Irradiated ATo Unirrad Irradiated AT35,,, Unirrad Irradiated AT,, Unirrad Irradiated Change
OF (°C) °F (°C) OF (°C) OF (°C) OF (°C) OF (°C) OF (°C) OF (°C) OF (°C) ft-lb (J) ft-lb (J) ft-lb (J)

E -13.3 62.8 76.1 34.1 124.2 90.1 30.1 105.8 75.7 100.0 82.3 -17.7

(-25.2) (17.1) (42.3) (1.2) (51.2) (50.1) (-1.1) (41.0) (42.1) (135.6) (111.7) (-23.9)

-13.3 80.4 93.7 34.1 128.3 94.2 30.1 128.8 98.7 100.0 80.3 -19.7

(-25.2) (26.9) (52.1) (1.2) (53.5) (52.3) (-1.1) (53.8) (54.8) (135.6) (108.9) (-26.7)

1. Fluence is unique to each specimen set:
Capsule E = 1.7116x10' 8 n/cm 2

Capsule I = 2.6581x1 018 n/cm 2
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Table 5-6
Effect of Irradiation (E>1.0 MeV) on the Notch Toughness Properties of Capsule E and I C2331-2 Cooper Plate Materials

(40.7 J)T,,rn,, 35 mil
T31, 30 ft-lb (40.7(0.89 mm) Lateral To, 50 ft-lb (67.8 J) CVN Upper Shelf Energy

Transition Temperature Exaso m perat Transition Temperature (USE)
Capsule1  Expansion Temperature

Unirrad Irradiated AT,, Unirrad Irradiated AT3,.5  Unirrad Irradiated AT. Unirrad Irradiated Change
OF (°C) °F (°C) OF (°C) °F (°C) °F (-C) OF (0C) OF (0C) °F (°C) OF (°C) ft-lb (J) ft-lb (J) ft-lb (J)

E -13.3 62.8 76.1 34.1 124.2 90.1 30.1 105.8 75.7 100.0 82.3 -17.7

(-25.2) (17.1) (42.3) (1.2) (51.2) (50.1) (-1.1) (41.0) (42.1) (135.6) (111.7) (-23.9)

1 -13.3 80.4 93.7 34.1 128.3 94.2 30.1 128.8 98.7 100.0 80.3 -19.7

(-25.2) (26.9) (52.1) (1.2) (53.5) (52.3) (-1.1) (53.8) (54.8) (135.6) (108.9) (-26.7)

1. Fluence is unique to each specimen set:
Capsule E = 1.7192x10'

8 n/cm 2

Capsule I = 2.7085x10'8 n/cm2

5-11



Results

Table 5-7
Effect of Irradiation (E>1.0 MeV) on the Notch Toughness Properties of Capsule E and I P2130-2 Nine Mile Point 1 Plate Materials

T: 30 ft-lb (9mm) Le,, 35 mil T 0, 50 ft-lb (67.8 J) CVN Upper Shelf Energy
Transition Temperature Exaso m perat Transition Temperature (USE)

Capsule' Expansion Temperature

Unirrad Irradiated ATo Unirrad Irradiated AT3,., Unirrad Irradiated AT.o Unirrad Irradiated Change
°F (°C) °F (-C) OF (°C) °F (°C) OF (°C) OF (°C) °F (°C) °F (-C) OF (°C) ft-lb (J) ft-lb (J) ft-lb (J)

E -2.8 77.1 79.9 22.8 120.2 97.4 41.6 168.7 127.1 68.2 55.5 -12.7

(-19.3) (25.1) (44.4) (-1.5) (49.0) (54.1) (5.3) (75.9) (70.6) (92.5) (75.2) (-17.2)

1 -2.8 92.2 95.0 22.8 121.2 98.4 41.6 141.0 99.4 68.2 62.1 -6.1

(-19.3) (33.4) (52.8) (-5.1) (49.6) (54.7) (5.3) (60.6) (55.2) (92.5) (84.2) (-8.3)

1. Fluence is unique to each specimen set:
Capsule E = 1.7202x10l8 n/cm 2

Capsule I = 2.7548x1 018 n/cm 2
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Table 5-8
Effect of Irradiation (E>1.0 MeV) on the Notch Toughness Properties of Capsule E and I C3278-2 FitzPatrick Plate Materials

(9Tm,, 35 mil T., 50 ft-lb (67.8 J) CVN Upper Shelf Energy
Transition Temperature Exaso m perat Transition Temperature (USE)Capsule' Expansion Temperature

Unirrad Irradiated AT3o Unirrad Irradiated AT,,.,, Unirrad Irradiated AT, Unirrad Irradiated Change
OF (°C) °F (°C) °F (°C) OF (°C) OF (°C) OF (°C) °F (°C) OF (°C) OF (°C) ft-lb (J) ft-lb (J) ft-lb (J)

E -34.4 23.3 57.7 15.1 87.1 72.0 5.4 67.6 62.2 113.3 95.3 -18.0

(-36.9) (-4.8) (32.1) (-9.4) (30.6) (40.0) (-14.8) (19.8) (34.6) (153.6) (129.2) (-24.4)

-34.4 34.0 68.4 15.1 77.6 62.5 5.4 67.6 62.2 113.3 94.5 -18.8

(-36.9) (1.1) (38.0) (-9.4) (25.3) (34.7) (-14.8) (19.8) (34.6) (153.6) (128.1) (-25.5)

1. Fluence is unique to each specimen set:
Capsule E = 1.7135x10' 8 n/cm2

Capsule I = 2.7958x1018 n/cm 2
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Table 5-9
Effect of Irradiation (E>1.0 MeV) on-the Notch Toughness Properties of Capsule E and I 5P6214B Grand Gulf Weld Materials

TT 30 ft-lb (0.8 ,, 35 mil T,,, 50 ft-lb (67.8 J) CVN Upper Shelf Energy
Transition Temperature Exaso m perat Transition Temperature (USE)

Capsule1  Expansion Temperature

Unirrad Irradiated AT3o Unirrad Irradiated AT35m, Unirrad Irradiated AT.o Unirrad Irradiated Change
OF (°C) OF (°C) °F (°C) OF (°C) °F (°C) OF (°C) °F (-C) °F (°C) OF (°C) ft-lb (J) ft-lb (J) ft-lb (J)

E -26.8 -22.7 4.1 9.2 17.8 8.6 7.0 24.0 17.0 91.5 88.5 -3.0

(-32.7) (-30.4) (2.3) (-12.7) (-7.9) (4.8) (-13.9) (-4.4) (9.5) (124.1) (120.0) (-4.1)

-26.8 -4.3 22.5 9.2 42.6 33.4 7.0 44.9 37.9 91.5 87.7 -3.8

(-32.7) (-20.2) (12.5) (-12.7) (5.9) (18.6) (-13.9) (7.2) (21.1) (124.1) (118.9) (-5.2)

1. Fluence is unique to each specimen set:
Capsule E = 1.7704x10'8 n/cm 2

Capsule I= 2.7478x1 018 n/cm 2
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Table 5-10
Effect of Irradiation (E>1.0 MeV) on the Notch Toughness Properties of Capsule E and I 34B009 Millstone 1 Weld Materials

(40.7 J)T 35m,,, 35 mil
T30, 30 ft-lb (40.7(0.89 mm) Lateral T~O, 50 ft-lb (67.8 J) CVN Upper Shelf Energy

Transition Temperature Exaso mperat Transition Temperature (USE)
Capsule' Expansion Temperature

Unirrad Irradiated AT3o Unirrad Irradiated AT 31W1 Unirrad Irradiated AT, Unirrad Irradiated Change
OF (°C) OF ("C) OF (°C) OF (°C) OF (°C) "F (°C) OF ("C) "F (-C) OF (°C) ft-lb (J) ft-lb (J) ft-lb (J)

E -65.0 59.5 124.5 -21.0 97.6 118.6 -29.5 105.4 134.9 104.4 74.4 -30.0

(-53.9) (15.3) (69.2) (-29.4) (36.4) (65.8) (-34.2) (40.8) (75.0) (141.5) (100.9) (-40.7)

1 -65.0 74.0 139.0 -21.0 112.7 133.7 -29.5 108.4 137.9 104.4 87.0 -17.4

(-53.9) (23.3) (77:2) (-29.4) (44.8) (74.3) (-34.2) (42.4) (76.6) (141.5) (118.0) (-23.6)

1. Fluence is unique to each specimen set:
Capsule E = 1.7783x1 018 n/cm 2

Capsule I = 2.8000x10l" n/cm 2
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Table 5-11
Effect of Irradiation (E>I.0 MeV) on the Notch Toughness Properties of Capsule E and I EP2-21 and IP2-21 (QC2 ESW) Weld
Materials

TT,, 30 ft-lb (40.7 J) (0.89 mm l To, 50 ft-lb (67.8 J) CVN Upper Shelf Energy
Transition Temperature Exaso m perat Transition Temperature (USE)

Capsule1  Expansion Temperature

Unirrad Irradiated AT3o Unirrad Irradiated AT35m. Unirrad Irradiated AT, Unirrad Irradiated Change
OF (°C) OF (°C) °F (°C) OF (°C) , OF (°C) °F (°C) °F (°C) OF (°C) OF (°C) ft-lb (J) ft-lb (J) ft-lb (J)

E -23.1 57.5 80.6 22.4 95.7 73.3 17.9 94.5 76.6 104.0 94.4 -9.6

(-30.6) (14.1) (44.8) (-5.3) (35.4) (40.7) (-7.8) (34.7) (42.5) (141.0) (128.0) (-13.0)

1 -23.1 53.2 76.3 22.4 98.4 76.0 17.9 99.8 81.9 104.0 90.7 -13.3

(-30.6) (11.8) (42.4) (-5.3) (36.9) (42.2) (-7.8) (37.7) (45.5) (141.0) (123.0) (-18.0)

1. Fluence is unique to each specimen set:
Capsule E = 1.7794x1 018 n/cm 2

Capsule I = 2.8479x10' 8 n/cm 2
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Table 5-12
Effect of Irradiation (E>1.0 MeV) on the Notch Toughness Properties of Capsule E and 1 406L44 Quad Cities 1 Weld Materials

T,0, 30 ft-lb (40.7 J) T35 ,, 35 mil T., 50 ft-lb (67.8 J) CVN Upper Shelf EnergyTransi0tion Temperatur (0.89 mm) Lateral
Transition Temperature (0.89 Eai terat Transition Temperature (USE)Capsule' Expansion Temperature

Unirrad Irradiated AT30 Unirrad Irradiated AT35r,, Unirrad Irradiated AT,, Unirrad Irradiated Change
OF (°C) °F (°C) °F (°C) °F (°C) OF (°C) °F (°C) °F (°C) °F (°C) °F (°C) ft-lb (J) ft-lb (J) ft-lb (J)

E -8.8 159.8 168.6 39.2 257.9 218.7 51.1 73.3 46.8 -26.5
Note 2 Note 2

(-22.7) (71.0) (93.7) (4.0) (125.5) (121.5) (10.6) (99.4) (63.5) (-35.9)

-8.8 179.9 188.7 39.2 328.3 289.1 51.1 73.3 42.3 -31.0
Note 2 Note 2

(-22.7) (82.2) (104.8) (4.0) (164.6) (160.6) (10.6) (99.4) (57.4) (-42.0)

1. 1. Fluence is unique to each specimen set:
Capsule E = 1.7724x10"8 n/cm 2

Capsule I = 2.8903x10 8' n/cm2

2. This material did not achieve 50 ft-lbs.
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Results

Discussion

The materials irradiated in SSP (Oyster Creek) Capsules E, F and I exhibited a wide range of
radiation embrittlement sensitivity. All but two of the materials experienced less embrittlement
than that predicted using U.S. Nuclear Regulatory Commission (USNRC) Regulatory
Guide 1.99, Rev. 2 [7] (including margin), based on a unique fluence (E > 1.0 MeV) for each
set of specimens. Tables 5-13, 5-14 and 5-15 illustrate this comparison for Capsule E, F and I
materials, respectively. Measured shifts that are greater than predicted shifts including margin
are shown in bold.

Tables 5-16, 5-17 and 5-18 present a comparison of the predicted upper shelf energy (USE)
percent decrease using the USNRC Regulatory Guide 1.99, Rev. 2 figure [7] with the measured
percent decrease calculated from the values presented in Tables 5-1 through 5-3. Eighteen out
of thirty material data sets exhibited greater than predicted percent decrease in USE. Measured
percent decreases that are greater than those predicted are shown in bold.
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Table 5-13
Comparison of Actual Versus Predicted Embrittlement of SSP (Oyster Creek) Capsule E Materials

RG 1.99 Rev. 2 FRG 1.99 Rev. 2

Fluence Measured Shift' [7] [7]
Identity Material (x10"8 n/cm2 ) °F (-C) Predicted Shift Predicted

0  CShift+Margin 2 3
°F (oC) OF (oC)

EP2 Japanese/EPRI Plate (SA533B-1) 1.6988 23.6 (13.1) 19.7 (10.9) 39.3 (21.8)

A1224-1 Grand Gulf Plate (SA533B-1) 1.7116 38.1 (21.2) 10.7 (5.9) 21.3 (11.8)

C2331-2 Cooper Plate (SA533B-1) 1.7192 76.1 (42.3) 63.3 (35.1) 97.3 (54.0)

P2130-2 Nine Mile Point 1 Plate (SA302B, Mod) 1.7202 79.9 (44.4) 67.8 (37.7) 101.8 (56.6)

C3278-2 FitzPatrick Plate (SA533B-1) 1.7135 57.7 (32.1) 39.5 (22.0) 73.5 (40.8)

CE-2(WM) CE/EPRI Linde 1092 #2 (Submerged Arc Weld) 1.7572 192.7 (107.1) 111.3 (61.9) 167.3 (93.0)

5P6214B Grand Gulf Weld (Submerged Arc Weld) 1.7704 4.1 (2.3) 10.8 (6.0) 21.6 (12.0)

34B009 Millstone 1 Weld (Submerged Arc Weld) 1.7783 124.5 (69.2) 108.3 (60.2) 4 164.3 (91.3)

EP2-21 Quad Cities 2 Weld (Electroslag Weld) 1.7794 80.6 (44.8) 40.4 (22.5) 80.8 (44.9)

406L44 Quad Cities 1 Weld (Submerged Arc Weld) 1.7724 168.6 (93.7) 110.9 (61.6) 166.9 (92.7)

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 [7], based on each
material's Cu/Ni content and
FF is Fluence Factor, f028-o0-1"f, where f = fluence (E > 1.0 MeV) specified.

3. Margin Term is defined as 34°F for plate materials and 56 0F for weld materials, or margin equals shift (whichever is less), per Reg. Guide
1.99, Rev. 2 [7].

4. Predicted shift using assumed CF value = 200°F based on Cu = 0.15 wt%, Ni = 1.2 wt%, which is the highest Ni value on the Reg. Guide
1.99, Rev. 2 tables. The actual Ni value for this weld is reported to be 1.81 wt%.
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Results

Table 5-14
Comparison of Actual Versus Predicted Embrittlement of SSP (Oyster Creek) Capsule F Materials

e Measured RG 1.99 Rev. 2 [7] RG 1.99 Rev. 2 [7]
Identity Material Shift1  Predicted Shift2  Predicted

Identity Material Flun/ce2 Mesue RG190ev 7 Shift+Margin2 '2(xlO1 n/cm2) oF (oC) °F (°C) OF (°C)

B&W-1 (BM) B&W/EPRI Plate (SA302B, Mod) 1.8558 43.8 (24.3) 63.3 (35.2) 97.3 (54.1)

B&W-1 (WM) B&W/EPRI Linde 80 (Submerged Arc Weld) 1.9189 140.2 (77.8) 109.0 (60.5) 165.0 (91.7)

C1079-1 Millstone 1 Plate (SA302B, Mod) 1.8783 73.1 (40.6) 82.5 (45.9) 116.5 (64.7)

A0610-1 Quad Cities 1 Plate (SA302B, Mod) 1.8796 85.2 (47.3) 66.7 (37.0) 100.7 (55.9)

A1195-1 HSST-02 Plate (SA533B-1) 1.8725 69.3 (38.5) 62.3 (34.6) 96.3 (53.5)

FP2-6 Humboldt Bay 3 Weld (Submerged Arc Weld) 1.9437 103.5 (57.5) 69.5 (38.6) 125.5 (69.7)

5P6756 River Bend Weld (Submerged Arc Weld) 1.9364 61.9 (34.4) 46.1 (25.6) 92.1 (51.2)

FP2-BW B&W Linde 80 Weld (Submerged Arc Weld) 1.9423 122.1 (67.8) 98.0 (54.4) 154.0 (85.5)

B0673-1 Duane Arnold Plate (SA533B-1) 1.8699 73.4 (40.8) 61.6 (34.2) 95.6 (53.1)

EE/EK Duane Arnold Weld (Shielded Metal Arc Weld) 1.9336 26.3 (14.6) 15.2 (8.4) 30.3 (16.8)

Notes:

1. See Table 5-2, AT3o.

2. Predicted shift = CF x FF, where CF is a Chemistry Factor taken from tables from USNRC Reg. Guide 1.99, Rev. 2 [7], based on each
material's Cu/Ni content and FF is Fluence Factor, f.28-o.AO*1,, where f = fluence (E > 1.0 MeV) specified.

3. Margin Term is defined as 34°F for plate materials and 56 0F for weld materials, or margin equals shift (whichever is less), per Reg. Guide
1.99, Rev. 2 [7].
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Results

Table 5-15
Comparison of Actual Versus Predicted Embrittlement of SSP (Oyster Creek) Capsule I Materials

RG 1.99 Rev. 2 RG 1.99 Rev. 2 [7]

Identity Material Fluence Measured [7] Predicted
(x10 18 n/cm2) Shift' °F (°C) Predicted Shift2  Shift+Margin2 '3

OF (oC) OF (oC)

EP2 Japanese/EPRI Plate (SA533B-1) 2.6016 25.2 (14.0) 23.5 (13.0) 46.9 (26.1)

A1224-1 Grand Gulf Plate (SA533B-1) 2.6581 35.1 (19.5) 12.8 (7.1) 25.6 (14.2)

C2331-2 Cooper Plate (SA533B-1) 2.7085 93.7 (52.1) 76.3 (42.4) 110.3 (61.3)

P2130-2 Nine Mile Point 1 Plate (SA302B, Mod) 2.7548 95.0 (52.8) 82.4 (45.8) 116.4 (64.6)

C3278-2 FitzPatrick Plate (SA533B-1) 2.7958 68.4 (38.0) 48.4 (26.9) 82.4 (45.8)

CE-1(WM) CE/EPRI Linde 1092 #2 (Submerged Arc Weld) 2.6893 191.9 (106.6) 149.0 (82.8) 205.0 (113.9)

5P6214B Grand Gulf Weld (Submerged Arc Weld) 2.7478 22.5 (12.5) 13.0 (7.2) 25.9 (14.4)

34B009 Millstone 1 Weld (Submerged Arc Weld) 2.8000 139.0 (77.2) 130.5 (72.5) 4 186.5 (103.6)

IP2-21 Quad Cities 2 Weld (Electroslag Weld) 2.8479 76.3 (42.4) 49.0 (27.2) 98.0 (54.5)

406L44 Quad Cities 1 Weld (Submerged Arc Weld) 2.8903 188.7 (104.8) 135.4 (75.2) 191.4 (106.3)

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 [7], based on each
material's Cu/Ni content and
FF is Fluence Factor, f0.28-0101. , where f = fluence (E > 1.0 MeV) specified.

3. Margin Term is defined as 340F for plate materials and 56 0F for weld materials, or margin equals shift (whichever is less), per Reg. Guide
1.99, Rev. 2 [7].

4. Predicted shift using assumed CF value = 200°F based on Cu = 0.15 wt%, Ni = 1.2 wt%, which is the highest Ni value on the Reg. Guide
1.99, Rev. 2 tables. The actual Ni value for this weld is reported to be 1.81 wt%.
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Results

Table 5-16
Comparison of Actual Versus Predicted Percent Decrease in Upper Shelf Energy (USE) of SSP (Oyster Creek) Capsule E
Materials

Measured RG 1.99 Rev. 2 [7]
Identity Material Fluence Cu Content Decrease in Predicted Decrease in

l(xl 08 n/cm2) (wt%) USE' (%) USE2 (%)

EP2 Japanese/EPRI Plate (SA533B-1) 1.6988 0.06 13.6 <12.3

A1224-1 Grand Gulf Plate (SA533B-1) 1.7116 0.03 5.1 <12.3

C2331-2 Cooper Plate (SA533B-1) 1.7192 0.16 17.7 16.5

P2130-2 Nine Mile Point 1 Plate (SA302B, Mod) 1.7202 0.172 18.6 17.5

C3278-2 FitzPatrick Plate (SA533B-1) 1.7135 0.11 15.9 13

CE-2(WM) CE/EPRI Linde 1092 #2 (Submerged Arc Weld) 1.7572 0.21 43.3 23

5P6214B Grand Gulf Weld (Submerged Arc Weld) 1.7704 0.01 3.3 <12.6

34B009 Millstone 1 Weld (Submerged Arc Weld) 1.7783 0.15 28.7 19.5

EP2-21 Quad Cities 2 Weld (Electroslag Weld) 1.7794 0.11 9.2 16

406L44 Quad Cities 1 Weld (Submerged Arc Weld) 1.7724 0.29 36.2 29

Notes:

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

2. Predicted decrease from Figure 2 of USNRC Reg. Guide 1.99, Rev. 2 [7], based on each material's Cu content and specimen fluence.
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Results

Table 5-17
Comparison of Actual Versus Predicted Percent Decrease in Upper Shelf Energy (USE) of SSP (Oyster Creek) Capsule F
Materials

Content Measured RG 1.99 Rev. 2 [7]
Identity Material (xl0"n/cm') (wt%) Decrease in USE' Predicted Decrease in(%) USE2 (%)

B&W-1(BM) B&W/EPRI Plate (SA302B, Mod) 1.8558 0.155 24.3 16.4

B&W-1(WM) B&W/EPRI Linde 80 (Submerged Arc Weld) 1.9189 0.287 41.1 29.5

C1079-1 Millstone 1 Plate (SA302B, Mod) 1.8783 0.22 19.4 21

A0610-1 Quad Cities 1 Plate (SA302B, Mod) 1.8796 0.17 27.9 17.6

A1195-1 HSST-02 Plate (SA533B-1) 1.8725 0.15 16.5 16.2

FP2-6 Humboldt Bay 3 Weld (Submerged Arc Weld) 1.9437 0.27 32.2 28.2

5P6756 River Bend Weld (Submerged Arc Weld) 1.9364 0.06 24.0 13.5

FP2-BW B&W Linde 80 Weld (Submerged Arc Weld) 1.9423 0.26 28.5 28

B0673-1 Duane Arnold Plate (SA533B-1) 1.8699 0.15 15.9 16.3

EE/EK Duane Arnold Weld (Shielded Metal Arc Weld) 1.9336 0.02 0 <12.9

Notes:

1. Calculated from Table 5-2, (Change/Unirradiated) * 100.

2. Predicted decrease from Figure 2 of USNRC Reg. Guide 1.99, Rev. 2 [7], based on each material's Cu content and specimen fluence.
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Results

Table 5-18
Comparison of Actual Versus Predicted Percent Decrease in Upper Shelf Energy (USE) of SSP (Oyster Creek) Capsule I
Materials

Measured RG 1.99 Rev. 2 [7]
Fluence Cu Content Mease PredictedIdentity Material (xl 018 n/cm2 ) (wt%) Dca Decrease in USE'

(%) (%)

EP2 Japanese/EPRI Plate (SA533B-1) 2.6016 0.06 10.7 <13.8

A1224-1 Grand Gulf Plate (SA533B-1) 2.6581 0.03 9.2 <13.9

C2331-2 Cooper Plate (SA533B-1) 2.7085 0.16 19.7 18.5

P2130-2 Nine Mile Point 1 Plate (SA302B, Mod) 2.7548 0.172 8.9 19.5

C3278-2 FitzPatrick Plate (SA533B-1) 2.7958 0.11 16.6 15

CE-1(WM) CE/EPRI Linde 1092 #1 (Submerged Arc Weld) 2.6893 0.22 38.3 26.5

5P6214B Grand Gulf Weld (Submerged Arc Weld) 2.7478 0.01 4.2 <14

34B009 Millstone 1 Weld (Submerged Arc Weld) 2.8000 0.15 16.7 21.6

IP2-21 Quad Cities 2 Weld (Electroslag Weld) 2.8479 0.11 12.8 18.8

406L44 Quad Cities 1 Weld (Submerged Arc Weld) 2.8903 0.29 42.3 33

Notes:

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

2. Predicted decrease from Figure 2 of USNRC Reg. Guide 1.99, Rev. 2 [7], 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 have been rounded.
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Summary of Charpy V-Notch Test Data

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

nTemperature Impact Energy Lateral Expansion ShearSpecimenTeprtrImatEegLaeaExnso

Number °F 0C ft-lb Joules mils mm %

EP258 -40 -40 25.5 34.6 18 0.46 5

EP248 -40 -40 27.5 37.3 19 0.48 0

EP274 0 -17.8 31 42.0 25 0.64 20

EP273 30 -1.1 52.5 71.2 41 1.04 45

EP284 70 21.1 67 90.8 56 1.42 55

EP270 100 37.8 85.5 115.9 62 1.57 80

EP244 150 65.6 91.5 124.0 70 1.78 100

EP247 200 93.3 100 135.6 77 1.96 100

EP243 300 148.9 98.5 133.5 75 1.91 100

EP269 .400 204.4 88.5 120.0 74 1.88 100
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Summay, of Charpy V-Notch Test Data

Table A-2
Charpy V-Notch Results for Capsule E A1224-1 Grand Gulf Plate Material (SA533B-1)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF 0C ft-lb Joules mils Mm %

EP167J -30 -34.4 7 9.5 1 0.03 0

EP167C 0 -17.8 34.5 46.8 20 0.51 10

EP167E 40 4.4 35.5 48.1 21 0.53 25

EP167A 70 21.1 86.5 117.3 51 1.30 60

EP167G 100 37.8 110 149.1 63 1.60 65

EP167D 125 51.7 115.5 156.6 73 1.85 75

EP167F 150 65.6 137.5 186.4 72 1.83 95

EP167B 200 93.3 149 202.0 74 1.88 100

EP167H 250 121.1 134.5 182.3 71 1.80 100

EP1671 300 148.9 138 187.1 75 1.91 100
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Summary of Charpy V-Notch Test Data

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

Temperature Impact Energy Lateral Expansion ShearSpecimen

Number OF °C ft-lb Joules mils mm %

EP130C 0 -17.8 10.5 14.2 1 0.03 0

EP130E 40 4.4 28 38.0 12 0.30 15

EP130A 70 21.1 27.5 37.3 17 0.43 30

EP130H 100 37.8 49 66.4 27 0.69 55

EP130D 125 51.7 54.5 73.9 32 0.81 50

EP130F 150 65.6 68.5 92.9 43 1.09 90

EP130B 200 93.3 80 108.4 55 1.40 100

EP130G 225 107.2 82.0 111.2 54 1.37 100

EP1301 250 121.1 81.5 110.5 61 1.55 100

EP130J 300 148.9 85.5 115.9 59 1.50 100
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Summayt, of Charpy V-Notch Test Data

Table A-4
Charpy V-Notch Results for Capsule E P2130-2 Nine Mile Point 1 Plate Material (SA302B, Mod)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF °C ft-lb Joules Mils mm %

EP111C 0 -17.8 8.5 11.5 2 0.05 0

EP111E 40 4.4 23.5 31.9 14 0.36 15

EP111A 70 21.1 30 40.7 24 0.61 30

EP111H 100 37.8 28.5 38.6 26 0.66 45

EP111D 125 51.7 44.5 60.3 39 0.99 65

EP111F 150 65.6 50 67.8 38 0.97 80

EP111B 200 93.3 54.5 73.9 47 1.19 100

EP111G 225 107.2 54.5 73.9 45 1.14 100

EP1111 250 121.1 55 74.6 49 1.24 100

EP111J 300 148.9 58 78.6 51 1.30 100
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Summary of Charpy V-Notch Test Data

Table A-5
Charpy V-Notch Results for Capsule E C3278-2 FitzPatrick Plate Material (SA533B-1)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF °C ft-lb Joules mils mm %

EP128C 0 -17.8 21.5 29.1 7 0.18 0

EP128E 40 4.4 39.5 53.5 20 0.51 20

EP128A 70 21.1 52.5 71.2 29 0.74 40

EP128H 100 37.8 60 81.3 40 1.02 55

EP128D 125 51.7 72.5 98.3 46 1.17 75

EP128F 150 65.6 83.5 113.2 53 1.35 85

EP128B 200 93.3 90 122.0 62 1.57, 100

EP128G 225 107.2 97.5 132.2 67 1.70 100

EP1281 250 121.1 94.5 128.1 62 1.57 100

EP128J 300 148.9 99 134.2 65 1.65 100
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Summary of Charpy V-Notch Test Data

Table A-6
Charpy V-Notch Results for Capsule E CE-2(WM) CE/EPRI Linde 1092 #2 Weld Material (Submerged Arc Weld)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF °C ft-lb Joules mils mm %

C226 0 -17.8 11.5 15.6 6 0.15 0

C224 70 21.1 23.5 31.9 13 0.33 20

C228 70 21.1 14.5 19.7 .10 0.25 10

C231 100 37.8 35.5 48.1 28 0.71 30

C211 150 65.6 44.5 60.3 33 0.84 55

C222 175 79.4 56.5 76.6 46 1.17 80

C215 200 93.3 61 82.7 46 1.17 90

C219 250 121.1 71.5 96.9 63 1.60 100

C213 300 148.9 71 96.2 57 1.45 100

C217 400 204.4 60.5 82.0 57 1.45 100
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Summary of Charpy V-Notch Test Data

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

nTemperature Impact Energy Lateral Expansion ShearSpecimenTeprtrImatEegLaeaExnso

Number °F 0C ft-lb Joules mils mm %

EP2671 -70 -56.7 4.5 6.1 1 0.03 0

EP267G -30 -34.4 30.5 41.3 21 0.53 30

EP267B 0 4.4 46.5 63.0 33 0.84 45

EP267J 30 -1.1 54 73.2 44 1.12 60

EP267A 70 21.1 62.5 84.7 49 1.24 70

EP267C 100 37.8 71.5 96.9 52 1.32 85

EP267E 150 65.6 87.5 118.6 71 1.80 100

EP267D 200 93.3 88.5 120.0 70 1.78 100

EP267F 250 121.1 87.5 118.6 72 1.83 100

EP267H 300 148.9 90.5 122.7 71 1.80 100
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Sunnmary of Charpy V-Notch Test Data

Table A-8
Charpy V-Notch Results for Capsule E 34B009 Millstone 1 Weld Material (Submerged Arc Weld)

Temperature Impact Energy Lateral Expansion Shear
Specimen
Number OF °C ft-lb Joules Mils mm %

EP215B 0 -17.8 17 23.0 10 0.25 5

EP215G 0 -17.8 17.5 23.7 10 0.25 5

EP215A 70 21.1 28 38.0 22 0.56 45

EP215C 100 37.8 41.5 56.3 30 0.76 55

EP2151 125 51.7 62 84.0 49 1.24 75

EP215E 150 65.6 70.5 95.6 55 1.40 95

EP215D 200 93.3 74.5 101.0 59 1.50 100

EP215F 250 121.1 73 99.0 60 1.52 100

EP215H 300 148.9 76.5 103.7 64 1.63 100

EP215J 400 204.4 77.5 105.1 64 1.63 100
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Summar' of Charpy V-Notch Test Data

Table A-9
Charpy V-Notch Results for Capsule E EP2-21 Quad Cities 2 Weld Material (Electroslag Weld)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF °C ft-lb Joules mils mm %

EP221 B 0 -17.8 17.5 23.7 10 0.25 0

EP221A 70 21.1 32.5 44.1 22 0.56 15

EP221C 100 37.8 48.5 65.7 35 0.89 40

EP2211 125 51.7 75 101.7 51 1.30 60

EP221E 150 65.6 75.5 102.3 55 "1.40 85

EP221D 200 93.3 86 116.6 63 1.60 90

EP221 F 250 121.1 95 128.8 73 1.85 100

EP221G 275 135.0 93.5 126.7 63 1.60 100

EP221H 300 148.9 95.5 129.5 68 1.73 100

EP221J 400 204.4 93.5 126.7 70 1.78 100

A-1O



Summary of Charpy V-Notch Test Data

Table A-10
Charpy V-Notch Results for Capsule E 406L44 Quad Cities 1 Weld Material (Submerged Arc Weld)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF °C ft-lb Joules mils mm %

EP220A 70 21.1 8.5 11.5 2 0.05 0

EP220C 100 37.8 20.5 27.8 13 0.33 15

EP220G 125 51.7 20 27.1 12 0.30 45

EP220E 150 65.6 25.5 34.6 20 0.51 60

EP220D 200 93.3 37.5 50.8 28 0.71 85

EP220F 250 121.1 43.5 59.0 33 0.84 95

EP220B 275 135.0 47.5 64.4 40 1.02 100

EP220H 300 148.9 48 65.1 36 0.91 100

EP2201 325 162.8 48.5 65.7 39 0.99 100

EP220J 400 204.4 46.5 63.0 37 0.94 100
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Summary of Charpy V-Notch Test Data

Table A-11
Charpy V-Notch Results for Capsule I EP2 Japanese/EPRI Plate Material (SA533B-1)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF 0C ft-lb Joules mils mm %

EP252 -65 -53.9 17.5 ,23.7 7 0.18 0

EP281 -40 -40 22.5 30.5 12 0.30 0

EP255 0 -17.8 35 47.4 26 0.66 25

EP256 30 -1.1 54.5 73.9 40 1.02 50

EP277 70 21.1 74.5 101.0 61 1.55 60

EP260 100 37.8 84 113.9 66 1.68 65

EP286 100 37.8 85 115.2 59 1.50 85

EP282 130 54.4 99 134.2 72 1.83 100

EP278 160 71.1 97.5 132.2 76 1.93 100

EP251 250 121.1 97 131.5 76 1.93 100
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Summary, of Charpy V-Notch Test Data

Table A-12
Charpy V-Notch Results for Capsule I A1224-1 Grand Gulf Plate Material (SA533B-1)

Temperature Impact Energy Lateral Expansion ShearSpecimen _______ ha
Number OF OC ft-lb Joules mils mm %

IP167B 0 -17.8 19 25.8 10 0.25 5

IP167J 30 -1.1 42.5 57.6 27 0.69 25

IP167G 30 -1.1 46.5 63.0 31 0.79 25

IP167A 70 21.1 53.5 72.5 36 0.91 40

IP167H 100 37.8 84.5 114.5 54 1.37 70

IP167C 150 65.6 108 146.4 72 1.83 80

IP1671 175 79.4 118.5 160.6 68 1.73 90

IP167D 200 93.3 131.5 178.3 80 2.03 100

IP167E 300 148.9 139.5 189.1 85 2.16 100

IP167F 400 204.4 130.5 176.9 82 2.08 100
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Summary of Charpy V-Notch Test Data

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

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF °C ft-lb Joules mils mm %

IP130B 0 -17.8 8.5 11.5 2 0.05 0

IP130J 30 -1.1 20 27.1 8 0.20 5

IP130A 70 21.1 27.5 37.3 14 0.36 20

IP130H 100 37.8 30 40.7 18 0.46 30

IP130G 125 51.7 50.5 68.5 37 0.94 55

IP130C 150 65.6 60 81.3 46 1.17 65

IP130D 200 93.3 71.5 96.9 54 1.37 85

IP1301 250 121.1 77.5 105.1 59 1.50 100

IP130E 300 148.9 83 112.5 69 1.75 100

IP13OF 400 204.4 80.5 109.1 64 1.63 100
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Summar, of Charpy V-Notch Test Data

Table A-14
Charpy V-Notch Results for Capsule I P2130-2 Nine Mile Point 1 Plate Material (SA302B, Mod)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF 0C ft-lb Joules mils mm %

IP111B 0 -17.8 6.5 8.8 0 0 0

IP1111 30 -1.1 8.5 11.5 5 0.13 10

IP111J 50 10.0 15 20.3 9 0.23 10

IP111A 70 21.1 17.5 23.7 13 0.33 25

IP111H 100 37.8 36.5 49.5 28 0.71 40

IPiliC 150 65.6 47.5 64.4 41 1.04 65

IP111G 175 79.4 63.5 86.1 53 1.35 95

IP111D 200 93.3 57.5 77.9 50 1.27 100

IP111E 300 148.9 63 85.4 53 1.35 100

IP111F 400 204.4 64.5 87.4 59 1.50 100
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Summar• of Charpy V-Notch Test Data

Table A-15
Charpy V-Notch Results for Capsule I C3278-2 FitzPatrick Plate Material (SA533B-1)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF 0C ft-lb Joules mils mm %

IP128B 0 -17.8 15.5 21.0 8 0.20 5

IP128G 30 -1.1 27.5 37.3 16 0.41 20

IP128J 50 10.0 41 55.6 25 0.64 25

IP128A 70 21.1 54 73.2 32 0.81 40

IP128H 100 37.8 58 78.6 38 0.97 55

IP128E 100 37.8 73 99.0 47 1.19 60

IP128C 150 65.6 86.5 117.3 60 1.52 75

IP1281 175 79.4 96.5 130.8 65 1.65 100

IP128D 200 93.3 96 130.1 69 1.75 100

IP128F 400 204.4 91 123.4 64 1.63 100
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Sunmnar, of Charpy V-Notch Test Data

Table A-16
Charpy V-Notch Results for Capsule I CE-1(WM) CE/EPRI Linde 1092 #1 Weld Material (Submerged Arc Weld)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF 0C ft-lb Joules mils mm '%

C132 70 21.1 8.5 11.5 4 0.10 0

C125 85 29.4 14 19.0 3 0.08 20

C123 100 37.8 22 29.8 13 0.33 45

C121 130 54.4 25 33.9 19 0.48 35

C114 160 71.1 28.5 38.6 22 0.56 40

C118 200 93.3 40.5 54.9 34 0.86 80

C129 250 121.1 60.5 82.0 52 1.32 95

C127 300 148.9 65.5 88.8 53 1.35 95

C112 350 176.7 68.5 92.9 49 1.24 100

C116 400 204.4 63 85.4 52 1.32 100
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Summary of Charpy V-Notch Test Data

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

nTemperature Impact Energy Lateral Expansion ShearSpecimenTeprtrImatEegLaeaExnso

Number OF °C ft-lb Joules Mils mm %

IP267H -60 -51.1 10 13.6 3 0.08 5

1P2671 -30 -34.4 25.5 34.6 15 0.38 10

IP267B 0 -17.8 30.5 41.3 22 0.56 35

IP267G 30 -1.1 44.5 60.3 30 0.76 45

1 P267J 50 10.0 55.5 75.2 41 1.04 70

1P267A 70 21.1 55 - 74.6 44 1.12 70

IP267C 125 51.7 76.5 103.7 56 1.42 90

IP267D 200 93.3 86 116.6 70 1.78 100

IP267E 300 148.9 87 117.9 70 1.78 100

IP267F 400 204.4 90 122.0 75 1.91 100
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Summary of Charpy V-Notch Test Data

Table A-18
Charpy V-Notch Results for Capsule 1 34B009 Millstone 1 Weld Material (Submerged Arc Weld)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF °C ft-lb Joules mils mm %

IP215B 0 -17.8 6 8.1 0 0 0

IP215G 30 -1.1 40 54.2 24 0.61 10

IP215H 30 -1.1 10.5 14.2 2 0.05 10

I P215A 70 21.1 18.5 25.1 11 0.28 25

IP2151 100 37.8 39.5 53.5 26 0.66 50

IP215C 125 51.7 50.5 68.5 36 0.91 60

IP215J 160 71.1 94 127.4 68 1.73 90

IP215D 200 93.3 86.5 117.3 63 1.60 >95

IP215E 300 148.9 79.5 107.8 58 1.47 100

IP215F 400 204.4 95 128.8 76 1.93 100
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Summary of Charpy V-Notch Test Data

Table A-19
Charpy V-Notch Results for Capsule I IP2-21 Quad Cities 2 Weld Material (Electroslag Weld)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF °C ft-lb Joules mils mm %

IP221B 0 -17.8 24.5 33.2 14 0.36 0

1P221J 40 4.4 8.5 11.5 3 0.08 0

IP221A 70 21.1 40.5 54.9 27 0.69 20

1P221H 100 37.8 60 81.3 44 1.12 50

1P221C 125 51.7 56.5 76.6 43 1.09 60

1P2211 160 71.1 72.5 98.3 54 1.37 70

IP221D 200 93.3 77 104.4 59 1.50 90

IP221G 250 121.1 92.5 125.4 70 1.78 100

IP221E 300 148.9 87.5 118.6 65 1.65 100

IP221 F 400 204.4 92 124.7 76 1.93 100
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Stuninao, of Charpl V-Notch Test Data

Table A-20
Charpy V-Notch Results for Capsule 1 406L44 Quad Cities 1 Weld Material (Submerged Arc Weld)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF 0C ft-lb Joules mils mm %

IP220B 0 -17.8 10 13.6 4 0.10 0

IP220A 70 21.1 16.5 22.4 9 0.23 10

IP220H 100 37.8 17.5 23.7 9 0.23 15

IP220C 125 51.7 23 31.2 18 0.46 35

IP2201 160 71,1 23.5 31.9 14 0.36 35

I P220J 160 71.1 23.5 31.9 16 0.41 40

IP220D 200 93.3 33.5 45.4 24 0.61 75

1 P220G 250 121.1 40.5 54.9 34 0.86 >95

IP220E 300 148.9 45 61.0 41 1.04 100

IP220F 400 204.4 41.5 56.3 34 0.86 100
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Summary of Charpy V-Notch Test Data

Table A-21
Charpy V-Notch Results for Capsule F B&W-1(BM) B&W/EPRI Plate Material (SA302B, Mod)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF °C ft-lb Joules mils mm %

B09 '0 -17.8 9.5 12.9 3 0.08 0

B02 40 4.4 26.5 35.9 19 0.48 10

B07 40 4.4 43.5 59.0 29 0.74 25

B05 70 21.1 35 47.4 27 0.69 30

B04 125 51.7 72.5 98.3 56 1.42 70

B06 150 65.6 60.5 82.0 47 1.19 65

B03 175 79.4 91.5 124.0 71 1.80 85

B1O 200 93.3 95.5 129.5 74. 1.88 100

B01 300 148.9 88 119.3 67 1.70 100

B08 400 204.4 100 135.6 76 1.93 100
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Summary, of Charpy V-Notch Test Data

Table A-22
Charpy V-Notch Results for Capsule F B&W-1 (WM) B&W/EPRI Weld Material (Submerged Arc Weld)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF °C ft-lb Joules Mils mm %

M11 0 -17.8 7.5 10.2 1 0.03 0

M07 70 21.1 17 23.0 14 0.36 10

M01 100 37.8 15.5 21.0 11 0.28 10

M09 125 51.7 22.5 30.5 19 0.48 30

M03 150 65.6 28.5 38.6 25 0.64 55

M08 200 93.3 48.5 65.7 45 1.14 95

M02 200 93.3 31.5 42.7 27 0.69 65

M05 250 121.1 49.5 67.1 49 1.24 100

M04 300 148.9 46.5 63.0 49 1.24 100

M06 400 204.4 44.5 60.3 44 1.12 100
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Summary of Charpy V-Notch Test Data

Table A-23
Charpy V-Notch Results for Capsule F C1 079-1 Millstone 1 Plate Material (SA302B, Mod)

Temperature Impact Energy Lateral Expansion ShearSpecimen

Number °F °C ft-lb Joules mils mm %

FP115C 0 -17.8 8.5 11.5 2 0.05 0

FP115F 40 4.4 19 25.8 13 0.33 25

FP115A 70 21.1 21.5 29.1 14 0.36 30

FP115J 100 37.8 39.5 53.5 30 0.76 50

FP1151 125 51.7 41.5 56.3 32 0.81 60

FP115B 150 65.6 40.5 54.9 36 0.91 75

FP115E 175 79.4 47.5 64.4 41 1.04 95

FP115D 200 93.3 47.5 64.4 40 1.02 100

FP115G 300 148.9 50.5 68.5 40 1.02 100

FP 115H 400 204.4 51.5 69.8 45 1.14 100
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Summarn. of Charpy V-Notch Test Data

Table A-24
Charpy V-Notch Results for Capsule F A0610-1 Quad Cities 1 Plate Material (SA302B, Mod)

nTemperature Impact Energy Lateral Expansion ShearSpecimenTeprtrImatEegLaeaExnso

Number OF °C ft-lb Joules mils mm %

FP120C 0 -17.8 12.5 16.9 3 0.08 0

FP120F 40 4.4 32.5 44.1 21 0.53 20

FP120A 70 21.1 34.5 46.8 26 0.66 30

FP120J 100 37.8 45.5 61.7 35 0.89 50

FP1201 125 51.7 52.5 71.2 39 0.99 55

FP120B 150 65.6 66.5 90.1 52 1.32 65

FP120E 175 79.4 74.5 101.0 57. 1.45 90

FP120D 200 93.3 70.5 95.6 52 1.32 100

FP120G 300 148.9 76.5 103.7 62 1.57 100

FP120H 400 204.4 72 97.6 64 1.63 100
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Suminnary of Charpy V-Notch Test Data

Table A-25
Charpy V-Notch Results for Capsule F Al 195-1 HSST-02 Plate Material (SA533B-1)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF °C ft-lb Joules mils mm %

FP1H2C 0 -17.8 6.5 8.8 1 0.03 0

FP1H2F 40 4.4 12 16.3 4 0.10 10

FP1H2A 70 21.1 23.5 31.8 15 0.38 20

FP1H2J 125 51.7 32.5 44.1 36 0.91 50

FP1H2B 150 65.6 42.5 57.6 35 0.89 60

FP1 H2E 175 79.4 58.5 79.3 39 0.99 70

FP1 H2D 200 93.3 71.5 96.9 52 1.32 85

FP1 H21 250 121.1 77.5 105.1 62 1.57 .100

FP1H2G 300 148.9 81.5 110.5 61 1.55 100

FP1H2H 400 204.4 90.5 122.7 72' 1.83 100
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Summarty of Charpy V-Notch Test Data

Table A-26
Charpy V-Notch Results for Capsule F FP2-BW B&W Linde 80 Weld Material (Submerged Arc Weld)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF 0C ft-lb Joules Mils mm %

FP2BWC 0 -17.8 2.5 3.4 0 0 0

FP2BWA 70 21.1 14.5 19.7 7 0.18 10

FP2BWl 70 21.1 9.5 12.9 2 0.05 10

FP2BWG 100 37.8 16.5 22.4 8 0.20 25

FP2BWB 150 65.6 26 35.2 18 0.46 50

FP2BWD 200 93.3 38.5 52.2 30 0.76 65

FP2BWH 250 121.1 46 62.4 37 0.94 95

FP2BWE 300 148.9 53.5 72.5 49 1.24 100

FP2BWF 400 204.4 54.5 73.9 49 1.24 100

FP2BWJ 450 232.2 54.5 73.9 49 1.24 100

A-27



Summary of Charpy V-Notch Test Data

Table A-27
Charpy V-Notch Results for Capsule F EE/EK Duane Arnold Weld Material (Shielded Metal Arc Weld)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF 0C ft-lb Joules Mils mm %

EKB -40 -40 10 13.6 9 0.23 15

EKJ -40 -40 25.5 34.6 17 0.43 30

EKC -20 -28.9 29.5 40.0 24 0.61 35

EKT 0 -17.8 48.5 65.7 39 0.99 50

EEJ 0 -17.8 40.5 54.9 33 0.84 50

EK1 70 21.1 56.5 76.6 49 1.24 70

EKA 150 65.6 86.5 117.3 78 1.98 95

EKE 200 93.3 90 122.0 77 196 100

EEC 300 148.9 108.5 147.1 89 2.26 100

EKY 400 204.4 98.5 133.5 84 2.13 100
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Summnar' of Charpy V-Notch Test Data

Table A-28
Charpy V-Notch Results for Capsule F B0673-1 Duane Arnold Plate Material (SA533B-1)

Temperature Impact Energy Lateral Expansion ShearSpecimen
Number OF 0C ft-lb Joules mils mm %

EDJ 0 -17.8 12.5 16.9 9 0.23 0

ECU 30 -1.1 25.5 34.6 22 0.56 20

EDD 50 10.0 24.5 33.2 21 0.53 20

ECY 50 10.0 34.5 46.8 26 0.66 30

EDM 70 21.1 71.5 96.9 54 1.37 45

EDP 150 65.6 103.5 140.3 78 1.98 75

EDB 175. 79.4 113.5 153.8 82 2.08 85

ED2 200 93.3 139 188.4 89 2.26 100

ECJ 300 148.9 134.5 182.3 91 2.31 100

ECE 400 204.4 125.5 170.1 85 2.16 100
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Summary of Charpy V-Notch Test Data

Table A-29
Charpy V-Notch Results for Capsule F FP2-6 Humboldt Bay 3 Weld Material (Submerged Arc Weld)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF °C ft-lb Joules mils mm %

FP26G -30 -34.4 18.5 25.1 9 0.23 0

FP26C 0 -17.8 25.5 34.6 15 0.38 5

FP26H 25 -3.9 25 33.9 16 0.41 5

FP261 50 10.0 34.5 46.8 23 0.58 30

FP26A 70 21.1 45.5 61.7 33 0.84 65

FP26J 100 37.8 45.5 61.7 34 0.86 60

FP26B 150 65.6 63.5 86.1 50 1.27 85

FP26D 200 93.3 76.5 103.7 63 1.60 100

FP26E 300 148.9 75.5 102.3 63 1.60 100

FP26F 400 204.4 72.5 98.3 60 1.52 100
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Summan! of Charpy V-Notch Test Data

Table A-30
Charpy V-Notch Results for Capsule F 5P6756 River Bend Weld Material (Submerged Arc Weld)

Specimen Temperature Impact Energy Lateral Expansion Shear

Number OF °C ft-lb Joules Mils mm %

FP272G -60 -51.1 15 20.3 8 0.20 15

FP272H -30 -34.4 7.5 10.2 2 0.05 15

FP272C 0 -17.8 37.5 50.8 26 0.66 45

FP272J 0 -17.8 39.5 53.5 29 0.74 45

FP2721 50 10.0 55 74.6 44 1.12 65

FP272A 70 21.1 55.5 75.2 45 1.14 70

FP272B 150 65.6 78 105.7 66 1.68 95

FP272D 200 93.3 79.5 107.8 63 1.60 100

FP272E 300 148.9 80 108.4 74 1.88 100

FP272F 400 204.4 79.5 107.8 69 1.75 100
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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 [8]. 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.
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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 I
A = 56. B = 53.5 C = 100.98 TO = 11.99 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=109.5(Fixed) Lower Shelf Energy=2.5(Fixcd)

Temp@30 ft-lbs=-41.6 Deg F Temp@a)50 tt-lbs=.7 Deg F
Plant: Oyster Creek Material: SA533B1 Heat: EP2

Orientation: TL Capsule: UN1RR Fluence: 0 n/cmA2
300

250

w
.2 200
OL
0
0

0150

LU
z
> 100

50

0 4- - -1-
-300 -200 -100 0 100 200 300 400 500 600

Temperature in Deg F

Charpy V-Notch Data

Temperature

-80. 00
-60. 00
-60. 00
-50. 00
-so. 00
-40.00
-40.00
-40.00
-30.00

Input CVN

13.00
23. 00
16.00
29. 00
25. 00
33. 00
5A1.00
25. 00
27. 00

Computed CVN Differential

17.39
23.23
23. 23
26. 74
26. 74
30. 66
30. 66
30. 66
34. 95

-4.39
-. 23

-7.23
2. 26

-1.74
2. 34

20. 34
- 5. 66
-7,95

Figure B-1
Charpy Energy Data for EP2 Japanese/EPRI Plate Unirradiated
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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/cmA2

Charpy V-Notch Data

Temperature

- 30.
-15.
-15.

15.
15.
20.
20.
20.
20.
50.
50.
50.
50.
73.
80,
80.
80.
80.

120.
160.
170.
180.
230.
300.
300.
300.
300.
300.
550.
550.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

Input CVN

48. 00
42. 00
34. 00
64. 00
52. 00
47. 00
50. 00
54. 00
49. 00
81. 00
42. 00
69. 00
56. 00
74. 00
73. 00
80. 00
87. 00
92. 00
87. 00
89. 00
84. 00

113. 00
107. 00
105. 00
105. 50
110. 00
106. 00
124. 00
107. 00
113. 00
III. 00
104. 00
108. 00

Computed CVN

34. 95
42. 03
42. 03
49. 68
49. 68
49. 68
57. 59
57. 59
60. 24
60. 24
60. 24
60. 24
75. 24
75. 24
75. 24
75. 24
84. 89
87. 42
87. 42
87. 42
87 42
98. 23

104. 08
105. 02
105. 79
108. 09
109. 14
109. 14
109. 14
109. 14
109. 14
109. 50
109. 50

Differential

13 05
03

-8. 03
14. 32

2. 32
-2 68
-7. 59
-3 .59

- 1. 24
20. 76

-18. 24
8. 76

-19. 24
-1 .24
-2. 24

4. 76
2. 11
4. 58
- .42
1. 58

-3. 42
14. 77

2. 92
02
29

1 .91
-3. 14
14. 86
-2. 14

3. 86
1.86

-5. 50
-1. 50

Correlation Coefficient = .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

PLATE HEAT EP-2 IN SSP CAPSULE E

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 03:53 PM

Page 1

Coefficients of Curve I
A = 48.55 B = 46.05 C = 92.34 TO = 21.34 D = 0.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=94.6(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-lbs=-I 8.0 Deg F Temp@50 ft-lbs=24.3 Deg F
Plant: OYSTER CREEK Material: SA533B1 Heat: EP-2

Orientation: TL
300i

Capsule: E Fluence: 1.6988E+1 8 n/cm^2

250

0
0

U-

200 .1
..1. -i

m 150

uJ

z
> 100
U

50
s0

0 -

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

Temperature in Deg F

Charpy V-Notch Data

Temperature

-40. 00
-40. 00

.00
30.00
70. 00

100. 00
150.00
200. 00
300. 00

Input CVN

25. 50
27. 50
31.00
52. 50
67. 00
85.50
91.50

100.00
98. 50

Computed CVN

21. 79
21. 79
38. 10
52. 86
70. 80
80.42
89.25
92. 72
94. 38

Differential

3 71
5 71

-7. 10
- .36

-3. 80
5. 08
2. 25
7.28
4. 12

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

PLATE HEAT EP-2 IN SSP CAPSULE E

Page 2
Plant: OYSTER CREEK Material: SA533B1 Heat: EP-2
Orientation: TL Capsule: E Fluence: 1.6988E+18 n/cmA2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

88. 50

Computed CVN

94. 57

Differential

-6.07

Correlation Coefficient = .986

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

PLATE HEAT EP-2 IN SSP CAPSULE I

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 04:56 PM

Page 1

Coefficients of Curve 1

A = 50.15 B = 47.65 C = 83.14 TO = 21.03 D = O.OOE+00
Equation is A + B * [Tanh((T-To)/(C+DT))]

Upper Shelf Energy=97.8(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-lbs=-1 6.4 Deg F Temp@50 ft-lbs=20.8 Deg F

Plant: OYSTER CREEK Material: SA533B1 Heat: EP-2

300

250

-- 200
0
0

LL

S150

C

z
> 100
0)

Orientation: TL Capsule: I Fluence: 2.6016E+18 n/cm^2

50

0 100 200 300 400 500 600

Temperature in Deg F

0 ;r-.

-300 -200 -100

Charpy V-Notch Data

Temperature

-65.00
-40,00

. 00
30. 00
70. 00

100.00
100. 00
130.00
160.00

Input CVN

17.50
22. 50
35. 00
54. 50
74. 50
84. 00
85. 00
99. 00
97. 50

Computed CVN

13.18
20. 35
38.35
55. 27
75.37
85.40
85. 40
91.34
94. 55

Differential

4.32
2. 15

-3 35

-. 77
-. 87

-1.40
-. 40
7. 66
2. 95

Figure B-3
Charpy Energy Data for EP2 Japanese/EPRI Plate Irradiated in Capsule I
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Tanh Curve Fit Plots of CVN Test Data

PLATE HEAT EP-2 IN SSP CAPSULE I

Page 2
Plant: OYSTER CREEK Material: SA533B1 Heat: EP-2
Orientation: TL Capsule: I Fluence: 2.6016E+18 n/cm^2

Charpy V-Notch Data

Temperature

250. 00

Input CVN

97. 00

Computed CVN

97. 42

Differential

- . 42

Correlation Coefficient = .995

Figure B-3
Charpy Energy Data for EP2 Japanese/EPRI Plate Irradiated in Capsule I (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated Heat A1224-1

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 06/18/2001 02:55 PM
Page 1

Coefficients of Curve I
A = 74.9 B = 72.4 C = 73.25 TO = 32.16 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=] 47.3(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-lbs=-20.9 Deg F Temp@50 ft-lbs=5.9 Deg F
Plant: Oyster Creek Material: SA533BI Heat: A1224-1

Orientation: TL Capsule: UNIRR Fluence: 0 n/cm^2
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8. 50
20. 50
42. 00
24. 00
84. 00
71 00
97. 50
83. 00

115.00

Computed CVN

8. 97
13.32
20. 22
30. 59
30. 59
45.01
62. 99
62. 99
82. 62

101. 17
116.44

Differential

-2.97
-1.32
11 .72

-10.09
11.41

-21.01
21.01
8.01

14. 88
-18. 17
-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

Unirradiated Heat A1224-1

Page 2
Plant: Oyster Creek Material: SA533BI Heat: A1224-1

Orientation: TL Capsule: UNIRR Fluence: 0 n/cm^2

Charpy V-Notch Data

Temperature

100.00
180.00
300. 00
400. 00

Input CVN

120.00
143.00
154.00
145. 00

Correlation Coefficient =.975

Computed CVN

127.67
144. 79
147.20
147.29

Differential

-7.67
-1.79

6. 80
-2. 29

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

PLATE HEAT A1224-1 IN SSP CAPSULE E

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 04:22 PM

Page 1
Coefficients of Curve 1

A = 71.15 B = 68.65 C = 64.07 TO = 61.53 D = O.OOE+00
Equation is A + B * [Tanh((T-To)/(C+DT))]

Upper Shelf Energy= I39.8(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-lbs=l 7.2 Deg F Temp@50 ft-lbs=41.2 Deg F

Plant: OYSTER CREEK Material: SA533B1 Heat: A1224-1
Orientation: TL Capsule: E Fluence' 1.7116E+18 n/cmA2

3 0 0 • . ........ .

250 ---- -- _ _ __ _
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0 . I
IL

ED 1 50 0.... ... ....... . . .....
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z
> 100.-

50 . .. f_
0~ ~ 0. . . . .
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Temperature in Deg F

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential

-30.00 7.00 9.96 -2.96
.00 34.50 20.04 14.46

40. 00 35. 50 48. 91 -13 .41
70.00 86.50 80. 17 6.33

100. 00 1 10. 00 108. 04 1 .96
125.00 115.50 123.16 -7.66
150.00 137.50 131.64 5.86
200. 00 149.00 1 38. 00 11. 1 00
250. 00 134. 50 139. 42 -4. 92

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

PLATE HEAT A1224-1 IN SSP CAPSULE E

Page 2
Plant: OYSTER CREEK Material: SA533B1 Heat: A1224-1

Orientation: TL Capsule: E Fluence: 1.7116E+18 n/cm^2

Charpy V-Notch Data

Temperature

300. 00

Input CVN

138. 00

Computed CVN

139.72

Differential

-1.72

Correlation Coefficient = .986

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

PLATE HEAT A1224-1 IN SSP CAPSULE I

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 05:29 PM

Page 1

Coefficients of Curve 1
A = 68.15 B = 65.65 C = 95.46 TO = 77.54 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy= 133.8(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-lbs=14.2 Deg F Temp@50 ft-lbs=50.5 Deg F
Plant: OYSTER CREEK Material: SA533BI Heat: A]224-1
Orientation: TL Capsule: I Fluence: 2.6581E+I 8 n/cm^2
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Temperature
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100. 00
150. 00
175. 00
200. 0o
300. 00

Input CVN

19. 00
42. 50
46. 50
53. 50
84. 50

108. 00
118. 50
131 .50
139. 50

Computed CVN Differential

24.
37.
37.
62.
83.

110.
118.
124.
132.

11
91
91
98
32
20
72
43
57

-5. I1
4.59
8.59

-9.48
1.18

-2.20
- . 22
7.07
6.93

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

PLATE HEAT A1224-1 IN SSP CAPSULE I
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Plant: OYSTER CREEK Material: SA533BI Heat: A1224-1

Orientation: TL Capsule: I Fluence: 2.6581E+18 n/cmA2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

130. 50

Computed CVN

133. 65

Differential

-3. 15

Correlation Coefficient = .991

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

Unirradiated Heat C2331-2

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 06/18/2001 02:50 PM
Page 1

Coefficients of Curve I
A = 51.25 B = 48.75 C = 98.29 TO = 32.52 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy= 100.0(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-lbs=-13.3 Deg F Temp@50 ft-lbs=30.1 Deg F
Plant: Oyster Creek Material: SA533BI Heat: C2331-2

Orientation: TL Capsule: UNIRR Fluence: 0 n/cm^2
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Temperature
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60. 00
80. 00

Input CVN

12. 00
15. 50
24. 50
20. 00
31.50
43.50
46. 00
52. 50
53. 50
49.50
91.50

Computed CVN

11.47
15.38
20. 64
27. 43
27.43
35. 68
45.07
54. 95
64. 53
64. 53
73..12

Ditferential

.53

.12
3.86

-7.43
4. 07
7.82

.93
-2.45
-11 03
18.03
1 8. 38

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 Heat C2331-2
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Plant: Oyster Creek Material: SA533BI Heat: C2331-2

Orientation: TL Capsule: UNIRR Fluence: 0 n/cm^2

Charpy V-Notch Data

Temperature

100.00
180.00
300. 00
400. 00

Input CVN

86. 00
97. 00
97. 00

106.00

Correlation Coefficient=.969

Computed CVN

80. 29
95. 38
99. 58
99. 94

Differential

5.71
1. 62

-2.58
6. 06

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 CAPSULE E

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/08/2002 01:45 PM
Page 1

Coefficients of Curve I

A = 42.4 B = 39.9 C = 83.62 TO= 89.63 D = O.OOE+00
Equation is A + B * [Tanh((T-To)/(C+DT))]

Upper Shelf Energy-82.3(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-lbs=62.8 Deg F Temp@50 ft-lbs= 105.8 Deg F

Plant: OYSTER CREEK Material: SA533B1 Heat: C2331-2
Orientation: TL
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Charpy V-Notch Data

Temperature
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200. 00
225. 00
250. 00

Input CVN

10.50
28.00
27.50
49. 00
54. 50
68. 50
80. 00
82. 00
81.50

Computed CVN

10.87
21 16
33 20
47. 32
58. 34
67. 06
76. 98
79. 29
80. 61

Differential

- .37
6. 84

-5.70
1.68

-3.84
1. 44
3. 02
2.71

.89

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

PLATE HEAT C2331-2 IN SSP CAPSULE E

Page 2
Plant: OYSTER CREEK Material: SA533B1 Heat: C2331-2

Orientation: TL Capsule: E Fluence: 1.7192E+18 n/cm^2

Charpy V-Notch Data

Temperature

300. 00

Input CVN

85. 50

Computed CVN

81.78

Differential

3. 72

Correlation Coefficient = 991

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

PLATE HEAT C2331-2 IN SSP CAPSULE I

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 05:33 PM
Page 1

Cocfficients of Curve 1

A = 41.4 B = 38.9 C = 91.86 TO = 108.11 D = O.OOE+00
Equation is A + B * [Tanh((T-To)/(C+DT))]

Upper Shelf Energy=80.3(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-lbs=80.4 Deg F Temp@50 ft-lbs=128.8 Deg F

Plant: OYSTER CREEK Material: SA533B1 Heat: C2331-2
Orientation: TL Capsule: I Fluence: 2.7085E+18 n/cm^2
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Computed CVN

9. 25
14. 51
26. 13
37. 97
48. 47
58. 00
71 .03
76. 91
79. 13

Differential

- .75
5.49
1.37

-7.97
2.03
2. 00

.47
59

3. 87

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

PLATE HEAT C2331-2 IN SSP CAPSULE I

Page 2
Plant: OYSTER CREEK Material: SA533Bl Heat: C2331-2

Orientation: TL Capsule: I Fluence: 2.7085E+18 n/cm^2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

80. 50

Computed CVN

80. 17

Differential

.33

Correlation Coefficient = .992

Figure B-9
Charpy Energy Data for C2331-2 Cooper Plate Irradiated in Capsule I (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 = 32.85 C = 69.02 TO = 8.45 D = 0.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=68.2(Fixed) Lower Shelf Energy'-2.5(Fixed)

Temp@30 ft-lbs-2.8 Deg F Temp@50 ft-lbs=41.6 Deg F
Plant: Nine Mile Point I Material: SA302BM Heat: P2130-2
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Input CVN

3. 50
13.50
21. 50
17. 50
35. 50
30. 00
34. 00
48. 00
61.00

Computed CVN

7.20
10. 45
15.46
22. 53
22. 53
31.35
40. 80
49. 40
.56. 15

Differential

-3.70
3. 05
6.04

-5.03
12.97
-1.35
-6. 80
- 1. 40
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 I Material: SA302BM Heat: P2130-2
Orientation: TL Capsule: UNIRRA Fluence: 0 n/cmA2

Charpy V-Notch Data

Temperature

100. 00
100. 00
180. 00
180. 00
300. 00
400. 00
- 80. 00
- 80. 00
-40. 00
-40. 00

10.00
10. 00
35. 00
35. 00
57. 00
57. 00
57. 00
79. 00
79. 00
79. 00

110.00
110.00
212. 00
212. 00

Input CVN

77. 00
63. 50
60. 00
62. 00
72. 50
68. 00

7.30
9. 00

II. 00
12.20
33. 90
41. 00
41. 00
45. 50
60. 10
53. 10
57. 20
53. 00
51. 20
68. 30
69. 00
73. 30
68. 00
64. 00

Correlation Coefficient - .967

Computed CVN

63. 88
63. 88
67. 75
67. 75
68. 19
68. 20

7. 20
7. 20

15. 46
15. 46
36. 09
36. 09
47. 40
47. 40
55. 27
55. 27
55. 27
60. 67
60. 67
60. 67
64. 91
64. 91
68. 02
68. 02

Differential

13, 12
- .38

-7. 75
-5.75

4.31
20

.10
1.80

-4. 46
- 3.26
-2.19

4.91
-6.40
-1.90

4.83
-2. 17

1. 93
-7. 67
-9. 47

7. 63
4. 09
8. 39
-. 02

-4. 02

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

PLATE HEAT P2130-2 IN SSP CAPSULE E

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 03:56 PM

Page 1

Coefficients of Curve 1
A = 29. B = 26.5 C = 88. TO = 73.76 D = O.OOE+00

Equation is A -4- B * [Tanh((T-To)/(C+DT))]

Upper Shelf Energy=55.5(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ff-lbs=77.1 Deg F Temp@50 ft-lbs=168.7 Deg F

Plant: OYSTER CREEK Material: SA302BM Heat: P2130-2
Orientation: TL Capsule: E Fluence: 1.7202E+1 8 n/cma^2
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44. 50
50. 00
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55. 00

Computed CVN

10. 85
19.30
27. 87
36. 67
42. 89
47. 54
52. 65
53. 85
54. 55

Differential

-2. 35
4.20
2. 13

-8. 17
1.6 1
2. 46
1.85

65
45

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

PLATE HEAT P2130-2 IN SSP CAPSULE E

Page 2
Plant: OYSTER CREEK Material: SA302BM Heat: P2130-2

Orientation: TL Capsule: E Fluence: 1.7202E+18 n/cm^2

Charpy V-Notch Data

Temperature

300. 00

Input CVN

58. 00

Computed CVN

55. 19

Differential

2.81

Correlation Coefficient = .979

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

PLATE HEAT P2130-2 IN SSP CAPSULE I

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 05:03 PM

Page 1

Coefficients of Curve I
A = 32.3 B = 29.8 C = 64.23 TO = 97.07 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=62.1 (Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-lbs=92.2 Deg F Temp@50 ft-lbs=141.0 Deg F
Plant: OYSTER CREEK Material: SA302BM Heat: P2130-2
Orientation: TL Capsule: I Fluence: 2.7548E+18 n/cm^2
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Temperature
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Input CVN
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15.00
17.50
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57. 50
63. 00

Computed CVN

5.27
9. 07

13.68
20. 43
33. 66
52. 48
57. 26
59. 78
61. 99

Differential

1 23
57

1 32
-2. 93

2. 84
-4. 98

6. 24
-2. 28

1.01

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

PLATE HEAT P2130-2 IN SSP CAPSULE I

Page 2
Plant: OYSTER CREEK Material: SA302BM Heat: P2130-2

Orientation: TL Capsule: I Fluence: 2.7548E+18 n/cmA^2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

64. 50

Computed CVN

62. 10

Differential

2. 40

Correlation Coefficient = .991

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

Unirradiated Heat C3278-2

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 06/18/2001 02:50 PM
Page 1

Coefficients of Curve 1
A = 57.9 B = 55.4 C = 96.87 TO = 19.24 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+D'I))]
Upper Shelf Energy- I13.3(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-lbs=-34.4 Deg F Temp@50 ft-lbs=5.4 Deg F
Plant: Oyster Creek Material: SA533BI Heat: C3278-2

Orientation: TL Capsule: UNIRR Fluence: 0 n/cmA2
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24. 00
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40. 00
77. 00
89. 00

Computed CVN

15. 15
20. 56
20. 56
27. 70
36. 61
36. 61
47. 04
58. 33
58. 33
79. 92
79. 92

Differential

3 85
3 44

-3 56
8. 80

-11I 11

11 39
-6. 54

8. 67
-18. 33

-2 92
9. 08

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 Heat C3278-2

Page 2
Plant: Oyster Creek Material: SA533B1 Heat: C3278-2

Orientation: TL Capsule: UNIRR Fluence: 0 n/cm^2

Charpy V-Notch Data

Temperature

100.00
180,00
300. 00
400. 00

Input CVN

102.00
105.00
120.00
115.00

Correlation Coefficient = .973

Computed CVN

95.71
109.43
112.96
113.26

Differential

6.29
-4.43

7. 04
1.74

Figure B-13
Charpy Energy Data for C3278-2 Fitzpatrick Plate Unirradiated (Continued)

B-27



Tanh Curve Fit Plots of CVN Test Data

PLATE HEAT C3278-2 IN SSP CAPSULE E

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 04:08 PM

Page 1
Coefficients of Curve I

A = 48.9 B = 46.4 C = 97.14 TO = 65.27 D = O.OOE+OO
Equation is A + B * [Tanh((T-To)/(C+DT))]

Upper Shelf Energy=95.3(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-lbs=23.3 Deg F Temp@50 ft-lbs=67.6 Deg F

Plant: OYSTER CREEK Material: SA533BI Heal: C3278-2
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Differential
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2. 00
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Figure B-14
Charpy Energy Data for C3278-2 Fitzpatrick Plate Irradiated in Capsule E

B-28



Tanh Curve Fit Plots of CVN Test Data

PLATE HEAT C3278-2 IN SSP CAPSULE E

Page 2
Plant: OYSTER CREEK Material: SA533B1 Heat: C3278-2

Orientation: TL Capsule: E Fluence: 1.7135E+18 n/cm^2

Charpy V-Notch Data

Temperature

300. 00

Input CVN

99. 00

Computed CVN

94. 57

Differential

4. 43

Correlation Coefficient = .994

Figure B-14
Charpy Energy Data for C3278-2 Fitzpatrick Plate Irradiated in Capsule E (Continued)
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Tanh Curve Fit Plots of CVN Test Data

PLATE HEAT C3278-2 IN SSP CAPSULE I

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 05:07 PM

Page 1

Coefficients of Curve I
A = 48.5 B = 46. C = 73.24 TO = 65.19 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=94.5(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 fl-lbs=34.0 Deg F Temp@50 ft-lbs=67.6 Deg F
Plant: OYSTER CREEK Material: SA533B1 Heat: C3278-2

300

250

,20

0

150

C

w>z 1> 100 •

Orientation: TL Capsule: I

I 7r...... .
Fluence: 2.7958E+18 n/cmA2

. . . . . . . . . . . . . . . . .. . .....-H

... ... .. ... .. .~.. k...
50 .4 . I

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

Temperature in Deg F

Charpy V-Notch Data

Temperature

. 00
30. 00
50. 00
70. 00

100.00
100.00
150. 00
175. 00
200. 00

Input CVN

15.
27.
41.
54.
58.
73.
86.
96.
96.

50
50
00
00
00
00
50
50
00

Computed CVN

15. 78
27. 96
39. 10
51 .52
68. 85
68. 85
86. 24
90. 13
92. 24

Differential

-. 28
-. 46
1. 90
2.48

-10.85
4. 15

.26
6.37
3.76

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

PLATE HEAT C3278-2 IN SSP CAPSULE I

Page 2
Plant: OYSTER CREEK Material: SA533B1 Heat: C3278-2

Orientation: TL Capsule: I Fluence: 2.7958E-+18 n/cm^2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

91.00

Computed CVN

94. 49

Differential

-3.49

Correlation Coefficient = .986

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

Unirradiated SAW Weld Heat CE-1 (WM)

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 06/18/2001 03:39 PM
Page 1

Coefficients of Curve 1
A = 53.4 B = 50.9 C = 81.48 TO = -.55 D = O.OOE+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-lbs=-5.9 Deg F
Plant: OYSTER CREEK Material: SAW Heat: CE-I (WM)

Orientation: NA Capsule: UNIRR Fluence: 0 n/cmA2
300

250

_2 200
4L
0
0tL

150
I..

z
> 100

50

0 i ,

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

Charpy V-Notch Data

Temperature

-100.
-100.

- 80.
-80.
-40.
-40.

20.

00
00
00
00
00
00
00
00
00

Input CVN

7. 00
11.00
I1. 00
27. 00
26. 00
29. 00
66. 00
48. 00
59. 00

Computed CVN

10. 65
10.65
15. 18
15. 18
30. 51
30. 51
53. 74
53.74
65. 97

Differential

-3.

-4.
1t.

-4.

12.
-5,
- 6.

65
35
18
82
51
51
26
74
97

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

Unirradiated SAW Weld Heat CE-i (WM)

Page 2
Plant: OYSTER CREEK Material: SAW Heat: CE-1 (WM)
Orientation: NA Capsule: UNIRR Fluence: 0 nrcm^2

Charpy V-Notch Data

Temperature

20, 00
40. 00
40. 00
70. 00
70. 00

100. 00
100. 00
180. 00
180. 00
240. 00
240. 00

Input CVN

67. 00
78. 00
80. 00
82. 00
91 .00

104. 00
88. 00

110. 00
113. 50
105. 00
105. 00

Computed CVN

65. 97
76. 83
76. 83
88. 99
88. 99
96. 35
96. 35

103. 10
103. 10
104. 02
104. 02

Differential

1 03
1 17
3 17

-6. 99
2. 01
7. 65

-8. 35
6. 90

10, 40
98
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 CAPSULE I

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 05:47 PM

Page 1

Coefficients of Curve 1
A = 33.45 B = 30.95 C = 96.56 TO = 161.61 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=64.4(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-lbs=l 50.9 Deg F Temp@50 ft-lbs=219.3 Deg F
Plant: OYSTER CREEK Material: SAW Heat: CE-i (WM)

Orientation: NA Capsule: I

300

250

-T .. .... .. . . '
Fluence: 2.6893E+l 8 n/cm^2

200
0
0

L&

in 150
.I-

z
> 100
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1 .1.. -.-.. 0

..r.

50 T-

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

Temperature in Deg F

Charpy V-Notch Data

Temperature

70. 00
85. 00

100.00
130.00
160.00
200. 00
250. 00
300. 00
350. 00

Input CVN Computed CVN Differential

8.
14.
22.
25.
28.
40.
60.
65.
68.

50
00
00
00
50
50
50
50
50

10.
13.
16.
23.
32.
45.
55.
61.
63.

57
01
01
66
93
14
85
07
17

-2. 07
.99

5. 99
1. 34

-4.43
-4.64

4. 65
4.43
5.33

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

WELD HEAT CE-1 (WM) IN SSP CAPSULE I

Page 2
Plant: OYSTER CREEK Material: SAW Heat: CE-I (WM)

Orientation: NA Capsule: I Fluence: 2.6893E+18 n/cm^2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

63. 00

Computed CVN

63. 96

Differential

- . 96

Correlation Coefficient = .985

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

Unirradiated SAW Weld Heat CE-2 (WM)

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 06/18/2001 03:41 PM
Page 1

Coefficients of Curve 1
A = 60.9 B = 58.4 C = 126.03 TO = -21.98 D = 0.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=-- 19.3(Fixed) Lower Shelf Energy=2.5 (Fixed)

Temnp@30 ft-lbs=-96.1 Deg F Temp@50 ft-lbs=-45.7 Deg F
Plant: OYSTER CREEK Material: SAW Heat: CE-2 (WM)

Orientation: NA Capsule: UNIRR Fluence: 0 n/cmA2
300

250

200
0
0
U-

0150

Lu.

z
> 100

50

T!

0 00r

_ _ _ _ -

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

Temperature in Deg F

Charpy V-Notch Data

Temperature

-94. 00
-90. 00
-70. 00
- 60. 00

.00
68. 00

150. 00
250. 00
320. 00

Input CVN

19.00
37. 00
45. 00
51.00
63. 00
96. 00

121.00
113.00
124.00

Computed CVN Differential

30.
32.
39.
43,
70.
96,

112.
117.
118.

74
12
66
80
98
71
14
76
79

-11. 74
4. 88
5. 34
7. 20

-7. 98
-71

8. 86
-4. 76

5. 21

Correlation Coefficient = .983

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 CAPSULE E

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 03:49 PM

Page 1

Coefficients of Curve I
A = 35.1 B = 32.6 C = 86.17 TO = 110.13 D O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=67.7(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 fi-lbs=96.6 Deg F Temp@50 ft-lbs=152.7 Deg F
Plant: OYSTER CREEK Material: SAW Heat: CE-2 (WM)

Orientation: NA Capsule: E Fluence: 1.7572E+18 n/cma2
300

250

-- I

: 200 "

0100
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c150

z
> 100 -

*1 -.

.I .... ........ [-
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0 - ----. .0
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Temperature in Deg F

Charpy V-Notch Data

Temperature

00
70. 00
70. 00

100. 00
150. 00
175. 00
200. 00
250. 00
300. 00

Input CVN

II. 50
23. 50
14. 50
35. 50
44. 50
56. 50
61. 00
71 .50
71. 00

Computed CVN

7.
20.
20.
3 1.
49.
55.
60.
65.
66.

20
93
93
29
19
86
50
26
91

Differential

4. 30
2. 57

-6.43
4.21

-4.69
64

.50
6. 24
4.09

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

WELD HEAT CE-2 (WM) IN SSP CAPSULE E

Page 2
Plant: OYSTER CREEK Material: SAW Heat: CE-2 (WM)
Orientation: NA Capsule: E Fluence: 1.7572E+18 n/cm^2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

60. 50

Correlation Coefficient = .977

Computed CVN

67. 62

Differential

-7. 12

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

Unirradiated Heat 5P6214B

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 06/18/2001 03:22 PM

Page I
Coefficients of Curve I

A = 47. B = 44.5 C = 71.84 TO = 2.06 D = 0.0OE+00
Equation is A + B * [Tanh((T-To)/(C+DT))]

Upper Shelf Energy=91.5 (Fixed) Lower Shelf Energy=2.5(Fixed)
Ternp@30 ft-lbs=-26.8 Deg F Temp@50 ft-lbs=7.0 Deg F
Plant: OYSTER CREEK Material: SAW Heat: 5P6214B

Orientation: NA Capsule: UNIRR Fluence: 0 n/cm^2
300

250

U)
. 200

0U.

150

w

z
> 100

50

0 4
-300 -200 -100 0 100 200 300 400 500 600

Temperature in Deg F

Charpy V-Notch Data

Temperature

-80.00
-60.00
-40,00
-20.00
- 20. 00

.00
20. 00
20. 00
40. 00

Input CVN

7.
19.
17.
31.
45.
41.
61.
56.
68.

50
00
00
50
00
50
00
00
00

Computed CVN

10,72
15. 93
23. 56
33.75
33.75
45.72
57. 89
57. 89
68. 53

Differential

-3.
3.

-6.
-2.
11.

-4.
3.

- 1.

22
07
56
25
25
22
11
89
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

Unirradiated Heat 5P6214B

Page 2
Plant: OYSTER CREEK Material: SAW Heat: 5P6214B
Orientation: NA Capsule: UNIRR Fluence: 0 n/cmA2

Charpy V-Notch Data

Temperature

60. 00
80. 00

100. 00
180. 00
300. 00
400. 00

Input CVN

76. 00
82. 00
86. 00
93 .00
93. 00
94. 00

Computed CVN

76. 71
82. 38
86. 03
90. 88
91 .48
91 .50

Differential

71
38
03

2. 12
1 .52
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

WELD HEAT 5P6214B IN SSP CAPSULE E

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 04:46 PM

Page 1

Coefficients of Curve 1
A = 45.5 B = 43. C = 96.75 TO = 13.76 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=88.5(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-lbs=-22.7 Deg F Temp@50 ft-lbs=24.0 Deg F
Plant: OYSTER CREEK Material: SAW Heat: 5P6214B

Orientation: NA Capsule: E Fluence: 1.7704E1+18 n/cm^2

It .. . . . - .... .... --! . -... .. . .-:[
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Charpy V-Notch Data

Temperature
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100. 00
150. 00
200. 00
250. 00

Input CVN

4. 50
30. 50
46. 50
54. 00
62. 50
71. 50
87. 50
88. 50
87. 50

Computed CVN

15.43
27. 28
39. 43
52. 65
68. (12
76. 12
83. 65
86. 71
87. 85

Differential

-10.93
3.22
7. 07
1.35

-5.52
-4. 62

3.85
1.79
-. 35

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

WELD HEAT 5P6214B IN SSP CAPSULE E

Page 2
Plant: OYSTER CREEK Material: SAW Heat: 5P6214B
Orientation: NA Capsule: E Fluence: 1.7704E+18 n/cm^2

Charpy V-Notch Data

Temperature

300. 00

Input CVN

90. 50

Correlation Coefficient = .984

Computed CVN

88. 27

Differential

2. 23

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

WELD HEAT 5P6214B IN SSP CAPSULE I

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/08/2002 01:49 PM
Page I

Coefficients of Curve 1
A = 45.1 B = 42.6 C = 101.24 TO = 33.17 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=87.7(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 fi-lbs=-4.3 Deg F Temp@50 ft-lbs=44.9 Deg F
Plant: OYSTER CREEK Material: SAW Heat: 5P6214B

300
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0
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Charpy V-Notch Data

Temperature
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.00
30. 00
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125. 00
200. 00
300. 00

Input CVN

10.00
25. 50
30. 50
44. 50
55. 50
55. 00
76. 50
86. 00
87. 00

Computed CVN

14. 17
21.51
31. 62
43. 77
52. 12
59. 95
75. 76
84. 66
87. 26

Differential

-4.
3

-i.

3.
-4.

17
99
12
73
38
95
74
34
26

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

WELD HEAT 5P6214B IN SSP CAPSULE I

Page 2
Plant: OYSTER CREEK Material: SAW Heat: 5P6214B
Orientation: NA Capsule: I Fluence: 2.7478E+] 8 ncr nA2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

90. 00

Computed CVN

87. 64

Differential

2.36

Correlation Coefficient = .995

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

Unirradiated Weld Heat 34B009

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 06/18/2001 03:27 PM

Page 1
Coefficients of Curve 1

A = 53.45 B = 50.95 C = 82.53 TO = -23.95 D = O.OOE+00
Equation is A + B * [Tanh((T-To)/(C+DT))]

Upper Shelf Energy=- 04.4(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/cm^2
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Charpy V-Notch Data

Temperature
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40. 00
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Input CVN

20, 00
27. 50
36. 50
41. 00
55. 00
57. 50
75. 00
86. 50

100. 00

Computed CVN

16. 43
23. 34
32. 51
43. 67
55. 89
67. 84
78. 28
86. 56
92. 62

Differential

3. 57
4. 16
3.99

-2.67
- . 89

-10.34
-3.28

*.06

7.38

Figure B-23
Charpy Energy Data for 34B009 Millstone 1 Weld Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated Weld Heat 34B009

Page 2
Plant: OYSTER CREEK Material: SAW Heat: 34B009

Orientation: NA Capsule: UNILRR Fluence: 0 n/cmA2

Charpy V-Notch Data

Temperature

60. 00
80. 00

100. 00
180. 00
300. 00
400. 00

Input CVN

100. 00
101.50
102. 00
104. 50
106. 50
112.00

Computed CVN Differential

92.
96.
99.

103.
104.
104.

62
81
59
68
36
40

7. 38
4. 69
2. 41

82
2. 14
7. 60

Correlation Coefficient= .989

Figure B-23
Charpy Energy Data for 34B009 Millstone 1 Weld Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

WELD HEAT 34B009 IN SSP CAPSULE E

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 04:30 PM

Page 1

Coefficients of Curve I
A = 38.45 B = 35.95 C = 80.19 TO = 78.63 D = O.OOE+00

Equation is A + B * [Fanh((T-To)/(C+DT))]
Upper Shelf Energy=74.4(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-lbs=59.5 Deg F Temp@50 ft-lbs= 105.4 Deg F
Plant: OYSTER CREEK Material: SAW Heat: 34B009

Orientation: NA Capsule: E Fluence: 1.7783E+18 n/cm^2
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Temperature
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Input CVN

17.00
17. 50
28. 00
41. 50
62. 00
70. 50
74. 50
73 .00
76. 50

Computed CVN

11 37
1 .37
34. 60
47. 81
57. 20
64. 03
71 .08
73. 41
74. 11

Differential

5.63
6. 13

-6. 60
-6. 31

4. 80
6. 47
3 42

41
2. 39

Figure B-24
Charpy Energy Data for 34B009 Millstone 1 Weld Irradiated in Capsule E
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Tanh Curve Fit Plots of CVN Test Data

WELD HEAT 34B009 IN SSP CAPSULE E

Page 2
Plant: OYSTER CREEK Material: SAW Heat: 34B009

Orientation: NA Capsule: E Fluence: 1.7783E+18 n/cmA2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

77. 50

Computed CVN

74.38

Differential

3.12

Correlation Coefficient = .981

Figure B-24
Charpy Energy Data for 34B009 Millstone 1 Weld Irradiated in Capsule E (Continued)
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Tanh Curve Fit Plots of CVN Test Data

WELD HEAT 34B009 IN SSP CAPSULE I

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 05:35 PM

Page 1

Coefficients of Curve I
A = 44.75 B = 42.25 C = 70.25 TO = 99.53 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy387.0(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-lbs=74.0 Deg F Temp@50 ft-lbs=108.4 Deg F
Plant: OYSTER CREEK Material: SAW Heat: 34B009

Orientation: NA Capsule: 1 Fluence: 2.8000E+18 n/cm^2
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10. 50
18.50
39. 50
50.50
94. 00
86. 50
79. 50

Computed CVN

7. 19
12.76
12.76
27.97
45. 03
59.43
74. 18
82. 42
86, 72

Differential

-1. 19
27. 24
-2.26
-9. 47
-5.53
-8. 93
19.82

4. 08
-7.22

Figure B-25
Charpy Energy Data for 34B009 Millstone 1 Weld Irradiated in Capsule I
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Tanh Curve Fit Plots of CVN Test Data

WELD HEAT 34B009 IN SSP CAPSULE I

Page 2
Plant: OYSTER CREEK Material: SAW Heat: 34B009
Orientation: NA Capsule: I Fluence: 2.8000E+l8 n/cm^2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

95. 00

Computed CVN

86. 98

Differential

8. 02

Correlation Coefficient = .932

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

Unirradiated ESW Heat Unknown - Quad Cities 2

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 06/18/2001 03:32 PM
Page 1

Coefficients of Curve 1
A = 53.25 B = 50.75 C = 95.05 TO = 23.9 D = 0.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy- 104.0(Fixed) Lower Shelf Energy=2.5 (Fixed)

Temp@30 ft-lbs=-23.1 Deg F Temp@50 ft-lbs=17.9 Deg F
Plant: OYSTER CREEK Material: ESW Heat: QUAD CITIES
Orientation: NA Capsule: UNIRR Fluence: 0 n/cm^2

300

250

U)
-- 200

4-
0
0
LL

I 150

Ul
z
> 100

50

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

. Temperature in Deg F

Charpy V-Notch Data

Temperature

-100.
- 80.
-60.
-40.
-20.
-20.

20.
40.

00
00
00
00
00
00
00
00
00

Input CVN

2. 00
7. 00

25. 50
25. 00
42. 50
26. 00
39. 00
49. 00
60. 00

Computed CVN

9. 47
12. 75
17. 33
23 .49
31 .35
31 .35
40. 75
51. 17
61. 77

Differential

-7. 47
-5 .75

8. 17
1 51

11 15
-5. 35
-1 75
-2. 17
- .77

Figure B-26
Charpy Energy Data for Quad Cities 2 ESW Weld Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated ESW Heat Unknown - Quad Cities 2

Page 2
Plant: OYSTER CREEK Material: ESW Heat: QUAD CITIES

Orientation: NA Capsule: UNIRR Fluence: 0 n/cm^2

Charpy V-Notch Data

Temperature

60. 00
80. 00

100,00
180.00
300. 00
400. 00

Input CVN

66. 50
84. 50
88. 00

104. 00
104. 00
104. 00

Computed CVN Differential

71. 65
80. 15
86. 97

100. 34
103. 70
103. 96

-5.15
4.35
1. 03
3. 66

30
04

Correlation Coefficient =.989

Figure B-26
Charpy Energy Data for Quad Cities 2 ESW Weld Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

QUAD CITIES 2 WELD HEAT IN SSP CAPSULE E

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/09/2002 11:52 AM

Page 1

Coefficients of Curve 1
A = 48.45 B = 45.95 C = 80.48 TO = 91.73 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=94.4(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-lbs=57.5 Deg F Temp@50 ft-lbs=94.5 Deg F
Plant: OYSTER CREEK Material: ESW Heat: QUAD CITIES
Orientation: NA Capsule: E Fluence: 1.7794E+18 n/cm^2

300 . ... .

250 ... .. --F-..

200
0
0

LIL

150
Ct

LU

z
> 100

50

0

- 0 -10 ----- 2
-300 -200 -100 0 100 200 300 400 500 600

Temperature in Deg F

Charpy V-Notch Data

Temperature

00
70. 00

100. 00
125. 00
150. 00
200. 00
250. 00
275. 00
300. 00

Input CVN

17.50
32. 50
48. 50
75. 00
75. 50
86. 00
95. 00
93. 50
95. 50

Computed CVN

11.03
36.33
53. 15
66. 43
76.91
88.56
92. 63
93. 44
93.88

Differential

6. 47
-3. 83
-4. 65
8.57

-1.41
-2.56
2.37

.06
1.62

Figure B-27
Charpy Energy Data for Quad Cities 2 ESW Weld Irradiated in Capsule E
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Tanh Curve Fit Plots of CVN Test Data

QUAD CITIES 2 WELD HEAT IN SSP CAPSULE E

Page 2
Plant: OYSTER CREEK Material: ESW Heat: QUAD CITIES

Orientation: NA Capsule: E Fluence: 1.7794E+18 n/em^2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

93. 50

Correlation Coefficient = .989

Computed CVN

94. 36

Differential

- . 86

Figure B-27

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

QUAD CITIES 2 WELD IN SSP CAPSULE I

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/08/2002 01:46 PM
Page 1

Coefficients of Curve I
A = 46.6 B = 44.1 C = 98.46 TO = 92.11 D = O.OE+OO

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=90.7(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-lbs=53.2 Deg F Temp@50 fl-lbs=99.8 Deg F
Plant: OYSTER CREEK Material: ESW Heat: QUAD CITIES

300
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(A' '

200
o
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p150

z
> 100 1
o

Orientation: NA Capsule: I Fluence: 2.8479E+ 18 n/Cra^2

... . --.. .4--
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-300 -200 -100 0
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100 200 3

Temperature in Deg F

Charpy V-Notch Data

Temperaturc

. 00
40. 00
70. 00

100.00
125.00
160.00
200. 00
250, 00
300. 00

Input CVN

24.
8.

40.
60.
56.
72,
77.
92.
87.

50
50
50
00
50
50
00
50
50

Computed CVN

14. 27
25. 22
36. 86
50. 13
60.81
72. 96
81.83
87. 27
89. 43

Differential

10. 23
-16. 72

3. 64
9. 87

-4. 31
- .46

-4. 83
5. 23

- I. 93

Figure B-28
Charpy Energy Data for Quad Cities 2 ESW Weld Irradiated in Capsule I
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Tanh Curve Fit Plots of CVN Test Data

QUAD CITIES 2 WELD IN SSP CAPSULE I

Page 2
Plant: OYSTER CREEK Material: ESW Heat: QUAD CITIES

Orientation: NA Capsule: I Fluence: 2.8479E+18 n/CmA2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

92. 00

Computed CVN

90. 53

Differential

1.47

Correlation Coefficient = .962

Figure B-28
Charpy Energy Data for Quad Cities 2 ESW Weld Irradiated in Capsule I (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 = 37.9 B = 35.4 C = 102.68 TO = 14.47 D = 0.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=73.3(Fixed) Lower Shelf Energy-=2.5(Fixed)

Temp@30 ft-lbs=-8.8 Deg F Temp@50 ft-lbs=51.1 Deg F
Plant: Quad Cities I Material: SAW Heat: 406L44

Orientation: NA Capsule: UNIRRA Fluence: 0 n/m^A2
300-

250
T

7
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200 -- - ----

*
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T 0
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500 0 0I

0 _0
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L
-300 -200 -100 0 100 200 300 400 500 600

Temperature in Deg F

Charpy V-Notch Data

Temperature

-80. 00
-60. 00
-40. 00
-20. 00
-20. 00

00
20. 00
40. 00
60. 00

Input CVN

23.
13.
11.
26.
36.
33.
34.
47.
45.

00
00
00
50
00
00
50
50
00

Computed CVN

12. 20
15. 95
20. 71
26. 44
26. 44
32. 95
39. 81
46. 53
52. 64

Differential

10.80
-2.95
-9.71

.06
9. 56

.05
-5.31

.97
-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 406L44

Page 2
Plant: Quad Cities 1 Material: SAW Heat: 406L44

Orientation: NA Capsule: UNIRRA Fluence: 0 n/cmA2

Charpy V-Notch Data

Temperature

80. 00
100.00
140.00
180.00
300. 00
400. 00

Input CVN

64. 00
61.50
75. 50
70. 00
75. 50
72. 00

Computed CVN

57. 85
62. 05
67. 65
70. 59
73. 03
73.26

Differential

6. 15
- .55
7. 85
- .59
2.47

- I. 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 406L44 IN SSP CAPSULE E

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 04:39 PM
Page I

Coefficients of Curve 1
A = 24.65 B = 22.15 C = 88.02 TO = 138.11 D = 0.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=46.8(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-lbs=1 59.8Deg F Temp@50 fi-lbs= NA
Plant: OYSTER CREEK Material: SAW Heat: 406L44

Orientation: NA Capsule: E Fluence: 1.7724E+1 8 n/cmA2
300

250

- 200

0
Lu.

150

z
> 100
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I I

1
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I 0 -_----

-300 -200 -100 0 100 200 300
Temperature in Deg F

Charpy V-Notch Data

400 500 600

Temperature

70. 00
100.00
125.00
150.00
200. 00
250. 00
275. 00
300. 00
325. 00

Input CVN

8. 50
20. 50
20. 00
25. 50
37. 50
43. 50
47. 50
48. 00
48. 50

Computed CVN

10.27
15.62
21.38
27. 62
38. 08
43.57
44.91
45.71
46. 17

Differential

I . 77
4. 88

-1.38
-2. 12

-. 58
-. 07
2. 59
2. 29
2. 33

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

WELD HEAT 406L44 IN SSP CAPSULE E

Page 2
Plant: OYSTER CREEK Material: SAW Heat: 406LA4

Orientation: NA Capsule: E Fluence: 1.7724E+18 n/cmA2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

46. 50

Correlation Coefficient = .988

Computed CVN

46. 68

Differential

-. 18

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

WELD HEAT 406L44 IN SSP CAPSULE I

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 05:38 PM

Page 1

Coefficients of Curve 1
A = 22.4 B = 19.9 C = 129.82 TO = 127.66 D = O.OOE+OO

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=42.3(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-lbs=1 79.9Deg F Temp@50 ft-lbs= NA
Plant: OYSTER CREEK Material: SAW Heat: 406L44

Orientation: NA Capsule: I Fluence: 2.8903E+18 n/cm^2
300 . . .. . . . . . . . ..-- _ .

200 -. -.. -

to

0

1,50 -o3 . . i

W

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

Charpy V-Notch Data

Temperature Input CVN Computed CVN Differential

.00 10..00 7..38 2.62
70.00 16.50 14. 10 2.40

100.00 17.50 18.22 - .72
125.00 23.00 21.99 1.01
160. 00 23. 50 27. 26 - 3. 76
160.00 23.50 2-7.26 -3.76
200.00 33.50 32.47 1.03
250.00 40.50 37.05 3.45
300.00 45. 00 39. 69 5. 31

Figure B-31
Charpy Energy Data for 406144 Quad Cities 1 Weld Irradiated in Capsule I
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Tanh Curve Fit Plots of CVN Test Data

WELD HEAT 406L44 IN SSP CAPSULE I

Page 2
Plant: OYSTER CREEK Material: SAW Heat: 406L44
Orientation: NA Capsule: I Fluence: 2.8903E+18 nrcmA2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

41. 50

Computed CVN

41. 71

Differential

-. 21

Correlation Coefficient =.969

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

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

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 07/21/2007 02:22 PM

Page 1
Coefficients of Curve I

A = 63.63 B = 61.13 C 104.77 TO = 64.07 D = 0.OOE+00
Equation is A + B * [Tanh((T-To)/(C+DT))]

Upper Shelf Energy= 124.8(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-lbs=-,7 Deg F Temp@50 ft-lbs=40.4 Deg F

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

I.I

0

f
I
t J

B

0

Charpy V-Notch Data

Temperature

-100.00
-20.00
-20. 00
-10.00
-10,00

.00
,00

20. 00
20. 00

Input CVN

4. 15
27. 51
23. 63
12.47
20. 58
34.57
40. 93
39. 52
45. 66

Computed CVN

7.61
22. 96
22. 96
26. 42
26.42
30.30
30.30
39. 34
39. 34

Differential

-3.46
4. 55

.67
-13.95

-5. 84
4.27

10.63
.18

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-I(BM) Unirradiated - Combined Data

Page 2
Plant: Oyster Creek Material: SA302BM Heat: B&W-1 (BM)

Orientation: TL Capsule: UNIRR Fluence: 0 n/cm^2

Charpy V-Notch Data

Temperature

32. 00
32. 00
70. 00
70. 00

120. 00
120. 00
160. 00
200. 00
200. 00
300. 00
300. 00
- 60. 00
- 59. 00
-22. 00

20. 00
20. 00
20. 00
68. 00
68. 00
68. 00
99. 00

100. 00
130. 00
130. 00
131. 00
200. 00
201. 00

'203. 00
260. 00
320. 00
320. 00
320. 00

Input CVN

41. 08
52. 87
77. 46
76. 94

110.39
100. 08
121. 52
135. 96
132. 46
134. 40
127. 78

30. 00
9. 00

16.00
53. 00
28. 00
47. 00
54. 00
53.00
54. 00
79. 00
73. 00
79. 00

105. 00
83. 00

111. 00
113.00
110.00
129. 00
132. 00
113.00
III. 50

Computed CVN

45. 48
45. 48
67. 09
67. 09
93. 48
93. 48

107. 88
116.27
116. 27
123. 42
123. 42

12. 97
13. 15
22.31
39. 34
39. 34
39. 34
65. 92
65. 92
65. 92
83. 29
83.81
97. 72
97. 72
98. 11

116.27
116.42
116. 71
121. 92
123. 84
123. 84
123. 84

Differential

-4.40
7.39

10. 37
9. 85

16. 91
6. 60

13 .64
19. 69
16. 19
10. 98

4. 36
17. 03
-4. 15
-6.31
13.66

- . 34
7. 66

- 11. 92
-12. 92
- I . 92

-4. 29
-10. 81
- 18. 72

7. 28
-15. II

-5. 27
-3 .42
-6. 71

7.08
8. 16

- 10. 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 CAPSULE F

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 05:50 PM
Page 1

Coefficients of Curve I
A = 48.5 B = 46. C'= 94.5 TO = 83.35 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=94.5(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 fi-lbs=43.1 Deg F Temp@50 ft-lbs=86.5 Deg F
Plant: OYSTER CREEK Material: SA302BM Heat: B&W-I (BM)

Orientation: TL Capsule: F Fluence: 1.8558E+18 n/cm^2
300

250

:9 200

0
U.

150
I-l

z
> 100

s0

0 -b

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

Charpy V-Notch Data

Temperature

. 00
40. 00
40. 00
70. 00

125.00
150. 00
175.00
200. 00
300. 00

Input CVN

9. 50
26. 50
43. 50
35. 00
72. 50
60. 50
91. 50
95. 50
88. 00

Computed CVN

15.96
28. 76
28. 76
42. 05
67. 56
76. 46
82. 94
87. 32
93. 57

Differential

-6.46
-2.26
14.74
-7. 05

4. 94
-15.96

8.56
8. 18

-5.57

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

PLATE HEAT B&W-1 (BM) IN SSP CAPSULE F

Page 2
Plant: OYSTER CREEK Material: SA302BM Heat: B&W-1 (BM)

Orientation: TL Capsule: F Fluence: 1.8558E+18 n/cm^2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

100. 00

Computed CVN

94. 39

Differential

5.61

Correlation Coefficient = .957

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

Unirradiated Heat B0673-1

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 06/18/2001 03:55 PM
Page 1

Coefficients of Curve I
A = 80.31 B = 77.81 C = 78.77 TO = 25.02 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=158.1 Lower Shelf Energy=2.5 (Fixed)

Temp@30 ft-lbs=-35.5 Deg F Temp@50 ft-ibs=-7.3 Deg F
Plant: OYSTER CREEK Material: SA533B1 Heat: B0673-1
Orientation: LT Capsule: UNIRR Fluence: 0 n/cm^2

300
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: 200
t.60
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50

0 1 , Q 1 1---- i , -
-300 -200 -100 0 100 200 300 400 500 600

Temperature in Deg F

Charpy V-Notch Data

Temperature

- 100. 00
- 80. 00
-40. 00
-40. 00
- 30. 00
-30. 00
-20. 00
-10.00

.00

Input CVN

6. 50
4. 20
9. 00

24. 00
38, 00
49. 00
47. 00
43. 00
56. 50

Computed CVN

8,75
12. 61
27. 56
27. 56
33, 36
33. 36
40. 12
47. 83
56. 40

Differential

-2. 25
-8 41

- 18. 56
-3. 56

4. 64
15. 64

6. 88
-4.83

.10

Figure B-34
Charpy Energy Data for B0673-1 Duane Arnold 1 Plate Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated Heat B0673-1

Page 2
Plant: OYSTER CREEK Material: SA533B1 Heat: B0673-1

Orientation: LT Capsule: UNIRR Fluence: 0 n/cm^2

Charpy V-Notch Data

Temperature

40. 00
120. 00
200. 00
300. 00

Input CVN

98, 50
134. 50
158. 50
163. 50

Computed CVN

94. 93
145.31
156.31
157.97

Differential

3. 57
-10. 81

2. 19
5.53

Correlation Coefficient = .988

Figure B-34
Charpy Energy Data for B0673-1 Duane Arnold Plate Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

PLATE HEAT B0673-1 IN SSP CAPSULE F

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 06:21 PM
Page 1

Coefficients of Curve I
A = 67.75 B = 65.25 C = 76.12 TO = 88.09 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy= 33.0(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-lbs=37.9 Deg F Temp@50 fi-lbs=66.9 Deg F
Plant: OYSTER CREEK Material: SA533BI Heat: B0673-1
Orientation: LT Capsule: F Fluence: 1.8699E+18 n/cm^2

300

250

I-

En
.. 200
0
0

0 150I.

Lu
z
> 100
0

r

.1 __

!
50o

0 _ 0

00 200 300 400 S00 600
0 ..

-300
. ... .-- I -

-200 -100 0 I

Temperature in Deg F

Charpy V-Notch Data

Temperature

. 00
30. 00
50. 00
50. 00
70. 00

150. 00
175.00
200. 00
300. 00

Input CVN

12.50
25.50
24. 50
34. 50
71.50

103.50
113.50
139.00
134.50

Computed CVN

14. 24
25. 80
37.57
37. 57
52.53

111.56
120.93
126. 45
132.50

Differential

- 1 74
30

- 13. 07
-3. 07
18. 97
- 8. 06
-7. 43
12. 55

2. 00

Figure B-35
Charpy Energy Data for B0673-1 Duane Arnold Plate Irradiated in Capsule F
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Tanh Curve Fit Plots of CVN Test Data

PLATE HEAT B0673-1 IN SSP CAPSULE F

Page 2
Plant: OYSTER CREEK Material: SA533B1 Heat: B0673-1

Orientation: LT Capsule: F Fluence: 1.8699E+-18 n/cm^2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

125. 50

Computed CVN

132. 96

Differential

-7. 46

Correlation Coefficient = .981

Figure B-35
Charpy Energy Data for B0673-1 Duane Arnold Plate Irradiated in Capsule F (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated Heat C1079-1

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 06/18/2001 03:04 PM
Page 1

Coefficients of Curve I
A = 31.85 B = 29.35 C = 85.19 TO = 14.98 D = O.OOE+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-lbs=9.7 Deg F Temp@50 ft-lbs=76.6 Deg F
Plant: Oyster Creek Material: SA302BM Heat: C1079-1

Orientation: TL Capsule: UNIRR Fluence: 0 n/cm^2
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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

Unirradiated Heat C1079-1
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Plant: Oyster Creek Material: SA302BM Heat: C1079-1
Orientation: TL Capsule: UNIRR Fluence: 0 n/cm^2

Charpy V-Notch Data

Temperature

140.00
180.00
300. 00
400. 00

Input CVN

62. 50
61.50
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CorTelation Coefficient =.989
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Differential

4. 26
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87
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Figure B-36
Charpy Energy Data for C1079-1 Millstone 1 Plate Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

PLATE HEAT C1079-1 IN SSP CAPSULE F

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/08/2002 01:46 PM
Page 1

Coefficients of Curve 1
A = 25.9 B = 23.4 C = 74.57 TO = 69.55 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=-49.3(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 fl-lbs=82.8Deg F Temp@50 ft-lbs= NA
Plant: OYSTER CREEK Material: SA302BM Heat: C1079-1
Orientation: TL Capsule: F Fluence: 1.8783E+1 8 n/cm^2
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Figure B-37
Charpy Energy Data for C1079-1 Millstone 1 Plate Irradiated in Capsule F
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Tanh Curve Fit Plots of CVN Test Data

PLATE HEAT C1079-1 IN SSP CAPSULE F

Page 2
Plant: OYSTER CREEK Material: SA302BM Heat: C1079-1

Orientation: TL Capsule: F Fluence: 1.8783E+18 n/cm^2

Charpy V-Notch Data

Input CVN Computed CVN

51. 50 49. 29

Correlation Coefficient = .983

Temperature

400. 00

Differential

2.21

Figure B-37

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

Unirradiated Heat A0610-1

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 06/1/2001 03:13 PM
Page 1

Coefficients of Curve 1
A = 51.85 B = 49.35 C = 67.03 TO = -1.66 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=10 1.2(Fixed) Lower Shelf Energyý2.5(Fixed)

Temp@30 ft-lbs=-33.5 Deg F Temp@50 ft-lbs=-4.1 Deg F
Plant: Oyster Creek Material: SA302BM Heat: A0610-1

Orientation: TL Capsule: UNIRR Fluence: 0 n/cm^2
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Figure B-38
Charpy Energy Data for A0610-1 Quad Cities 1 Plate Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated Heat A0610-1
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Plant: Oyster Creek Material: SA302BM Heat: A0610-1
Orientation: TL Capsule: UNIRR Fluence: 0 n/cmA2

Charpy V-Notch Data

Temperature

100. 00
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400. 00
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I

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 CAPSULE F

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 06:00 PM
Page 1

Coefficients of Curve 1
A = 37.75 B = 35.25 C = 86.7 TO = 71.04 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=73.0(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-lbs=51.7 Deg F Temp@50 ft-lbs=102.5 Deg F
Plant: OYSTER CREEK Material: SA302BM Heat: A0610-1
Orientation: TL Capsule: F Fluence: 1.8796E+18 n/cm^2
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Figure B-39
Charpy Energy Data for A0610-1 Quad Cities 1 Plate Irradiated in Capsule F
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Tanh Curve Fit Plots of CVN Test Data

PLATE HEAT A0610-1 IN SSP CAPSULE F
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Plant: OYSTER CREEK Material: SA302BM Heat: A0610-1

Orientation: TL Capsule: F Fluence: 1.8796E+18 n/cm^2

Charpy V-Notch Data

Input CVN Computed CVN

72. 00 72. 96

Correlation Coefficient = .981

Temperature

400. 00

Differential

- . 96

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

Unirradiated Heat A1195-1

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 01/09/2007 10:06 PM

Page 1

Coefficients of Curve 1

A = 51.1 B = 48.6 C = 88.01 TO = 80.68 D = 0.OOE+00
Equation is A + B * [Tanh((T-To)/(C+DT))]

Upper Shelf Energy99.7(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-lbs=39.8 Deg F Temp@50 ft-lbs=78.7 Deg F

Plant: Other Material: SA533B1 Heat: A1195-1
Orientation: TL Capsule: UNIRR Fluence: 0 n/cm^2
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Differential
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- .38

-11.88
.28

Figure B-40
Charpy Energy Data for Al195-1 HSST-02 Plate Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated Heat A1195-1
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Plant: Other Material: SA533B1 Heat: A1195-1

Orientation: TL Capsule: UNIRR Fluence: 0 n/cmA2

Charpy V-Notch Data

Temperature

100.00
100.00
140.00
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300.00
400. 00

Input CVN

61.00
60. 00
80. 00
98. 50

100.50
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Computed CVN

61.60
61.60
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99. 04
99. 63

Differential
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- 1.60

.34
8.01
1. 46

.37

Correlation Coefficient = .989

Figure B-40
Charpy Energy Data for Al195-1 HSST-02 Plate Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat Al195-1 in SSP Capsule F

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 01/09/2007 10:08 PM
Page 1

Coefficients of Curve 1
A = 42.85 B = 40.35 C = 91.88 TO = 139.37 D = 0.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=83.2(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-lbs=109.1 Deg F Temp@50 ft-lbs=155.9 Deg F
Plant: OYSTER CREEK Material: SA533BI Heat: A 1195-1
Orientation: TL Capsule: F Fluence: 1.8725E+18 n/cm^2
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Figure B-41
Charpy Energy Data for Al 195-1 HSST-02 Plate Irradiated in Capsule F
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Tanh Curve Fit Plots of CVN Test Data

Plate Heat A1195-1 in SSP Capsule F
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Plant: OYSTER CREEK Material: SA533B1 Heat: A 1195-1

Orientation: TL Capsule: F Fluence: 1.8725E+18 n/cmA2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

90. 50

Computed CVN

82. 92

Differential

7. 58

Correlation Coefficient = .991

Figure B-41
Charpy Energy Data for Al195-1 HSST-02 Plate Irradiated in Capsule F (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated SAW Weld Heat B&W-1 (WM)

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 06/20/2001 09:45 AM

Page 1

Coefficients of Curve 1

A = 41.4 B = 38.9 C = 112.74 TO = 43.57 D = O.OOE+00
Equation is A + B * [Tanh((T-To)/(C+DT))]

Upper Shelf Energy=80.3(Fixed) Lower Shelf Energy=2.5(Fixed)
Ternp@30 ft-lbs=9.6 Deg F Temp@50 ft-lbs=69.0 Deg F

Plant: Oyster Creek Material: SAW Heat: B&W-1 (WM) u
Orientation: NA Capsule: UNIRR Fluence: 0 n/cm^2

300

250

S200
0
0

U.

m150

uL
z
> 100
0

50

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

Temperature in Deg F

Charpy V-Notch Data

Temperature

-50. 00
- 20. 00

00
20. 00
35. 00
50. 00
70. 00
90. 00

100. 00

Input CVN

11.50
20. 50
29. 50
34. 00
46. 00
35. 00
48. 00
66. 00
52. 00
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Figure B-42
Charpy Energy Data for B&W/EPRI Weld B&W-1(WM) Unirradiated

B-83



Tanh Curve Fit Plots of CVN Test Data

Unirradiated SAW Weld Heat B&W-1 (WM)

Page 2
Plant: Oyster Creek Material: SAW Heat: B&W-1 (WM) u
Orientation: NA Capsule: UNIRR Fluence: 0 n/cm^2

Charpy V-Notch Data

Temperature

125.00
150.00
200. 00
250. 00
300. 00
400. 00
475. 00
550. 00

Input CVN

67. 00
72. 00
74. 50
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78. 50
80. 00
79. 50
81. 50

Computed CVN

65. 45
70. 07
75.73
78. 35
79.49
80. 16
80. 26
80. 29

Differential

1.55
1.93

-1.23
-4.85

-. 99
-. 16
-. 76
1.21

Correlation Coefficient = .980

Figure B-42
Charpy Energy Data for B&W/EPRI Weld B&W-1(WM) Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

WELD HEAT B&W-1 (WM) IN SSP CAPSULE F

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 05:55 PM

Page 1

Coefficients of Curve 1

A = 24.9 B = 22.4 C = 92.89 TO = 128.22 D = O.OOE+00
Equation is A + B * [Tanh((T-To)/(C+DT))]

Upper Shelf Energy-47.3(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 fl-lbs=149.8Deg F Temp@50 ft-lbs= NA

Plant: OYSTER CREEK Material: SAW Heat: B&W-1 (WM)
Orientation: NA Capsule: F Fluence: 1.9189E+ 18 n/cm^2
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Figure B-43
Charpy Energy Data for B&W/EPRI Weld B&W-1(WM) Irradiated in Capsule F
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Tanh Curve Fit Plots of CVN Test Data

WELD HEAT B&W-I (WM) IN SSP CAPSULE F

Page 2
Plant: OYSTER CREEK Material: SAW Heat: B&W-1 (WM)

Orientation: NA Capsule: F Fluence: 1.9189E+18 n/cm^2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

44. 50

Computed CVN

47. 17

Differential

-2.67

Correlation Coefficient = .948

Figure B-43
Charpy Energy Data for B&W/EPRI Weld B&W-1(WM) Irradiated in Capsule F (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated SMAW Weld Heat Unknown - Duane Arnold

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 06/18/2001 03:54 PM
Page 1

Coefficients of Curve 1

A = 50.77 B = 48.27 C = 79.1 TO = -9. D = O.OOE+00
Equation is A + B * [Tanh((T-To)/(C+DT))]

Upper Shelf Energy=99.0 Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-lbs=-45.4 Deg F Temp@50 ft-lbs=-10.2 Deg F
Plant: Oyster Creek Material: SMAW Heat: Duane Arnold

Orientation: NA Capsule: UNIRR Fluence: 0 n/cm^2
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Figure B-44
Charpy Energy Data for Duane Arnold SMAW Weld Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated SMAW Weld Heat Unknown - Duane Arnold

Page 2
Plant: Oyster Creek Material: SMAW Heat: Duane Arnold
Orientation: NA Capsule: UNIRR Fluence: 0 n/cmA2

Charpy V-Notch Data

Temperature

200. 00
300. 00
400.00

Input CVN

94. 00
88. 20

113.70

Computed CVN Differential

98. 56
99. 00
99. 04

-4.56
- 10. 80

14. 66

Correlation Coefficient =.961

Figure B-44
Charpy Energy Data for Duane Arnold SMAW Weld Unirradiated (Continued)
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Tanh Curve Fit Plots of CVN Test Data

DUANE ARNOLD WELD IN SSP CAPSULE F

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 06:24 PM

Page 1

Coefficients of Curve 1
A = 50.75 B = 48.25 C = 122.89 TO = 37.36 D = 0.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy--99.0(Fixed) Lower Shelf Energy=2.5(Fixed)

Temp@30 ft-lbs=-19.1 Deg F Ternp@50 ft-lbs=35.5 Deg F
Plant: OYSTER CREEK Material: SMAW Heat: DUANE ARNOLD
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Figure B-45
Charpy Energy Data for Duane Arnold SMAW Weld Irradiated in Capsule F
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Tanh Curve Fit Plots of CVN Test Data

DUANE ARNOLD WELD IN SSP CAPSULE F

Page 2
Plant: OYSTER CREEK Material: SMAW Heat: DUANE ARNOLD

Orientation: NA Capsule: F Fluence: 1.9336E+18 n/cmA2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

98, 50

Computed CVN

98. 74

Differential

- . 24

Correlation Coefficient = .976

Figure B-45
Charpy Energy Data for Duane Arnold SMAW Weld Irradiated in Capsule F (Continued)
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated SAW Heat Unknown (B&W Linde 80)

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 06/18/2001 03:19 PM

Page 1

Coefficients of Curve 1

A = 39.15 B = 36.65 C = 97.99 TO = 64.97 D = O.OOE+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-lbs=40.0 Deg F Temp@50 ft-lbs=94.9 Deg F

Plant: OYSTER CREEK Material: SAW Heat: B&W LINDE 80
Orientation: NA Capsule: UNIRR Fluence: 0 n/cm^2
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Differential
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Figure B-46
Charpy Energy Data for B&W Linde 80 Weld Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated SAW Heat Unknown (B&W Linde 80)

Page 2
Plant: OYSTER CREEK Material: SAW Heat: B&W LINDE 80

Orientation: NA Capsule: UNIRR Fluence: 0 rncmA2

Charpy V-Notch Data

Temperature

100.00
140,00
180.00
300. 00
300. 00
400. 00

Input CVN

49, 00
58. 50
76. 00
71. 50
77. 00
78. 50

Computed CVN
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62. 77
69.41
75. 20
75. 20
75. 72

Differential

-2.72
-4.27

6. 59
-3.70

1.80
2.78

Correlation Coefficient .993

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

B&W LINDE 80 WELD IN SSP CAPSULE F

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 06:18 PM
Page 1

Coefficients of Curve I
A = 28.35 B = 25.85 C = 105.1 TO = 155.31 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=54.2(Fixed) Lower Shelf Energy-2.5(Fixed)

Temp@30 ft-lbs=162.1 Deg F Temp@50 ft-lbs=282.8 Deg F
Plant: OYSTER CREEK Material: SAW Heat: B&W LINDE 80

Orientation: NA Capsule: F Fluence: 1.9423E+18 n/cmA2
300

250

200
0
0U-

0150

Lu

z
> 100

--- ------ ---

i
50

0

-300 -200 -100 0 100 200 300 400 Soo 600

Temperature in Deg F

Charpy V-Notch Data

Temperature

' 0070. 00
70, 00

100. 00
150. 00
200. 00
250. 00
300. 00
400. 00

Input CVN

2. 50
14. 50

9. 50
16. 50
26. 00
38. 50
46. 00
53 . 50
54. 50

Computed CVN

5.

15.
27.
38.
46.
5 1 .
53.

06
0')
02
88
04
72
88
10
7 1

Differential

2. 56
3 48
1 52

62
1 04

22
88

2. 40
. 79

Figure B-47
Charpy Energy Data for B&W Linde 80 Weld Irradiated in Capsule F
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Tanh Curve Fit Plots of CVN Test Data

B&W LINDE 80 WELD IN SSP CAPSULE F

Page 2
Plant: OYSTER CREEK Material: SAW Heat: B&W LINDE 80

Orientation: NA Capsule: F Fluence: 1.9423E+18 n/cm^2

Charpy V-Notch Data

Temperature

450. 00

Input CVN

54. 50

Computed CVN

54.01

Differential

.49

Correlation Coefficient = .996

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

Unirradiated Heat Unknown - Humboldt Bay Weld

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 06/18/2001 03:25 PM
Page 1

Coefficients of Curve I
A = 56.4 B = 53.9 C = 107.33 TO = -16.54 D = O.OOE+00

Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy= 1l0.3(Fixed) Lower Shelf Energy=2.5 (Fixed)

Temp@30 ft-lbs=-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/cmA2
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Figure B-48
Charpy Energy Data for Humboldt Bay 3 Weld Unirradiated
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Tanh Curve Fit Plots of CVN Test Data

Unirradiated Heat Unknown - Humboldt Bay Weld

Page 2
Plant: OYSTER CREEK Material: SAW Heat: HUMBOLDT BAY

Orientation: NA Capsule: UNIRR Fluence: 0 n/cmA2

Charpy V-Notch Data

Temperature

40. 00
60. 00

100.00
180. 00
300. 00
400. 00

Input CVN

95.50
82.00

102.00
110.00
113.00
116.00

Computed CVN Differential

82. 43
89. 42
99. 27

107. 60
110. 01
110. 25

13.07
-7.42

2.73
2. 40
2.99
5.75

Correlation Coefficient = .977

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

HUMBOLDT BAY WELD IN SSP CAPSULE F

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 06:13 PM

Page 1

Coefficients of Curve 1

A = 38.65 B = 36.15 C = 115.68 TO = 57.71 D = O.OOE+00
Equation is A + B * [Tanh((T-To)/(C+DT))]

Upper Shelf Energy=74.8(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-lbs=29.5 Deg F Temp@50 fl-lbs=95.3 Deg F

Plant: OYSTER CREEK Material: SAW Heat: HUMBOLDT BAY
Orientation: NA Capsule: F Fluence: 1.9437E+1 8 n/cm^2
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Computed CVN

15.51
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7. 39
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Figure B-49
Charpy Energy Data for Humboldt Bay 3 Weld Irradiated in Capsule F
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Tanh Curve Fit Plots of CVN Test Data

HUMBOLDT BAY WELD IN SSP CAPSULE F

Page 2
Plant: OYSTER CREEK Material: SAW Heat: HUMBOLDT BAY

Orientation: NA Capsule: F Fluence: 1.9437E+18 n/crna2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

72. 50

Correlation Coefficient = .984

Computed CVN

74.61

Differential

-2. 11

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

Unirradiated SAW Weld Heat 5P6756

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 06/18/2001 03:35 PM
Page 1

Coefficients of Curve I
A = 53.45 B = 50.95 C = 106.52 TO = -14.17 D = 0.OOE+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-lbs=-21.3 Deg F
Plant: OYSTER CREEK Material: SAW Heat: 5P6756

Orientation: NA Capsule: UNIRR Fluence: 0 n/cm^2
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69. 25
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Differential

- 11. 95
-3.44
10.21

- . 29
5. 67
3. 84

-6.69
3. 25

-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

Unirradiated SAW Weld Heat 5P6756

Page 2
Plant: OYSTER CREEK Material: SAW Heat: 5P6756

Orientation: NA Capsule: UNIRR Fluence: 0 n/cm^2

Charpy V-Notch Data

Temperature

60. 00
60. 00

100. 00
180. 00
300. 00
400. 00

Input CVN

70. 00
88. 00
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102. 00
106. 00
107. 50

Computed CVN Differential
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12
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29
19
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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 CAPSULE F

CVGRAPH 5.0.2 Hyperbolic Tangent Curve Printed on 10/04/2002 06:16 PM

Page 1
Coefficients of Curve I

A = 40.9 B = 38.4 C = 83.86 TO = 19.2 D = 0.OOE+O0
Equation is A + B * [Tanh((T-To)/(C+DT))]

Upper Shelf Energy=79.3(Fixed) Lower Shelf Energy=2.5(Fixed)
Temp@30 ft-lbs=-5.2 Deg F Temp@50 ft-lbs=39.5 Deg F
Plant: OYSTER CREEK Material: SAW Heat: 5P6756
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Figure B-51
Charpy Energy Data for 5P6756 River Bend Weld Irradiated in Capsule F
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Tanh Curve Fit Plots of CVN Test Data

WELD HEAT 5P6756 IN SSP CAPSULE F

Page 2
Plant: OYSTER CREEK Material: SAW Heat: 5P6756

Orientation: NA Capsule: F Fluence: 1.9364E+18 n/eMA^2

Charpy V-Notch Data

Temperature

400. 00

Input CVN

79. 50

Computed CVN

79. 29

Differential

.21

Correlation Coefficient = .977

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

Photographs of each Charpy specimen fracture surface were taken per the requirements of
ASTM E185-82 [3].
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CVN Fracture Appearance Photographs

Specimen No. EP258 Test Temp. -40°C Specimen No. EP270 Test Temp. 100°C

Specimen No. EP248 Test Temp. -40°C Specimen No. EP244 Test Temp. 1501C

Specimen No. EP274 Test Temp. 0°C Specimen No. EP247 Test Temp. 2000C

Specimen No. EP273 Test Temp. 30°C Specimen No. EP243 Test Temp. 300"C

Specimen No. EP284 Test Temp. 700C Specimen No. EP269 Test Temp. 4001C

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

C-2



CVN Fracture Appearance Photographs

Specimen No. C226 Test Temp. 0°F Specimen No. C222 Test Temp, 175°F

Specimen No. C228 Test Temp. 700 F Specimen No. C215 Test Temp. 200'F

Specimen No. C224 Test Temp. 70°F Specimen No. C219 Test Temp. 250OF

Specimen No. C231 Test Temp. IO0°F Specimen No. C213 Test Temp. 300°F

Specimen No. C211 Test Temp. 150°F Specimen No. C217 Test Temp, 400°F

Figure C-2
Charpy Fracture Appearance for Capsule E CE-2 (WM) CE/EPRI Linde 1092 #2 Weld
Material (Submerged Arc Weld)
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CVN Fracture Appearance Photographs

Specimen No. EPi 11 C Test Temp. 0°F Specimen No. EP11IF Test Temp. 150°F

Specimen No. EP111 E Test Temp. 40TF Specimen No. EP111B Test Temp. 200°F

Specimen No. EP111A Test Temp. 70°F Specimen No. EP111G Test Temp. 225°F

Specimen No. EP111H Test Temp. 1OO°F Specimen No. EP1111 Test Temp. 250oF

Specimen No. EP 111D Test Temp. 125TF Specimen No. EP111J Test Temp. 300OF

Figure C-3
Charpy Fracture Appearance for Capsule E P2130-2 Nine Mile Point 1 Plate Material
(SA302B, Mod)
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CVN Fracture Appearance Photographs

Specimen No. EP128C Test Temp. 0°F Specimen No. EP128F Test Temp. 150TF

Specimen No. EP128E Test Temp. 40TF Specimen No. EP128B Test Temp. 200TF

Specimen No. EP1 28A Test Temp. 70TF Specimen No. EPI 28G Test Temp. 225TF

Specimen No. EP128H Test Temp. 100°F Specimen No. EP1281 Test Temp. 250OF

Specimen No. EP128D Test Temp. 125TF Specimen No. EP128J Test Temp. 3001F

Figure C-4
Charpy Fracture Appearance for Capsule E C3278-2 FitzPatrick Plate Material (SA533B-1)
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CVN Fracture Appearance Photographs

Specimen No. EP1 30C Test Temp. 0°F Specimen No. EP13OF Test Temp. 150°F

tspecimen NO. :1-'13iUt: lest lemp. 4U--

apecimen NO. ItI1JUA lest lemp. /vlr- Specimen No. EP1 30G Test Temp. 2251F

Specimen No. EP130H Test Temp. 100°F Specimen No. EP1 301 Test Temp. 250*F

Specimen No. EP130D Test Temp. 125°F Specimen No. EP13WJ Test Temp. 300OF

Figure C-5
Charpy Fracture Appearance for Capsule E C2331-2 Cooper Plate Material (SA533B-1)
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CVN Fracture Appearance Photographs

Specimen No. EP167J Test Temp. -30°F Specimen No. EP1 67D Test Temp. 125 0F

Specimen No. EP1 67C Test Temp. 0°F Specimen No. EP1 67F Test Temp. 150OF

Specimen No. EP167E Test Temp. 40°F Specimen No. EP167B Test Temp. 200'F

Specimen No. EP1 67A Test Temp. 70°F Specimen No. EP167H Test Temp. 250°F

Specimen No. EP167G Test Temp. 100°F Specimen No. EP1671 Test Temp. 300°F

Figure C-6
Charpy Fracture Appearance for Capsule E A1224-1 Grand Gulf Plate Material (SA533B-1)
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CVN Fracture Appearance Photographs

Specimen No. EP215B Test Temp. 0°F Specimen No. EP215E Test Temp. 150°F

Specimen No. EP215G Test Temp. 0°F Specimen No. EP215D Test Temp. 200°F

Specimen No. EP215A Test Temp. 70OF Specimen No. EP215F Test Temp. 250°F

Specimen No. EP215C Test Temp. 1 00°F Specimen No. EP215H Test Temp. 300TF

Specimen No. EP2151 Test Temp. 1250F Specimen No. EP215J Test Temp. 400°F

Figure C-7
Charpy Fracture Appearance for Capsule E 34B009 Millstone I Weld Material
(Submerged Arc Weld)
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CVN Fracture Appearance Photographs

Specimen No. EP 220A Test Temp. 70TF Specimen No. EP 220F Test Temp. 250TF

Specimen No. EP 220C Test Temp. 1 00°F Specimen No. EP 220B Test Temp. 275°F

Specimen No. EP 220G Test Temp. 125°F Specimen No. EP 220H Test Temp. 300°F

Specimen No. EP 220E Test Temp. 150OF Specimen No. EP 2201 Test Temp. 325'F

Specimen No. EP 220D Test Temp. 200°F Specimen No. EP 220J Test Temp. 400°F

Figure C-8
Charpy Fracture Appearance for Capsule E 406L44 Quad Cities 1 Weld Material
(Submerged Arc Weld)
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CVN Fracture Appearance Photographs

Specimen No. EP221 B Test Temp. O0F Specimen No. EP221 D Test Temp. 200°F

Specimen No. EP221A Test Temp. 70°F Specimen No. EP221 F Test Temp. 250°F

Specimen No. EP221C Test Temp. 100°F Specimen No. EP221G Test Temp. 275TF

Specimen No. EP2211 Test Temp. 125°F Specimen No. EP221 H Test Temp. 300°F

Specimen No. EP221E Test Temp. 150°F Specimen No. EP221J Test Temp. 400°F

Figure C-9
Charpy Fracture Appearance for Capsule E EP2-21 Quad Cities 2 Weld Material
(Electroslag Weld)
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CVN Fracture Appearance Photographs

Specimen No. EP2671 Test Temp. -70°F Specimen No. EP267C Test Temp. 1 00°F

Specimen No. EP267G Test Temp. -30°F Specimen No. EP267E Test Temp. 150°F

Specimen No. EP267B Test Temp. 0°F Specimen No. EP267D Test Temp. 200°F

Specimen No. EP267J Test Temp. 30°F Specimen No. EP267F Test Temp. 250°F

Specimen No. EP267A Test Temp. 70OF Specimen No. EP267H Test Temp. 300F

Figure C-10
Charpy Fracture Appearance for Capsule E 5P6214B Grand Gulf Weld Material
(Submerged Arc Weld)
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CVN Fracture Appearance Photographs

Specimen No. EDJ Test Temp. 00F Specimen No. EDP Test Temp. 150'F

Specimen No. ECU Test Temp. 30TF Specimen No. EDB Test Temp. 175°F

Specimen No. EDD Test Temp. 50°F Specimen No. ED2 Test Temp. 200OF

Specimen No. ECY Test Temp. 50°F Specimen No. ECJ Test Temp. 300OF

Specimen No. ECE Test Temp. 400°F
Specimen No. EDM Test Temp. 70°F

Figure C-11
Charpy Fracture Appearance for Capsule F B0673-1 Duane Arnold Plate Material
(SA533B-1)
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CVN Fracture Appearance Photographs

Specimen No. EKI Test Temp. 70°F
Specimen No. EKJ Test Temp. -40'F

Specimen No. EKB Test Temp. -40'F Specimen No. EKA Test Temp. 150'F

Specimen No. EKC Test Temp. -20'F Specimen No. EKE Test Temp. 200'F

Specimen No. EKT Test Temp. 0°F Specimen No. EEC Test Temp. 4000F

Specimen No. EKY Test Temp. 400TFSpecimen No. EEJ Test Temp. 0°F

Figure C-12
Charpy Fracture Appearance for Capsule F EE/EK Duane Arnold Weld Material
(Shielded Metal Arc Weld)
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CVN Fracture Appearance Photographs

Specimen No. B09 Test Temp. 0°F Specimen No. B06 Test Temp. 150IF

Specimen No. B02 Test Temp. 40TF Specimen No. B03 Test Temp. 175°F

Specimen No. B07 Test Temp. 40OF Specimen No. B10 Test Temp. 200°F

Specimen No. B05 Test Temp. 70°F Specimen No. BO0 Test Temp. 300°F

Specimen No. B04 Test Temp. 125-F Specimen No. B08 Test Temp. 400°F

Figure C-13
Charpy Fracture Appearance for Capsule F FP2-6 Humboldt Bay 3 Weld Material
(Submerged Arc Weld)
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CVN Fracture Appearance Photographs

Specimen No. M11 Test Temp. O0 F Specimen No. M08 Test Temp. 200OF

Specimen No. M07 Test Temp. 70°F Specimen No. M02 Test Temp. 2000F

Specimen No. M01 Test Temp. 100°F Specimen No. M05 Test Temp. 250°F

Specimen No. M09 Test Temp. 1251F Specimen No. M04 Test Temp. 300OF

Specimen No. M03 Test Temp. 150°F Specimen No. M06 Test Temp. 400°F

Figure C-14
Charpy Fracture Appearance for Capsule F B&W-1 (WM) B&W/EPRI Linde 80 Weld Material
(Submerged Arc Weld)
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CVN Fracture Appearance Photographs

Specimen No. FP1 1 5C Test Temp. 00 F Specimen No. FP115B Test Temp. 150°F

Specimen NO. FP1 1 5F Test Temp. 40°F Specimen No. FP1 15E Test Temp. 175°F

Specimen No. FPI 1 5A Test Temp. 70°F Specimen No. FP115D Test Temp. 200OF

Specimen No. FP115J Test Temp. 100°F Specimen No. FP115G Test Temp. 300°F

Specimen No. FPl151 Test Temp. 1250 F Specimen No. FP115H Test Temp. 400°F

Figure C-15
Charpy Fracture Appearance for Capsule F C1079-1 Millstone 1 Plate Material
(SA302B, Mod)
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CVN Fracture Appearance Photographs

Specimen No. FP120C Test Temp. 0°F Specimen No. FP1205 Test Temp. 150°F

Specimen No. FP120F Test Temp. 40°F Specimen No. FPI 20E Test Temp. 175°F

Specimen No. FP1 20A Test Temp. 70°F Specimen No. FP120D Test Temp. 200OF

Specimen No. FP120J Test Temp. 100°F Specimen No. FP120G Test Temp. 300°F

Specimen No. FP1201 Test Temp. 125-F Specimen No. FP1 20H Test Temp. 400°F

Figure C-16
Charpy Fracture Appearance for Capsule F A0610-1 Quad Cities 1 Plate Material
(SA302B, Mod)
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CVN Fracture Appearance Photographs

Specimen No. FP1 H2C Test Temp. 0°F Specimen No. FP1H2E Test Temp. 175°F

Specimen No. FPI H2F Test Temp. 40°F Specimen No. FP1H2D Test Temp. 200TF

Specimen No. FP1 H2A Test Temp. 70°F Specimen No. FP1 H21 Test Temp. 250°F

Specimen No. FP1 H2J Test Temp. 1250F Specimen No. FP1 H2G Test Temp. 300OF

Specimen No. FP1 H2B Test Temp. 150IF Specimen No. FP1 H2H Test Temp. 400°F

Figure C-17
Charpy Fracture Appearance for Capsule F Al 195-1 HSST-02 Plate Material (SA533B-1)
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CVN Fracture Appearance Photographs

Specimen No. FP2BWC Test Temp. 0°F Specimen No. FP2BWD Test Temp. 200OF

zspecimen No. FP2BWI Test Temp. 70OF Specimen No. FP2BWH Test Temp. 250TF

specimen No. FP2BWA Test Temp. 70°F Specimen No. FP2BWE Test Temp. 300°F

Specimen No. FP2BWG Test Temp. 1 OOF Specimen No. FP2BWF Test Temp. 400TF

Specimen No. FP2BWB Test Temp. 150°F Specimen No. FP2BWJ Test Temp. 450°F

Figure C-18
Charpy Fracture Appearance for Capsule F FP2-BW B&W Linde 80 Weld Material
(Submerged Arc Weld)
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CVN Fracture Appearance Photographs

Specimen No. FP26G Test Temp. -30°F Specimen No. FP26J Test Temp. 1 00°F

Specimen No. FP26C Test Temp. 0°F Specimen No. FP26B Test Temp. 150OF

Specimen No. FP26H Test Temp. 25OF Specimen No. FP26D Test Temp. 200°F

Specimen No. FP261 Test Temp. 50°F Specimen No. FP26E Test Temp. 300OF

Specimen No. FP26A Test Temp. 70°F Specimen No. FP26F Test Temp. 400°F

Figure C-19
Charpy Fracture Appearance for Capsule F FP2-6 Humboldt Bay 3 Weld Material
(Submerged Arc Weld)
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CVN Fracture Appearance Photographs

Specimen No. FP272G Test Temp. -60OF Specimen No. FP272A Test Temp. 70°F

Specimen No. FP272H Test Temp. -30°F Specimen No. FP272B Test Temp. 150OF

Specimen No. FP272C Test Temp. 0°F Specimen No. FP272D Test Temp. 200°F

Specimen No. FP272J Test Temp. O0F Specimen No. FP272E Test Temp. 300OF

Specimen No. FP2721 Test Temp. 50°F Specimen No. FP272F Test Temp. 400°F

Figure C-20
Charpy Fracture Appearance for Capsule F 5P6756 River Bend Weld Material
(Submerged Arc Weld)
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CVN Fracture Appearance Photographs

Specimen No. C132 Test Temp. 70°F

opucimen No. ,Izej iest lemp. 1LKJi- oevumaen No. Luv/ Ip.T IAmn 'Arwri-

Specimen No. C121 Test Temp. 130°F

Specimen No. C114 Test Temp. 160°F

Figure C-21
Charpy Fracture Appearance for Capsule I CE-1 (WM) CE/EPRI Linde 1092 #1 Weld Material

(Submerged Arc Weld)
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CVN Fracture Appearance Photographs

.%inariman Nn i-J99 Tact Timn .- Aro V

Specimen No. EP286 Test Temp. 1 OOF

bpecimen No. tP_25b Test Temp. 30°F Specimen No. EP278 Test Temp. 160cF

zpecimen NO. t-'vz/ lest lemp. 70°F

Figure C-22
Charpy Fracture Appearance for Capsule I EP2 Japanese/EPRI Plate Material (SA533B-1)
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CVN Fracture Appearance Photographs

Specimen No. IP111B Test Temp. 0F Specimen No. IPIllC Test Temp. 150°F

Specimen No. IP1111 Test Temp. 30°F

Specimen No. IP111J Test Temp. 5O°F Specimen No. IP111D Test Temp. 200'F

Specimen No. IP111A Test Temp. 70°F Specimen No. IP111E Test Temp. 300'F

Specimen No. IP111H Test Temp. 100OF Specimen No. IP111F Test Temp. 400IF

Figure C-23
Charpy Fracture Appearance for Capsule I P2130 Nine Mile Point I Plate Material
(SA302B, Mod)
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CVN Fracture Appearance Photographs

Specimen No. IP128B TestTemp 0°F Specimen No. IP128E TestTemp. 100F

Specimen No. IP128G Test Temp. 30°F Specimen No. IP128C Test Temp. 150°F

Specimen No. IP128J Test Temp. 50°F Specimen No. IP1281 Test Temp. 175 0F

Specimen No. IP128A Test Temp. 70oF Specimen No. tP128D Test Temp. 200°F

Specimen No. IP128H Test Temp. 100F Specimen No. IPI 28F Test Temp. 400°F

Figure C-24
Charpy Fracture Appearance for Capsule I C3278-2 FitzPatrick Plate Material (SA533B-1)
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CVN Fracture Appearance Photographs

Specimen No. IPI 30B Test Temp. OF Specimen No. IP1 30C Test Temp. 150TF

Specimen No. IP1 30J Test Temp. 30°F Soecimen No. IP130D Test Temo. 200°F

Specimen No. I P1 30A Test Temp. 70°F Specimen No. 11-1301 test Temp. 25U0F

Specimen No. IP130H Test Temp. 1000 F Specimen No. I11130E Test Temp. 300-F

Specimen No. IP130G Test Temp. 125°F Specimen No. IP130F Test Temp. 400°F

Figure C-25
Charpy Fracture Appearance for Capsule I C2331-2 Cooper Plate Material (SA533B-1)
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CVN Fracture Appearance Photographs

Specimen No. IP167B Test Temp. 0°F Specimen No. IP167C Test Temp. 150OF

Specimen No. IP1671 Test Temp. 175°F
Specimen No. IP167J Test Temp. 30°F

Specimen No. IP167G Test Temp. 30'F Specimen No. IP167D Test Temp. 200OF

Specimen No. IP167A Test Temp. 70°F Specimen No. IP167E Test Temp. 300°F

Specimen No. IP167H Test Temp. 100I F Specimen No. IP1 67F Test Temp. 400°F

Figure C-26
Charpy Fracture Appearance for Capsule I A1224-1 Grand Gulf Plate Material (SA533B-1)
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CVN Fracture Appearance Photographs

Specimen No. IP215A Test Temp. 70F

apecimen No. ivz1w iest iemp. IUU-F

Figure C-27
Charpy Fracture Appearance for Capsule 1 34B009 Milstone 1 Weld Material
(Submerged Arc Weld)
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CVN Fracture Appearance Photographs

N.naiman Nn II•JIHI iTct Tamn lfKIF-

Specimen No. IP2201 Test Temp. 160OF Specimen No. 1P220F Test Temp. 400'F

Figure C-28
Charpy Fracture Appearance for Capsule 1 406L44 Quad Cities 1 Weld Material
(Submerged Arc Weld)
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CVN Fracture Appearance Photographs

Specimen No. IP2211 Test Temp. 160°F

Specimen No. IP221A Test TemP. 70°F

bpecimen NO. It-1Z t lesit temp. dsuui-

Figure C-29
Charpy Fracture Appearance for Capsule I IP2-21 Quad Cities 2 Weld Material
(Electroslag Weld)
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CVN Fracture Appearance Photographs

Specimen No. IP276H Test Temp. -60°F Specimen No. IP276A Test Temp. 70°F

Specimen No. IP2761 Test Temp. -30TF tpecimen NO. II-;eIbL; iesT iemp. iet,-t-

Specimen No. IP276B Test Temp. 0°F

Cn'in-mn Mkln IP971F Trtf T-r-n 'AnnoP

Specimen No. IP276G Test Temp. 50°F Specimen No. IP276F Test Temp. 400oF

Figure C-30
Charpy Fracture Appearance for Capsule I 5P6214B Grand Gulf Weld Material
(Submerged Arc Weld)
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D
DOSIMETER ANALYSIS

All dosimeters were recovered from the capsules and there were no deviations noted. The reactor
shut down time was October 13, 2000. All dosimeters were cleaned and prepared. Dosimeters
were washed in reagent grade acetone, blotted dry with a laboratory towel, their dimensions
measured with a certified micrometer caliper and weighed on a certified analytical balance.
Each dosimeter was then mounted in the center of a PetriSlideTM with double-sided tape.

Quantitative Gamma Spectrometry

Selected dosimeters, in the PetriSlideTM (point source), were given a 300 second preliminary
count on the 31 % PGT gamma spectrometer. This provided information with which to judge
the best distance to count the dosimeter to get a minimum of 10,000 counts in the photopeak
of interest while keeping the counter dead time below 15%. The spectra were then measured
quantitatively at the appropriate counting positions and for the appropriate count times
determined from the preliminary counts. The activities of the dosimeters were quantified
by the spectral gamma rays listed in the table below:

Table D-1

Table of Quantifying Gamma Rays

Dosimeter Analyte

Cobalt "Co @ 1332 keV from 59Co

Iron 6'Mn @ 834 keV from 54Fe

Niobium "3mNb @ 16.6 keV from 9"Nb
'82Ta @ 1122 keV from Tantalum Impurity
94Nb @ 871 keV from Niobium Activation

Nickel "Co @ 811 keV from aNi

Titanium 4SC @ 1121 keV from 46Ti

Silver 110°Ag @ 658 keV from '9Ag

Copper 6°Co @ 1332 keV from 63Cu

M1U •137Cs @ 662 keV
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Dosimeter Analysis

Geometry Corrections for Wire and Foil Type Dosimeters

The detector was calibrated for the foil and wire dosimeters with a "point source" standard. A
NIST-traceable mixed gamma standard was used. The wires, foils and beads were not identical
to the point source, so corrections for the differences between the dosimeter and the standard
were required.

The point source standard was made up of a mixed gamma ray source which was sandwiched
between two pieces of film. The source was actually a spot a few millimeters in diameter and
was very thin. The calibration was performed with this source mounted against the surface
of a PetriSlide'TM , oriented with the plane of the spot parallel to the face of the detector. The
dosimeters were mounted on a thin piece of double-sided adhesive tape in the center of the face
of a PetriSlideTM . This placed the closest point on the dosimeter at the plane of the calibration
source, with the bulk of it at some distance from the calibration distance.

The area covered by the dosimeter was not greatly different from that of the standard source
spot. A correction was made for the slight difference in distance between the center of mass of
the wire or foil and center of mass of the standard point source in the following manner. It was
assumed that the activity was distributed uniformly throughout the dosimeter. The dosimeter
was partitioned into four slabs parallel to the face of the detector and a weighted average 1/r2

correction for the distance between the center of each slab and the plane of the calibration source
was calculated. The weight factor was based on the relative mass of each slab. Since it was
assumed that the dosimeter was uniform in composition, the weight factors were proportional
to the cross-sectional area of each slab.

The weighted correction factor, Fc, was given by:

FG=•4W Re 
Equation D-1

i=1 ý.Ri )

where FG was the weighted correction factor, Wi was the weight factor for each slab, R,, was the
distance from the detector face to the plane of the calibration standard [D-1 ] and R, was the
distance from the detector face to the center of each slab. The distance R0 was measured directly
for the detector/sample holder combination used. The distance R, was the sum of this distance
and the distance between the, plane of the standard and the center of each slab.

Wire Type Dosimeters

For a wire of diameter D. these are:
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Dosimeter Analysis

D
R1 = Ro +-

8
DR2 = Ro +3D
8D Equation D-2

R 3 = Ro+ 5D
8
D

R 4 =Ro+7-
8

The weight factors sum to unity. They were derived from the cross-sectional area which is a
circle. This circle was divided into four slabs of equal thickness, the thickness of which was
D/4=r/2, where r was the radius of the wire.

Two of the slabs were circular segments and the other two were slices of the circle. This is
shown schematically in Figure D-1.

segment

slice d

slice

segment

PetriSlide

Figure D-1
Wire on PetriSlide TM
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r = radius of wire

r

2

0 = 2 Cos-' ( )

r

Kseginen, = r2 (0- Sin(O))
Equation D-3

Kcircle = 2

IC sice- = I(ci rcle - ALsegrent

Wsegmnit = Ksegment = 0. 1955
Kcircie

Wslice = 0-5- Wseg,,en, = 0.3 045

The areas K were calculated for a wire of unit radius. The weight factors for the slabs were
calculated as the ratios of the segment or slice to the area of the circle.

Foil Type Dosimeters

For a foil type dosimeter, the same type of equations as the wire dosimeter are used.
The Ri distance factors for a foil of thickness T would be:

T
R1 = Ro+-

8
T

R2 =Ro+3 T

8 Equation D-4
T

R 3 = Ro+5-
8
T

R4 =Ro+7-
8

As before, the weight factors sum to unity. They are derived by dividing a foil of unit thickness
into four equal slabs. This is shown schematically in Figure D-2.
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Dosimeter Analysis

=TM4

PetriSlide

Figure D-2
Foil on PetriSlide

TM

The measured activities were corrected for the geometry offset by dividing the activities by the
weighted correction factor Fc.

Attenuation Corrections for Wire and Foil Type Dosimeters

The self-absorption of low energy gamma rays in some of the dosimeters can be significant,
depending on the energy of the gamma-ray photon, the composition and the diameter or
thickness of the dosimeter. Self-absorption corrections were calculated for all of the gamma-ray
and dosimeter combinations.

Wire Type Dosimeter

The cylindrical wire source model of Evans and Evans [D-2] was used to compute the self-
absorption factors for the wires. Equations 26 and 27 of Evans and Evans [D-2] were used for
the calculations.

N 2 -NoG2(8Pr U2+ 1J12 r2V2_ 32 r3W2 +C P4 r4X2-...

with.:1)r 2 +(5 ) 4IGr,+(I÷C-A• j+ •D L÷....

G 2 + Q 5 X Ro2 j - 4 X ...

12 RO8 Ro

12 =1-...,

Equation D-5
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Dosimeter Analysis

and,

No = the true "point source" activity,

N2 = self-absorption corrected activity,

r = wire radius,

RO = wire-to-detector distance, cm,

ýt = Pvo = linear attenuation coefficient cm-,

p = density, G/cm3,

ýt0 = mass attenuation coefficient, cm2/G.

Foil Type Dosimeter

The linear source model by W.R. Dixon [D-3] was used to calculate the self-absorption for foil
dosimeters.

_ T Equation D-6
I 1-exp-jtT

where: ýt = PR0 = linear attenuation coefficient cm-,

p = density, G/cm3,

p, = mass attenuation coefficient, cm 2/G.

T = average foil thickness, cm.

I = Intensity

10 = Initial Intensity

Values for density were taken from the CRC Handbook of Chemistry and Physics, 63rd Edition
[D-4]). Values for the mass attenuation coefficients were interpolated from the Storm and Israel
tables [D-5]. The log-log polynomial technique of Hsu and Dowdy [D-6] was used for the
interpolation.

Dosimeter Specific Activities

The elemental weight fractions of the dosimeters were taken from the EPRI RFQ [D-7]. The
isotopic weight fractions of the target nuclides were taken from the CRC tables [D-4]. These are
listed in Table D-2.
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Dosimeter Analysis

Table D-2
Isotopic Fractions and Weight Fractions of Target Nuclides

Dosimeter Target Isotopic Weight Elemental Weight

Nuclide Fraction of Target Fraction of Target

Cobalt-Aluminum 59Co 1 0.00466

Iron 5Fe 0.0570 1

Niobium (wire) 93 Nb 1 1

Titanium 46Ti 0.0793 1

Nickel 8Ni 0.6739 1

Silver-Aluminum - Ag 0.4817 0.0108

Silver 109Ag 0.4817 1

Copper 6Cu 0.6850 1

Uranium 235U 1 0.8794

The weight fraction of the target nuclide listed in the data tables is the product of the isotopic
weight fraction of the target and the elemental weight fraction of the element in the dosimeter.

The niobium dosimeters were analyzed by measuring the 93"Nb activity at 16 KeV on a low
energy photon detector (LEPS) using Monte Carlo techniques [D-8] to correct for fluorescence
from `4Nb and '82Ta which were measured by gamma spectroscopy.

The uncertainty values stated in the data tables are representative only of uncertainty in
measurements taken at Nuclear Environmental Laboratory Services and are not intended
to be all-encompassing. Uncertainties in parameters such as density, half-life, gamma yields,
branching ratios, etc. are not included in these figures, but certainly do contribute to the overall
uncertainty. The systematic uncertainty column that appears in the data tables is the uncertainty
that results from the calibration of standardized analytical equipment, except for the niobium
dosimeters, where the systematic uncertainty is estimated to be 10% [D-9].

The dosimeter specific activities were calculated by dividing the corrected activity of the analyte
nuclide by the target nuclide mass. Note, that decay correction was already made in the data and
should not be made again.
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Dosimeter Analysis

Table D-3
Specific Activities of BWR VIP Capsules E/F and I Dosimetry

Dosimeter Identification Shielded Target Analyte Specific Activity

(Yes/No) Nuclide Nuclide (uCi/g Target)

BWR VIP CAP E Fe 0 degree YES Fe-54 Mn-54 3.859E+02

BWR VIP CAP E Fe 90 degree YES Fe-54 Mn-54 3.953E+02

BWR VIP CAP E Fe 180 degree YES Fe-54 Mn-54 4.016E+02

BWR VIP CAP E Fe 270 degree YES Fe-54 Mn-54 3.997E+02

BWR VIP CAP E Fe-1 YES Fe-54 Mn-54 3.447E+02

BWR VIP CAP E Fe-2 YES Fe-54 Mn-54 3.559E+02

BWR VIP CAP E Fe-3 YES Fe-54 Mn-54 3.326E+02

BWR VIP CAP E Fe-4 YES Fe-54 Mn-54 3.081 E+02

BWR VIP CAP E Fe-5 YES Fe-54 Mn-54 3.041E+02

BWR VIP CAP E Fe-6 YES Fe-54 Mn-54 3.539E+02

BWR VIP CAP E Fe-7 YES Fe-54 Mn-54 3.550E+02

BWR VIP CAP E Fe-8 YES Fe-54 Mn-54 3.578E+02

BWR VIP CAP E Fe-9 YES Fe-54 Mn-54 3.298E+02

BWR VIP CAP E Fe-10 YES Fe-54 Mn-54 3.487E+02

BWR VIP CAP F Fe-1 YES Fe-54 Mn-54 3.721E+02

BWR VIP CAP F Fe-2 YES Fe-54 Mn-54 3.857E+02

BWR VIP CAP F Fe-3 YES Fe-54 Mn-54 3.705E+02

BWR VIP CAP F Fe-4 YES Fe-54 Mn-54 3.912E+02

BWR VIP CAP F Fe-5 YES Fe-54 Mn-54 4.030E+02

BWR VIP CAP F Fe-6 YES Fe-54 Mn-54 3.908E+02

BWR VIP CAP F Fe-7 YES Fe-54 Mn-54 3.898E+02

BWR VIP CAP F Fe-8 YES Fe-54 Mn-54 3.704E+02

BWR VIP CAP F Fe-9 YES Fe-54 Mn-54 3.982E+02

BWR VIP CAP F Fe-10 YES Fe-54 Mn-54 4.152E+02

BWR VIP CAP I Fe 0 degree YES Fe-54 Mn-54 5.433E+02

BWR VIP CAP I Fe 90 degree YES Fe-54 Mn-54 5.724E+02

BWR VIP CAP I Fe 180 degree YES Fe-54 Mn-54 5.348E+02

BWR VIP CAP I Fe 270 degree YES Fe-54 Mn-54 5.674E+02
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Table D-3
Specific Activities of BWR VIP Capsules ElF and I Dosimetry (continued)

Dosimeter Identification Shielded Target Analyte Specific Activity

(Yes/No) Nuclide Nuclide (uCi/g Target)

BWR VIP CAP I Fe-i YES Fe-54 Mn-54 5.329E+02

BWR VIP CAP I Fe-2 YES Fe-54 Mn-54 5.762E+02

BWR VIP CAP I Fe-3 YES Fe-54 Mn-54 5.694E+02

BWR VIP CAP I Fe-4 YES Fe-54 Mn-54 5.940E+02

BWR VIP CAP I Fe-5 YES Fe-54 Mn-54 5.880E+02

BWR VIP CAP I Fe-6 YES Fe-54 Mn-54 5.817E+02

BWR VIP CAP I Fe-7 YES Fe-54 Mn-54 5.894E+02

BWR VIP CAP I Fe-8 YES Fe-54 Mn-54 5.397E+02

BWR VIP CAP I Fe-9 YES Fe-54 Mn-54 5.591 E+02

BWR VIP CAP I Fe-10 YES Fe-54 Mn-54 5.647E+02

BWR VIP CAP E Cu YES Cu-63 Co-60 3.090E+00

BWR VIP CAP E Cu-1 YES Cu-63 Co-60 2.471 E+00

BWR VIP CAP E Cu-2 YES Cu-63 Co-60 2.602E+00

BWR VIP CAP E Cu-3 YES Cu-63 Co-60 2.579E+00

BWR VIP CAP E Cu-4 YES Cu-63 Co-60 2.740E+00

BWR VIP CAP E Cu-5 YES Cu-63 Co-60 2.448E+00

BWR VIP CAP E Cu-6 YES Cu-63 Co-60 2.588E+00

BWR VIP CAP E Cu-7 YES Cu-63 Co-60 2.526E+00

BWR VIP CAP E Cu-8 YES Cu-63 Co-60 2.529E+00

BWR VIP CAP E Cu-9 YES Cu-63 Co-60 2.829E+00

BWR VIP CAP E Cu-10 YES Cu-63 Co-60 2.742E+00

BWR VIP CAP F Cu-1 YES Cu-63 Co-60 2.975E+00

BWR VIP CAP F Cu-2 YES Cu-63 Co-60 3.047E+00

BWR VIP CAP F Cu-3 YES Cu-63 Co-60 2.914E+00

BWR VIP CAP F Cu-4 YES Cu-63 Co-60 3.016E+00

BWR VIP CAP F Cu-5 YES Cu-63 Co-60 3.252E+00

BWR VIP CAP F Cu-6 YES Cu-63 Co-60 3.012E+00

BWR VIP CAP F Cu-7 YES Cu-63 Co-60 3.084E+00
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Table D-3
Specific Activities of BWR VIP Capsules ElF and I Dosimetry (continued)

Dosimeter Identification Shielded Target Analyte Specific Activity

(Yes/No) Nuclide Nuclide (uCi/g Target)

BWR VIP CAP F Cu-8 YES Cu-63 Co-60 2.943E+00

BWR VIP CAP F Cu-9 YES Cu-63 Co-60 2.960E+00

BWR VIP CAP F Cu-10 YES Cu-63 Co-60 3.244E+00

BWR VIP CAP I Cu YES Cu-63 Co-60 4.508E+00

BWR VIP CAP I Cu-1 YES Cu-63 Co-60 4.230E+00

BWR VIP CAP I Cu-2 YES Cu-63 Co-60 4.348E+00

IWR VIP CAP I Cu-3 YES Cu-63 Co-60 4.108E+00

1WR VIP CAP I Cu-4 YES Cu-63 Co-60 4.073E+00

1WR VIP CAP I Cu-5 YES Cu-63 Co-60 4.361 E+00

1WR VIP CAP I Cu-6 YES Cu-63 Co-60 4.396E+00

IWR VIP CAP I Cu-7 YES Cu-63 Co-60 4.293E+00

BWR VIP CAP I Cu-8 YES Cu-63 Co-60 4.519E+00

BWR VIP CAP I Cu-9 YES Cu-63 Co-60 4.109E+00

BWR VIP CAP I Cu-10 YES Cu-63 Co-60 4.324E+00

BWR VIP CAP E Ni YES Ni-58 Co-58 5.422E+02

BWR VIP CAP I Ni YES Ni-58 Co-58 6.415E+02

BWR VIP CAP E Co-Al YES Co-59 Co-60 6.099E+03

E3WR VIP CAP I Co-Al YES Co-59 Co-60 9.298E+03

BWR VIP CAP E Ti YES Ti-46 Sc-46 1.169E+02

BWR VIP CAP I Ti YES Ti-46 Sc-46 1.370E+02

BWR VIP CAP E Nb YES Nb-93 Nb-93m 5.334E+01

BWR VIP CAP I Nb YES Nb-93 Nb-93m 8.019E+01

BWR VIP CAP E U-235 YES U-235 Cs-137 1.703E+02

BWR VIP CAP E Ag YES Ag-109 Ag-110 2.869E+03

BWR VIP CAP I Ag YES Ag-109 Ag-110 4.238E+03

BWR VIP CAP E Ag-Al YES Ag-109 Ag-110 4.950E+03

BWR VIP CAP I Ag-Al YES Ag-109 Ag-110 8.248E+03
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RECORD OF REVISIONS

BWRVIP-1 11,
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. Framatome ANP, Engineering Information Record 51-5023275-00, "Charpy
Impact Testing of Oconee 1 Plate Material," December 20, 2002.

3. GE-NE-523-99-0792, "Progress Report on Phase 2 of the BWR Owners' Group
Supplemental Surveillance Program," GE Nuclear Energy, January 1992.

4. BWX Technologies, Inc., Letter (K. Hour) Letter to EPRI (R. Carter) dated April
16, 2003: Analysis Report #0302009, "ICP Metals Analysis of NME Samples."

Details of the revisions can be found in Table E-1.
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Record of Revisions

Table E-1
Revision Details

Source of Requirement Description of Revision
for Revision Implementation

SECTION 1, INTRODUCTION NEI 03-08 Implementation Requirements added.

SECTION 2, MATERIALS

Update the best estimate Reference 1. The chemistry values originally reported
chemistry values for plate were based on the chemistry
heats C2331-2, P2130-2, and measurements made by GE at the time
C3278-2 and weld heat the SSP capsules were assembled [3].
5P6756 in Tables 2-1 through Subsequent to the publication of the
2-5. 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.

Update the best estimate Reference 4. Chemistry testing on broken specimens
chemistry for weld heat B&W- was conducted in 2003 and reported by
1 (WM) in Tables 2-2 and 2-5. Reference 4.

Correct the discussion in CVN Reference 3. Al 195-1 specimens are transverse (TL).
Baseline Properties, which The statement that they are LT was
incorrectly identifies Al 195-1 deleted.
specimens as longitudinal.

Update the baseline Charpy Reference 1 These materials are used in the BWRVIP
properties of plate heat ISP. Subsequent to the original issue of
P2130-2 and weld heat this capsule report, additional analyses of
406L44 in Tables 2-6 and 2-8. the CVN properties were conducted and

documented in Reference 1. Additional,
valid baseline data for the material was
found for P2130-2 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.
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Table E-1
Revision Details (continued)

Source of Requirement Description of Revisionfor Revision Implementation

Correct the baseline Charpy Reference 2. The baseline Charpy values originally
properties of plate heat reported in Table 2-7 for B&W-I (BM)
B&W-1(BM) in Table 2-7. were incorrect; the fabricator had

reported 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 2-7. The updated curve fit is
provided in Appendix B.

SECTION 3, TEST
SPECIMEN DESCRIPTION

In the second paragraph under Reference 3. Al 195-1 specimens are TL. The
Charpy V-notch Specimens, sentence was deleted.
delete the first sentence,
which states that Al 195-1 is
LT.

Add discussion of the results A report of the visual inspection of the
of the inspection of the thermal monitors was added. A column was
monitors in Capsule I. added to Table 3-3 (Thermal Monitors

Contained in SSP Capsule I) to indicate,
for each monitor, whether or not it
exhibited signs of melting.

SECTION 4, MATERIAL No revisions.
IRRADIATION

SECTION 5, RESULTS

In the discussion Irradiated Editorial. In the discussion Irradiated versus
versus Unirradiated CVN Unirradiated CVN Properties, deleted
Properties, delete the reference to the specific sources of the
reference to the specific CVGRAPHs (References 9 and 18).
sources of the CVGRAPHs.
Reference to ATI calculation
packages is not appropriate or
necessary, and the specific
packages have been
superseded by more recent
work.
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Table E-1
Revision Details (continued)

Source of Requirement Description of Revision
for Revision Implementation

Tables 5-1 and 5-3: Update Reference 1. The values shown in this table were
the baseline notch toughness updated to reflect the values from
properties for P2130-2 and updated tanh curve fits for these
weld 406L44 and revise materials. The updated baseline
calculated shifts resulting from (unirradiated) Charpy energy curve fits
the updated baseline values, are presented in Appendix B.

Table 5-2: Number the table Editorial.
footnotes.

Table 5-2: Update the Reference 4. The baseline (unirradiated) values shown
baseline notch toughness in this table were updated to reflect the
properties for B&W-1 (BM) and values from updated tanh curve fit for
revise the calculated shifts B&W-1 (BM), based on new test data.
resulting from the change. The updated baseline Charpy energy

curve fit is presented in Appendix B.

Table 5-7: Update the Table 5-7 is a repeat of the data for
baseline Charpy values and P2130-2 in Tables 5-1 and 5-3.
calculated shifts based on the
changes for P2130-2 in Table
5-1 and 5-3.

Table 5-12: Update the Table 5-12 is a repeat of the data for
baseline Charpy values and 406L44 in Tables 5-1 and 5-3.
calculated shifts based on the
changes for 406L44 in Table
5-1 and 5-3.

Update the Discussion section Editorial. Two materials experiences more
to reflect changes in the embrittlement than predicted by Reg.
number of materials Guide 1.99 Rev. 2, and 18 materials
experiencing more experiences a greater percent decrease
embrittlement than in USE than predicted by reg. Guide 1.99
predicted.by Reg. Guide 1.99 Rev. 2.
Rev. 2.

Update Tables 5-13, 5-14, and Best estimate chemistry As a result of revised best estimate
5-15 which compare the actual and baseline Charpy chemistries for C2331-2, P2130-2,
versus predicted changes discussed C3278-2, and B&W-1(WM), those
embrittlement of the capsule above, materials have revised predicted shifts.
specimens. As a result of the revised baseline

(unirradiated) Charpy properties of
P2130-2, 406L44 and B&W-1 (BM), those
materials have revised measured shifts.
Minor changes (e.g., 0.1 OF or 0C) were
also made as required to the predicted
shifts of some other materials as a result
of more precise, refreshed calculations
for all materials.
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Table E-1
Revision Details (continued)

Source of Requirement Description of Revisionfor Revision Implementation

Update the Tables 5-16, 5-17, Reference 1. P2130-2, 406L44, and B&W-1 (BM)
and 5-18 for the updated best materials were updated for % USE
estimate'Cu and the decrease resulting from revised baseline
measured decrease in USE CVN curve fits. The predicted %
for affected materials. decrease in USE for C2331-2, P2130-2,

C3278-2 and 5P6756 were updated for
revised best estimate Cu content of those
materials; the revised predicted shifts
were taken from Reference 1.

SECTION 6, REFERENCES

Add references as required. Editorial. BWRVIP-135 was added as Reference
22. Framatome testing report for B&W-
1 (BM) was added as Reference 23.
BWXT chemistry testing report on B&W-
1 (WM) was added as Reference 24.

APPENDIX A, SUMMARY OF No revisions.
CHARPY V-NOTCH TEST
DATA

APPENDIX B, TANH CURVE
FIT PLOTS OF CVN TEST
DATA

Replace Figures B-10 with Reference 1. Additional baseline data was included in
updated baseline curve fit for a revised fit as reported in Reference 1.
heat P2130-2.

Replace Figure B-29 with Reference 1. The fixed USE for this fit was
updated baseline curve fit for recalculated for improvement in the
heat 406L44. quality of the tanh fit as provided in

Reference 1.

Replace Figure B-32 with Reference 2. The baseline data originally reported for
updated baseline curve fit for B&W-1 (BM) was incorrect. Additional
heat B&W-1(BM). baseline Charpy testing was conducted

by Reference 2. ATI fit the data to a tanh
curve and the updated curve fit is
provided.
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Record of Revisions

Table E-1
Revision Details (continued)

Source of Requirement Description of Revision
for Revision Implementation

Replace Figures B-40 and B- Reference 1. The figures being replaced incorrectly
41 with updated curve fits for showed this material as being LT. The
heat Al 195-1 (HSST-02). new figures correctly identify the

specimens as TL. There are no changes
in the tanh fit values/results.

APPENDIX C, CVN No revisions.
FRACTURE APPEARANCE
PHOTOGRAPHS

APPENDIX D, DOSIMETER No revisions.
ANALYSIS
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Export Control Restrictions

Access to and use of EPRI Intellectual Property is granted with the

specific understanding and requirement that responsibility for ensur-

ing full compliance with all applicable U.S. and foreign export laws

and regulations is being undertaken by you and your company. This

includes an obligation to ensure that any individual receiving access

hereunder who is not a U.S. citizen or permanent U.S. resident is

permitted access under applicable U.S. and foreign export laws and

regulations. In the event you are uncertain whether you or your com-

pany may lawfully obtain access to this EPRI Intellectual Property, you

acknowledge that it is your obligation to consult with your company's

legal counsel to determine whether this access is lawful. Although

EPRI may make available on a case-by-case basis an informal as-

sessment of the applicable U.S. export classification for specific EPRI

Intellectual Property, you and your company acknowledge that this

assessment is solely for informational purposes and not for reliance

purposes. You and your company acknowledge that it is still the ob-

ligation of you and your company to make your own assessment

of the applicable U.S. export classification and ensure compliance

accordingly. You and your company understand and acknowledge

your obligations to make a prompt report to EPRI and the appropriate

authorities regarding any access to or use of EPRI Intellectual Prop-

erty hereunder that may be in violation of applicable U.S. or foreign

export laws or regulations.

The Electric Power Research Institute (EPRI), with major

locations in Palo Alto, California; Charlotte, North Carolina; and

Knoxville, Tennessee, was established in 1973 as an independent,

nonprofit center for public interest energy and environmental

research. EPRI brings together members, participants, the Institute's

scientists and engineers, and other leading experts to work

collaboratively on solutions to the challenges of electric power. These

solutions span nearly every area of electricity generation, delivery,

and use, including health, safety, and environment. EPRI's members

represent over 90% of the electricity generated in the United States.

International participation represents nearly 15% of EPRI's total

research, development, and demonstration program.
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