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EXECUTIVE SUMMARY

The purpose of this report is to document the testing results of surveillance Capsule 8330 from Waterford
Unit 3. Capsule 830 was removed at 24.66 EPPY and post-irradiation mechanical tests of the Charpy
V-notch and tensile specimens were performed. A fluence evaluation utilizing the neutron transport and
dosimetry cross-section libraries was derived from the ENDF/B-VI database. Capsule 8330 received a
fluence of 2.42 x 1019 n/cm2 (E > 1.0 MeV) after irradiation to 24.66 EFPY. The peak clad/base metal
interface vessel fluence after 24.66 EFPY of plant operation was 2.02 x 1019 n/cm2 (E > 1.0 MeV).

This evaluation led to the following conclusions: 1) The measured percent decreases in upper-shelf
energy for the surveillance plate and weld materials contained in Waterford Unit 3 Capsule 8330 are less
than the Regulatory Guide 1.99, Revision 2 [Ref. 1] predictions. 2) The Waterford Unit 3 surveillance
plate data are judged to be non-credible. The Waterford Unit 3 surveillance weld (Heat # 88114) data are
judged to be credible. This credibility evaluation can be found in Appendix D. 3) With consideration of
surveillance data, all beltline materials exhibit adequate upper-shelf energy levels for continued safe plant
operation and are predicted to maintain an upper-shelf energy greater than 50 ft-lb through end-of-license
(32 EFFY) as required by 10 CFR 50, Appendix G [Ref. 2]. The upper-shelf energy evaluation is
presented in Appendix E.

Lastly, a brief summary of the Charpy V-notch testing can be found in Section 1. All Charpy V-notch
data was plotted using a symmetric hyperbolic tangent curve-fitting program.

WCAP-17969-NP 
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1 SUMMARY OF RESULTS

The analysis of the reactor vessel materials contained in surveillance Capsule 830, the third capsule
removed and tested from the Waterford Unit 3 reactor pressure vessel, led to the following conclusions:

* Charpy V-notch test data were plotted using a symmetric hyperbolic tangent curve-fitting program.
Appendix C presents the CVGRAPH, Version 6.0, Charpy V-notch plots for Capsule 330 and
previous capsules, along with the program input data.

* Capsule 8330 received an average fast neutron fluence (E > 1.0 MeV) of 2.42 x 1019 n/~cm 2 after
24.66 effective full power years (EFPY) of plant operation.

* Irradiation of the reactor vessel Lower Shell Plate M- 1004-2 Charpy specimens, oriented with the
longitudinal axis of the specimen parallel to the major working direction (longitudinal orientation),
resulted in an irradiated 30 ft-lb transition temperature of 0.1°0F and an irradiated 50 ft-lb transition
temperature of 35.3°0F. This results in a 30 ft-lb transition temperature increase of 13.6°F and a
50 ft-lb transition temperature increase of 23.6°F for the longitudinally oriented specimens.

* Irradiation of the reactor vessel Lower Shell Plate M- 1004-2 Charpy specimens, oriented with the
longitudinal axis of the specimen perpendicular to the major working direction (transverse
orientation), resulted in an irradiated 30 ft-lb transition temperature of 0.80 F and an irradiated 50 ft-lb
transition temperature of 37.40 F. This results in a 30 ft-lb transition temperature increase of 25.3°F
and a 50 ft-lb transition temperature increase of 34.60 F for the transversely oriented specimens.

* Irradiation of the Surveillance Program Weld Material (Heat # 88114) Charpy specimens resulted in
an irradiated 30 ft-lb transition temperature of -65.40 F and an irradiated 50 ft-lb transition
temperature of -44.00 F. This results in a 30 ft-lb transition temperature increase of 19.00 F and a 50
ft-lb transition temperature increase of 21 .00F.

* Irradiation of the Heat Affected Zone (HAZ) Material Charpy specimens resulted in an irradiated
30 ft-lb transition temperature of -84.30 F and an irradiated 50 ft-lb transition temperature of -37.50 F.
This results in a 30 ft-lb transition temperature increase of 32.7°F and a 50 ft-lb transition temperature
increase of 52.60P.

* The average upper-shelf energy of Lower Shell Plate M- 1004-2 (longitudinal orientation) resulted in
an average energy decrease of 12 ft-lb after irradiation. This results in an irradiated average upper-
shelf energy of 158 ft-lb for the longitudinally oriented specimens.

* The average upper-shelf energy of Lower Shell Plate M- 1004-2 (transverse orientation) resulted in an
average energy decrease of 3 ft-lb after irradiation. This results in an irradiated average upper-shelf
energy of 138 ft-lb for the transversely oriented specimens.

* The average upper-shelf energy of the Surveillance Program Weld Material (Heat # 88114) Charpy
specimens resulted in an average energy decrease of 23 ft-lb after irradiation. This results in an
irradiated average upper-shelf energy of 133 ft-lb for the weld metal specimens.

WCAP-l7969-NP April 2015
Revision 0
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*The average upper-shelf energy of the HAZ Material Charpy specimens resulted in an average energy
decrease of 12 ft-lb after irradiation. This results in an irradiated average upper-shelf energy of
158 ft-lb for the HAZ Material.

*Comparisons of the measured 30 ft-lb shift in transition temperature values and upper-shelf energy
decreases to those predicted by Regulatory Guide 1.99, Revision 2 [Ref. 1] for the Waterford Unit 3
reactor vessel surveillance materials are presented in Table 5-10.

Standard Reference Material (SRM) HSST 01 Charpy specimens were not included in the
Waterford Unit 3 Capsule 830. However, the SRM HSST 01 Charpy specimens were reanalyzed
in this report. The SRM HSST 01 material was contained in Capsule 2630, which was irradiated
to a neutron fluence of 1.45 x i0' 9 n/cma2 (B > 1.0 MeV). The results of the SRM HSST 01

reanalysis will be included in Table 5-10 and shown in Figures 5-13 through 5-15.

* Irradiation of the SRM HSST 01 Charpy specimens resulted in an irradiated 30 ft-lb
transition temperature of 185.0°F and an irradiated 50 ft-lb transition temperature of
211.4°F. This results in a 30 ft-lb transition temperature increase of 150.5°F and a
50 ft-lb transition temperature increase of 151 .30°F.

* The average upper-shelf energy of the SRM HSST 01 Charpy specimens resulted in an
average energy decrease of 20 ft-lb after irradiation. This results in an irradiated average
upper-shelf energy of 113 ft-lb.

*Based on the credibility evaluation presented in Appendix D, the Waterford Unit 3 surveillance plate
data is non-credible, and the surveillance weld (Heat # 88114) data is credible.

*Based on the upper-shelf energy evaluation in Appendix B, all beltline materials contained in the
Waterford Unit 3 reactor vessel exhibit adequate upper-shelf energy levels for continued safe plant
operation and are predicted to maintain an upper-shelf energy greater than 50 ft-lb through end-of-
license (32 EFPY) as required by 10 CFR 50, Appendix G [Ref. 2].

*The maximum calculated 32 EFPY (end-of-license) neutron fluence (E > 1.0 MeV) for the Waterford
Unit 3 reactor vessel beltline using the Regulatory Guide 1.99, Revision 2 attenuation formula (i.e.,
Equation #3 in the Guide) is as follows:

Calculated (32 EFPY): Vessel clad/base metal interface fluence* = 2.57 x 1019 n/cm 2

Vessel 1/4 thickness fluence = 1.53 x i0'9 n/cm2

*This fluence value is documented in Table 6-6

WCAP-17969-NP April 2015
Revision 0
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2 INTRODUCTION

This report presents the results of the examination of Capsule 83 °, the third capsule removed and tested in
the continuing surveillance program, which monitors the effects of neutron irradiation on the Entergy
Operations, Inc. Waterford Unit 3 reactor pressure vessel materials under actual operating conditions.

The surveillance program for the Waterford Unit 3 reactor pressure vessel materials was designed and
recommended by Combustion Engineering, Inc. A detailed description of the surveillance program is
contained in TR-C-MCS-0Ol [Ref. 3], "Summary Report on Manufacture of Test Specimens and
Assembly of Capsules for Irradiation Surveillance of Waterford-Unit 3 Reactor Vessel Materials." The
pre-irradiation mechanical properties of the reactor vessel materials are presented in TR-C-MCS-002
[Ref. 4]. The surveillance program is generally described in C-NLM-003, Revision 1 [Ref. 5]. It was
originally planned to cover the 40-year design life of the reactor pressure vessel and was based on ASTM
E185-73 [Ref. 6], "Standard Recommended Practice for Surveillance Tests for Nuclear Reactor Vessels."
Capsule 830 was removed from the reactor after 24.66 EPPY of exposure and shipped to the
Westinghouse Materials Center of Excellence Hot Cell Facility, where the post-irradiation mechanical
testing of the Charpy V-notch impact and tensile surveillance specimens was performed.

This report summarizes the testing and post-irradiation data obtained from surveillance Capsule 830
removed from the Waterford Unit 3 reactor vessel and discusses the analysis of the data.

WCAP-17969-NP Arl21
Revision 0



Westinghouse Non-Proprietary Class 33- 3-1

3 BACKGROUND

The ability of the large steel pressure vessel containing the reactor core and its primary coolant to resist
fracture constitutes an important factor in ensuring safety in the nuclear industry. The beitline region of
the reactor pressure vessel is the most critical region of the vessel because it is subjected to significant fast
neutron bombardment. The overall effects of fast neutron irradiation on the mechanical properties of low-
alloy, ferritic pressure vessel steels such as SA533 Grade B Class 1 (base material of the Waterford Unit 3
reactor pressure vessel beltline) are well documented in the literature. Generally, low-alloy ferritic
materials show an increase in hardness and tensile properties and a decrease in ductility and toughness
during high-energy irradiation.

A method for ensuring the integrity of reactor pressure vessels has been presented in "Fracture Toughness
Criteria for Protection Against Failure," Appendix G to Section XI of the ASME Boiler and Pressure
Vessel Code [Ref. 7]. The method uses fracture mechanics concepts and is based on the reference
nil-ductility transition temperature (RTNDT).

RTNDT is defined as the greater of either the drop-weight nil-ductility transition temperature (NDTT per
ASTM E208 [Ref. 8]) or the temperature 600 F less than the 50 ft-lb (and 35-mil lateral expansion)
temperature as determined from Charpy specimens oriented perpendicular (transverse) to the major
working direction of the plate. The RTNDT of a given material is used to index that material to a reference
stress intensity factor curve (K1 o curve) which appears in Appendix G to Section XI of the ASME Code
[Ref. 7]. The K10 curve is a lower bound of static fracture toughness results obtained from several heats of
pressure vessel steel. When a given material is indexed to the K1. curve, allowable stress intensity factors
can be obtained for this material as a function of temperature. Allowable operating limits can then be
determined using these allowable stress intensity factors.

RTNDT and, in turn, the operating limits of nuclear power plants can be adjusted to account for the effects
of radiation on the reactor vessel material properties. The changes in mechanical properties of a given
reactor pressure vessel steel, due to irradiation, can be monitored by a reactor vessel surveillance
program, such as the Waterford Unit 3 reactor vessel radiation surveillance program, in which a
surveillance capsule is periodically removed from the operating nuclear reactor and the encapsulated
specimens are tested. The increase in the average Charpy V-notch 30 ft-lb temperature (ARTNDT) due to
irradiation is added to the initial RTNDT, along with a margin (M) to cover uncertainties, to adjust the
RTNDT (ART) for radiation embrittlement. This ART (initial RTNDT + M + ARTNDT) is used to index the
material to the K10 curve and, in turn, to set operating limits for the nuclear power plant that take into
account the effects of irradiation on the reactor vessel materials.
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4 DESCRIPTION OF PROGRAM

Six surveillance capsules for monitoring the effects of neutron exposure on the Waterford Unit 3 reactor
pressure vessel core region (beitline) materials were inserted in the reactor vessel prior to initial plant
startup. The six capsules were positioned in the reactor vessel, as shown in Figure 4-1, between the core
barrel and the vessel wall, at various azimuthal locations. The vertical center of the capsules is opposite
the vertical center of the core. The capsules contain specimens made from the following:

* Lower Shell Plate M- 1004-2 (longitudinal orientation)

* Lower Shell Plate M- 1004-2 (transverse orientation)

* Weld metal fabricated with weld wire Heat Number 88114, Linde Type 0091 flux, which is
equivalent to the heat number and Flux Type used in the actual fabrication of the intermediate
shell to lower shell circumferential weld seam

* Weld heat affected zone (HAZ) material of Lower Shell Plate M- 1004-2

* Standard Reference Material (SRM) Heavy-Section Steel Technology (HSST)-O1MY Plate

Test material obtained from the lower shell plate (after thermal heat treatment and forming of the plate)
was taken at least one plate thickness from the quenched edges of the plate. All test specimens were
machined from the ¼ thickness location of the plate after performing a simulated post-weld stress-
relieving treatment on the test material. Weld test specimens were removed from the weld metal of a
stress-relieved weldment joining Lower Shell Plate M-1004-1 and adjacent Lower Shell Plate M-1004-3.
All heat affected zone specimens were obtained from the weld heat affected zone of Lower Shell Plate
M- 1004-2.

Charpy V-notch impact specimens from Lower Shell Plate M- 1004-2 were machined in the longitudinal
orientation (longitudinal axis of the specimen parallel to 'the major rolling direction) and also in the
transverse orientation (longitudinal axis of the specimen perpendicular to the major rolling direction).
The core-region weld Charpy impact specimens were machined from the weldment such that the long
dimension of each Charpy specimen was perpendicular (normal) to the weld direction. The notch of the
weld metal Charpy specimens was machined such that the direction of crack propagation in the specimen
was in the welding direction.

Tensile specimens from Lower Shell Plate M- 1004-2 were machined in the transverse orientation only.
Tensile specimens from the weld metal were oriented perpendicular to the welding direction.

Some of the Waterford Unit 3 capsules, specifically the previously tested Capsule 2630 and also Capsule
1040, which is still in the reactor vessel, contain SRM, which was supplied by the Oak Ridge National
Laboratory, from plate materials used in the IISST Program. The material for the Waterford Unit 3
Capsules was obtained from an A533, Grade B Class 1 plate labeled HSST 01. The plate was produced
by the Lukens Steel Company and heat treated by Combustion Engineering, Inc.

All six capsules contain flux monitor assemblies that include sulfur pellets, iron wire, titanium wire,
nickel wire (cadmium-shielded), aluminum-cobalt wire (cadmium-shielded and unshielded), copper wire
(cadmium-shielded) and uranium foil (cadmium-shielded and unshielded).
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The capsules contain (12 total) thermal monitors made from four low-melting-point eutectic alloys, which
were sealed in glass tubes. These thermal monitors were located in three different positions in the
capsule. These thermal monitors are used to define the maximum temperature attained by the test
specimens during irradiation. The composition of the four eutectic alloys and their melting points are as
follows:

80.0% Au, 20.0% Sn
5.0% Ag, 5.0% Sn, 90.0% Pb
2.5% Ag, 97.5% Pb
1.75% Ag, 0.75% Sn, 97.5% Pb

Melting Point: 5360F (2800 C)
Melting Point: 5580 F (2920 C)
Melting Point: 580°F (304°C)
Melting Point: 590°F (31 0°C)

The chemical composition and the arrangement of the various mechanical specimens in Capsule 83° are
presented in Tables 4-1 and 4-2, respectively. The data in Tables 4-1 and 4-2 was obtained from the
original surveillance program report, TR-C-MCS-00l [Ref. 3], Tables III and XX.

Capsule 830 was removed after 24.66 effective frill power years (EFPY) of plant operation. This capsule
contained Charpy V-notch and tensile specimens, dosimeters, and thermal monitors. Figures 4-1 through
4-4 detail the arrangement of the surveillance capsules, an example of an original program surveillance
capsule, a close-up of the Charpy impact specimen compartment, and the tensile and flux-monitor
compartment assembly in the Waterford Unit 3 reactor vessel. Capsules 830, 970, 2630 and 2770 are
radiologically equivalent to the 70 azimuth, while Capsules 1040 and 2840 are radiologically equivalent to
the 14° azimuth.
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Table 4-1 Chemical Composition (wt. %) of the Waterford Unit 3 Reactor Vessel Surveillance
Materials (Unirradiated)

Eeet Lower Shell Plate Standard Reference Srelac edMtra
EeetM_1004_2(a) Material HSST Original CE Best-Estimate

O1MY Plate~b) Analysisto) Analysis(d)

C 0.23 - -- 0.23---

Mn 1.38 - -- 1.35---

P 0.005 - -- 0.008 - - -

S 0.005 - -- 0.006 - - -

Si 0.23 - - - 0.16 - - -

Ni 0.58 0.66 0.22 0.16

Mo 0.57 - - - 0.57 - - -

Cr 0.01 - - - 0.05---

Cu 0.03 0.18 0.04 0.05

A1 0.016 - - - 0.016 - - -

Co 0.009 - - - 0.007---

Pb <0.001 - -- <0.001---

W <0.01 - -- <0.01 - - -

Ti <0.01 - -- <0.01---

Zr <0.001 - - - <0.001 - - -

V 0.002 - -- 0.005---

Sn 0.002 - -- 0.001---

As 0.018 - -- 0.001 - - -

Cb <0.01 - - - <0.01 - - -

Sb 0.0015 - -- 0.0011---

N2  0.009 - - - 0.009---

B <0.001 - -- <0.001---

Notes:

(a) Data obtained from TR-C-MCS-001, Table II1 [Ref. 3]

(b) Data obtained from NUREG/CR-6413 [Ref. 9].

(c) Data obtained from TR-C-MCS-001, Table III [Ref. 3]. Weld Wire Heat Number 88114, Flux Type
Linde 0091.

(d) Best-Estimate Cu and Ni wt. % values were taken from WCAP-16088-NP, Revision 2 [Ref. 10].
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Table 4-2 Arrangement of Encapsulated Test Specimens within Waterford Unit 3 Capsule 8330

Comprtmet Poitio~a)Compartment NumberComartentPostio~a) (Specimen Type and Material) (a) Specimen Numbers(a)

1 Ell4(Tensile HAZ Specimens) 4J3 4K 4JC

E124 47M, 454, 42E, 41Y,
2CaryImac1AZSpcmes 45A, 472, 44K, 45U,

(Chapy mpat HA Spcimns) 43J, 45L, 457, 46K

E131 14E, 115, 15L, 12B,
3(Charpy Impact Longitudinal 116, 15M, 145, 11C,

Plate Specimens) 14J, 114, 12U, 13P
E142

4(Tensile Transverse 2J3, 2L7, 2K4
Plate Specimens)

E152 225, 261, 25Y, 23T,
5(Charpy Impact Transverse 21A, 226, 25L, 231,

Plate Specimens) 22K, 24L, 21Y, 222
E163 325, 3A2, 37B, 337,

6Cap Ipc eldSp6 mes 312, 347, 31L, 35P,
(Chapy mpac Wed Spcimns) 371' 31P, 334, 34P

7 E173
(Tensile Weld Specimens) 3K5, 3KD, 3L3

Note:

(a) Data obtained from TR-C-MCS-001, Table XIX and/or Table XX [Ref. 31.
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EnIur~ed Plan View
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Figure 4-1 Arrangement of Surveillance Capsules in the Waterford Unit 3 Reactor Vessel
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Figure 4-2 Original Surveillance Program Capsule in the Waterford Unit 3 Reactor Vessel
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Figure 4-3 Surveillance Capsule Charpy Impact Specimen Compartment Assembly in the
Waterford Unit 3 Reactor Vessel
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Figure 4-4 Surveillance Capsule Tensile and Flux-Monitor Compartment Assembly in theWaterford Unit 3 Reactor Vessel
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5 TESTING OF SPECIMENS FROM CAPSULE 830

5.1 OVERVIEW

The post-irradiation mechanical testing of the Charpy V-notch impact specimens and tensile specimens
was performed at the Westinghouse Materials Center of Excellence Hot Cell Facility. Testing was
performed in accordance with 10 CFR 50, Appendix H [Ref. 2] and ASTM Specification E185-82
[Ref. 11].

Capsule 830 was opened upon receipt at the hot cell laboratory. The specimens and spacer blocks were
carefully removed, inspected for identification number, and checked against the master list in
TR-C-MCS-O0l1 [Ref. 3]. All of the items were in their proper locations.

Examination of the thermal monitors indicated that 6 of the 12 temperature monitors had melted, as
described below:

* Capsule compartment El114, the 536°F (280°C) and 558°F (292°C) temperature monitors melted

* Capsule compartment E142, the 5360 F (280°C) and 558°F (292°C) temperature monitors melted

* Capsule compartment E173, the 536°F (280°C) and 558°F (292°C) temperature monitors melted

Based on this examination, the maximum temperature to which the specimens were exposed was less than
5800 F (3040 C), but greater than 5580 F (292°C).

The Charpy impact tests were performed per ASTM Specification E185-82 [Ref. 11] and E23-12c
[Ref. 12] on a Tinius-Olsen Model 74, 358J machine. The Charpy machine striker was instrumented with
an Instron Impulse system. Instrumented testing and calibration were performed to ASTM E2298-13a
[Ref. 13]. The temperature requirements in ASTM E23-12c [Ref. 12] were met.

The instrumented striker load signal data acquisition rate was 819 kHz with data acquired for 10 ins.
From the load-time curve, the load of general yielding (Fgy), the maximum load (Fmo) and the time to
maximum load were determined. Under some test conditions, a sharp drop in load indicative of fast
fracture was observed. The load at which fast fracture was initiated is identified as the brittle fracture
load (Fbr). The termination load after the fast load drop is identified as the arrest load (Ia). Fgy, Fmo, Fbr,

and Fa were determined per the guidance in ASTM Standard E2298-13a [Ref. 13].

The energy at maximum load (Win) was determined by integrating the load-time record to the maximum
load point. The energy at maximum load is approximately equivalent to the energy required to initiate a
crack in the specimen. Therefore, the propagation energy for the crack (We) is the difference between the
total energy (We) and the energy at maximum load (Win). Wt is compared to the dial energy (KV). Wt
derived from the instrumented striker were all within 25% of the calibrated dial energy values as required
in ASTM E2298-13a [Ref. 13].
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Percent shear was determined from post-fracture photographs using the ratio-of-areas method in
compliance with ASTM E23-12c [Ref. 12] and A370-13 [Ref. 14]. The lateral expansion was measured
using a dial gage rig similar to that shown in the same specifications.

Tensile tests were performed on a 250 KN Instron screw driven tensile machine (Model 5985) per ASTM
E185-82 [Ref. 11]. Testing met ASTM Specifications E8/E8M-13a [Ref. 15] for room temperature or
E21-09 [Ref. 16] for elevated temperatures. Load was applied through a threaded connection. Strain
measurements were made using an extensometer, which was attached to the 1.00 inch gage section of the
tensile specimen. The strain rate obtained met the requirements of ASTM E8/E8M-13a [Ref. 15] and
ASTM E21-09 [Ref. 16].

Elevated test temperatures were obtained with a three-zone electric resistance split-tube furnace with an
11-inch hot zone. Tensile specimens were soaked at temperature (±-50 F) for a minimum of 20 minutes
before testing. All tests were conducted in air.

The tensile specimens were 3.00 inches long with a 1.00 inch gage section and a reduced section of 1.50
inches long by 0.250 inch in diameter, as documented in Figure 5 (Drawing CND-B-3 654 Rev 2) of
TR-C-MCS-0O1 [Ref. 3]. The yield load, ultimate load, fracture load, unifonn elongation and elongation
at fracture were determined directly from the load-extension curve. The yield strength (0.2% offset
method), ultimate tensile strength and fracture strength were calculated using the original cross-sectional
area. Yield point elongation (YPE) was calculated as the difference in strain between the upper yield
strength and the onset of uniform strain hardening using the methodology described in E8/E8M-13a
[Ref. 15]..The final ,diameter and final gage length were determined from post-fracture photographs.
This final diameter measurement was used to calculate the fracture stress (true stress at fracture) and the
percent reduction in area. The final and original gage lengths were used to calculate total elongation after
fracture.

5.2 CHARPY V-NOTCH IMPACT TEST RESULTS

The results of the Charpy V-notch impact tests performed on the various materials contained in Capsule
830, which received a fluence of 2.42 x 1019 n/cm2 (E > 1.0 MeV) in 24.66 EFPY of operation, are

presented in Tables 5-1 through 5-8 and are compared with the unirradiated and previously withdrawn
capsule results as shown in Figures 5-1 through 5-12. The unirradiated and previously withdrawn capsule
results were taken from TR-C-MCS-002, Revision 0 [Ref. 4], BAW-2 177, Revision 01 [Ref. 17] and
WCAP- 16002, Revision 0 [Ref. 18]. The previous capsules, along with the original program unirradiated
material input data, were updated using CVGRAiPH, Version 6.0 from the hand-drawn plots presented in
the earliest reports. This accounts for the differences in measured values of 30 ft-lb and 50 ft-lb transition
temperature between the results documented in this report and those shown in prior Waterford Unit 3
capsule reports.

The transition temperature increases and changes in upper-shelf energies for the Capsule 830 materials are
summarized in Table 5-9 and led to the following results:

* Irradiation of the reactor vessel Lower Shell Plate M- 1004-2 Charpy specimens, oriented with the
longitudinal axis of the specimen parallel to the major working direction (longitudinal orientation),
resulted in an irradiated 30 ft-lb transition temperature of 0.1 0F and an irradiated 50 ft-lb transition
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temperature of 35.3°F. This results in a 30 ft-lb transition temperature increase of 13.6°F and a
50 ft-lb transition temperature increase of 23.6°F for the longitudinally oriented specimens.

* Irradiation of the reactor vessel Lower Shell Plate M-1004-2 Charpy specimens, oriented with the
longitudinal axis of the specimen perpendicular to the major working direction (transverse
orientation), resulted in an irradiated 30 ft-lb transition temperature of 0.8°F and an irradiated 50 ft-lb
transition temperature of 37.4°F. This results in a 30 ft-lb transition temperature increase of 25.3°F
and a 50 ft-lb transition temperature increase of 34.6°F for the transversely oriented specimens.

* Irradiation of the Surveillance Program Weld Material (Heat # 88114) Charpy specimens resulted in
an irradiated 30 ft-lb transition temperature of -65.4°F and an irradiated 50 ft-lb transition
temperature of -44.0°F. This results in a 30 ft-lb transition temperature increase of 19.0°F and a 50
fl-lb transition temperature increase of 21 .0°F.

* Irradiation of the Heat Affected Zone (IIAZ) Material Charpy specimens resulted in an irradiated
30 ft-lb transition temperature of -84.3°F and an irradiated 50 fl-lb transition temperature of -37.5°F.
This results in a 30 ft-lb transition temperature increase of 32.7 0F and a 50 ft-lb transition temperature
increase of 52.6°F.

* The irradiated upper-shelf energy of Lower Shell Plate M- 1004-2 (longitudinal orientation) resulted
in an average energy decrease of 12 ft-lb after irradiation. This results in an irradiated average upper-
shelf energy of 158 ft-lb for the longitudinally oriented specimens.

* The average upper-shelf energy of Lower Shell Plate M- 1004-2 (transverse orientation) resulted in an
average energy decrease of 3 ft-lb after irradiation. This results in an irradiated average upper-shelf
energy of 138 ft-lb for the transversely oriented specimens.

* The average upper-shelf energy of the Surveillance Program Weld Material (Heat # 88114) Charpy
specimens resulted in an average energy decrease of 23 ft-lb after irradiation. This results in an
irradiated average upper-shelf energy of 133 ft-lb for the weld metal specimens.

* The average upper-shelf energy of the HAZ Material Charpy specimens resulted in an average energy
decrease of 12 ft-lb after irradiation. This results in an irradiated average upper-shelf energy of
158 ft-lb for the JJAZ Material.

* Comparisons of the measured 30 ft-lb shift in transition temperature values and upper-shelf energy
decreases to those predicted by Regulatory Guide 1.99, Revision 2 [Ref. 11 for the Waterford Unit 3
reactor vessel surveillance materials are presented in Table 5-10.

Standard Reference Material (SRM) HSST 01 Charpy specimens were not included in the
Waterford Unit 3 Capsule 83°. However, the SRM HSST 01 Charpy specimens were reanalyzed
in this report. The SRMd HSST 01 material was contained in Capsule 2630, which was irradiated
to a neutron fluence of 1.45 x i0'9 n/cm2 (E > 1.0 MeV). The results of the SRM HSST 01
reanalysis will be included in Table 5-10 and shown in Figures 5-13 through 5-15.
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* Irradiation of the SRM HSST 01 Charpy specimens resulted in an irradiated 30 ft-lb
transition temperature of 1 85.0°F and an irradiated 50 ft-lb transition temperature of
211 .40 F. This results in a 30 ft-lb transition temperature increase of 150.5°F and a
50 ft-lb transition temperature increase of 151.3 °F.

* The average upper-shelf energy of the SRM HSST 01 Charpy specimens resulted in an
average energy decrease of 20 ft-lb after irradiation. This results in an irradiated average
upper-shelf energy of 113 ft-lb.

The fracture appearance of each irradiated Charpy specimen from the various materials is shown in
Figures 5-16 through 5-19. The fractures show an increasingly ductile or tougher appearance with
increasing test temperature. Load-time records for the individual instrumented Charpy specimens are
contained in Appendix B.

With consideration of the surveillance data, all beltline materials exhibit adequate upper-shelf energy
levels for continued safe plant operation and are predicted to maintain an upper-shelf energy greater than
50 ft-lb through end-of-license (32 FEPY) as required by 10 CFR 50, Appendix 0 [Ref. 2]. This
evaluation can be found in Appendix E.

5.3 TENSILE TEST RESULTS

The results of the tensile tests performed on the various materials contained in Capsule 83° irradiated to
2.42 x 1019 nt/cm 2 (EB> 1.0 MeV) are presented in Table 5-11 and are compared with unirradiated results

as shown in Figures 5-20 through 5-22.

The results of the tensile tests performed on the Lower Shell Plate M-1004-2 (transverse orientation)
indicated that irradiation to 2.42 x iO' 9 nl/cm 2 (B > 1.0 MeV) caused increases (except in one instance

there was a slight decrease) in the 0.2 percent offset yield strength, and consistently caused increases in
the ultimate tensile strength when compared to unirradiated data [Ref. 4]. See Figure 5-20 and Table
5-11.

The results of the tensile tests performed on the Surveillance Program Weld Material (Heat # 88114)
indicated that irradiation to 2.42 x 1019 n/cm2 (E > 1.0 MeV) caused increases (except in one instance
there was a decrease) in the 0.2 percent offset yield strength, and caused an increase in the ultimate tensile
strength for the single available data point when compared to unirradiated data [Ref. 4]. See Figure 5-21
and Table 5-11.

The results of the tensile tests performed on the Heat Affected Zone Material indicated that irradiation to
2.42 x 1019 n/cm2 (E > 1.0 MeV) caused increases in the 0.2 percent offset yield strength and the ultimate
tensile strength when compared to unirradiated data [Ref. 4]. See Figure 5-22 and Table 5-11.

The fractured tensile specimens for the Lower Shell Plate M-1004-2 (transverse orientation) material are
shown in Figure 5-23, the fractured tensile specimens for the Surveillance Program Weld Material
(Heat # 88114) are shown in Figure 5-24, and the fractured tensile specimens for the Heat Affected Zone
Material are shown in Figure 5-25. The engineering stress-strain curves for the tensile tests are shown in
Figures 5-26 through 5-3 1.
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Table 5-1 Charpy V-notch Data for the Waterford Unit 3 Lower Shell Plate M-1004-2
Irradiated to a Fluence of 2.42 x 10'9 n/cm2 (E > 1.0 MeV) (Longitudinal
Orientation)

Sample Temperature Impact Energy Lateral Expansion Shear
Number 0F 0C ft-lbs Joules mils mm%

14 25-2 11570.18 5

15 1 243 27 0.69 20

1E0-13547 25 0.64 20

13 0- 358 33 0.84 20

114 100 38 104 141 74 1.88 60

14J 200 93 121 164 84 2.13 85

liC 230 110 154 209 89 2.26 100

116 250 121 162 220 87 2.21 100

115 300 149 158 214 93 2.36 100
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Table 5-2 Charpy V-notch Data for the Waterford Unit 3 Lower Shell Plate M-1004-2
Irradiated to a Fluence of 2.42 x 1019 n/cm2 (E > 1.0 MeV) (Transverse Orientation)

Sample Temperature Impact Energy Lateral Expansion Shear

Number oF C ft-lbs Joules mils mm%

231 -50 -46 18 24 15 0.38 5

21Y -25 -32 19 26 17 0.43 5

22K -10 -23 13 18 12 0.30 10

25L 0 -18 33 45 29 0.74 20

24L 10 -12 33 45 26 0.66 20

25Y 25 -4 44 60 36 0.91 20

23T 40 4 62 84 46 1.17 25

261 100 38 84 114 67 1.70 50

222 150 66 120 163 82 2.08 85

21A 200 93 124 168 81 2.06 100

225 250 121 145 197 71 1.80 100

226 300 149 145 197 91 2.31 100
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Table 5-3 Charpy V-notch Data for. the Waterford Unit 3 Surveillance Program Weld
Material (Heat # 88114) Irradiated to a Fluence of 2.42 x 1019 n/cm2 (E > 1.0 MeV)

Sample Temperature Impact Energy Lateral Expansion Shear

Number oF C ft-lbs Joules mils mm%

337 -90 -68 10 14 13 0.33 10

3A2 -70 -57 28 38 20 0.51 25

31L -65 -54 29 39 21 0.53 20

31P -60 -51 28 38 23 0.58 30

34P -55 -48 41 56 33 0.84 35

325 -50 .- 46 48 65 35 0.89 40

334 -30 -34 70 95 54 1.37 50

35P 0 -18 96 130 66 1.68 60

347 69 21 117 159 84 2.13 95

371 100 38 137 186 90 2.29 98

37B 150 66 140 190 97 2.46 100

312 200 93 136 184 90 2.29 100
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Table 5-4 Charpy V-notch Data for the Waterford Unit 3 Heat Affected Zone (HAZ) Material
Irradiated to a Fluence of 2.42 x 1019 n/cm1 (E > 1.0 MeV)

Sample Temperature Impact Energy Lateral Expansion Shear

Number oF C ft-lbs Joules mils mm%

47M -125 -87 21 28 13 0.33 5

44K -90 -68 23 31 13 0.33 10

42E -80 -62 14 19 10 0.25 15

45U -75 -59 31 42 23 0.58 15

454 -70 -57 39 53 29 0.74 25

45L -60 -51 49 66 34 0.86 35

45A -50 -46 59 80 36 0.91 45

41Y 0 -18 71 96 53 1.35 65

43J 69 21 99 134 66 1.68 70

46K 150 66 131 178 84 2.13 100

457 200 93 163 221 88 2.24 100

472 250 121 179 243 85 2.16 100
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Table 5-5 Instrumented Charpy Impact Test Results for the Waterford Unit 3 Lower Shell Plate M-1004-2 Irradiated to a Fluence of
2.42 x 10'9 n/cm2 (E > 1.0 MeV) (Longitudinal Orientation)

Tet Total Dial Total Energy to General Fracture Ars
Sample Tet Energy, Instrumented Difference, Max Maximum Time to Yield Load, LAdeFa
Number Temp KVEnergy, (KV-W0)/KV Load, Load, Fm Fm Load, FrLbad)F

Nb (F VW 1  (%) Wm (lb) (msec) Fv(b
(°) (ft-lb) (ft-lb) (ft-lb) ______(lb) (lb)

145 -25 11 10 9 4.3 4400 0.11 3400 3700 0

15M 0 13 11 15 3.5 4000 0.09 3400 3700 0

15L 5 32 30 6 27.8 4200 0.48 3200 4200 0

14E 10 35 31 11 29.1 4200 0.50 3200 4100 0

13P 20 43 39 9 35.5 4400 0.60 3100 4300 500

12B3 30 53 47 11 45.5 4300 0.76 3200 4300 500

12U 40 62 56 10 51.8 4300 0.87 3000 4100 600

114 100 104 103 1 44.0 4200 0.77 3000 3200 2100

14J 200 121 118 3 43.1 4000 0.79 2700 2900 2000

11C 230 154 148 4 51.5 4000 0.95 2600 0 0

116 250 162 157 3 44.0 4200 0.83 2600 0 0

115 300 158 153 3 51.6 3900 0.95 2500 0 0
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Westinghouse Non-Proprietary Class 3 5-10

Table 5-6 Instrumented Charpy Impact Test Results for the Waterford Unit 3 Lower Shell Plate M-1004-2 Irradiated to a Fluence of
2.42 x 1019 n/cm2 (E > 1.0 MeV) (Transverse Orientation)

Toa il Total Energy to General
Sml Tet ney, Instrumented Difference, Max Maximum Time to Yield Fracture ArrestSape Temp Eery Energy, (KV-Wt)/KV Load, Load, Fm Fm Load, Load, Fbf Load, Fa

Number(ftFlb) Wt (%) Wm (lb) (msec) F• (lb) (lb)
(-l) (ft-lb) (ft-lb) (lb)

231 -50 18 18 0 16.2 4100 0.29 3500 4100 0

21Y -25 19 18 5 3.1 4200 0.09 3300 4000 0

22K -10 13 11 15 3.5 4100 0.09 3300 3700 0

25L 0 33 31 6 29.6 4200 0.51 3300 4200 0

2L 13330* 9 24.3 4100 0.43 3200 4000 300

2Y 24439 11 35 4200 0.61 3200 4100 400

2T06258 7 36.2 4300 0.62 3200 4200 300

26 0 480 5 33.2 4100 0.60 2900 3300 1600

22 10 10117 3 43.1 4000 0.79 2700 2400 1600

2A 20 14121 2 32 4000 0.60 2800 0 0

25 2045140 3 52.6 4000 0.94 2600 0 0

26 30 15140 3 42.1 4000 0.80 2800 0 0

*Note: In accordance with Reference 13, an adjustment was made to this value to include additional absorbed energy after the load crossed zero.
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Westinghouse Non-Proprietary Class 3 5-11

Table 5-7 Instrumented Charpy Impact Test Results for the Waterford Unit 3 Surveillance Program Weld Material (Heat # 88114)
Irradiated to a Fluence of 2.42 x 1019 n/cm 2 (E > 1.0 MeV)

Ts ToaDil Total Energy to General
Tet Energy, Instrumented Difference, Max Maximum Time to Yield Fracture ArrestSml TmpEnergy, (KV-WO/IKV Load, Load, Fm Fm Load, Load, Fbf Load, Fa

Sample(TempbK Wt (%) Wm (lb) (msec) F~, (lb) (b
Nme (F) ftb)(ft-lb) (ft-lb) (Ib) (b

337 -90 10 10 0 4.5 5200 0.12 3800 3900 0

3A2 -70 28 25 11 5.1 4400 0.11 3900 4100 300

31L -65 29 27 7 3.5 4600 0.09 3500 4400 0

31P -60 28 25 11 4.4 5100 0.12 3900 4600 400

34P -55 41 36 12 3.5 4500 0.09 3400 4200 700

325 -50 48 43 10 3.7 4600 0.09 3800 4400 1400

334 -30 70 65 7 38.0 4400 0.60 3700 4200 1900

35P 0 96 93 3 37.2 4400 0.60 3500 3500 1700

347 69 117 116 1 35.0 4200 0.60 3200 2800 2600

371 100 137 133 3 34.5 4200 0.60 3200 2300 2000

37B3 150 140 136 3 34.7 4100 0.63 3100 0 0

312 200 136 134 2 34.9 4100 0.63 3000 0 0
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Westinghouse Non-Proprietary Class 3 5-12

Table 5-8 Instrumented Charp~y Impact Test Results for the Waterford Unit 3 Heat Affected Zone (HAZ) Material Irradiated to a
Fluence of 2.42 x 1019 n/cm2 (E > 1.0 MeV)

TotalEnery toGeneralTet Total Dial ToaEnrytTet Eeg, Instrumented Difference, Max Maximum Time to Yield Fracture ArrestSample Enermp, Energy, (KV-Wt)/KV Load, Load, Frm Fm Load, Load, Fbr Load, Fa
Number Tep KV

(ft-lb) (ft-lb) (lb)

47M -125 21 21 0 4.8 5200 0.11 4300 4900 0

44K -90 23 23 0 3.8 4600 0.09 3500 4500 0

42E -80 14 12 14 3.8 4600 0.09 4100 4300 0

45U -75 31 31 0 3.9 4800 0.09 3800 4500 0

454 -70 39 36 8 32.3 4600 0.50 3600 4400 0

45L -60 49 47 4 40.4 4600 0.61 3700 4500 0

45A -50 59 54 9 3.7 4600 0.09 3700 4400 600

41Y 0 71 70 1 30.5 4400 0.50 3600 4200 2500

43J 69 99 93 6 36.4 4400 0.61 3300 3300 2200

46K 150 131 128 2 4.0 4900 0.13 3200 0 0

457 200 1 63 159 3 45.5 4200 0.79 3100 0 0

472 250 179 174 3 56.0 4200 0.95 3000 0 0
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Westinghouse Non-Proprietary Class 3 5-13

Table 5-9 Effect of Irradiation to 2.42 x 1019 n/cm2 (E > 1.0 MeV) on the Charpy V-Notch Toughness Properties of the Waterford

Unit 3 Reactor Vessel Surveillance Capsule 830 Materials

Average 30 ft-lb Transition Average 35 mai Lateral Expansion Average 50 ft-lb Transition Average Energy Absorption at
Material Temperature(al (0F) Temperature(a) (0F) Temperature(a) (0F) FlSera (t-l)

Unirradiated Irradiated AT Unirradiated Irradiated AT Unirradiated Irradiated AT Unirradiated Irradiated AE

Lower Shell Plate
M- 1004-2 -13.5 0.1 13.6 5.3 26.6 21.3 11.7 35.3 23.6 170 158 -12

(Longitudinal)_____________

Lower Shell Plate

M-1004-2 -24.5 0.8 25.3 -6.7 23 29.7 2.8 37.4 34.6 141 138 -3

(Transverse)

Surveillance

Weld Material -84.4 -65.4 19.0 -68.2 -48.1 20.1 -65.0 -44.0 21.0 156 133 -23

(Heat # 88114)

Heat Affected -170-43 3. -8.-4. 492 -01-75 2610
-11.0 -843 2.7 -8.7 405 4.2 -901 37. 5.6 70158 -12

Zone Material

Note:

(a) Average value is determined by CVGRAPH, Version 6.0 (see Appendix C).
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Westinghouse Non-Proprietary Class 3 5-14

Table 5-10 Comparison of the Waterford Unit 3 Surveillance Material 30 ft-lb Transition
Temperature Shifts and Upper-Shelf Energy Decreases with Regulatory Guide 1.99,
Revision 2, Predictions

Capsule 30 ft-lb Transition Upper-Shelf Energy
Fluence Temperature Shift Decrease

Material Capsule (xlO'9 n/cm2 , Predicted(a) Measured~b) Predicted(a) Measured(b)

_____ E > 1.0 MeV) (0F) (0F) (%) (%)
Lower Shell Plate 970 0.63 1 17.4 6.1I 17 9

M-1004-2 (Longitudinal) .830 ., 2.42 24.8 13.6 23 7

970 0.631 17.4 28.0 17 12
LwrSelPae2630° 1.45 22.1 -9.1 21 7

M-1004-2 (Transverse) 8° .. .22. 53 3

970 0.631 38.7 23.5 17 1
Surveillance Weld Material 26 14490.617

(Heat#88114) 38305 ", 2242 • ' 55.0 -19.01 23 .... "15 :

970 0.631 - -- 13.5 -8

Heat Affected Zone Material 2630 1.45 --- 25.8 - - - 4
8330 2.42 -- 32.7 - -- 7

Standard Reference Material 263 ° 1.45 -- 150.5 --- 15

Notes:

(a) Based on Regulatory Guide 1.99, Revision 2, methodology using the capsule fluence and mean weight percent values of
copper and nickel of the surveillance material.

(b) Calculated by CVGRAPH, Version 6.0 using measured Charpy data (See Appendix C).
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Westinghouse Non-Proprietary Class 3 5-15

Table 5-11 Tensile Properties of the Waterford Unit 3 Capsule 830 Reactor Vessel Surveillance Materials Irradiated to
2.42 X 10'9 n/cm2 (E > 1.0 MeV)

0.2% Fracture
Test Ultimate Fracture Fracture Uniform Total Reduction

SampletrenYieldd STruethElongation Elongation in AreaMaterial Number Temp. (stregt Stegh Lod Srngh Srss)
Strengtsh (ksi) (kip) (ksi) (k%))(%) (%)

2J3 69 74.7 94.6 3.11 63.3 188 11.9 26.5 66
Lower Shell Plate

M-1004-2 2L7 250 68.2 86.7 2.74 55.9 161 9.7 23.7 65
(Transverse)

2K4 550 64.4 89.3 3.15 64.2 147 9.9 19.8 56

3K5 71 85.4 * * * * * * *
Surveillance Weld ______

Material 3KD 250 76.4 89.5 2.71 55.3 179 8.1 21.4 69
(Heat # 88114)

3L3 550 76.2 * * * * * * *

4J3 71 73.3 96.6 2.92 59.4 184 7.1 19.9 68

Heat Affected
ZnMaeil 4KB 250 67.4 88.5 2.73 55.7 203 5.2 18.0 73

4JC 550 69.7 90.9 3.05 62.1 339 4.9 15.8 82

•*Note: For specimens 3K5 and 3L3, the specimens broke outside of the gage section; as a result, the tensile results may not reflect the weld

behavior and are therefore not reported.
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Westinghouse Non-Proprietary Class 3 515-16

Lower Shell Plate M-1004-2 (Longitudinal)
CVGraph 6.0: Hypez~oolic Tangent Curve Printed on 2'26$201 5 1:14 PM

Curve Plant Capsiule Material On, Heat
1 Waterford 3 Uufin'ad SA533B 1 LT jNR 57 286-1

2 Waterford 3 97' SAS33BI LT NP. 57 286-1

3 Waterford 3 830 SA533B1 LT N.R 57 286-1

Zen

ggI,

25 -o no m o 4o •

Temperature (0 F)

Curve Fluenee LSE USE d-USE T @30 [d-l @30 T @50 d-T @50
j __ 2.2 1701 0 -13.5 j 0 1 1,7 0

__3 2_2 158 -__ 12 0_I 113.6 250 23,6

Figure 5-1 Charpy V-Notch Impact Energy vs. Temperature for Waterford Unit 3 ReactorVessel Lower Shell Plate M-1004-2 (Longitudinal Orientation)

WCAP- 17969-NP
Revision 0



Westinghouse Non-Proprietary Class 3 5-17
Westinghouse Non-Proprietary Class 3 5-17

Lower Shell Plate M-1004-2 (Longitudinal)
CVGraph 6.0: Hyperbolic Tangent Curve Printed on 2'26'2015 1:19 PM

ur€Plant Capsuile Material On Heat #4
1Waterford 3 Utuirrad SA533BI LT jNR 57 286-1

2Wate-ford 3 97• SAS33B 1 LT NR 57 286-1

Waterfordl 3 83° SA533BI LT NR 57 286-1

9,1

S.

S

C

U,

7.

60

S.

4.

-306 -26 -160 0 300 20 300 40 500 60Temperature (01IV)

Curv Fluence LSE USE d-USE T @3 d-T @~3

2 ______ 1 88.56 -2.51 10.5 5.2
3188.05 -3.02 26.6 21.3

Figure 5-2 Charpy V-Notch Lateral Expansion vs. Temperature for Waterford Unit 3 ReactorVessel Lower Shell Plate M-1004-2 (Longitudinal Orientation)
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Westinghouse Non-Proprietary Class 3 5-18
Westinghouse Non-Proprietary Class 3 5-18

Lower Shell Plate M-1004-2 (Longitudinal)
C'VOraph 6.0: Hyperbolic Tangent Curve Prited on 2 26!2015 1:21 PM

4J

Curve Plant J Capsule Material Orn Heat #
1 Waterford 3 Unirrad SA533B 1 LT JNR 57 286-1J

2 Wateiford 3 j 970 SA533B 1 LT NR. 57 286-1J

-3 Waterford 3 83O SA533B1 LT NR 57 286-1

,,o ____

I ~i
-I

0 -- --- I 1---

-300 -2110 -100 0 100 200 300 400 500 6S0
Temperature (0 F)

CuI 100ce LE S 0-S 4 '0 dT 85

C1v lec 0S USE d-S 40T 0~O dT(5

2 0 100 0 52.2 1 IA

3 0 ______.______ 100 0 85.6 44.8

Figure 5-3 Charpy V-Notch Percent Shear vs. Temperature for Waterford Unit 3 ReactorVessel Lower Shell Plate M-1004-2 (Longitudinal Orientation)
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Westinghouse Non-Proprietary Class 3 5-19Westinghouse Non-Proprietary Class 3 5-19

Lower Shell Plate M-1004-2 (Transverse)
CVGraph 6.0: Hyperbolic Tangent Curve Printed on 2'2&:201 5 1:~36 PM

Curve Plant Capsule Material Oni. Heat #

1 Waterford 3 Unirrad SAS33BI TL NR 57 286-1

2 Waterford 3 97° SAS33B I TL NR 57 286-1
3 Waterford 3 2630 SA533B 1 T- NR 57 286-1

4 Waterford 3 3°SAS33BI TL NR 57 286-1

20O

'75

150

"712

7IW

25i

100 200 300 400 500 600Temperature (01?)

Figure 5-4 Charpy V-Notch Impact Energy vs. Temperature for Waterford Unit 3 ReactorVessel Lower Shell Plate M-1004-2 (Transverse Orientation)
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Westinghouse Non-Proprietary Class 3 5-20
Westinghouse Non-Proprietary Class 3 5-20

Lower Shell Plate M-1004-2 (Transverse)

CVGraph 6.0: Hyperbolic Tangent Cutrve Punmted on 226,2015 1:36 PM

Carve Fiuenre LSE USE dl-USE 1 •:3 dl-T @30 iT @'0 dl-i @t50
1 2, 141 0 -24.5 0 2.S 0

1 2.2 124 -17 3.5 28 33.1 30.3

3 2.2 131 -10 -33.6 -9.1 1.! A 8.3
4 2.2 13S -3 08 253 37.4 34.6

Figure 5-4(a) Charpy V-Notch Impact Energy vs. Temperature for Waterford Unit 3 ReactorVessel Lower Shell Plate M-I004-2 (Transverse Orientation) - Continued
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Westinghouse Non-Proprietary Class 3 5-21
Westinghouse Non-Proprietary Class 3 5-21

Lower Shell Plate M-1004-2 (Transverse)
CVGraph 6.0: Hyperbolic Tangent Curve Printed on 2/26'201 51:39 PM

Curve Plant Capsule Material Onf Heat #*

1 Waterfordl 3 Unirrd SA533B! TI. NR 57 286,-1

2 Waterford 3 97° SA533BI TI. NR 57 286-1
3 Waterford 3 263° SA533B 1 TL N'R 57 286-1

4 Waterford 3 83° SAS33BI TI. NR 57 286-1

100

C

I..

o ..... L....A .... .a ... IA.300 -200 -100 0 100 200 300 400 500 60
Temperature (o F)

Figure 5-5 Charpy V-Notch Lateral Expansion vs. Temperature for Waterford Unit 3 ReactorVessel Lower Shell Plate M-1004-2 (Transverse Orientation)
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Westinghouse Non-Proprietary Class 3 5-22
Westinghouse Non-Proprietary Class 3 5-22

Lower Shell Plate M-1004-2 (transverse)
CVGraph 6.0: Hyperbolic Tangent Curve Printed onl 2 26 2015 1:39 PM

Curve IFluenee LSE ['SE d-USE T @'35 d-T •j35

1 1 90,72 0 -6.7 0

2 ~1 83,47 -7.25 19.1 25.8

3 1 77.6 -13.12 9.9 16.6

-1 1 82.SS -8.14 23 297

Figure 5-5(a) Charpy V-Notch Lateral Expansion vs. Temperature for Waterford Unit 3 ReactorVessel Lower Shell Plate M-1004-2 (Transverse Orientation) - Continued
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Westinghouse Non-Proprietary Class 3 525-23

Lower Shell Plate M1-1004-2 (Transverse)
CV~nraph 6.0: Hyperbolic Tangent Ctu'e Printed on 2.26/2015 1:41 PM

Curve Plant Capsule Material Ori Heat #

1 Wateiford 3 Unirrad SA533B 1 TL NR 57 286-1

2 Waterford 3 9 SA533BI iT NR 57 286-1

3 Waterford 3 263• SA533BI TL NR 57 286-1

4 Watr~ford 3 83Y SAS33BI TL NR 57 286-1

I10

go

€1

4?

70

401

30

20

10

-300 -200 -160 0 100 260 300 400 56 6
Temperature (0 IF)

Figure 5-6 Charpy V-Notch Percent Shear vs. Temperature for Waterford Unit 3 ReactorVessel Lower Shell Plate M-1004-2 (Transverse Orientation)
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Westinghouse Non-Proprietary Class 3 525-24

Lower Shell Plate MI-1004-2 (Transverse)
CVGraph 6.0: Hyperbolic Tangent Curve Printed on 2262015 1:41 PM

Curve fhtence LSE t'SE d-USE T (•$0 d-T •30

10 100 0 40.4 0

20 100 0 43.9 iS,

3 0 100 0 66.5 2.

4 0 100 0 85545•1

Figure 5-6(a) Charpy V-Notch Percent Shear vs. Temperature for Waterford Unit 3 ReactorVessel Lower Shell Plate M-1004-2 (Transverse Orientation) - Continued
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Westinghouse Non-Proprietary Class 3 525-25

Surveillance Program Weld Metal
CVC~raph 6.0: Hyper~bolic Tangent Curve Printed on 2~26'201 3 1:45 PM

Curve Plant Capsule Material Oni Heat

1 Waterford 31 Unutrad SAW NA 88114

2 Wteror 3 ... 7..SAW.NA.88.14

3 Waterford 3 263 SAW NA 88114

4 Wate-ford 3 83° SAW NA 88114

175

~75

5,

25

-300 -ZOO0 -1W0 0 100 200 300 400 50 61
Temperature (0 F)

Figure 5-7 Charpy V-Notch Impact Energy vs. Temperature for the Waterford Unit 3 ReactorVessel Surveillance Program Weld Material (Heat # 88114)
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Westinghouse Non-Proprietary Class 3 5-26
Westinghouse Non-Proprietary Class 3 5-26

Surveillance Program Weld Metal
_______ CVGrapb 6.0: Hyperbolic Tangent Curvce Printed ont 2 262015 1:45 PM

Curve Fiue~ce LSE IUSE d-USE T (•30 d-T @30 T @'50 d-T 4150

1 2.2 156 0 -84.4 0 -65 0

2 2.2 15-4 -2 -609 ~3,5 -35.9 29.1

3 2.2 145 -11 -77.8 6.60 -51.4 13.6

4 2.2 133 -23 -65.4 19 -44 21

Figure 5-7(a) Charpy V-Notch Impact Energy vs. Temperature for the Waterford Unit 3 ReactorVessel Surveillance Program Weld Material (Heat # 88114) - Continued
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Westinghouse Non-Proprietary Class 3 525-27

Surveillance Program Weld Metal
CVGraph 6.0: Hyperbolic Tangent Curve Printed on 2,262015 1:52 PM

Curiae Plant Capsule Material Ori. Heat #

1 Waterford 3 Unirrad SAW NA 88114

2 Watefford 3 970 SAW NA 88114
3 Waterford 3 2630 SAW NA 88114

I, 4 Waterford 3 830 SAW NA 88114

100

90

N

U,

U,

I-

7.

50

4.

30

20

10

-.300 -200 -100 0 100 200 300 400 500 600
Temperature (*1?

Figure 5-8 Charpy V-Notch Lateral Expansion vs. Temperature for the Waterford Unit 3Reactor Vessel Surveillance Program Weld Material (Heat # 88114)
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Westinghouse Non-Proprietary Class 3 5-28
Westinghouse Non-Proprietary Class 3 5-28

Surveillance Program Weld Metal

CVGraph 6.0: Hyperbolic Tangent Curv'e Printed on 2 262015 1:52 PM

Curi-e Fluence LSE USE d-USE T •3 d-T (35
1 1 95.53 0 -682 0

2 1 8S46 -7.07 -39,8 28.4
3 1 85.31 -10,22 -46.7 215

4 1 91.19 -4.34 -48 1 20.1

Figure 5-8(a) Charpy V-Notch Lateral Expansion vs. Temperature for the Waterford Unit 3Reactor Vessel Surveillance Program Weld Material (Heat # 88114) - Continued
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Westinghouse Non-Proprietary Class 3 5-29
Westinghouse Non-Proprietary Class 3 5-29

Surveillance Program Weld Metal
CVGraph 6.0: Hyperbolic Tangent Curve Printed on 2'26'2015 I:54 PM

Curve Plant Caipsule Matenial Orn Heat#

1 Waterford 3 Unirrad SAW NA 88114

2 Waterford 3 970 SAW NA 88114

3 Waterford 3 2630o SAW NA 881!14

4 Watenford 3 830 SAW NA 88114

. 110

100

-300 -300 -100 0 100 200 300 400 500 600
Temperature (0 F)

Figure 5-9 Charpy V-Notch Percent Shear vs. Temperature for the Waterford Unit 3 ReactorVessel Surveillance Program Weld Material (Heat # 88114)
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v - - 5-30
Westinghouse Non-Proprietary Class 3 5-30

Surveillance Program Weld Metal
__________ CVGraph 6•0: Hyperbolic Tangent Curve Printed on 2 26 2015 1:54 PM

Curve Fluence LSE USE d-USE T (•$0 d-T •$0

1 0 100 0 -51 0

20 100 0 -31.1 19.9

3 0 100 0 -36.2 14.8

4 0 100 0 -26 25

Figure 5-9(a) Charpy V-Notch Percent Shear vs. Temperature for the Waterford Unit 3 ReactorVessel Surveillance Program Weld Material (Heat # 88114) - Continued
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Westinghouse Non-Proprietary Class 3 535-31

Heat Affected Zone
CVGraph 6•0: Hyperbolic Tangent Curve Printed on 2262015 1:58 PM

Curv'e Plant Ca~psule Material Oni. Heat #

1Waterford 3 Unirrad SA533B ! NA NR 57 286-1

2 Waterford 3 970 SAS33B 1 NA NR 57 286-1
3 Waterford 3 2630 SA533BI NA N'R 57 286-1
4 Waterfor'd 3 83¢ SAS33BI NA NR 57 286-1

200

175

15

50

25

o m~-3OM -200 -100 0 100 20 300 4410 500 400
Temperature (0 F)

Figure 5-10 Charpy V-Notch Impact Energy vs. Temperature for the Waterford Unit 3 ReactorVessel Heat Affected Zone Material

WCAP- 17969-NP April 2015
Revision 0



1

Westinghouse Non-Proprietary Class 3 5-32
Westinghouse Non-Proprietary Class 3 5-32

Heat Affected Zone

CVGraph 6.0: Hyperbolic Tangent Curve Printecd on 2 262015 1:58 PM

Curve Fluence LSE USE d-USE T" @30 d-T @30 T @50 d-T @30

1 2.2 170 0 -117 0 -90.1 0

22,2 156 -14 -103,5 13.5 -71.9 18o2

3 2.2 163 -7 -91.2 25.8 -61.7 28.4

4 2.2 158 -12 -84.3 327~ -37.5 52.6

Figure 5-10(a) Charpy V-Notch Impact Energy vs. Temperature for the Waterford Unit 3
Reactor Vessel Heat Affected Zone Material - Continued
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Westinghouse Non-Proprietary Class 3 5-33
Westinghouse Non-Proprietary Class 3 5-33

Heat Affected Zone
CVGraph 6•0: Hyperbolic Tangent Curve Printed on 226/2015 2:01 PM

Curve Plant Capsule Material Orn. Heat M
1 Watet-fo~rd S Unirrad SAS33B 1 NA NR 57 286-1
2 Waterford 5 970 SASS33BI NA NR 57 286-1
3 Warerford 3 2630 SA533BI NA NR 57 286-1
4 Waterford 3 830 SAS33B1 NA NR 57 286-1

ISO

90

3,

Cn

C

7,

60

5,

4.

3,

20

.30o -200 -100 0 100 206
Temperature (0 F)

300 400e 500ee

Figure 5-11 Charpy V-Notch Lateral Expansion vs. Temperature for the Waterford Unit 3Reactor Vessel Heat Affected Zone Material
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Westinghouse Non-Proprietary Class 3 535-34

Heat Affected Zone
________CVGraph 6.0: Hyperbolic Tangent Ctur-e Printed on 2 26 2015 2:01 PM

Carve Flneuce L SE USE d-USE T @ 35 d-T •33

1 1 3792 0 -89,7 0

21 77,96 -9.96 -71.8 17,9

3 1 75.15 -12.77 -56.4 33•3
41 1 8643 -1.49 -40.5 49.2

Figure 5-11(a) Charpy V-Notch Lateral Expansion vs. Temperature for the Waterford Unit 3Reactor Vessel Heat Affected Zone Material - Continued
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Westinghouse Non-Proprietary Class 3 535-35

Heat Affected Zone
CVGraph 6.0: Hyperbolic Tangent Curve Printed on 2•26 2015 2:15 PM

Cun-c Plant Capsule Material Ori. Heat ,•

1 Waterford 3 Unirrad SA533B1 NA NR 57 286-1

2 Waterford 3 97° SAS33BI NA NR 57 286-1

3 Watefford 3 263° SA533BI NA NR 57 286-1

4 Waterford 3 83° SA533BI NA NR 57 286-1

I10

100

'0

88

gI,,

w4O

I03

0 100 200 3100 400 500 600
Temperature (0*'

Figure 5-12 Charpy V-Notch Percent Shear vs. Temperature for the Waterford Unit 3 ReactorVessel Heat Affected Zone Material
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Westinghouse Non-Proprietary Class 3 535-36

Heat Affected Zone
CVGraph 60: Hyperbolic Tangent Curve Prinred on 2262015 2:15 PM

Curve Fluetnce LSE USE d-U:SE T1 (•3 d-T •$0

1 0 100 0 -55.4 0

20 100 0 -37,6 17.8

3 0 100 0 -53.42

4 0 100 0 -15.9 395.

Figure 5-12(a) Charpy V-Notch Percent Shear vs. Temperature for the Waterford Unit 3 ReactorVessel Heat Affected Zone Material - Continued
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Westinghouse Non-Proprietary Class 3 5-37
Westinghouse Non-Proprietary Class 3 5-37

Standard Reference Material
CV~raph 6.0: Hyperbolic Tangent Curve Printed on 2<26 2015 2:19 PM

Curve Plant Capsule Material Ori.

1Waterfond 3 Unirrad SA533BI LT

2 Waterford 3 263 ° SAS33B ! LT

200

175

150

F.125

25

•.30W -20 -1W 0 100 20)0 300 40 50 6400
Temperature (0 3?)

Curve Fluenee LSE fUSE Jd-USE T @30 d-T. @30 T @50 fd-T @50

1 j2.2 j133 I 01 34.5101 60.1 0
2 2.2 4 113 V -20 185 150.5 21. 151.3~

Figure 5-13 Charpy V-Notch Impact Energy vs. Temperature for the Waterford Unit 3 ReactorVessel Standard Reference Material
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Westinghouse Non-Proprietary Class 3 5-38
Westinghouse Non-Proprietary Class 3 5-38

Standard Reference Material
CVGraph 6.0: Hypverboolic Tangent Cnrnc Printed on 2'26~201 5 2:23 PM
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Figure 5-14 Charpy V-Notch Lateral Expansion vs. Temperature for the Waterford Unit 3Reactor Vessel Standard Reference Material
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Figure 5-15 Charpy V-Notch Percent Shear vs. Temperature for the Waterford Unit 3 ReactorVessel Standard Reference Material
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Figure 5-16 Charpy Impact Specimen Fracture Surfaces for Waterford Unit 3 Reactor VesselLower Shell Plate M-1004-2 (Longitudinal Orientation)
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Figure 5-17 Charpy Impact Specimen Fracture Surfaces for Waterford Unit 3 Reactor VesselLower Shell Plate M-1004-2 (Transverse Orientation)
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Figure 5-18 Charpy Impact Specimen Fracture Surfaces for the Waterford Unit 3 ReactorVessel Surveillance Program Weld Material (Heat # 88114)
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Figure 5-19 Charpy Impact Specimen Fracture Surfaces for the Waterford Unit 3 ReactorVessel Heat Affected Zone Material
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Figure 5-20 Tensile Properties for Waterford Unit 3 Reactor Vessel Lower Shell Plate M-1004-2(Transverse Orientation)
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Figure 5-21 Tensile Properties for the Waterford Unit 3 Reactor Vessel Surveillance Program
Weld Material (Heat # 88114)

WCAP- 17969-NP
April 2015Revision 0



Westinghouse Non-Proprietary Class 3 5-46

1 0 0 .0 . .. .... ..... . . . ..... . . . .. . .. . ... .... . .. . . .. .. . .. . . . .

60,0 0.2% Yield Strength - __,__

0

40.0

20.0

0~ 100 200 300 4,00 500 600o

Temperature (°F)

Legend: A and e and m are unirradiatedA and o and o are irradiated to 2.42 x 10'9 n/cm2 (E > 1.0 MeV)

90 -. -

70 Area Reduction

60- _- -___

40

30O _ _ _ _ _

Total Elongation
20 I

0 ~ Uniform Elongation
o0 100 200 300 400 500 600

Temperature (*F)

Figure 5-22 Tensile Properties for the Waterford Unit 3 Reactor Vessel Heat Affected ZoneMaterial
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Figure 5-23 Fractured Tensile Specimens from Waterford Unit 3 Reactor Vessel Lower ShellPlate M-1004-2 (Transverse Orientation)
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Figure 5-24 Fractured Tensile Specimens from the Waterford Unit 3 Reactor Vessel Surveillance
Program Weld Material (Heat # 88114)
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Figure 5-25 Fractured Tensile Specimens from the WaterfordAffected Zone Material
Unit 3 Reactor Vessel Heat
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Figure 5-26 Engineering Stress-Strain Curves for Waterford Unit 3 Lower Shell Plate M-1004-2
Tensile Specimens 2J3 and 2L7 (Transverse Orientation)

WCAP-1 7969-NP April 2015
Revision 0



_ _ r 5-51
Westinghouse Non-Proprietary Class 3 5-51

inn.

0 10 20 30
Strain [%J

Tensile Specimen 2K4 Tested at 550°F

Figure 5-27 Engineering Stress-Strain Curve for Waterford Unit 3 Lower Shell Plate M-1004-2
Tensile Specimen 2K4 (Transverse Orientation)
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Figure 5-28 Engineering Stress-Strain Curves for Waterford Unit 3 Surveillance Program Weld
Material (Heat # 88114) Tensile Specimens 3K5 and 3KD
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Figure 5-29 Engineering Stress-Strain Curve for Waterford Unit 3 Surveillance Program WeldMaterial (Heat # 88114) Tensile Specimen 3L3
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Figure 5-30 Engineering Stress-Strain Curves for Waterford Unit 3 Heat Affected Zone Material
Tensile Specimens 4J13 and 4KB
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Figure 5-31 Engineering Stress-Strain Curve for Waterford Unit 3 Heat Affected Zone Material
Tensile Specimen 4JC
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6 RADIATION ANALYSIS AND NEUTRON DOSIMETRY

6.1 INTRODUCTION

This section describes a discrete ordinates (Se) transport analysis performed for the Waterford Unit 3
reactor to determine the neutron radiation environment within the reactor pressure vessel and surveillance
capsules. In this analysis, fast neutron exposure parameters in terms of fast neutron fluence
(E > 1.0 MeV) and iron atom displacements (dpa) were established on a plant- and fuel-cycle-specific
basis. An evaluation of the most recent dosimetry sensor set from Capsule 830, withdrawn at the end of
the nineteenth plant operating cycle, is provided. In addition, the sensor sets from the previously
withdrawn capsules (970 and 263°) are presented. Comparisons of the results from these dosimetry
evaluations with the analytical predictions served to validate the plant-specific neutron transport
calculations. These validated calculations subsequently form the basis for projections of the neutron
exposure of the reactor pressure vessel for operating periods extending to 60 effective full-power years
(EFPY) at 3716 MWt.

The use of fast neutron fluence (E > 1.0 MeV) to correlate measured material property changes to the
neutron exposure of the material has traditionally been accepted for the development of damage trend
curves as well as for the implementation of trend curve data to assess the condition of the vessel.
However, in recent years, it has been suggested that an exposure model that accounts for differences in
neutron energy spectra between surveillance capsule locations and positions within the vessel wall could
lead to an improvement in the uncertainties associated with damage trend curves and improved accuracy
in the evaluation of damage gradients through the reactor vessel wall.

Because of this potential shift away from a threshold fluence toward an energy-dependent damage
function for data correlation, ASTM Standard Practice E853-13, "Standard Practice for Analysis and
Interpretation of Light-Water Reactor Surveillance Results," [Ref. 19] recommends reporting
displacements per iron atom along with fluence (E > 1.0 MeV) to provide a database for future reference.
The energy-dependent dpa function to be used for this evaluation is specified in ASTM Standard Practice
E693 -94, "Standard Practice for Characterizing Neutron Exposures in Iron and Low Alloy Steels in Terms
of Displacements per Atom" [Ref. 20]. The application of the dpa parameter to the assessment of
embrittlement gradients through the thickness of the reactor vessel wall has already been promulgated in
Revision 2 to Regulatory Guide 1.99, "Radiation Embrittlement of Reactor Vessel Materials" [Ref. 1 ].

All of the calculations and dosimetry evaluations described in this section and in Appendix A were based
on nuclear cross-section data derived from ENDF/B-VI and used the latest available calculational tools.
Furthermore, the neutron transport and dosimetry evaluation methodologies follow the guidance of
Regulatory Guide 1.190, "Calculational and Dosimetry Methods for Determining Pressure Vessel Neutron
Fluence" [Ref. 21]. Additionally, the methods used to develop the calculated pressure vessel fluence are
consistent with the NRC-approved methodology described in WCAP- 14040-A, Revision 4,
"Methodology Used to Develop Cold Overpressure Mitigating System Setpoints and RCS Fleatup and
Cooldown Limit Curves," May 2004 [Ref. 22]. As an improvement, instead of the fluence rate synthesis
technique, three-dimensional transport calculations were performed.
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6.2 DISCRETE ORDINATES ANALYSIS

The arrangement of the surveillance capsules in the Waterford Unit 3 reactor vessel is shown in
Figure 4-1. Six irradiation capsules attached to the pressure vessel inside wall are included in the reactor
design that constitutes the reactor vessel surveillance program. The capsules are located at azimuthal
angles of 830, 970, 1040, 2630, 2770, and 2840 as shown in Figure 4-1. These full-core positions
correspond to the following octant symmetric locations represented in Figure 6-1: 70 from the core
cardinal axes (for the 830, 970, 2630 and 2770 capsules) and 140 from the core cardinal axes (for the 104°
and 2840 capsules). The stainless steel specimen containers are 1.402-inch by 0.652-inch and are
approximately 98 inches in height. The containers are positioned axially such that the test specimens are
centered 6.25 inches above the core midplane, thus spanning the approximate central eight feet of the
12.5-foot-high reactor core.

From a neutronic standpoint, the surveillance capsules and capsule holders are significant. The presence
of these materials has a significant effect on both the spatial distribution of neutron fluence rate and the
neutron spectrum in the vicinity of the capsules. However, the capsules are far enough apart that they do
not interfere with one another. In order to determine the neutron environment at the test specimen
location, the capsules themselves must be included in the analytical model.

In performing the fast neutron exposure evaluations for the Waterford Unit 3 reactor vessel and
surveillance capsules, a series of fuel-cycle-specific forward transport calculations were carried out using
a three-dimensional geometrical reactor model. For the Waterford Unit 3 transport calculations, the r,0,z
models depicted (given as r,0 plan view) in Figures 6-1 and 6-2 were utilized since, with the exception of
the capsules, the reactor is octant symnmetric. The r,z section view depicted in Figure 6-3 shows the model
having an axial span from an elevation 5.5 feet below the bottom of the active fuel to 5 feet above the top
of the active fuel. These r,0,z models include the core, the reactor intemnals, the surveillance capsules, the
pressure vessel cladding and vessel wall, the insulation external to the pressure vessel, and the primary
biological shield wall. These models formed the basis for the calculated results and enabled making
comparisons to the surveillance capsule dosimetry evaluations. In developing these analytical models,
nominal design dimensions were employed for the various structural components with a few exceptions.
The radius to the center of the surveillance capsule holder and the radius to the pressure vessel were taken
from as-built drawings for the Waterford Unit 3 reactor for key differences between the nominal and as-
built dimensions. For the reactor pressure vessel, the minimum vessel thickness was used. Likewise,
water temperatures, and hence, coolant densities in the reactor core and downcomer regions of the reactor
were taken to be representative of full-power operating conditions. The coolant densities were treated on a
fuel-cycle-specific basis. The reactor core itself was treated as a homogeneous mixture of fuel, cladding,
water, and miscellaneous core structures such as fuel assembly grids, guide tubes, et cetera. The
geometric mesh description of the r,0,z reactor models consisted of 160 radial by 121 azimuthal by 247
axial intervals. Mesh sizes were chosen to ensure that proper convergence of the inner iterations was
achieved on a pointwise basis. The pointwise inner iteration fluence rate convergence criterion utilized in
the r,0,z calculations was set at a value of 0.001.

The core power distributions used in the plant-specific transport analysis for each of the first 19 fuel
cycles at Waterford Unit 3 included cycle-dependent fuel assembly initial enrichments, bumups, and axial
power distributions. This information was used to develop spatial- and energy-dependent core source
distributions averaged over each individual fuel cycle. Therefore, the results from the neutron transport
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calculations provided data in terms of fuel-cycle-averaged neutron fluence rate, which when multiplied by
the appropriate fuel cycle length, generated the incremental fast neutron exposure for each fuel cycle. In
constructing these core source distributions, the energy distribution of the source was based on an
appropriate fission split for uranium and plutonium isotopes based on the initial enrichment and bumup
history of individual fuel assemblies. From these assembly-dependent fission splits, composite values of
energy release per fission, neutron yield per fission, and fission spectrum were determined.

All of the transport calculations supporting this analysis were carried out using the RAPTOR-M3G
discrete ordinates code [Ref. 23] and the BUGLE-96 cross-section library [Ref. 24]. The BUGLE-96
library provides a coupled 47-neutron, 20-gamma-group cross-section data set produced specifically for
light-water reactor (LWR) applications. In these analyses, anisotropic scattering was treated with a Ps
Legendre expansion, and angular discretization was modeled with an SI6 order of angular quadrature.
Energy- and space-dependent core power distributions, as well as system operating temperatures, were
treated on a fuel-cycle-specific basis.

Selected results from the neutron transport analyses are provided in Tables 6-1 through 6-10. In
Tables 6-1 and 6-3, the calculated exposure rates and integral exposures expressed in terms of fast neutron
fluence rate (E > 1.0 MeV) and fast neutron fluence (EB> 1.0 MeV), and iron atom displacement rate
(dpa/s) and iron atom displacements, respectively, are given at the radial and azimuthal center of the
octant symmetric surveillance capsule positions, i.e., for the 70 capsule and 140 capsule. In Tables 6-2 and
6-4, the calculated integral exposures expressed for future projections, in terms of fast neutron fluence
(E > 1.0 MeV) and iron atom displacements, respectively, are given at the radial and azimuthal center of
the octant symmetric surveillance capsule positions, i.e., for the 70 capsule and 140 capsule. These
results, representative of the average axial exposure of the material specimens, establish the calculated
exposure of the surveillance capsules withdrawn to date as well as projections into the future.

Similar information, in terms of calculated fast neutron fluence rate (E > 1.0 MeV), fast neutron fluence
(EB> 1.0 MeV), dpa/s, and dpa, are provided in Tables 6-5 through 6-8, for the reactor vessel inner radius
at four azimuthal locations, as well as the maximum exposure observed within in the octant. The vessel
data given in Tables 6-5 through 6-8 were taken at the clad/base metal interface and represent maximum
calculated exposure levels on the vessel. From the data provided in Table 6-6, it is noted that the peak
clad/base metal interface vessel fluence (E > 1.0 MeV) at the end of the nineteenth fuel cycle (i.e., after
24.66 EFPY at 3716 MWt of plant operation) was 2.02E+19 n/cm2 .

These data tabulations include both plant- and fuel-cycle-specific calculated neutron exposures at the end
of the nineteenth fuel cycle, as well as future projections to 32, 36, 40, 48, 55, and 60 EFPY at
3716 MWt. The calculations account for uprates from 3390 MWt to 3441 MWt that occurred prior to
Cycle 12, and from 3441 MWt to 3716 MWt that occurred prior to Cycle 14. The projections are based on
the assumption that the core power distributions and associated plant operating characteristics from
Cycles 17, 18, and 19 are representative of future plant operation. The future projections are based on the
current reactor power level of 3716 MWt and include a 5% positive bias applied to the power generated in
the peripheral fuel assemblies.

The calculated fast neutron exposures for the three surveillance capsules withdrawn from the Waterford
Unit 3 reactor are provided in Table 6-9. These neutron exposure levels are based on the plant- and fuel-
cycle-specific neutron transport calculations performed for the Waterford Unit 3 reactor. From the data
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provided in Table 6-9, Capsule 830 received a fluence (E > 1.0 MeV) of 2.42E+19 n/cm2 after exposure
through the end of the nineteenth fuel cycle (i.e., after 24.66 EFPY).

Updated lead factors for the Waterford Unit 3 surveillance capsules are provided in Table 6-10. The
capsule lead factor is defined as the ratio of the calculated fluence (B > 1.0 MeV) at the geometric radial
and azimuthal center of the surveillance capsule to the corresponding maximum calculated fluence at the
pressure vessel clad/base metal interface. In Table 6-10, the lead factors for capsules that have been
withdrawn from the reactor (970, 263°, and 830) were based on the calculated fluence values for the
irradiation period corresponding to the time of withdrawal for the individual capsules. For the capsules
remaining in the reactor (1040, 2770, and 284°), the lead factor corresponds to the calculated fluence
values at the end of Cycle 19, the last completed fuel cycle for Waterford Unit 3.

6.3 NEUTRON DOSIMETRY

The validity of the calculated neutron exposures previously reported in Section 6.2 is demonstrated by a
direct comparison against the measured sensor reaction rates and via a least-squares evaluation performed
for each of the capsule dosimetry sets. However, since the neutron dosimetry measurement data merely
serve to validate the calculated results, only the direct comparison of measured-to-calculated results for
the most recent surveillance capsule removed from service is provided in this section of the report. For
completeness, the assessment of all measured dosimetry removed to date, based on both direct and least-
squares evaluation comparisons, is documented in Appendix A.

The direct comparison of measured versus calculated fast neutron threshold reaction rates for the sensors
from Capsule 83°, which was withdrawn from Waterford Unit 3 at the end of the nineteenth fuel cycle, is
summarized below.

Reaction Reaction Rate (rps/atom) M/C
Measured (M) Calculated (C)

Cu-63(n,a)Co-60 4.85E-17 4.60E- 17 1.05

Ti-46(n,p)Sc-46 8.55E-16 7.19E-16 1.19

Fe-54(n,p)Mn-54 4.50E-1 5 4.07E-1 5 1.10

Ni-58(n,p)Co-58 6.24E-15 5.32E-15 1.17

Average 1.13

% standard deviation 5.7

The measured-to-calculated (M/C) reaction rate ratios for the Capsule 830 threshold reactions range from
1.05 to 1.19, and the average M/C ratio is 1.13 _+ 5.7% (1cr). This direct comparison falls within the
+ 20% criterion specified in Regulatory Guide 1.190. This comparison validates the current analytical
results described in Section 6.2; therefore, the calculations are deemed applicable for Waterford Unit 3.

6.4 CALCULATIONAL UNCERTAINTIES

The uncertainty associated with the calculated neutron exposure of the Waterford Unit 3 surveillance
capsule and reactor pressure vessel is based on the recommended approach provided in Regulatory
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Guide 1.190. In particular, the qualification of the methodology was carried out in the following four
stages:

1. Comparison of calculations with benchmark measurements from the Pool Critical Assembly
(PCA) simulator at the Oak Ridge National Laboratory (ORNL).

2. Comparisons of calculations with surveillance capsule and reactor cavity measurements from the

H. B. Robinson power reactor benchmark experiment.

3. An analytical sensitivity study addressing the uncertainty components resulting from important
input parameters applicable to the plant-specific transport calculations used in the neutron

exposure assessments.

4. Comparisons of the plant-specific calculations with all available dosimetry results from the
Waterford Unit 3 surveillance program.

The first phase of the methods qualification (PCA comparisons) addressed the adequacy of basic transport
calculation and dosimetry evaluation techniques and associated cross sections. This phase, however, did
not test the accuracy of commercial core neutron source calculations nor did it address uncertainties in
operational or geometric variables that impact power reactor calculations. The second phase of the
qualification (H. B. Robinson comparisons) addressed uncertainties in these additional areas that are
primarily methods-related and would tend to apply generically to all fast neutron exposure evaluations.
The third phase of the qualification (analytical sensitivity study) identified the potential uncertainties
introduced into the overall evaluation due to calculational methods approximations, as well as to a lack of
knowledge relative to various plant-specific input parameters. The overall calculational uncertainty
applicable to the Waterford Unit 3 analysis was established from results of these three phases of the
methods qualification.

The fourth phase of the uncertainty assessment (comparisons with Waterford Unit 3 measurements) was
used solely to demonstrate the validity of the transport calculations and to confirm the uncertainty
estimates associated with the analytical results. The comparison was used only as a check and was not
used in any way to modify the calculated surveillance capsule and pressure vessel neutron exposures
previously described in Section 6.2. As such, the validation of the Waterford Unit 3 analytical model
based on the measured plant dosimetry is completely described in Appendix A.

The following summarizes the uncertainties developed from the first three phases of the methodology
qualification. Additional information pertinent to these evaluations is provided in Reference 23.

Description Capsule and Vessel IR

PCA Comparisons 3%

H. B. Robinson Comparisons 3%

Analytical Sensitivity Studies 11%

Additional Uncertainty for Factors not Explicitly 5%

Net Calculational Uncertainty 13%
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The net calculational uncertainty was determined by combining the individual components in quadrature.
Therefore, the resultant uncertainty was treated as random, and no systematic bias was applied to the
analytical results.

The plant-specific measurement comparisons described in Appendix A support these uncertainty
assessments for Waterford Unit 3.

WCAP-17969-NP Arl21
Revision 0



Westinghouse Non-Proprietary Class 3 6-7

Table 6-1 Calculated Fast Neutron Fluence Rate and Fluence (E > 1.0 MeV) at the
Surveillance Capsule Center at Core Midplane for Cycles 1 Through 19

Cycle Total Fluence Rate (nlcruZ-s) Fluence (n/cm2 )
Cycle Length Time

(EFPY) (EFPY) 7-Degree 14-Degree 7-Degree 14-Degree

1 1.04 1.04 5.63E+10 3.92E+10 1.85E+18 1.28E+18

2 1.01 2.05 4.41E+10 3.04E+10 3.25E+18 2.25E+18

3 1.15 3.20 4.38E+10 2.92E+10 4.84E+18 3.31E+18

4 1.21 4.41 3.84E+10 2.64E+10 6.31E+18 4.32E+18

5 1.25 5.66 3.98E+10 2.74E+10 7.87E+18 5.40E+18

6 1.30 6.95 3.90E+10 2.31E+10 9.47E+18 6.35E+18

7 1.35 8.30 2.13E+10 1.65E+l0 1.04E+19 7.05E+18

8 1.35 9.66 2.65E+10 1.82E+10 1.15E+19 7.83E+18

9 1.44 11.10 2.55E+10 1.88E+10 1.27E+19 8.68E+18

10 1.40 12.50 2.39E+10 1.78E+10 1.37E+19 9.47E+18

11 1.33 13.83 1.87E+I0 1.35E+10 1.45E+19 1.00E+19

12 1.48 15.31 2.43E+10 1.72E+10 1.56E+19 1.08E+19

13 1.40 16.70 2.56E+10 1.89E+10 1.68E+19 1.17E+19

14 1.40 18.10 3.20E+10 2.20E+10 1.82E+19 1.26E+19

15 1.29 19.39 3.26E+10 2.16E+10 1.95E+19 1.35E+19

16 1.35 20.74 2.99E+10 2.05E+10 2.08E+19 1.44E+19

17 1.31 22.05 2.80E+10 1.92E+10 2.19E+19 1.52E+19

18 1.40 23.46 3.15E+10 2.12E+10 2.33E+19 1.61E+19

19 1.20 24.66 2.26E+10 1.77E+10 2.42E+19 1.68E+19

Table 6-2 Calculated Fast Neutron Fluence (E >
at Core Midplane for Future Projectio

1.0 MeV) at the Surveillance Capsule Center

Fluence (n/cm2)
ToalTie EFY) 7-Degree 14-Degree

32.00 3.08E+19 2.15E+19

36.00 3.44E+19 2.40E+19

40.00 3.80E+19 2.66E+19

48.00 4.51E+19 3.16E+19

55.00 5.14E+19 3.61E+19

60.00 5.59E+19 3.93E+19

WCAP-17969-NP Arl21
Revision 0



Westinghouse Non-Proprietary Class 36- 6-8

Table 6-3 Calculated Iron Atom Displacement Rate and Iron Atom Displacements at the
Surveillance Capsule Center at Core Midplane for Cycles 1 Through 19

Cycle Total dpa/s dpa
Cycle Length Time

____(EFPY) (EFPY) 7-Degree 14-Degree 7-Degree 14-Degree

1 1.04 1.04 8.21E-11 5.74E-1l 2.69E-03 1.88E-03

2 1.01 2.05 6.44E-11 4.46E-11 4.74E-03 3.30E-03

3 1.15 3.20 6.39E-11 4.29E-11 7.07E-03 4.87E-03

4 1.21 4.41 5.61E-11 3.89E-1l 9.21E-03 6.35E-03

5 1.25 5.66 5.82E-11 4.03E-11 1.15E-02 7.93E-03

6 1.30 6.95 5.70E-11 3.40E-1l 1.38E-02 9.33E-03

7 1.35 8.30 3.11E-11 2.42E-11 1.52E-02 1.04E-02

8 1.35 9.66 3.87E-11 2.67E-11 1.68E-02 1.15E-02

9 1.44 11.10 3.73E-11 2.76E-11 1.85E-02 1.28E-02

10 1.40 12.50 3.50E-11 2.63E-11 2.01E-02 1.39E-02

11 1.33 13.83 2.73E-11 1.98E-11 2.12E-02 1.48E-02

12 1.48 15.31 3.56E-11 2.54E-11 2.29E-02 1.59E-02

13 1.40 16.70 3.74E- 11 2.77E- 11 2.45E-02 1.72E-02

14 1.40 18.10 4.67E-11 3.24E-11 2.66E-02 1.86E-02

15 1.29 19.39 4.77E-11 3.18E-11 2.85E-02 1.99E-02

16 1.35 20.74 4.38E-11 3.01E-11 3.04E-02 2.12E-02

17 1.31 22.05 4.1OE-11 2.83E-11 3.21E-02 2.23E-02

18 1.40 23.46 4.60E-11 3.12E-11 3.41E-02 2.37E-02

19 1.20 24.66 3.31E-11 2.60E- 11 3.54E-02 2.47E-02

Table 6-4 Calculated Iron Atom Displacements at the Surveillance Capsule Center at Core
Midplane for Future Projections

Total Time dpa
(EFPY) 7-Degree 14-Degree

32.00 4.50E-02 3.16E-02

36.00 5.03E-02 3.53E-02

40.00 5.55E-02 3.91E-02

48.00 6.60E-02 4.66E-02

55.00 , 7.52E-02 5.31E-02

60.00 8.18E-02 5.78E-02
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Table 6-5 Calculated Azimuthal Variation of Maximum Fast Neutron Fluence Rates (E > 1.0
MeV) at the Reactor Vessel Clad/Base Metal Interface

Cycle Total Fluence Rate (n/cm2 -s) ______

Cycle Length Time
_____(EFPY) (EFPY) 0-Degree 15-Degree 30-Degree 45-Degree Maximum

1 1.04 1.04 4.49E+10 2.76E+10 2.40E+10 1.80E+10 4.49E±10

2 1.01 2.05 3.80E+10 2.24E+10 2.06E+10 l.44E+10 3.80E+10

3 1.15 3.20 3.79E+10 2.12E+10 1.75E+10 1.22E+10 3.79E+l0

4 1.21 4.41 3.34E+10 1.95E+10 1.78E+10 1.28E+10 3.34E+10

5 1.25 5.66 3.43E+10 2.00E+10 1.73E+10 1.26E+10 3.43E+10

-6 1.30 6.95 3.48E+10 1.63E+10 1.16E+10 9.84E+09 3.48E+10

7 1.35 8.30 1.71E+10 1.21E+10 1.25E+10 9.59E+09 1.71E+i10

8 1.35 9.66 2.22E+10 1.31E+10 1.05E+10 8.87E+09 2.22E+10

9 1.44 11.10 2.05E+10 1.36E+10 1.04E+10 7.32E+09 2.05E+10

10 1.40 12.50 1.91E+10 1.29E+10 1.24E+10 9.59E+i09 1.91E+10

11 1.33 13.83 1.54E+10 9.78E+09 9.18E+09 8.10E+09 1.54E+10

12 1.48 15.31 2.00E+10 1.25E+10 1.05E+10 8.26E+09 2.00E+10

13 1.40 16.70 2.04E+10 1.36E+10 1.07E+10 8.52E+09 2.04E+10

14 1.40 18.10 2.66E+10 1.58E+10 1.31E+10 1.00E+10 2.66E+10

15 1.29 19.39 2.80E+10 1.56E+10 1.41E+10 1.20E+10 2.80E+10

16 1.35 20.74 2.59E+10 1.52E+10 1.46E+10 1.38E+10 2.59E+10

17 1.31 22.05 2.52E+10 1.48E+10 1.56E+10 1.22E+10 2.52E+10

18 1.40 23.46 2.76E+10 1.58E+10 1.54E+10 1.15E+10 2.76E+10

19 1.20 24.66 1.86E+10 1.34E+10 1.66E+10 1.47E+10 1.86E+10
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Table 6-6 Calculated Azimuthal Variation of Maximum Fast Neutron Fluence (E > 1.0 MeV)
at the Reactor Vessel Clad/Base Metal Interface

Cycle Total Fluence (n/cm2)_____________
Cycle Length Time

(EFPY) (EFPY) 0-Degree 15-Degree 30-Degree 45-Degree Maximum

1 1.04 1.04 1.47E+18 9.04E+17 7.88E+17 5.89E+17 1.47E+18

2 1.01 2.05 2.66E+18 1.60E+18 1.43E+18 1.04E+18 2.66E+18

3 1.15 3.20 4.04E+18 2.38E+18 2.07E+18 1.48E+18 4.04E+18

4 1.21 4.41 5.32E+18 3.12E+18 2.75E+18 1.97E+18 5.32E+18

5 1.25 5.66 6.66E+18 3.91E+18 3.42E+18 2.47E+18 6.66E+18

6 1.30 6.95 8.09E+18 4.57E+18 3.90E+18 2.87E+18 8.09E+18

7 1.35 8.30 8.82E+18 5.09E+18 4.43E+18 3.28E+18 8.82E+18

8 1.35 9.66 9.76E+18 5.65E+18 4.88E+18 3.66E+18 9.76E+18

9 1.44 11.10 1.07E+19 6.27E+18 5.35E+18 3.99E+18 1.07E+19

10 1.40 12.50 1.15E+19 6.84E+18 5.90E+18 4.41E+18 1.15E+19

11 1.33 13.83 1.22E+19 7.25E+18 6.29E+18 4.75E+18 1.22E+19

12 1.48 15.31 1.31E+19 7.82E+18 6.77E+18 5.13E+18 1.31E+19

13 1.40 16.70 1.40E+19 8.43E+18 7.24E+18 5.51E+18 1.40E+19

14 1.40 18.10 1.52E+19 9.12E+18 7.82E+18 5.95E+18 1.52E+19

15 1.29 19.39 1.63E+19 9.76E+18 8.39E+18 6.44E+18 1.63E+19

16 1.35 20.74 1.74E+19 1.04E+19 9.00E+18 7.01E+18 1.74E+19

17 1.31 22.05 1.84E+19 1.10E+19 9.60E+18 7.48E+18 1.84E+19

18 1.40 23.46 1.95E+19 1.16E+19 1.03E+19 7.98E+18 1.96E+19

19 1.20 24.66 2.02E+19 1.21E+19 1.09E+19 8.52E+18 2.02E+19

Future 32.00 2.57E+19 1.55E+19 1.46E+19 1.15E+19 2.57E+19

Future 36.00 2.86E+19 1.73E+19 1.66E+19 1.32E+19 2.86E+19

Future 40.00 3.16E+19 1.92E+19 1.87E+19 1.49E+19 3.16E+19

Future 48.00 3.78E+19 2.30E+19 2.29E+19 1.83E+19 3.78E+19

Future 55.00 4.32E+19 2.63E+19 2.65E+19 2.12E+19 4.32E+19

Future 60.00 4.70E+19 2.87E+19 2.92E+19 2.34E+19 4.70E+19
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Table 6-7 Calculated Azimuthal Variation of Maximum Iron Atom Displacement Rates at the
Reactor Vessel Clad/Base Metal Interface

Cycle Total dpa/s
Cycle Length Time

_____(EFPY) (EFPY) 0-Degree 15-Degree 30-Degree 45-Degree Maximum

1 1.04 1.04 6.84E-11 4.24E- 11 3.67E-11 2.76E-11 6.84E-11

2 1.01 2.05 5.78E-11 3.45E- 11 3.14E-11 2.22E-11 5.78E-11

3 1.15 3.20 5.77E-11 3.26E-11 2.67E-11 1.88E-11 5.77E-11

4 1.21 4.41 5.08E-11 3.00E-11 2.71E-11 1.98E-11 5.08E-11

5 1.25 5.66 5.21E-11 3.09E-11 2.64E-11 1.94E-11 5.21E-11

6 1.30 6.95 5.28E-11 2.51E-11 1.78E-11 1.52E-11 5.28E-11

7 1.35 8.30 2.62E-11 1.87E-1I I.92E-11 1.48E-11 2.62E-11

8 1.35 9.66 3.38E-11 2.02E- 11 1.60E- 11 1.37E-11 3.38BE-11

9 1.44 11.10 3.13E-11 2.09E-I1 1.59E-11 1.13E-11 3.13E-11

10 1.40 12.50 2.93E-11 2.00E-11 1.91E-11 1.48E-11 2.93E-11

11 1.33 13.83 2.35E-I1 1.51E-11 1.41E-11 1.25E-11 2.35E-11

12 1.48 15.31 3.06E- 11 1.92E- 11 1.61E-11 1.28E- 11 3.06E- 11

13 1.40 16.70 3.11E-11 2.1OE-11 1.64E-11 1.32E-11 3.11E-11

14 1.40 18.10 4.05E-11 2.44E-11 2.01E-11 1.55E-11 4.05E-11

15 1.29 19.39 4.27E-11 2.40E-11 2.15E-11 1.85E-11 4.27E-11

16 1.35 20.74 3.95E-11 2.34E-11 2.24E-11 2.13E-11 3.95E-11

17 1.31 22.05 3.85E-11 2.29E-11 2.39E-11 1.88E-11 3.85E-11

18 1.40 23.46 4.20E-11 2.44E-11 2.35E-11 1.78E-11 4.20E-11

19 1.20 24.66 2.84E-11 2.07E-11 2.53E- 11 2.26E-11 2.84E- 11
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Table 6-8 Calculated Azimuthal Variation of Maximum Iron Atom Displacements at the
Reactor Vessel Clad/Base Metal Interface

Cycle Total dpa _____

Cycle Length Time
(EFPY) (EFPY) 0-Degree 15-Degree 30-Degree 45-Degree Maximum

1 1.04 1.04 2.24E-03 1.39E-03 1.20E-03 9.06E-04 2.24E-03

2 1.01 2.05 4.05E-03 2.47E-03 2.19E-03 1.60E-03 4.05E-03

3 1.15 3.20 6.15E-03 3.65E-03 3.16E-03 2.29E-03 6.15E-03

4 1.21 4.41 8.09E-03 4.80E-03 4.19E-03 3.04E-03 8.09E-03

5 1.25 5.66 1.01E-02 6.01E-03 5.23E-03 3.80E-03 1.01E-02

6 1.30 6.95 1.23E-02 7.04E-03 5.96E-03 4.42E-03 1.23E-02

7 1.35 8.30 1.34E-02 7.84E-03 6.78E-03 5.05E-03 1.34E-02

8 1.35 9.66 1.49E-02 8.70E-03 7.46E-03 5.64E-03 1.49E-02

9 1.44 11.10 1.63E-02 9.65E-03 8.19E-03 6.15E-03 1.63E-02

10 1.40 12.50 1.76E-02 1.05E-02 9.03E-03 6.81E-03 1.76E-02

11 1.33 13.83 1.86E-02 1.12E-02 9.62E-03 7.33E-03 1.86E-02

12 1.48 15.31 2.00E-02 1.20E-02 1.04E-02 7.92E-03 2.00E-02

13 1.40 16.70 2.13E-02 1.30E-02 1.11E-02 8.50E-03 2.13E-02

14 1.40 18.10 2.31E-02 1.40E-02 1.20E-02 9.18E-03 2.31E-02

15 1.29 19.39 2.49E-02 1.50E-02 1.28E-02 9.93E-03 2.49E-02

16 1.35 20.74 2.65E-02 1.60E-02 1.38E-02 1.08E-02 2.65E-02

17 1.31 22.05 2.80E-02 1.69E-02 1.47E-02 1.15E-02 2.80E-02

18 1.40 23.46 2.98E-02 1.79E-02 1.57E-02 1.23E-02 2.98E-02

19 1.20 24.66 3.08E-02 1.87E-02 1.66E-02 1.31E-02 3.08E-02

Future 32.00 3.91E-02 2.39E-02 2.23E-02 1.78E-02 3.91E-02

Future 36.00 4.37E-02 2.67E-02 2.54E-02 2.03E-02 4.37E-02

Future 40.00 4.82E-02 2.96E-02 2.86E-02 2.29E-02 4.82E-02

Future 48.00 5.76E-02 3.55E-02 3.50E-02 2.82E-02 5.76E-02

Future 55.00 6.58E-02 4.06E-02 4.06E-02 3.27E-02 6.58E-02

Future 60.00 7.17E-02 4.43E-02 4.46E-02 3.60E-02 7.17E-02

Table 6-9 Calculated Fast Neutron Exposure of Surveillance Capsules Withdrawn from
Waterford Unit 3

Fluence Iron Atom
Capsule Irradiation Irradiation Time (>10MV ipaeet

Cce(EP)(n/cm 2) (dpa)
970 1-4 4.41 6.31E+18 9.21E-03

2630 1-11 13.83 1.45E+19 2.12E-02
830 1-19 24.66 2.42E+19 3.54E-02
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Table 6-10 Calculated Surveillance Capsule Lead Factors

__ apsuleLocation__StatusLead Factor
9°Withdrawn EOC 4 1.19

26°Withdrawn EOC 11 1.19
83______________Withdrawn EOC 19 1.20

104_______________In Reactort1 ) 0.83
277_____________In Reactor~l) 1.20
284_______________In Reactort1 ) 0.83

1. Lead factors are based on the cumulative exposures from Cycles 1 through 19.

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 6-14
Westinghouse Non-Proprietary Glass 3 6-14

-~ -- mum. huw

E
U

9

Mg..
3.OOOE*02 cm

U6C~2
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Figure 6-2 Waterford Unit 3 r,8,z Reactor Geometry Plan View at the Core Midplane with 70
and 140 Surveillance Capsules
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WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 7-1

7 SURVEILLANCE CAPSULE REMOVAL SCHEDULE

The following surveillance capsule removal schedule (Table 7-1) meets the requirements of ASTM

E185-82 [Ref. 11]. Note that it is recommended for future capsule(s) to be removed from the Waterford

Unit 3 reactor vessel.

Table 7-1 Surveillance Capsule Withdrawal Schedule

:Capsl ..... ID: • and :.:':St s!) •... Capsule, Lead ,Withdrawail, .... Capsule Fluence ....
Location. •., Factor(a) .... EFPY~,c • n/cm2 E i 0M )(c),

970 Withdrawn (EOC 4) 1.19 4.41 6.31E+ 18

2630 Withdrawn (EOC 11) 1.19 13.83 1.45E+19

830 Withdrawn (EOC 19) 1.20 24.66 2.42E+19

2770 In Reactor 1.20 4 ()4.51 E+ 19(d)

1040° In Reactor 0.83 (e) (e)

2840 hn Reactor 0.83 (e) (e)

Notes:

(a) Updated in Capsule 830 dosimetry analysis; see Table 6-10.

(b) EFPY from plant startup.

(c) Updated in Capsule 830 dosimetry analysis; see Table 6-9.

(d) Capsule 2770 should be withdrawn at the vessel refueling outage nearest to 48 EFPY of plant operation,
which is when the fluence on the capsule will have reached the projected 60-year (55 EFPY) peak vessel
fluence.

(e) Capsules 104° and 2840 currently have a lead factor of less than one. If additional metallurgical data is
needed for Waterford Unit 3, such as in support of a second license renewal to 80 total years of operation,
relocation of one or both of these capsules to a higher lead factor location will be required. Since it is not
known when or if Waterford Unit 3 will apply for a second license extension, and given that many cycles of
irradiation will be required for Capsules 1040 and 2840 to accumulate fluence greater than the 80-year vessel
wall fluence, it is suggested that a potential relocation decision be implemented prior to 40 total years of
operation.
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APPENDIX A VALIDATION OF THE RADIATION TRANSPORT
MODELS BASED ON NEUTRON DOSIMETRY
MEASUREMENTS

A.1 NEUTRON DOSIMETRY

Comparisons of measured dosimetry results to both the calculated and least-squares adjusted values for all
surveillance capsules withdrawn and analyzed to date at Waterford Unit 3 are described herein. The
sensor sets from these capsules have been analyZed in accordance with the current dosimetry evaluation
methodology described in Regulatory Guide 1.190, "Calculational and Dosimetry Methods for
Determining Pressure Vessel Neutron Fluence" [Ref. A-i]. One of the main purposes for presenting this
material is to demonstrate that the overall measurements agree with the calculated and least-squares
adjusted values to within ± 20% as specified by Regulatory Guide 1.190, thus serving to validate the
calculated neutron exposures previously reported in Section 6.2 of this report.

A.I1.1 Sensor Reaction Rate Determinations

In this section, the results of the evaluations of the three surveillance capsules analyzed to date as part of
the Waterford Unit 3 Reactor Vessel Materials Surveillance Program are presented. The capsule
designation, location within the reactor, and time of withdrawal of each of these dosimetry sets were as
follows:

Capsule Azimuthal Withdrawal Time Irradiation Time (EFPY)
Location

970 End of Cycle 4 4.41

2630° End of Cyclelil 13.83

830 End of Cycle 19 24.66

The passive neutron sensors included in the evaluations of surveillance Capsules 970,2630, and 830 are
summarized as follows:

Reaction Of Capsule Capsule Capsule
Sensor Material Interest 970 2630 830

Copper (Cd) 63Cu(n,ca) 60Co XXX

Titanium 46Ti(n,p)46Sc XXX

Iron 54Fe(n,p)54Mn XXX

Nickel (Cd) 5 8Ni(n,p)58 Co X X X

Uranium-238* 238U(n,f)FP X X X

Cobalt-Aluminum* 59C0(n,'y) 6°C0 X X X

Note:
* The cobalt-aluminum and uranium monitors for this plant include both bare and cadmium-covered sensors
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The capsules also contained sulfur monitors, which were not analyzed because of the short half-life of the
activation product isotope (32p, 14.3 days). Pertinent physical and nuclear characteristics of the passive
neutron sensors analyzed are listed in Table A-1 for Capsule 970, and Table A-2 for Capsules 2630 and
830.

The use of passive monitors such as those listed above do not yield a direct measure of the energy-
dependent neutron fluence rate at the point of interest. Rather, the activation or fission process is a
measure of the integrated effect that the time- and energy-dependent neutron fluence rate has on the target
material over the course of the irradiation period. An accurate assessment of the average neutron fluence
rate level incident on the various monitors may be derived from the activation measurements only if the
irradiation parameters are well known. In particular, the following variables are of interest:

* the measured specific activity of each monitor,
* the physical characteristics of each monitor,
* the operating history of the reactor,
* the energy response of each monitor, and
* the neutron energy spectrum at the monitor location.

The radiometric counting of the sensors from Capsule 830 was carried out by Pace Analytical Services,
Inc. The radiometric counting followed established ASTM procedures.

The irradiation history of the reactor over the irradiation periods experienced by Capsules 970, 2630, and
830 was based on the monthly power generation of Waterford Unit 3 from initial reactor criticality
through the end of the dosimetry evaluation period. For the sensor sets utilized in the surveillance
capsules, the half-lives of the product isotopes are long enough that a monthly histogram describing
reactor operation has proven to be an adequate representation for use in radioactive decay corrections for
the reactions of interest in the exposure evaluations. The irradiation history applicable to Capsules 970,

2630, and 830 is given in Table A-3.

Having the measured specific activities, the physical characteristics of the sensors, and the operating
history of the reactor, reaction rates referenced to full-power operation were determined from the
following equation:

A

N 0 F Y Y '_ Cj[1- e-Xti] [e-•tdJ]

Pref

where:

R = Reaction rate averaged over the irradiation period and referenced to operation
at a core power level of Pref (rps/nucleus).

A = Measured specific activity (dps/g).

No = Number of target element atoms per gram of sensor.
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F Atom fraction of the target isotope in the target element.

Y =Number of product atoms produced per reaction.

Pj = Average core power level during irradiation periodj (MW).

Pref =Maximum or reference power level of the reactor (MW).

Ci = Calculated ratio of 4 (E > 1.0 MeV) during irradiation period j to the time
weighted average F (E > 1.0 MeV) over the entire irradiation period.

=. Decay constant of the product isotope (1/sec).

= Length of irradiation period j (sec).

tdJ = Decay time following irradiation period j (sec).

The summation is carried out over the total number of monthly intervals comprising the irradiation
period.

In the equation describing the reaction rate calculation, the ratio [Pj]/[Pref] accounts for month-by-month
variation of reactor core power level within any given fuel cycle as well as over multiple fuel cycles. The
ratio Cj, which was calculated for each fuel cycle using the transport methodology discussed in
Section 6.2, accounts for the change in sensor reaction rates caused by variations in fluence rate level
induced by changes in core spatial power distributions from fuel cycle to fuel cycle. For a single-cycle
irradiation, Cj is normally taken to be 1.0. However, for multiple-cycle irradiations, the additional Cj term
should be employed. The impact of changing fluence rate levels for constant power operation can be quite
significant for sensor sets that have been irradiated for many cycles in a reactor that has transitioned from
non-low-leakage to low-leakage fuel management or for sensor sets contained in surveillance capsules
that have been moved from one capsule location to another.

The fuel-cycle-specific neutron fluence rates and the computed values for Cj are listed in Tables A-4 and
A-5, respectively, for Capsules 970 and 830. These fluence rates represent the capsule- and cycle-
dependent results at the radial and azimuthal center of the respective capsules at core midplane. For
Capsule 2630, which was removed at the conclusion of Cycle 11, it was noticed that the peripheral
assembly closest to the cardinal axis for Cycle 11 had an average relative power significantly lower
compared to the other cycles. It was decided to split Cycle 11 into beginning-of-cycle (BOC), middle-of-
cycle (MOC), and end-of-cycle (EOC) segments. This has an impact on the calculations performed via
the Cj ratios that account for changes in the sensor reaction rates due to variations in the flux level
induced by changes in the spatial power distribution. The Cj terms were based on the individual reaction
rates determined from Cycles 1 though the end of Cycle 11 at the 2630 surveillance capsule location.
Reaction rates in the 2630 capsule location, and the Cj terms from Cycles 1 through 11 are given in Tables
A-6 and A-7, respectively. These reaction rates represent the capsule- and cycle-dependent results at the
radial and azimuthal center of the respective capsules at core midplane.
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Prior to using the measured reaction rates in the least-squares evaluations of the dosimetry sensor sets,
additional corrections were made to the 238U cadmium-covered measurements to account for the presence
of 235U impurities in the sensors, as well as to adjust for the build-in of plutonium isotopes over the course
of the irradiation. Corrections were also made to the 238U sensor reaction rates to account for gamma-ray-
induced fission reactions that occurred over the course of the capsule irradiations. The correction factors
corresponding to the Waterford Unit 3 fission sensor reaction rates are summarized as follows:

Correction Capsule 970 Capsule Capsule 830
__________________ __________ 2630 ______

235U Impurity/Pu Build- 089 .23075
in 089 .23075
238U(y,f) 0.8705 0.8739 0.8745
Net 238U Correction 0.7485 0.7230 0.6957

The correction factors for Capsules 970, 2630 and 830 were applied in a multiplicative fashion to the
decay-corrected cadmium-covered uranium fission sensor reaction rates.

Results of the sensor reaction rate determinations for Capsules 970, 2630, and 830, are given in Tables A-8
through A-10. In Tables A-8 through A- 10, the measured specific activities, decay-corrected saturated
specific activities, and computed reaction rates for each sensor are listed. The cadmium-covered fission
sensor reaction rates are listed both with and without the applied corrections for 235U impurities,

plutonium build-in, and gamma-ray-induced fission effects.

A.1.2 Least-Squares Evaluation of Sensor Sets

Least-squares adjustment methods provide the capability of combining the measurement data with the
corresponding neutron transport calculations resulting in a best-estimate neutron energy spectrum with
associated uncertainties. Best-estimates for key exposure parameters such as fluence rate (E > 1.0 MeV)
or dpals along with their uncertainties are then easily obtained from the adjusted spectrum. In general, the
least-squares methods, as applied to surveillance capsule dosimetry evaluations, act to reconcile the
measured sensor reaction rate data, dosimetry reaction cross sections, and the calculated neutron energy
spectrum within their respective uncertainties. For example,

Rij±6Rj = j(±ig ±•)(@g ±5•g)

g

relates a set of measured reaction rates, Ri, to a single neutron spectrum, *g, through the multigroup
dosimeter reaction cross sections, oYi5, each with an uncertainty &. The primary objective of the least-
squares evaluation is to produce unbiased estimates of the neutron exposure parameters at the location of
the measurement.

For the least-squares evaluation of the Waterford Unit 3 surveillance capsule dosimetry, the FERRET
code [Ref. A-2] was employed to combine the results of the plant-specific neutron transport calculations
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and sensor set reaction rate measurements to determine best-estimate values of exposure parameters
(fluence rate (E > 1.0 MeV) and dpa) along with associated uncertainties for the three in-vessel capsules
analyzed to date.

The application of the least-squares methodology requires the following input:

1. The calculated neutron energy spectrum and associated uncertainties at the measurement location.

2. The measured reaction rates and associated uncertainty for each sensor contained in the multiple
foil set.

3. The energy-dependent dosimetry reaction cross sections and associated uncertainties for each
sensor contained in the multiple foil sensor set.

For the Waterford Unit 3 application, the calculated neutron spectrum was obtained from the results of
plant-specific neutron transport calculations described in Section 6.2 of this report. The sensor reaction
rates were derived from the measured specific activities using the procedures described in Section A. 1.1.
The dosimetry reaction cross sections and uncertainties were obtained from the SNLRML dosimetry
cross-section library [Ref. A-3]j.

The uncertainties associated with the measured reaction rates, dosimetry cross sections, and calculated
neutron spectrum were input to the least-squares procedure in the form of variances and covariances. The
assignment of the input uncertainties followed the guidance provided in ASTM Standard E944,
"Application of Neutron Spectrum Adjustment Methods in Reactor Surveillance" [Ref. A-41.

The following provides a summary of the uncertainties associated with the least-squares evaluation of the
Waterford Unit 3 surveillance capsule sensor sets.

Reaction Rate Uncertainties

The overall uncertainty associated with the measured reaction rates includes components due to the basic
measurement process, irradiation history corrections, and corrections for competing reactions. A high
level of accuracy in the reaction rate determinations is ensured by utilizing laboratory procedures that
conform to the ASTM National Consensus Standards for reaction rate determinations for each sensor
type.

After combining all of these uncertainty components, the sensor reaction rates derived from the counting
and data evaluation procedures were assigned the following net uncertainties for input to the least-squares
evaluation:
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Reaction Uncertainty

63Cu(n,cQ)6°Co 5%

4 6Ti(n,p) 46Sc 5%

54Fe(n,p)54Mn 5%
58Ni(n~p)5 8 Co 5%

238U(n,f)FP 10%

59Co(n,'y) 6°Co 5%

These uncertainties are given at the 1cr level.

Dosimetry Cross-Section Uncertainties

The reaction rate cross sections used in the least-squares evaluations were taken from the SNLRML
library. This data library provides reaction cross sections and associated uncertainties, including
covariances, for 66 dosimetry sensors in common use. Both cross sections and uncertainties are provided
in a fine multigroup structure for use in least-squares adjustment applications. These cross sections were
compiled from recent cross-section evaluations, and they have been tested for accuracy and consistency
for least-squares evaluations. Further, the library has been empirically tested for use in fission spectra
determination, as well as in the fluence and energy characterization of 14 MeV neutron sources.

For sensors included in the Waterford Unit 3 surveillance program, the following uncertainties in the
fission spectrum averaged cross sections are provided in the SNLRML documentation package.

Reaction Uncertainty

63Cu(n,oa) 6°Co 4.08-4.16%

46Ti(n,p)468c 4.50-4.87%

54Fe(n,p)5 aMn 3.05-3.11%

58Ni(n,p)58Co 4.49-4.56%

23 5U(n,fD137Cs 0.54-0.64%

59Co(n,y) 6°Co 0.79-3.59%

These tabulated ranges provide an indication of the dosimetry cross-section uncertainties associated with
the sensor sets used in LWR irradiations.

Calculated Neutron Spectrum

The neutron spectra inputs to the least-squares adjustment procedure were obtained directly from the
results of plant-specific transport calculations for each surveillance capsule irradiation period and
location. The spectrum for each capsule was input in an absolute sense (rather than as simply a relative
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spectral shape). Therefore, within the constraints of the assigned uncertainties, the calculated data were
treated equally with the measurements.

While the uncertainties associated with the reaction rates were obtained from the measurement procedures
and counting benchmarks and the dosimetry cross-section uncertainties were supplied directly with the
SNLRML library, the uncertainty matrix for the calculated spectrum was constructed from the following
relationship:

Mgg, =R 2 +Rg *Rg, *Pgg,

where Rn specifies an overall fractional normalization uncertainty and the fractional uncertainties Rg and
Rg, specify additional random groupwise uncertainties that are correlated with a correlation matrix
given by:

Pgg, =[1 -] 01gg,+ 0e-H

where

H- (g-g,)2

27,2

The first term in the correlation matrix equation specifies purely random uncertainties, while the second
term describes the short-range correlations over a group range y, (0 specifies the strength of the latter
term). The value of 5 is 1.0 when g =g', and is 0.0 otherwise.

The set of parameters defining the input covariance matrix for the Waterford Unit 3 calculated spectra
was as follows:

Fluence Rate Normalization Uncertainty (Re) 15%

Fluence Rate Group Uncertainties (Rg, Rg,)
(E >0.0055 MeV) 15%

(0.68 eV < E < 0.0055 MeV) 25%
(E <0.68 eV) 50%

Short Range Correlation (0)
(E > 0.0055 MeV) 0.9
(0.68 eV < E < 0.005 5 MeV) 0.5
(E <0.68 eV) 0.5

Fluence Rate Group Correlation Range (y/)
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(E >0.0055 MeV) 6
(0.68 eV < E < 0.0055 MeV) 3
(E<O0.68 eV) 2

A.1.3 Comparisons of Measurements and Calculations

Results of the least-squares evaluations of the dosimetry from the Waterford Unit 3 surveillance capsules
withdrawn to date are provided in Tables A-li, A-12, and A-13 for Capsules 970, 263°, and 83°,
respectively. In these tables, measured, calculated, and best-estimate values for sensor reaction rates are
given for each capsule. Also provided in these tabulations are ratios of the measured reaction rates to both
the calculated and least-squares adjusted reaction rates. These ratios of M/C and M/BE illustrate the
consistency of the fit of the calculated neutron energy spectra to the measured reaction rates both before
and after adjustment. Additionally, comparisons of the calculated and best-estimate values of neutron
fluence rate (E > 1.0 MeV) and iron atom displacement rate are tabulated along with the BE/C ratios
observed for each of the capsules.

For Capsule 970, the titanium monitor was discarded. For all three capsules, both bare and cadmium-
covered uranium monitors were discarded. These dosimetry data were discarded because they were
outside the expected values.

The data comparisons provided in Tables A-il through A- 13 show that the adjustments to the calculated
spectra are relatively small and within the assigned uncertainties for the calculated spectra, measured
sensor reaction rates, and dosimetry reaction cross sections. Further, these results indicate that the use of
the least-squares evaluation results in a reduction in the uncertainties associated with the exposure of the
surveillance capsules. From Section 6.4 of this report, the calculational uncertainty is specified as 13% at
the 1 r level.

Further comparisons of the measurement results with calculations are given in Tables A- 14 and A-i5.
These comparisons are given on two levels. In Table A-14, calculations of individual threshold sensor
reaction rates are compared directly with the corresponding measurements. These threshold reaction rate
comparisons provide a good evaluation of the accuracy of the fast neutron portion of the calculated
energy spectra. In Table A-i5, calculations of fast neutron exposure rates in tenms of fluence rate
(E > 1.0 MeV) and dpa!s are compared with the best-estimate results obtained from the least-squares
evaluation of the capsule dosimetry results. These two levels of comparison yield consistent and similar
results with all measurement-to-calculation comparisons falling within the 20% limits specified as the
acceptance criteria in Regulatory Guide 1.190.

In the case of the direct comparison of measured and calculated sensor reaction rates, for the individual
threshold foils considered in the least-squares analysis, the average M/C comparisons for fast neutron
reactions range from 1.07 to 1.17 in the data set. The overall average M/C ratio for the entire set of
Waterford Unit 3 data is 1.11 with an associated standard deviation of 7.0%.

In the comparisons of best-estimate and calculated fast neutron exposure parameters, the corresponding
BE/C comparisons for the capsule data sets range from 1.04 to 1.12 for neutron fluence rate
(E > 1.0 MeV) and from 1.05 to 1.11 for iron atom displacement rate. The overall average BE/C ratios

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3A- A-9

for neutron fluence rate (B > 1.0 MeV) and iron atom displacement rate are 1.08 with a standard deviation
of 3.7% and 1.08 with a standard deviation of 2.8%, respectively.

Based on these comparisons, it is concluded that the calculated fast neutron exposures provided in
Section 6.2 of this report are validated for use in the assessment of the condition of the materials
comprising the beltline region of the Waterford Unit 3 reactor pressure vessel.
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Table A-i1 Nuclear Parameters Used in the Evaluation of Neutron Sensors of Surveillance
Capsule 970

Reaction Atomic Weight Target Product Fission90
of Atom Half-life Yield Response

Interest (gig-atom) Fraction (days) (%) Range~al

63Cu (n,a) 60Co 62.9296 1.0 1925.5 n/a 5.0 - 12.0
4tTi (n,p) 46Sc 45.9526 1.0 83.79 n/a 4.1 - 10.5

54Fe (n,p) 54Mn 53.9396 1.0 312.11 n/a 2.4 -8.8
5tNi (n,p) 5tCo 57.9353 1.0 70.82 n/a 2.1 - 8.7
2 35U (n,f) 137Cs 238.051 1.0 10983.07 6.02 1.5 - 7.9

59 Co (n,y) 6°Co 58.933 1.0 1925.5 n/a non-threshold

Note:

(a) The 90% response range is defined such that, in the neutron spectrum characteristic of the Waterfond Unit 3 surveillance

capsules, approximately 90% of the sensor response is due to neutrons in the energy range specified with approximately

5% of the total response due to neutrons with energies below the lower limit and 5% of the total response due to

neutrons with energies above the upper limit.

Table A-2 Nuclear Parameters Used in the Evaluation of Neutron Sensors of Surveillance
Capsules 2630 and 830

Reaction Atomic Weight Target Product Fission90
of (ggao)Atom Half-life Yield Response

(g/g-atom)Fraction (days) (%) Range~a)
Interest(MeV)

63Cu (n,cL) 6°Co 63.546 0.6917 1925.5 n/a 5.0 - 1.2.0
46Ti (n,p) 46Sc 47.867 0.0825 83.79 n/a 4.1 - 10.5

54Fe (n,p) 54Mn 55.845 0.05845 312.11 n/a 2.4 -8.8
5tNi (n,p) stCo 58.693 0.68077 70.82 n/a 2.1 - 8.8
23tU (nf 137Cs 238.051 1.0 10983.07 6.02 1.5 -8.0
59Co (n,y) 6°Co 58.933 0.0017 1925.5 n/a non-threshold

Note:

(a) The 90% response range is defined such that, in the neutron spectrum characteristic of the Waterford Unit 3 surveillance
capsules, approximately 90% of the sensor response is due to neutrons in the energy range specified with approximately

5% of the total response due to neutrons with energies below the lower limit and 5% of the total response due to

neutrons with energies above the upper limit.
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Table A-3 Monthly Thermal Generation during the First 19 Fuel Cycles of the Waterford Unit
3 Reactor

Cycle 1 Cycle 2 Cycle 3 Cycle 4

Month MWt-h Month MWt-h Month MWt-h Month MWt-h

Mar-85 42830 Dec-86 0 May-88 3254 Oct-89 0

Apr-85 613673 Jan-87 0 Jun-88 1934985 Nov-89 640027

May-85 809488 Feb-87 1379459 Jul-88 2304929 Dec-89 2444128

Jun-85 198642 Mar-87 2149043 Aug-88 2509305 Jan-90 1787064

Jul-85 846176 Apr-87 2257170 Sep-88 2107712 Feb-90 1612051

Au-5 0 May-87 2278405 Oct-88 1509724 Mar-90 2271449

Sep-85 317589 Jun-87 2426725 Nov-88 1052050 Apr-90 2433315

Oct-85 1581557 Jul-87 2489860 Dec-88 2282880 May-90 2499444

Nov-85 2319818 Aug-87 2332754 Jan-89 2231876 Jun-90 2434503

Dec-85 1423475 Sep-87 1406064 Feb-89 2264143 Jul-90 2508532

Jan-86 2313146 Oct-87 1734107 Mar-89 2458113 Aug-90 2333299

Feb-86 2236098 Nov-87 2418833 Apr-89 2418581 Sep-90 2363915

Mar-86 551214 Dec-87 2224789 May-89 2509484 Oct-90 1728843

Apr-86 2380512 Jan-88 2143917 Jun-89 2390707 Nov-90 2433754

May-86 2337147 Feb-88 2339100 Jul-89 2292538 Dec-90 2516099

Jun-86 2345202 Mar-88 2298501 Aug-89 2249799 Jan-91 2515171

Jul-86 1646157 Apr-88 76267 Sep-89 1783533 Feb-91 2211690

Aug86 49733Mar-91 1196293

Nov-86 2009429 ____
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Table A-3 (Continued) Monthly Thermal Generation during the First 19 Fuel Cycles of the
Waterford Unit 3 Reactor

Cycle 5 Cycle 6 Cycle 7 Cycle 8
Month MWt-h Month MWt-h Month MWt-h Month MWt-h
Apr-91 0 Oct-92 0 Apr-94 433275 Oct-95 0
May-91 163566 Nov-92 1581907 May-94 2515334 Nov-95 1929688

Jun-91 2275493 Dec-92 2505327 Jun-94 2306353 Dec-95 2517767

Jul-91 2453834 Jan-93 2514707 Jul-94 2518426 Jan-96 2517086

Aug-91 2389958 Feb-93 2271376 Aug-94 2514659 Feb-96 2357937

Sep-91 2435284 Mar-93 2373995 Sep-94 2430858 Mar-96 2516925

Oct-91 2522290 Apr-93 2433762 Oct-94 2518011 Apr-96 2436647

Nov-91 2256967 May-93 2518857 Nov-94 2439425 May-96 2326692

Dec-91 2500136 Jun-93 2310136 Dec-94 2515464 Jun-96 2440018

Jan-92 2517213 Jul-93 2513308 Jan-95 2517937 Jul-96 1247706

Feb-92 1649550 Aug-93 2517897 Feb-95 2273361 Aug-96 2105079

Mar-92 2284044 Sep-93 2431720 Mar-95 2516977 Sep-96 2396700

Apr-92 2429922 Oct-93 2519890 Apr-95 2436285 Oct-96 2471709

May-92 2418613 Nov-93 2437790 May-95 2518637 Nov-96 2295324'

Jun-92 2436179 Dec-93 2517986 Jun-95 839448 Dec-96 2449101

Jul-92 2400380 Jan-94 2517230 Jul-95 2521005 Jan-97 2520469

Aug-92 2476631 Feb-94 2273776 Aug-95 2521249 Feb-97 2273932

Sep-92 1417812 Mar-94 318321 Sep-95 1774478 Mar-97 2520600

_______ _______ ______ ______ _______ Apr-97 886717
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Table A-3 (Continued) Monthly Thermal Generation during the First 19 Fuel Cycles of the
Waterford Unit 3 Reactor

Cycle 9 Cycle 10 Cycle 11 Cycle 12

Month MWt-h Month MWt-h Month MWt-h Month MWt-h

May-97 0 Mar-99 0 Nov-00 1030289 Apr-02 980490

Jun-97 0 Apr-99 2183602 Dec-00 2517757 May-02 2508388

Jul-97 99594 May-99 2513051 Jan-01 2521026 Jun-02 2475037

Aug-97 2505653 Jun-99 2244073 Feb-01 2121310 Jul-02 2554918

Sep-97 2439155 Jul-99 2521175 Mar-01 2520656 Aug-02 2558472

Oct-97 2523657 Aug-99 1808465 Apr-01 2436332 Sep-02 2472369

Nov-97 2433511 Sep-99 880564 May-01 2518333 Oct-02 2561743

Dec-97 2433511 Oct-99 2524076 Jun-01 2367725 Nov-02 2471286

Jan•-98 2513765 Nov-99 2080135 Jul-01 2521008 Dec-02 2554752

Feb-98 2276816 Dec-99 2370546 Aug-01 2521122 Jan-03 2556532

Mar-98 2520985 Jan-00 2513887 Sep-01 2434974 Feb-03 1972402

Apr-98 2436390 Feb-00 2358614 Oct-01 2520999 Mar-03 2558500

May-98 2503708 Mar-00 2346459 Nov-01 2439796 Apr-03 2470264

Jun-98 2439738 Apr-00 2436564 Dec-01 2520997 May-03 2558445

Jul-98 2283997 May-00 2521322 Jan-02 2518017 Jun-03 2470519

Aug-98 2521163 Jun-00 1873406 Feb-02 2277045 Jul-03 2558736

Sep-98 1029804 Jul-00 2521097 Mar-02 1704398 Aug-03 2558749

Oct-98 2456652 Aug-00 2521192 ____ Sep-03 2406613
Nov-98 1396144 Sep-00 2436861 Oct-03 1282988

Dec-98 2262325 Oct-00 1051538

Jan-99 2486638

Feb-99 1291559
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Table A-3 (Continued) Monthly Thermal Generation during the First 19 Fuel Cycles of the
Waterford Unit 3 Reactor

Cycle 13 Cycle 14 Cycle 15 Cycle 16
Month MWt-h Month MWt-h Month MWt-h Month MWt-h
Nov-03 680404 May-05 0 Dec-06 306512 May-08 0
Dec-03 2558425 Jun-05 1636426 Jan-07 2762347 Jun-08 2504571

Jan-04 2558662 Jul-05 2762118 Feb-07 2494923 Jul-08 2760325

Feb-04 2346194 Aug-05 2450061 Mar-07 2758724 Aug-08 2752042

Mar-04 2558479 Sep-05 1517824 Apr-07 2673470 Sep-08 1805293

Apr-04 2472647 Oct-05 2766811 May-07 2762294 Oct-08 2762806

May-04 2556502 Nov-05 2409150 Jun-07 2673734 Nov-08 2677040

Jun-04 2476175 Dec-05 2762652 Jul-07 2762850 Dec-08 2761940

Jul-04 2558700 Jan-06 2755253 Aug-07 2762946 Jan-09 2762120

Aug-04 2558734 Feb-06 2490376 Sep-07 2673647 Feb-09 2489307

Sep-04 2474747 Mar-06 2762655 Oct-07 1484298 Mar-09 2757710

Oct-04 2561708 Apr-06 2669816 Nov-07 2674092 Apr-09 2673058

Nov-04 2474159 May-06 2759553 Dec-07 2761656 May-09 2761585

Dec-04 2558590 Jun-06 2673604 Jan-08 2762651 Jun-09 2673378

Jan-05 2558462 Jul-06 2762880 Feb-08 2584461 Jul-09 2762385

Feb-05 2309099 Aug-06 2736791 Mar-08 2758941 Aug-09 2762163

Mar-05 2558504 Sep-06 2675386 Apr-08 2314440 Sep-09 2664994

Apr-05 1316652 Oct-06 2766864 Oct-09 1624218

________Nov-06 2211054 ____ ____
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Table A-3 (Continued) Monthly Thermal Generation during the First 19 Fuel Cycles of the
Waterford Unit 3 Reactor

Cycle 17 Cycle 18 Cycle 19
Month MWt-h Month MWt-h Month MWt-h
Nov-09 0 May-11 1577376 Nov-12 0

Dec-09 2384615 Jun-11 2673136 Dec-12 0

Jan-10 2762121 Jul-11 2762028 Jan-13 838638

Feb-10 2495012 Aug-li 2760555 Feb-13 2493392

Mar-10 2758464 Sep-11 2672753 Mar-13 2759429

Apr- 10 2673197 Oct-il 2762209 Apr-13 2319009

May- 10 2759349 Nov- 11 2676675 May- 13 2557806

Jun-10 2672667 Dec-il 2760601 Jun-13 2673766

Jul-10 2762032 Jan-12 2651616 Jul-13 2753495

Aug-10 2761860 Feb-12 2582768 Aug-13 2761633

Sep-10 2672841 Mar-12 2754454 Sep-13 2666734

Oct-10 2762116 Apr-12 2626514 Oct-13 2754529

Nov-10 2676410 May-12 2761137 Nov-13 2675437

Dec-10 2760245 Jun-12 2659648 Dec-13 2759168

Jan-li 2762027 Jul-12 2761798 Jan-14 2764348

Feb-11 2377290 Aug-12 2422281 Feb-14 2494353

Mar-il 2350801 Sep-12 2413466 Mar-14 2757639

Apr-11 378111 Oct-12 1403317 Apr-14 1067533

C
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Table A-4 Surveillance Capsule 970 and 830 Fluence Rates for Cj Calculation, Core Midplane
Elevation

Flux (E > 1.0 MeV) [n/cm2-s]Cycle
Fuel Cycle Length

(EFPY) Capsule 970 Capsule 830

1 1.04 5.63E+10 5.63E+10

2 1.01 4.41E+10 4.41E+10

3 1.15 4.38E+10 4.38E+10

4 1.21 3.84E+10 3.84E+10

5 1.25 3.98E+10

6 1.30 3.90E+10

7 1.35 2.13E+10

8 1.35 2.65E+10

9 1.44 2.55E+ 10

10 1.40 2.39E+10

11 1.33 1.87E+10

12 1.48 2.43E+10

13 1.40 2.56E+10

14 1.40 3.20E+10

15 1.29 3.26E+10

16 1.35 2.99E+10

17 1.31 2.80E+10

18 1.40 3.15E+10

19 1.20 2.26E+10

Average -4.53E+10 3.11E+10

WCAP-17969-NP 
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Westinghouse Non-Proprietary Class 3 A-17
Wetngos NnPorearyCas A

Table A-5 Surveillance Capsule 970 and 830 Cj Factors, Core Midplane Elevation

Cycle ______Cj
Length

Fuel Cycle (EFPY) Capsule 970 Capsule 830

1 1.04 1.24 1.81

•2 1.01 0.97 1.42

3 1.15 0.97 1.41

4 1.21 0.85 1.24

5 1.25 1.28

6 1.30 1.25

7 1.35 0.68

8 1.35 0.85

9 1.44' 0.82

10 1.40 0.77

11 1.33 0.60

12 1.48 0.78

13 1.40 0.82

14 1.40 1.03

15 1.29 1.05

16 1.35 0.96

17 1.31 0.90

18 1.40 1.01

19 1.20 0.73
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Westinghouse Non-Proprietary Class 3 A-18

Table A-6l Surveillance Capsule 2630 Reaction Rates for Cj Calculation, Core Midplane
Elevation

Reaction Rate (rps/atom)
Cycle 63Cu(n,a) 46Ti(n,p) •4Fe(n,p) 53Ni(n,p) 238U(n,f) 59Co(n,7) 59Co(Cd) (n,7)

1 7.75E+07 1.31E+09 7.16E+09 9.36E+09 2.49E+10 3.02E+12 6.22E+11
2 6.26E+07 1.05E+09 5.69E+09 7.42E+09 1.96E+10 2.32E+12 4.82E+11
3 6.24E+07 1.05E+09 5.65E+09 7.37E+09 1.95E+10 2.30E+12 4.78E+11

4 5.50E+07 9.23E+08 4.97E+09 6.48E+09 1.71E+10 2.01E+12 4.19E+11
5 5.69E+07 9.56E+08 5.15E+09 6.72E+09 1.77E+10 2.09E+12 4.35E+11

6 5.62E+07 9.43E+08 5.07E+09 6.61E+09 1.74E+10 2.02E+12 4.21E+11

7 3.25E+07 5.37E+08 2.83E+09 3.68E+09 9.54E+09 1.07E+12 2.25E+11
8 4.00E+07 6.63E+08 3.50E+09 4.57E+09 1.19E+10 1.34E+12 2.81E+11

9 3.90E+07 6.45E+08 3.39E+09 4.42E+09 -1.14E+10 1.28E+12 2.70E+ 11

10 3.69E+07 6.09E+08 3.20E+09 4.16E+09 1.07E+10 1.20E+12 2.52E+11
11 BOG 2.78E+07 4.58E+08 2.40E+09 3.12E+09 8.04E+09 8.91E+11 1'.88E+11

11 2.90E+07 4.77E+08 2.50E+09 3.25E+09 8.39E+09 9.33E+ 11 1.97E+ 11

11 EOC 3.28E+07 5.40E+08 2.84E+-09 3.70E+09 9.56E+09 1.07E+12 2.25E+11
Average j 4.68E+07 f 7.82E+08 ] 4.18E+09 [ 5.45E+09 ] 1.43E+10 J 1.66E+12 [ 3.46E+11
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Westinghouse Non-Proprietary Class 3 A-19

Table A-7 Surveillance Capsule 263° Cj Factors, Core Midplane Elevation

Cycle 63Cu(n,a) 46Ti(n,p) 54Fe(n,p) 58Ni(n,p) 23SU(n,t) 59Co(n,y) 59Co(Cd) (n,y)

1 1.66 1.68 1.71 1.72 1.74 1.82 1.80

2 1.34 1.35 1.36 1.36 1.37 1.40 1.40

3 1.33 1.34 1.35 1.35 1.36 1.39 1.38

4 1.18 1.18 1.19 1.19 1.20 1.21 1.21

5 1.22 1.22 1.23 1.23 1.24 1.26 1.26

6 1.20 1.21 1.21 1.21 1.22 1.22 1.22

7 0.69 0.69 0.68 0.68 0.67 0.65 0.65

8 0.85 0.85 0.84 0.84 0.83 0.81 0.81

9 0.83 0.82 0.81 0.81 0.80 0.77 0.78

10 0.79 0.78 0.76 0.76 0.75 0.72 0.73

11 BOC 0.59 0.59 0.57 0.57 0.56 0,54 0.54

11 0.62 0.61 0.60 0.60 0.59 0.56 0.57

11 EOC 0.70 0.69 0.68 0.68 0.67 0.64 0.65

Average 1.00 [ 1.00 j 1.00 ] 1.00 1 1.00 f 1.00 ] 1.00
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Westinghouse Non-Proprietary Class 3 A2A-20

Table A-8 Measured Sensor Activities and Reaction Rates for Surveillance Capsule 970

Radially Average Corrected

Target Product Measured Corrected Reaction Reaction Average
Iooe Iooe Activit~y Saturated Rate Reaction
sooe sooe (dps/g~) Atvty (p/tm Rate Rt

Aciit rp/to) (rps/atom) Rt
(dps/g) _______ (rps/atom)

Cu-63 Co-60 3.15E+05 7.77E+05 8.12E-17

Cu-63 Co-60 2.93E+05 7.23E+05 7.55E-17

Cu-63 Co-60 3.22E+05 7.94E+05 8.30E-17 7.99E-17 7.99E-17

Ti-46 Sc-46 1.23E+07 1.53E+07 1.17E-15

Ti-46 Sc-46 1.31E+07 1.63E+07 1.24E-15

Ti-46 Sc-46 1.52E+07 1.89E+07 l.44E-15 1.28E-15 1.28E-15

Fe-54 Mn-54 5.41E+07 7.15E+07 6.40E-15

Fe-54 Mn-54 5.08E+07 6.71E+07 6.01E-15

Fe-54 Mn-54 5.35E+07 7.07E+07 6.33E-15 6.25E-15 6.25E-15

Ni-58 Co-58 6.69E+07 8.26E+07 7.95E-15

Ni-58 Co-58 6.54E+07 8.08E+07 7.77E-15

Ni-58 Co-58 7.14E+07 8.82E+07 8.48E-15 8.07E-15 8.07E-15

U-238 Cs-137 2.94E+05 3.09E+06 2.03E-14

U-238 Cs-137 2.94E+05 3.09E+06 2.03E-14

U-238 Cs-137 3.12E+05 3.28E+06 2.15E-14 2.07E-14 1.55E-14

Co-59 Co-60 1.61E+10 3.97E+10 3.89E-12

Co-59 Co-60 1.81E+10 4.47E+10 4.37E-12

Co-59 Co-60 1.44E+10 3.55E+10 3.48E-12 3.91E-12 3.91E-12

Co-59(Cd) Co-60 1.91E+09 4.71E+09 4.61E-13

Co-59(Cd) Co-60 1.64E+09 4.05E+09 3.96E-13

Co-59(Cd) Co-60 1.84E+09 4.54E+09 4.44E-13 4.34E-13 4.34E-13

Note:
1. Measured activity decay corrected to March 15, 1991
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Westinghouse Non-Proprietary Class 3 A-21
Wetngos NnPorear Cls -

Table A-9 Measured Sensor Activities and Reaction Rates for Surveillance Capsule 2630

Radially Aveae Corrected
Tage Podct Measured Corrected Reaction RatoAverage
sooe Iooe Activityr Saturated Rate Reactionsooe sooe (dps/g) ( dsg rpsatem (rpsatemActivity (rps/atom) (Rpfatom) at

Cu-63 Co-60 2.36E+05 3.66E+05 5.58E-17

Cu-63 Co-60 1.69E+05 2.62E+05 4.00E-17

Cu-63 Co-60 1.98E+05 3.07E+05 4.68E-17 4.76E-17 4.76E-17

Ti-46 Sc-46 2.22E+05 9.43E+05 9.08E-16

Ti-46 Sc-46 2.12E+05 9.00E+05 8.67E-16

Ti-46 Sc-46 2.06E+05 8.75E+05 8.43E-16 8.73E-16 8.73E-16

Fe-54 Mn-54 1.42E+06 2.98E+06 4.73E-15

Fe-54 Mn-54 1.36E+06 2.86E+06 4.53E-15

Fe-54 Mn-54 1.33E+06 2.79E+06 4.43E-15 4.56E-15 4.56E-15

Ni-58 Co-58 8.83E+06 4.57E+07 6.55E-15

Ni-58 Co-58 8.27E+06 4.28E+07 6.13E-15

Ni-58 Co-58 8.31E+06 4.30E+07 6.16E-15 6.28E-15 6.28E-15

U-238 Cs-137 2.45E+05 9.21E+05 6.05E-15

•U-238 Cs-137 6.76E+04 2.54E+05 1.67E-15

U-238 Cs-137 1.28E+05 4.81E+05 3.16E-15 3.63E-15 2.62E-15

Co-59 Co-60 2.45E+07 3.93E+07 2.26E-12

Co-59 Co-60 2.41E+07 3.87E+07 2.23E-12

Co-59 Co-60 1.96E+07 3.14E+07 1.81E-12 2.10E-12 2.10E-12

Co-59(Cd) Co-60 3.04E+06 4.85E+06 2.79E-13

Co-59(Cd) Co-60 3.11E+06 4.97E+06 2.86E-13

Co-59(Cd) Co-60 3.04E+06 4.85E+06 2.79E-13 2.82E-13 2.82E-13

Note:
1. Measured activity decay corrected to July 25, 2002
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Westinghouse Non-Proprietary Class 3 A-22

Table A-10 Measured Sensor Activities and Reaction Rates for Surveillance Capsule 830

Radially Average Corrected
Tagt Pout Measured Corrected Reaction Reaction Average
Tagt Pout Activity Saturated Rate Rae Reaction

Iooe Isotope (dps/g) 1) Activity (rpsfatom) (rps/atom) R satom

______(dps/g) (rp/tm
Cu-63 Co-60 2.21E+05 3.08E+05 4.70E-17

Cu-63 Co-60 2.OOE+05 2.79E+05 4.25E-17

Cu-63 Co-60 2.63E+05 3.67E+05 5.59E-17 4.85E-17 4.85E-17

Ti-46 Sc-46 8.70E+04 9.37E+05 9.03E-16

Ti-46 Sc-46 7.85E+04 8.46E+05 8.15E-16

Ti-46 Sc-46 8.17E+04 8.80E+05 8.48E-16 8.55E-16 8.55E-16

Fe-54 Mn-54 1.25E+06 2.97E+06 4.71E-15

Fe-54 Mn-54 1.14E+06 2.71E+06 4.30E-15

Fe-54 Mn-54 1.19E+06 2.83E+06 4.49E-15 4.50E-15 4.50E-15

Ni-58 Co-58 2.90E+06 4.52E+07 6.47E-15

Ni-58 Co-58 2.66E+06 4.15E+07 5.94E-15 ______

Ni-58 Co-58 2.83E+I06 4.41E+07 6.32E-15 6.24E-15 6.24E-15

U-238 Cs-137 6.82E+05 1.70E+06 1.12E-14

U-238 Cs-137 1.63E+06 4.07E+06 2.67E-14

U-238 Cs-137 5.14E+05 1.28E+06 8.42E-15 1.54E-14 1.07E-14

Co-59 Co-60 2.61E+07 3.64E+07 2.10E-12

Co-59 Co-60 2.34E+07 3.26E+07 1.88E-12

Co-59 Co-60 1.99E+07 2.77E+07 1.60E-12 1.86E-12 1.86E-12

Co-59(Cd) Co-60 3.09E+06 4.31E+06 2.48E-13

Co-59(Cd) Co-60 3.24E+06 4.52E+06 2.60E-13

Co-59(Cd) Co-60 3.18E+06 4.43E+06 2.55E-13 2.54E-13 2.54E-13

Notes:
1. Measured activity decay corrected to December 15, 2014
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Westinghouse Non-Proprietary Class 3 A-23

Table A-il Least-Squares Evaluation of Dosimetry in Surveillance Capsule 970 (7-Degree
Azimuth, Core Midplane) Cycles 1 Through 4 Irradiation

Reaction Rate (rps/atom)

Reaction Measured Calculated Best- M/C M/BE BE/C
Estimate

(M) (C) (BE)

Cu-63(n,at)Co-60 7.99E-17 6.40E-17 7.61E-17 1.25 1.05 1.19

Fe-54(n,p)Mn-54 6.25E-15 5.82E-15 6.36E-15 1.07 0.98 1.09

Ni-58(n,p)Co-58 8.07E-15 7.61E-15 8.26E-15 1.06 0.98 1.09

Co-59(n,'y)Co-60 3.91E-12 2.74E-12 3.89E-12 1.42 1.00 1.42

Co-59(Cd)(n,y)Co-60 4.34E-13 4.74E-13 4.37E-13 0.91 0.99 0.92

Average 1.13 1.00 1.12

% standard deviation 9.5 4.0 5.1

CalcuatedBest-
Integral Quantity (Caluae % Unc. Estimate % Unc. BE/C

(C) (BE)
Fluence rate

•E > 1.0 MeV 4.53E+10 13 4.74E+10 7 1.04
(n/cm 2-s)

Fluence rate
E >0.1 MeV 8.64E+10 - 8.91E+10 9 1.03

(n/em2-s) _________

dpa/s 6.54E- 11 13 6.92E- 11 6 1.05
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Westinghouse Non-Proprietary Class 3 A-24

Table A-12 Least-Squares Evaluation of Dosimetry in Surveillance Capsule 2630 (7-Degree
Azimuth, Core Midplane) Cycles 1 Through 11 Irradiation

Reaction Rate (rps/atom)

Reaction Measured Calculated Best- M/C M/BE BE/C
Estimate

(M) (C) (BE)

Cu-63(n,rt)Co-60 4.75E-17 4.85E-17 4.99E-17 0.98 1.05 1.03

Ti-46(n,p)Sc-46 8.73E-16 7.60E-16 8.30E-16 1.15 0.95 1.09

Fe-54(n,p)Mn-54 4.56E-15 4.33E-15 4.65E-15 1.05 1.02 1.07

Ni-58(n,p)Co-58 6.28E-15 5.65E-15 6.15E-15 1.11 0.98 1.09

Co-59(n,y)Co-60 2.10E-12 1.97E-12 2.10E-12 1.06 1.00 1.06

Co-59(Cd)(n,y)Co-60 2.81E-13 3.43E-13 2.84E-13 0.82 1.01 0.83

Average 1.07 1.00 1.07

% standard deviation 6.9 4.4 2.6

CalculatedBet
Integral Quantity (C) % Unc. Estimate % Unc. BE/C

(BE)
Fluence rate
E >1.0OMeV 3.32E+10 13 3.60E+10 71.08

(n/cm2-s)
Fluence rate
E >0.1 MeV 6.31E+10 -6.70E+10 9 1.06

(n!cm2-s) __________

dpa,/s 4.80E-i 1 13 5.I16E-11 6 1.07 ____

WCAP-17969-NP 
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Westinghouse Non-Proprietary Class 3 A-25
Wetngos NnPorear Cls 3A2

Table A-13 Least-Squares Evaluation of Dosimetry in Surveillance Capsule 830 (7-Degree
Azimuth, Core Midplane) Cycles 1 Through 19 Irradiation

Reaction Rate (rps/atom)

Reaction Measured Calculated Best- M/C M/BE BE/C
Estimate(M) (C) (BE)__ __ ___

Cu-63(n,a)Co-60 4.85E-17 4.60E-17 5.02E-17 1.05 0.96 1.09

Ti-46(n,p)Sc-46 8.55E-16 7.19E-16 8.22E-16 1.19 1.04 1.14

Fe-54(n,p)Mn-54 4.50E-15 4.07E-15 4.59E-15 1.10 0.98 1.13

Ni-58(n,p)Co-58 6.24E-15 5.32E-15 6.08E-15 1.17 1.03 1.14

Co-59(n,'y)Co-60 1.86E-12 1.83E-12 1.86E-12 1.02 1.00 1.02

Co-59(Cd)(n,'y)Co-60 2.54E-13 3.19E-13 2.57E-13 0.80 0.99 0.81

Average 1.13 1.00 1.13

% standard deviation 5.7 3.9 2.1

CalculatedBet
Integral Quantity (C) % Unc. Estimate % Unc. BE/C

(BE)
Fluence rate
E > 1.0 MeV 3.11E+10 13 3.50E+10 71.12

(n/cm2-s)___
Fluence rate
E >0.1 MeV 5.89E+10 -6.46E+10 9 1.09

(n/cm2-s)____________ __________

dpa/s 4.49E- 11 13 5.02E- 11 6 1.11
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Westinghouse Non-Proprietary Class 3 A-26

Table A-14 Comparison of Measured/Calculated (M/C) Sensor Reaction Rate Ratios for Fast
Neutron Threshold Reactions

S~~~M/C _____

Capsule 83Cu(n,u) 46Ti(n,p) 54Fe(ni,p) 58Ni(n,p) 23 8U(n,t)

970 1.25 -1.07 1.06-

2630 0.98 1.15 1.05 1.11-

830 1.05 1.19 1.10 1.17-

Average 1.09 1.17 1.07 1.11

% tnad 12.8 2.4 2.3 4.9-
Deviation _______ ______ ______

Average 1.11

% Standard7.
Deviation7.

Table A-15 Comparison of Best-Estimate/Calculated (BE/C) Exposure Rate Ratios

BE/C
Capsule Neutron Fluence RateIrnAoDipaentRe

(E > 1.0 MeV)______________
970 1.04 1.05

263° 1.08 1.07

830 1.12 1.11

Average 1.08 1.08

% Standard deviation j3.7 2.8
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Westinghouse Non-Proprietary Class 3 A2A-27

A.1

A-i

A-2

A-3

A-4
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Westinghouse Non-Proprietary Class 3B- B-1

APPENDIX B LOAD-TIME RECORDS FOR CHARPY SPECIMEN
TESTS

* "lXX" denotes Lower Shell Plate M-1004-2, longitudinal orientation

* "2XX" denotes Lower Shell Plate M-1004-2, transverse orientation

* "3XX" denotes weld material

* "4XX" denotes heat affected zone material

Note that the instrumented Charpy data is not required per ASTM Standards E185-82 or E23-12c.
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Westinghouse Non-Proprietary Class 3 B-2

Load-I 58.56 lb Tome-I -0.62 mg

500

400

200

200

100

00.00

00.0

00.00'

30.50

0.50h~ ,d, ,l• . ,. • •.,, .. .. ... ...... •. . . _ •. .

0.00 10.0 2.00 2.00

Thie-1 (mis)

145: Tested at -250 F

4.00 0.00 0.00

Soc

400

.• 200

2600

10o(

Load-I 14.600) Time-i -0.75mm

'00,0

0000

00.00

00. 0 - .4 I k . tI , : O. A U ~ . itt i o t a. 4, , &. n e, , .ft .sa ̂  .A 
1
A ,. J , J •. , -. . ,, , -, k K,,: . . .

0.00 1.00 2.00 3.00

Tlimne-i (mm)

i5M: Tested at 0°F

4.00 5.00 6.00

Load-I 22.070)o Time-I -0.45 mm

5000000

4000.00

a
2090000

2000.03'

1000.00

,!•,• ,• •., • ,• ,,
S + ~ ~

0.00 1 .00 2.00 3.00

Time-I (ma)
4.00 0.00 6.00

15L: Tested at 5°F
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Wetngos NnPrpitayCls B-3

500

4C0

2C0

O0.00

O0.00

C.0 CCI.CC 2,00 3.00 4.00 .00 C.00

Time-i (roe)

14E: Tested at lO°F

Load-I 14608 l Time-i -0.64 ma

ICC

CCCC.00

2800C.0

10CCC.CC

/1J) JA[.kI~eAJ A~. ,

• • .................................... •,I LArldy ....... I• I'• J•J• F•m I• • •A • • •.
0.C0 1 .CC 2.00 3.00

Thee-I (em)

4.00 ,00 6,00

13P: Tested at 20 0 F

S"]w

C.CC I.0C 2.00 3C00 4.C0 C.00

Time-I (me)

12B: Tested at 30°F

C.00
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Westinghouse Non-Proprietary Class 3 B-4

3000.00

2000.00

1000.00

0J00
0

5000.00

4000.00

''300.000

2000.00

10030.00

0.00

Time-i Ceis)

12U: Tested at 4 0°F

0.00 1.00 2.00 3.00 4.00 5.00 6.00
lime-I (me)

114: Tested at 100OF

500

400

'7300

201

101

Loed-I 00.09 lb Time-I -0.70 mc

00.00

00.00 •• !

00.00

10.00

0.00 I r . .
0,00 I.00 2.00 3.00

Time-I (me)

14J: Tested at ZO00F

4.00 05.00 0.00
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Westinghouse Non-Proprietary Class 3 B-5

Load-1 69.61 Lb Time-I -9.74 me

o0oo.00

4000.O00

'7 300O•O

2000.09

1000.00

oLJo 1.09 2.00 3.00

Time-i (me)

hGC: Tested at 2300 F

4.09 9.00 .000

0000.00

4000.00

S3000.00

2000.0

1000.00

0.00 1.00 2.00 3.00

Thee-I (me)

116: Tested at 250°F

4.00 5.00 6.00

,6

_1

9.00 1.00 2.00 3.00

Time-I (me)

115: Tested at 300 0F

4.00 5.00 0.00
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Wetngos NnPrpitayCls_ B-6

Load-I 69.75 lb Time-i -0.74 ais

0000.00

4000.00

3000.00"

2000.00-

1000.00-

~ikfi~~& 11119/v1A. L6.L&~A. P. ft~h..k AaJ¶.A. A ~. A .. A N A A A - A
0.00 1.00 2.00 3.00

Tina-1 (ins)

231: Tested at -5SOT

4.00 0.00 0.00

5O0

400

300

200

100

00.00

10000

00.00

10000

0.00 1.00 2.00 3.00 4.00 5.00 6.01

Time-i (ma)

21Y: Tested at -25°F

Load-i 441)7 a im~e-I -0.51 ma

5000.00*

4000.00

.• 3000.00

2000,00

1000.00-

~A kAKLA6 AMA.A..AJ AA.AC&I

0.00 1 00 2.00 3.00

Time-i (ma)

22K: Tested at -10°F

4.00 5.00 6.00
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Westinghouse Non-Proprietary Class 3 B-7

Load-I 3.680o Time-I -0.75 mc

4000.00

"7 3000.00

200.0

2000.00

a r tAt!Mi .0M. k A NA 3AAA0A

0.00 1.00 2.00 3.00

Time-I (ma)

25L: Tested at 0°F

4.00 5.00 6.iO0

o

_%0

Time-I (ma)

24L: Tested at 10°F

0.00

Thee-I (mm)

25Y: Tested at 25°F

WCAP- 17969-NP April 2015
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Revision 0



Westinghouse Non-Proprietary Class 3 B-8

5OC

400

2CC

00.00-

COO0S /'/'

COOS0

COO00

CO.OS100

0 CO 1.00 2.00 3.00

Time-I (mes)

23T: Tested at 40°F

4.00 6.00 6.00

Load-I 29.38[b Time-I -0.75 as

6000.00

4000.00

3000.00'

2000.00

1000.00. t ?AN~AA~A.
0~00 ~ . V... -

0.00 1.00 2.00 3.00

Time-I (as)

261: Tested at LOOTF

4.00 6.00 0.00

Load-1 33.01 lb Time-i -0.62 mc

0000.00

4000.00

S3000.00

2000.00

1000.00

0.00 1.00 2.00 3.00

Time-I (me)

222: Tested at 150°W

4.00 6.00 6.00

WCAP- 17969-NP April 2015
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Westinghouse Non-Proprietary Class 3 B-9

0000.00-

4000.00]

'7 3000.0-

2000.00-

I 0 0 0 . 0 j

0.00 1.00 2,00 3.00

Time-I (me)

21A: Tested at 200°F

4.00 5.00 6.00

.uad-1 60.005lb Time-I -0.63 mu

5006.00

4000.00-

37 000.00-

2000.00-

I1000.00-

N

.... J•
UUU I I I I ; ; ; ; : -: = = -- ; = .--

0.00 1.00 2.00 2.00

Tune-I (me)

225: Tested at 250FF

4.00 5.00 6.00

Luad-1 16.36 lb Time-I -0.70 mu

6000.00

4000.00

'7 2000

2000.00

1000.00

UIIU I m J I I I I I [ ]m • = =: -- -

0.00 1.00 2.00 2.00

Time-I (mu)

226: Tested at 300FF

4.00 5.00 6.00

WCAP-17969-NP 
April 2015
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Westinghouse Non-Proprietary Class 3 B- 10

Load-I 62.41 lb Time-i -0.74 mc

0000.00

4000.00

.~3000.00

2000.00

1000.00'

- ~JJdb AI)~iI tdIAC.kAAI$tLAAi.s..AA~I4.,~AuAAoLA /4t~thM. ti M~.. A ~ i.I
n nn 4.-

0.00 1.00 2.00 3.00 4.00 6.00 6.00

Time-I (mc)

337: Tested at -900 F

5000.00

4000.00

3000.00

2000.00

1000.00

?~IJLA.ALKNA ~A
0.00

6000.001

4000.00

.•3000.00

20.00

1000.00

1.00 2.00 3.00

Time-i (mc)

3A2: Tested at -70°F

Time-i -0.75 mc

4.00 5.00 0.00

Load-1 66.11 lb

nnrf l~~iiW~1A~ ~ As,.,, ~A.fl ~ ~...M.A .MA.A t'& A ... .. A A.. A
0.00 1.00 2.00 3.00

Time-I (mc)

31L: Tested at -650 F

4.00 0.00 6.00

WCAP-17969-NP April 2015
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Wetngos NnPrpitayCls- B-il

500

400

300

200

100

30.00 t

30.00

30.00

0.00 1.00 2.00 3.00

l'ime-1 (Inn)

31P: Tested at -60°F

4.00 5.00 6.00

-6

,_x

"7 .',

0.00 1.00 2.00 3,00 4.00 0.00 6000
"rae-I (Cs)

34P: Tested at -550F

0.00 1.00 2,00 3,00
Elaen-1 (ras)

325: Tested at -5SOT

4.00 0.00 6.00

WCAP- 17969-NP April 2015
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Wetngos NnPrpitayCls_ B-12

Time-I (ins)

334: Tested at -30°F

Time-I (me)

35P: Tested at 0°3F

Time-I -0.72 insLoed-1 33.191b

0000.00

4000.00

'73000.00

2000

1000.00

111111 I I l I I I I I J - -- l- • T-T .. ..

0.00 i1.00 2.00 3.00

Time-I (ins)

347: Tested at 69°F

4.00 5.00 6.00

WCAP-17969-NP Arl21
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Wetngos NnPrpitayCls B-i13

Loaed-I 69.78 lb Timoe-i -015•mm

Z
o,

5000.00

4000.00

3000.00

2000.00

1000.00

I1 N[I i ] I I ] I I I I I • .... .

0.00 1.00 2.00 2.00

Time-I (me)

371: Tested at 100°F

4.00 5.00 5.00

5000.00

4000.00

2 000.00'

2000.00-

1000.00-

0.00 1.00 2.00 2.05
Time-I (ms)

37B: Tested at 1500°F

Time-I -074 mm

4.00 0.00 6.00

Load-1 47.771lb

5000.00

4000.00,

3000.00'

2000.00

I1000.00

[313131 I I I I I I I [ w"--7" . ...
0.00 1.00 2.00 3.00

Time-I (me)

312: Tested at 20001F

4.00 5.00 6.00

WCAP- 17969-NP April 2015
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Westinghouse Non-Proprietary Class 3 B-14

Load-I 11.01 lb Time-I -0.75 mc

00.0

40.0

00.00

2000

lo.0

i0.00

0.00

0.00

0.00

000

ear - NJ ~ 1 'd..P441 .ALNo1 M L~aA~.MrA~ie[ao ~ ~s ~ A. L r A N ~ ..A ~.
0.00 1 .00 2.00 3.00

Time-I (ma)

47M: Tested at -125 0 F

4.00 0.00 6.00

0000.00-

4000.00

50

40

"730

3000.00"-

2000.00-

1000.00

2.00 3.00

Time-i (me)

44K: Tested at -90°F

0.00 1.no 2.00 3.00 4.00
T~ime-I (mm)

42E: Tested at -80°F

5.00 0.00

WCAP-17969-NP April 2015
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Westinghouse Non-Proprietary Class 3 B-i5

Load-1 47.77 lb Time-i -0.30 m&

5600n0.0

4000.60

S3000.00

200.0

1000.00

ILL A.A .omA A - p, A. A
.WU , ,

0.00 1.00 2.00 3.00

"lime-I (me)

45U: Tested at -75°F

Time-I -0.66 me

= - m •- .i
4.00 5.n0 6.00

3

Time-I (me)

454: Tested at -70'0F

Time-i -0.56 msLeed-I 44.07 lb

5000.00

4000.00

-~3000.00'

2000,00

I oo•o

P ,AAi..i. Ik.
0.00 1.00 2.00 3.00

Time-i (lee)

45L: Tested at -60°0F

4.00 6.00 6.00

WCAP-17969-NP April 2015
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Westinghouse Non-Proprietary Class 3 B- 16

Load-i 69,99 lb Time-I -0.69 ms

8
-i

5000.00

4000.00

3000.00-

2000 .00-

1000.00-

ki•q'•4

0004-..........-.......---,~
0.00 1.00 2.00 3.00

Time-I Line)

45A: Tested at -50°F

4.00 5.00 6.00

0000.00~

4000.00

300.00

2000.00"

1000.00"

0.00
0.j

5000.00

4000.00

.• 3000.00

2000.00'

1000.00*

O0 1.00 2.00 3.00 4.00 0.00
Time-I (me)

41Y: Tested at oaF

0.00

f

0.00 1.O0 2.00 3.00

Time-1 (me)

433: Tested at 6i9°F

4.00 5.00 6.00

WCAP-.17969-NP April 2015
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Westinghouse Non-Proprietary Class 3 B- 17

'7 000.00

2000.00

1000,00

0.00
0.

5000.00

4000.00

•,00.0

2000.00

1000.00

0.00
0.0

0000.00'

4000.00'

7 3000

2000.00"

1000.00-

Time-I (ins)

46K: Tested at 150°F

Time-i (ms)

457: Tested at 2000F

time-i -0.70 mcLoad-i 22.04 lb

0.00 I I I I ' T. . .
0.00 I.00 2.00 3.00

Time-I (me)

472: Tested at 250°F

4.00 0.00 8.00

WCAP-17969-NP April 2015
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Westinghouse Non-Proprietary Class 3 C-1
Westinghouse Non-Proprietary Class 3 C-i

APPENDIX C CHARPY V-NOTCH PLOTS FOR EACH CAPSULE
USING SYMMETRIC HYPERBOLIC TANGENT
CURVE-FITTING METHOD

C.1 METHODOLOGY

Contained in Table C-i are the upper-shelf energy (USE) values that are used as input for the generation
of the Charpy V-notch plots using CVGRAPH, Version 6.0. The definition for USE is given in ASTM
E185-82 [Ref. C-li, Section 4.18, and reads as follows:

"upper shelf energy level - the average energy value for all Charpy specimens (normally three)
whose test temperature is above the upper end of the transition region. For specimens tested in
sets of three at each test temperature, the set having the highest average may be regarded as
defining the upper shelf energy."~

Westinghouse reports the average of all Charpy data with >_ 95% shear as the USE, excluding any values
that are deemed outliers using engineering judgment. Hence, the Capsule 830 USE values reported in
Table C-i were determined by applying this methodology to the Charpy data tabulated in Tables 5-i
through 5-4 of this report. USE values documented in Table C-i1 for the unirradiated material, as well as
Capsules 970 and 2630, were also determined by applying the methodology described above to the
Charpy impact data reported in TR-C-MCS-002, Revision 0 [Ref. C-2], BAW-2177, Revision 01
[Ref. C-3] and WCAP-16002, Revision 0 [Ref. C-4]. The USE values reported in Table C-i were used in
generation of the Charpy V-notch curves.

The lower-shelf energy values were fixed at 2.2 ft-lb for all cases. The lower-shelf lateral expansion
values were fixed at 1.0 mils in order to be consistent with the previous capsule analysis [Ref. C-4].

Table C-i Upper-Shelf Energy Values (ft-lb) Fixed in CVGRAPH

. .. . iCapsule _____

.. Materi.. . ...l. • Unirradiated ,970 ... ;2635: - 830,...

Lower Shell Plate M-1004-21715-- 18
Longitudinal Orientation

Lower Shell Plate M-1004-214121318
Transverse Orientation

Surveillance Program Weld Material 156 154 145 133
(Heat # 88114)

Heat Affected Zone (IIAZ) Material 170 156 163 158

Standard Reference Material (SRM) 133 - - - 113---

CVGRAPH, Version 6.0 plots of all surveillance data are provided in this appendix, on the pages
following the reference list.

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3C- C-2

C.2 REFERENCES

C-1 ASTM El185-82, Standard Practice for Conducting Surveillance Tests for Light-Water Cooled
Nuclear Power Reactor Vessels, E7Q6(F), ASTM, 1982.

C-2 TR-C-MCS-002, Revision 0, Louisiana Power & Light Waterford Steam Electric Station Unit
No. 3 Evaluation of Baseline Specimens Reactor Vessel Materials Irradiation Surveillance
Program, October 1977.

C-3 BAW-2 177, Revision 01, Analysis of Capsule W-97 Entergy Operations, Inc. Waterford
Generating Station, Unit No. 3, February 2004.

C-4 WCAP- 16002, Revision 0, Analysis of Capsule 2630 from the Entergy Operations Waterford
Unit 3 Reactor Vessel Radiation Surveillance Program, March 2003.
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Westinghouse Non-Proprietary Class 3C- C-3

C.3 CVGRAPH VERSION 6.0 INDIVIDUAL PLOTS

Uuirrfldited Plate .M-1004-2 (Lougituduinal)
CVGraph 6.0: E{yperbolic T ang.nt Cmve Prir~d on 1(299201511:24 AM

A --86,10 B -- 83.90 C -- 72.8 TO = 44.89 D = .00

Caixr-.tio Cc~ff•idm = 0.981

Euation i• A -÷ O '-d(TT0)I(C'÷DTl)]

Uppr ShmlfF~u~rg 170.O00(FixMd) Lo~r Sh~llEarg 2D'=22 (Fixe1),

Teuip@30 ft-Ib:•--13.50= F Temp(•35 fA-1b•= -6.2eY F Temphx50 f~t Ib= 11.70• F

*Pbnt: Wot•rtrJr 3
Otisnt~taain LT

Matezial: 6A•33BI
Capr-nl': Unirrad

H~at.NK •7 286-1

213)

175

350

~T125

i-10

Ca

z j

50

25

-300 -260 -100 0 100 200 300 400 5130 660
Te~mperature (0 ID)

CVGraap 6.0 010..9/2_015 Page 112
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Westinghouse Non-Proprietary Class 3 C-4
Westinghouse Non-Proprietary Class 3 C-4

Pblt: lmt.errord 3 2Mareia]: $,A•33B1
Cipmto.: Utnirrad Elh

Uiiirrfi'aded Flate M'-!004-2 (Longitudiinal)

Chlnlpy V-Notch athfa

Heit: NR •-7 286-1

T~mperatur• (: F) Input C'V•N j Cmput~d C'%'Y ] Thfer~.ndnI
-80 7.0 73. -0.]3

,--0 12_0 j1&.S -4.82

,40 11.5 16.S -5.32

0 14.5 39.8 -2530

0 48.5 39.8 8.70

40 86.0 80,4 5.57

40 105.0 80.4 24.57

10 107.0 123.9 -16k0

80 130.0 123.9 6.OS

120 147.0 151.3 -4.34

140 158.0 158.7 -0.74

160 .169.5 163.3 6.17

160 1"77.5 163.3 14.17

210 16 .5 168.30'2

210 175.0 I68.3 6.72

CV•G~x6,0 Ol •29i2015 Page 212

WCAP-17969-NP 
April 2015

WCAP- 17969-NP
Revision 0



Westinghouse Non-Proprietary Class 3 C-5

Uuirrndiated ilate 1W-1004-2 (Lontgitudinal)
CVGr~ph 6.0: Hyperbolic Tangn• Curve Pxinae on 1/29/2015 1 127" AM

A=- 46,04 B =4•,04 C =44.•1"Q6T0--16.3""! D= 0.0

Correakion Co,~fficiexg --0.9S0

Upper Sh, ifLE. = 91.07 Low,&•She.!LE. 1 520 (Fixved'

Tein,•3S m, lr= 5,30• F

M~texia1: SA•33B1 Heat: •'TR 7 1S6-1
C~pml~e: Tjnjrrad Fm

Ls

Plato: War

300

90

80

S70

.• 301

20

0

.. .... ... .. ... ... . . . . . ... .. .. 1 j .. ... .
.. .... . ... 1.. . .

1-0 . .... ,,.. .. . ,..... .

I i " I .l i • i : .

t~rlord3
SLT

30 -2410 -I00
Temperature (0 F)

01/2-912015

400 501) 600

Page 1/2-CVGnaph 6.0
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Westinghouse Non-Proprietary Class 3 C-6
Westinghouse Non-Proprietary Class 3 C-6

Phntoz '"Vaigr ford 3
Oii~tari~nrLT

3bte~j£1 SA•33Bi
C~ zule: 1.ttirmd El

Uinirradint~ed I'htte M'-1004-2 (1Longftudin1l)

('harpy Y-Notcb hiDtn

He-at: Y-R $7 286-1

Tmprgtur.• (C F) Input L. E, C~oipu ted L. E. I~iffer~ndal
-03.0 2.2 f0.82

t 0 0.0 7.6 2.35

.40 10.0 7.6 2.3

0 14.0 30.2 -16.20

0 41.0 30.2 10809

40 65.0 67.9 -2.91

40 78.0 67.9 t0.09

702.0 86.2 -14.18

8090.0 862 3.82.

120 89.0 90.2 -1.22

LO0 92.0 90.2 1.76

1NO 91.0 90.7 0.28

160 9•4.0 90.9 3.0.

16,0 90).0 90.9 -0.93

210 95.0 91.1 3.94

CVCaph 6.0 01•29'2015
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Westinghouse Non-Proprietary Class 3 C-7
Westinghouse Non-Proprietary Class 3 C-7

Unirm id.ted IPlate NI-i004-2 (Longitudinali)
CVGiaph 6.0l: Hypnvbcl Tan• it Cu-ve Prned on 1129/015 11:29 AM

A = •0,00 B = •6.00 C = 63,00 TO =40.71 D = 0.00

Coualation Co~effrent -= 0.9S9
Equation i5 A + B * ['ra h((1-TOyf(C•-DT))]

Upoer• Shelf %Shet -- 100.00 (Fi, ed) Lowe SIlf %Shear-- 0,00 (Fine)

Temertuprnte at 50% Sh.ar=4O.S0

Khtetial: SA•33B1 1{at: NR• 67 2136
Ca~oud e: ilnirrad Fhtnane:

Plant: WaTh

110

100)

90

80

-J

5. 0

311

20

10

0

-00-- a- -- -

I I I I I.,,.,...~1 ~. 3 1
0 Af. ..........-. ~.--.-. I ~. 4

I ,.,.,,... ...... I I

_ I
I '1'
I I I I

3 4 31 3 I

I 4
I =-=.------.. .-. -- .-. ,

4 4
______ I I

I I '

ter[ord.3
11 LT

00 -200 -I00 0 100 208
Temperature (0 F)

300 400 500 600

CVGraph 6.0 01/29/2015 Page 1/2
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Wetngos NnPrpitayCls C-8

O~nt~tion LT
Mxe:i£: ESA•33B1 Heat YXR z7 186-1
C•=pauh: Uiirr.ul Fkruen:

Unirv'adiated Piate M-1004-2 (Loiigitudinn!)_ "

Chnarpy Y-.Notch Data

Thmp~2atur• (: 1=) pU, ¶bShar omud.ha ifr•la

-80 0.0 21 -2.12

-40 10,0 7.2 2.S4
40 1. 0.0 7.2 ,2.,4

0 15.0 21,5 -6.55

0 20.0 215 -1 55

40 40.0 49.4 '9.44

40 65.0 49,.4 15.56

50 75.0 77.7 -2.6S

50 80.0 77.7 2.32

120 SS.0 925 -7.53

120 9"0.0 92,5 '2.53

140 1.00.0 9539 41!0

160 100.0 97.$ 2!

160 100lo.0 97.S 2.22

210 10.0 9,9.. 0.46

CVGrap8 6.0 01 29/2015 Page 2•
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Westinghouse Non-Proprietary Class 3 C-9
Westinghouse Non-Proprietary Class 3 C-9

Unirraidinted iPlate NI-1004-2 (Trarnsx erse)
¢3VGraph 6.0: Nypearbolic Tangank Cwuve Printedc 1f 2912015 12:59 PM

A = 71.60 B = 69.40 C = 73;71 TO = 26A8 D 0,00

Con'dhtian Coeffeicjat = Q.986

Eq.tioni• .A, B * ITah(Cr-To)/(C÷-DTfl]

Upp•x Sh~1!•Ig'E••- 141 00 (Fix~d) Lotv2z Shelf En~ray = 2.20 (Fied)
Teinp4•t0 fl-lbz- 24.50• F

PLmtt: Wnateford 3
Oiietatiou TL

ThmpC3 5 fl-1b•-- 1670• F

Materia1: SA•33Bl
Czapnle. Thrirr td

Teurnp50 ft-Tbh• 2.S0" F

F H~an N 6e2:-

175 _L { .. . . .. . . . ._ : L : ! -

"i t , [ . i : to -I -!I !t__ -____T -

z=

Q

151)

100 _ I / _ _ i iI

tO0 ... I . . ... .
_•.• -... . . .• -. 6 0 . .y- I-....--.•

" I • I . , : l "I

250 ... . .. .. . .... ... . _,I ... I.. . .:_• • ... .. ; .. 2 _
... .. I . . ... . 1 . .~ . K . .. .. I.. .. ._ , . , . . : _ .

Q30{0 -200 -100l 0 ,100 200
Temperature (0 F)

300 400 500 600

CVGaaph 6:0 01i29/2015 Paige 1'2
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w A C-10
Westinghouse Non-Proprietary Class 3 C- 10

Pbnt: "Wadriord S
Or~~iwtri TL

* at~i~1 SAF.33BI H~4. N-R •7 •86-1
Cap~u1e: Utnirrad Fiutt•

Univrrdinted Plate 5I-t004-2 (Transverse)

Charpy V-Notch Da ta

Thnp~rature (,F) Input CVNi e• omputedl CV" Thff~r~niiM

-30 9.0 9.5 -0.51

-60 J 0.0 143 -432
-40 [ 21.5 21.S -1.3.

-0215 21°8 .3

0 44.0 47,7 -3.69

065.5 47.7 17.31
40635 342 -15.6;9

CVC-i-abh 6o0 Ol d29/2015 Page 2/2
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Westinghouse Non-Proprietary Class 3 C-11
Westinghouse Non-Proprietary Class 3 c-il

Unirradinted Plate M-1004-2 (Transverse)
CVGmpI~ 6.0: H],eprbollc Tangent CW'•e Puinaedon 112912015 1:01 PM

A =.4,•.86 B --44.86 C = 77.44 TO =11.38D =0.00

c,•1~atiou Co•kim=.0.9sg

Equation is A -+ B *[Tai•.(C1TYO)(C-DOlI•

Uppr Shelf LE 90,72 L.owe, Shelf L..E. = 1.00 (Fizxel

Tensp@35 miL,•' -6,70* F

Nbhtenal SA-•33B1
C,•pmle: tUnlrrad

pd,

•J

Plant: Walat
Odaietati.2u

300

S70

S4O

.• 30)

2t1

20

10

03

erlord 3
:TL

* I
."*...* I

0 -

_ __ I

.~ I
1 *.-..-[.*--.-. I

I i I

I I I

. .1.. 1

.1

I ______ ~ ~* I I<1
I . I

.0.. ..j..
0 100 200 300

Heat: ,NF F7 286-1
lhtenee:

I0 -~200 -100
Temperature (0 Fi)

01129/015

400 500 600

Page 11-GV.Cr-ph 6.0
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Westinghouse Non-Proprietary Class 3 C- 12

SP32n:1 Wa kerE• rd 3
O.~tti•:r TI.

MateziLat SA133_B1 Hi*. XR $7 686-1
C~pmu• tnfirrzd Flvu,&e

ltnihnidinted iPlnte M-1004-2 (Transverse)

Charpy V-Notch Dhaa

Thnp~ratur• (• F) Inpu L E. .CoinpattdL.E. Thiff~r •jiMii

-SO 7.. 6 -1.56

-60 6&0 13.0 -6.99

-40 18.0 19.4 -1.43

--40 23.0 1.4 3.57

0 37.0 36.8 -1.75

0'50.0 36.S 1125

40 55.0 612 -622

40 57.0 61.2 4 22

SO S2.0 77.4 4.60

sO T7,0 77,4 -0.40

120 81.0 65.5 -4.46

120 90.0 65.5 4.52

160 6S.0 88.8 -0,76

160 92.0] 66.6 3.22

210 66•.0 90.2 -2.1$

2tO 90.0 9•2 ,0.18

CV,,rC_,¢i 6•0 01! 29 i2Of15
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Westinghouse Non-Proprietar7 Class 3 C-13
Westinghouse Non-Proprietary Class 3 C-i 3

Unirr'adinted Plate M.-1004-2 (Transver'se)
VCViraph 6.0;.H~erboij Tanget Cui've Priaied1on 1,_29/2015 1:03 PM

A p ,0.00 B • 0,00 C =64d14 TO 40.33 D • 0.00

Conr1affoan Coemciden = 0.993

:Equationia A + B $ Franh((T-T0)Y(C+Daf)]

Up .r Slielf %Sbear = 100.00 (tFL'ed) Lowa Shlfl %Shiea= O.00(Fi'd)

TeinpeiatiUe at 50% Shea= '40.40

Material: SAL33B1
Caunil Unirra d Fluei

Plato: IWat

I 10

I 00

90

89)

10

30

20

-31O

CVGeaph

erf'ord 3
mTL

Heat; N'R • 2S61
a.ce;

V ' 777 7t. • • .... !

. . .. .. . . _.. . . . ._ .. .' . .I . . .i . .i . . . .. i . .. . .I . .. . -
.. .. . . . • -- W • • -- -' - • - - - - • -- ;• - ,

I I ...... _ _ _ .. . ._ _ .. ..i. .. . .

I0
Temperature (0 F)

01/29/2015

300 400 500 600

Page If2

WCAP-1 7969-NP April 2015
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Revision 0



Westinghouse Non-Proprietary Class 3 C-14
Westinghouse Non-Proprietary Class 3 C- 14

Oh*t~txo TI. C.,p-'1e- Udrmrd Flu•.aee

iAII'ra (ated, Plate M-•1004-2 (Transverse),

Charpy V-Notch Data

-60 . . .. 0~ 4.2 -4.,191

10 l.0o 75• 2.45
,'4.,,0.0,,..5,,. -5

O 20.0 22.1 ,-2.14

4040.0 4927 -9.74

1 20 . .... 923O -2.3

'160 '100.0 97.7 234. .

210b 10...0.0 a995 . .... .050 .. .

CVc~ph 6. 01~29i20i5 Pae 2I

WCAP-17969-NP 
April 2015

WCAP-17969-NP
Revision 0



Westinghouse Non-Proprietary Class 3 C-15
Westinghouse Non-Proprietary Class 3 C-i 5

Un~irra diate d Weld
CVGraph 6.0: Hy:p~bo.i¢ Taxgnit Cwve Pzined on 11291015 h:10 PM

A = 79,10 B = 76.90 C = S-$4.24 TO =-43.47 B 0.00

Con.hti~oa Coaffic en = 0.990

Eo- tio i• A~ B S U [rah(C1->0OV(CDI))]

Upper S1~lf Enr.y = 156.00 (Fixed) Lower Shef Eznrpy =2.20 (Fixed)

Temp30 ft-1b.=--SL4A0• F Te-ro 55y•i3S b•- 78 800 F Tem•<i'O.ft-Ib7---65.00° F

Phnt: Waierj'ord 3
Oriention; NA

jateral: SAW
Capsule: Unirrrd

Heat: 88114

2)00

175

150

•. 125

z 75

25

-300 -201) -100 0 10)0 200) 300 400 50)0 600
Temperature (o F)

CVCraph 6.0 01/29/2015 Page 1/2)

WCAP-1 7969-NP April 2015
WCAP-17969-NP

Revision 0



v = . C-16
Westinghouse Non-Proprietary Class 3 C-i 6

Pbhnk:. Vi'alrfor~d S
Ozi•_ntna~r NA

Mat~m1l SAW
C~vpukl Uzirrad

Unirra dmated Weld

Chnirpy V-Notch That

HFit 18f114

Ttmp~raur• ( F') Input C:'VN Computed CY .N Differ~mrial'

-180 3.5 32 0.31

-150 5-5 5.2 053

-120 8.0 10.8 -2.$4

-80 13.5 33.9 -20.44

-S0 45.5 339 1156

"-40 S35 84..0 -052

-40 ,95.5 84.0 12.4S

0 122.5 130. -7.73

0 1301 1302_ 027

40 142.0 149.2 -7.23

SO 146.0 154.4 -S.40

80 138.0 154.4 3.60

120 155,5 155.6 -0.13

120 162.5 155,6 6.S7

160 148.3 155.9 -7.42

160 1 71.0 155.9150

CVCi•p1 6.0 C!1'29/2015 Page 2/2

WCAP- 17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3C-1 C-17

Uniirradhited 'Weld
CVGztph 6.0: Hyperbolic Tangent Curve Pr,intdon 1129/2015 1:13 PM

A =48;7 B = 427.~ C 43.82 TO •--$$.65 D =0.00

Cr'aladuu Co-elfiienk = 0.990

Equaton is A ÷ B * [Tach((-T0).'(C-,D'D)

Upper ShefiLE. = 95.53 Low'r SheI!L.E. = 1-O0 (Fixed")

Tenip@~35 mih•-6S.20° F

?Materu1: $AW
Capml•e: Unirraid

m

Plant: Watertord 3
Orientatiom NAk

9 O

80

:-:, 70]-

: 40

20

-300

Fhrence:

i
i

" 1

I

!

i

-i
i

i

J

..... ... .. O

- iti o,[•I , I

!

i

:. i !

'i ....

Heat: 88114

I'.L

K>.

7.
T

0

.. ... " . . . . . . .3 i . . . . . . . . . . . .

.. .. i . . .i

i i!i

I I
i . I

1.~.
-200 -100 0 100 200 300 400 500

Temperature (0 F)

01/2-912015

600

CVGraph 6.0 Page 1/2

WCAP-17969-NP Arl21
Revision 0



w _ _ C-18
Westinghouse Non-Proprietary Class 3 C-is

Phnt, ~erford 3
t.~ti~ ~A

M~ateiaL SAW

Tinir'n dinted Weld

Chnirpy V-Notch Dnta

H•.•; 35114
Fh•_ac•-

Teprnparure F' 19 Input L. E, Compu ted L. F. ] hffrerda1la

-130 3.0 2.3 0.74

-10.0 5.$ 0.24

015024.4 -!2.41-

-1036.0 244• 1159
-40

-40 6!06_ 34

-0 3 .0645.3

o 95.0 s663

40 95.0 94.3 0.63

40 97.0 94.3 2.65

80 94.0 95.3 -1.34

O96.0 95.3 0.66

120 96.0 953 030

120 97.0 95.5 150

160 94.0 953 -133

160 94.0 9,53 -153

CVCtaph 6.0 Page 2?2

WCAP- 17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C-19
Westinghouse Non-Proprietary Class 3 C-i 9

Unirrfldihted Weld
CVdGraph 6.0: .Hyprbolic Tangent CwvePzind on. 1/29/015 1:15 PM

A = $.0OB = $0.0 C:= $7.79 TO =-1.03 D = .00

Co~rrdation Coenifiienk = 0.990

Equation i• A-4-B ' [Ta 1(,'-T0OY(C-DT))I

Up•_r Shelf %Shear =100.00 (Fixed) Lo helf %Shnar = 0.00 (feind)

T~emerature at 50% Shear -51.00

Materal: SAW
Caoalhe Uuilrrad EluŽ

Phlant: "Wa"l
Cajent tier"

111)

]I00

90

30

20

10

0

CVTaph

erford .3
c'- NA

Heat: 38114

... 4:J L L _ . 4. _

.. . ..: .. . .. ._ _ _ _.. . 4,. . .; . . . . . . , .. .!. . . . . . . . .. . . . . . . . .: .. . .

O0

6.0

-.201) -101) 0 100 200 300
Temperature (0 F)

01129/2015

400 500 600

Page 1/2

WCAP-17969-NP Arl21
Revision 0



-- = _ C-20
Westinghouse Non-Proprietary Class 3 C-20

Planto. "Ihi'erford 3
Orieatiati NA

ldht•-i3I SAW
C•p:ude Unirr~d

TUnir~rn dkiated Weld

Chalrpy V-Notch Data

He.: 85114

Teinpernture (* F) J nput %Shem' Computed 6Shear DifferenrNl
-1so 0.0 1.I -1.14

-150 0.0 3' -3}.15

-120 10.0 3.4 1.58

-SO 20.0 26.3 -5.84

-50 30.0 26.S 3.16

-40 50.0 59.4 -9.43
-4 75.0 59.4 15i57

0 s o.0 15.4 -5.40

055.0 85,4 -0.40

4090.0 95.9 -5.89
40 100.0 95.9 4.11

S0 100.0 9S.9 1.06g

5O 100.0 91.9 1.06

120 100.0 99.7 027

120 100.0 99.7 027
16 0 1 0 0. 0 9 9 9 0 0o 7

160 100.0 99.9 0.07

Page 2'C'V'Ci-Jpli 6.0 01o__9:"2015

WCAP-17969-NP 
April 2015

WCAP-17969-NP
Revision 0



Westinghouse Non-Proprietary Class 3 C-21
Westinghouse Non-Proprietary Class 3 C-2 1

Unliiradialted heat Affec ted Zone
CVGtsyh 6•0: H)-2A,boic Tangent Cu've Pzned on 1129/2015 3:08 PM

A =86,10OB =83.90 Cs='77.3STO =- -I,€3 D = O,00

Coisebation Coeffcien = 0.973

Eqiuation is A + B h Ta((T-T0y(C'fDT))]

Upper Shall Enr•r = 170.00 (Fixed) Lowx Sbh]f ErnaxgyS = 2.20 (Fired)

Temp,. ]30 ft-lb's.-117.00° F Tern 35 ftlb-I 109.20° F Trnv•50 ft-lbz--90.!0° F

Phrnk: Waterford 3
Oii.entatiou N'A

Mt,,xtia1: SA933B1 Heat: •"R • 226-1
Cap •ute_: Ijuiria d Thuxene"

200

175 ~-

IS0 ....-

t

z

125

I

I2 .2

0.

0>

0oi0 ! ! ! ¶

* ... . . ... .i. .. ... ...1. . . .. .i. . . . ..

10D0

75 ......

50 ...... -• .......

_ _ _ _ I I

* I]

25

0

o]

00. . . . .. . lill• ....... . . . .. ..... . .. ... . . . .. .

-300 -200 -100 0 100 200
Temperature (0 F)

300 400 500 600

CVG~sph 6.0 01/2.912.015 Page 1/2-

WCAP- 17969-NP April 2015
WCAP- 17969-NP

Revision 0



Westinghouse Non-Proprietary Class 3 C2C-22

Pbant:.W•aterford 3 Marexial: ,SAZ3B1
C•9pukh Enirrad

Uni'rAdia~~ted fleat M.tfected Zone

He~t: Y'R •7 286-I
Fluemne:

Charpy V-Notch Dtan

Temp~racure (= F) Input CYN" Computed CVN" Differential1

-150 6.5 15.3 -3.81

-135 10.5 20.S -10.34

-120 21.5 2S.3 -6.79

-SO 44.5 59.4 -t4.9$

-,3O 76.5 59.4 17.06

-40 113.5 101.7 11.33

-40 116.5 101.7 t4.S3

0 118.0 137.1 -19.05

0 133,0 137:1 0.95

40 126.0 156.6 -30_59

40 162.0 156.6 5.41

SO 163.5 165.0 -1.47

80177.0 165.0 12.03

120 ,152.5 1682 -15.68

120 133.5 168.2 1532

160 1'64.5 169.3 -4.85

160 183.5 169.3 14.15

CVC-2cIph 6.0 01;2-9/2015 Page 2,P2

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C2C-23

U~nirrjadiated Heat Affected Zoine
CVGraphx 6.0: Hyperbo~ie Tarngent Crave Puined~on 1/29/2015 3:10 PM

A = 44,46 B = 43,46 C = $03 TO =-73.61 D 0.O00

Cartatiloi C.•oeltkex 0.990

Eqiiationi= A -* 1B [Tanh((T-T0)f(C-DI'))]

Upper Shelf LE. = S7,92 Lower ShefL.E. = 1.00 (Fixed)

Temp@#35 mi!•-S9.7O0 F

Plato: Waterford 3
Orientation N-A

Material: S.A=33B1
Capadle: Unirrnd F Iuen e t: •R• S-

100

I-

70

60

5o

40

30

C'-VGtaph 6.0

-200) -101) 0 100 200
Temperature (0 F)

300 400 5010 £00

01/2-9/2.015 Page 1/2

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C-24
Westinghouse Non-Proprietary Class 3 C-24

P1211:. VWaierford 3
Orit~ni• NA

MatriX~: SAPS33B1
Cap~ule. trirrad

iunfrrndith ed lieat _affected Zone
Ft He: tZT P 8-

Charpy V,-Notch Daita

"l'•mptrature (= F Input L E, ('omput¢--d L. E.Difr-nal
-150 9.o 5.s 3.1S

-135 5.0 9.4 -1.36

-120 17.0 15.1 1.93

-SO 35.0 43.3 -10.26;

-050.0 433 6.74

-4,0 73.0 72.5 0.51

-40 77.0 725 4.52

0 7.0 84.3 :

0 S850 84.3 3.75

40 84.0 S7.I -3.15

40 SS.0 57.1 0.85

SO 91.0 S7.S 3."24

80 S,-.0 87.8 -3.76

2o0 90.0 87.9 2..1

120 89.0 $7.9 1:12

160 87.0 87.9 -0.92

160 $9.0 8 7.9 1.08

CVC'rp 6,0 01129'2025 Pge2I

WCAP- 17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C2C-25

Tuihraidiat&I Heat. Affec ted Zone
CVGraph 6.0: JH.pebolic Tangant Crave Pzintedon,1/2912015 3:! 1 PM

A = •0.00 B = $0.00 C =71.89 TO -.•.47 D = 0.00

Corrdbtiok1 Co•ffici~mt= 03982

Equationi= A•f * I ?ah(C1-TOY•(C•DT) )1

Uppert Sb.~1f %S5• = 100.1)0 (Fix~l) Low• Slietf%Shr~ax 0.00 (Fixed)

Temnpratw• a 50% S~ear= -55,40

Plink: Wgt~rFord 3
&ii~siafion NA

M~t •-aI: SA~33B1
Cajvue: ljnrra d Flue~nee:

1101

90

8so

t __ I ! • I i

I!L[.]LLL L00[L I

(
-': ............. • ........ c• .......... ..

i

3

701

69

50

49

39

20

10

.. .. I . ..

' 1 ...

! / I 1 l • 1

• •. . . . . . . . .' . . • . . . ' " " . .. . . . .., . . ..O. .

.... .. . ...I/I ....Z I. .I... .i.. .. ... .. .I ... . ..I. ...- ...i .... .[. ....i .. .
'i -• .. .... .. ".•,... .E L ... T " i .. .•.... i.... ...t .....I. ... .. ..... i ..

°i

*11.
-390 -260 -10(1 0 100 200

Temperature (0 F)
300 400 500 60(1

CVG~3pb 6.0 0112-9/2015 Page 112

WCAP- 17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C2C-26

PJ.,1.t: X1aiirf'ord 3

Prnhrrndiitefl IHest -.Mfec'teii Zone.

Her. TR •7 86-1

Charpy V-Notch That

Th-mp~rntur• t• 1) Iniput %Shwar Comnpatod •&Sb~ir Differ~ntial"

-150 0.0 6.7 .6.72

-135 0.0 9.9 -9.,6
-!20 10•.0 142 ..- 4.24

.8O 30.0 33.6 -3.51

-SO 45.0 33.6 11,43

-40 70.0 60.6 9.40

-40 60.0 60.6 -0.60

0 75.0 82.4 -7.40

0 80.0 82.4 -2,40

40 75.0 93.4 -1S 44

40 100.0 93,4 6.56

80 100.0 97.7 2.26

80 10 .0 97.7 226

120 100,0 99.2 0.75

120 100.0 99.2 0.75

160 100.0 99.8 0.25

160 !00.0 99.8 0.25

CVC-Tali 6.0 01l2_9:2015 Pae 2.°_

WCAP- 17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C-27

Unirrni'adted Standard Re~ference Material
CVGraph 6.0• Hyperbolic Tanent Cmuve Pxinked ou 1129120 5 3:57 PM

A = 67.60 B = 6•,4O C = 617.73 TO 7 "8.76 B = 0.00

Corselati~oa Co•"f.cjen± 0.990

Eqsiaiion is A+ ,B * Tanh((T-T0)V(C÷DT)f]

Ulp-a"Sbelt .rgy = 133.00 (Fixe-d) LOwer SheWEner~•= 2.20 (Fixet)

T~mp@Y30 ft-lb•='34.50f• F Tei•(~~ 5 ft-1bs=41.70• F Te-mp@50 ft-1bo= O.10• F

Pbn•: Watertord 3
0~ienltstF: LT

Material: SA.F333!
Capnile; lbnrra d

Heat: HSST-01M"
Fint.ene:

200

175

150

z3
Q,,j

125

1001}

i -

I -~ I
I I

-I---. - 1 o l _ _ _ _ _ _ _ _

I I
I-: -

---*1-- .----- ~----, I - -

~. --I I I ____ I - I
4 ____

I -~.--~ I I

I - - I I I I I

I-------------I I .-- ~-~ .,-~-- I--.--------.i-----~- i 1 -~ II I I
1 i I ____

I ~ I I
0 1 ___

-
1

.. L ~

75

50

0L
i}0 -.200 -400 0 100 200 300

Temperature (0 !)
400 500 600

Page 12CVGraph 6:0 0112-910t5

WCAP-17969-NP 
April 2015
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Westinghouse Non-Proprietary Class 3 C2C-28

Phut,, Wi2'erford 3 Mate~i£I SA-•33B11 IH*t: fIlST-.0iPd
L•,-ule. t.nrrnd I: uen¢•:

Uinirrndinted Standard Referenice M~'iterhiI

Chaarpy V-Notch Dntn

Tnmp~ratuir• (•"F• Isiput CV'• Cromputedl CIry Tiff•,renti.aIl

-80 jI4.5 3.4 11.I1I

-o7.0 6.0 0099

-40 8.0 6.0 1.99

0 18.0 13.8 4,16

0 18.5 13.8 4.66

.10 35.5 33.8 1.7"!

40 .39,5 33.5 5.71

80 55.0 63.S -13.80

80 6S.0 68.8 ,0.80

120 105,5 103.1 2.37

120 97.0 103.1. -6.13

160 130.0 122. 789

160 141.0 1" 1 18.89

210 130.0 130.3 -0.34

210 131. 13..0s.3 0 .66

tVC,~pb4O 01;29t2015 P~age 2/2

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C2C-29

Unhrrndiated Sta'unda'd Reference-Mriterial
CVGta'ph 6.0; Hyperbolic Tange-nt Curve Pzinked oi 1/2912015 3•S9 PM

A = 4.V4EB= 47.l4 C= 9L,64 TO 6&. D =.0.0Q

Corelatioi Coi•_ftienim = 0.992

Bqua&lia inA+÷B * [Tarah((T-T0)i(C÷DT))]

Upper ShelfLE. 95.23 io'er Shelf£L-E = 1.00 (Fixed)
Temp{ii35 niiL=-42.30O F

Mtezidal: SA•33B1 H-Iat HSS~T-01M'Y
Capnxk: Unirrad Fluence:

Plant: 'Water~'ord 3
Oxientfimt• LI

90

-S

S70}

= 60

- 50

• 30

20

10

0
-300

I 1 t I .

i 3 3

I.

* I

* I

I -

~0

0

~~0~

S ! 1 i I 3

-200 ,,.'OL 0 100 200
Temperature (0 F)

0o1291_o15

300 400 590 699

.Page 112-cvc-apli 6.0

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C3C-30

Pbn•: tVni~rford 3
OQnt~ic•-LT Ca• ,-,al U.nirrad Ftuene•

Uinirradiated Standahrd Reference MaIterialh

Charpy \T-NoIch :Da m

Tmp,,.•,,,, ( .) I-put L L, Compu=,d.L E, Dhfleejial,
-S0 3.01 4_5 -1.55

-08.0 9.1 -1.07

-40 8.0 9,t, -1,07

0 20.0 18.3 1.74

8 20.0 18.3 1.74

40 32.0 33.9 -1.92

40 39.8 33.9 5.08

8047.0 54.0 =7.01

80 55.0 54.0 0.99

1Ž0 7.0 72.1 2.83
120 67.8 72.1 -5.15

160 90.0 84.0 5.

160 S9.0 84.0 4.99

210 92.8 912 0.83

210 84.0 912 47.!7

CVCi=ph 6.0 0129!2015 Pai: ,22

WCAP-17969-NP April 2015
Revision 0



v . - C-31
Westinghouse Non-Proprietary Class 3 C-3 1

ljxirrndinted Staindrd Reference Ma ter'ial
Ca/Graphi 6.0: Hyperotic Tangenit Cui've Priiclon 11/292015 4:01 PM

A = 0.O.O B =O.•0;f C =69,7•.T0 86.S7'D = 000

Co~rd.atiar C•f.ficjit- 0.987

Eitiomi• A.+ B * [Tarnh((T-T0Oi(C+OD1hJ

Temztu.rate at 50% Shetr 86.60

Marerial: SAM33B1 Hea: IIS$T-O1M"V
Camule_: Thdlrrad FluernceOxientatior

9O

81)

t.. 791

20

10

0
-311

erf'ord 3
L: L;T

on~i I I -

I I __ I
I I I

I I I I ~ I

I jo ~ I
I ~ I

I I
~ II I I

I I

I I I
..~I I I

I __________

0~-r
I. I

0 100 200 300 400
_______ I _______ 1 .1
O0 -200 -100

Temperaiture (0 F)

01/29/2015

500 6111

CVC~raph 6.0 Page 1I2
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Westinghouse Non-Proprietary Class 3 C3C-32

Pb~nt ,'1Thwtrfor'd 3
Oditnotion: LT Capu Etdt•Uir.• d F

nifuirrdiated .Standard .RefereneQ M•nterial

Chairpy V-Notch Dthfa

H~ak; !166T-l1$1MY

T~mp~ratur• (: F) InpiU %Shear Cotupnzed 1$hr ThiffrwtfiM

-8O 0.0 0.8 -0.84

-00,0 2.6 -2.53

-$0 10.0 2.6 7.42

0 15.,0 7.7 7.29

0 15.0 7.7 .

40 2.•o 20.8 4.17

80 40.0 45.3 -5._30
Uo '75.0 7253 -.71

120 65.0 72.3 -7.2_9

160 100.0 S91 10.85

160 100).0 39.1 I0.S5

210 100.0 972 2.82

210 100.0 972 2.82

C-VC•p 6.0 01 29./2015 Page 2'2

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C-33

Capsule 970 Plate M-Ii004-2 (Longitudhinal)
CVGmiph 6.0: tHypeaihlic Tange~nt Curse Printe~d an 2_/912015 5l:10 AM

A =73,60 3= 76.40 C = 76.98J0O= 50.2D = 0.00

Condation Coefficient = 0.976

UpperShdflE nergy"= 155.00 ('Fixed) Lowcei Shelf Ene~rgy =2.20 ("Fixed)

Tesnp@30 ft-lbs= -'7A40 F Tetnp@35 6-lb•'= 0.50' F Teci•5O fi-1bs=' 20.20' F

Plant: Walid-rord 5 Material: SA5S3B1 Heat:. N'R 57 286-1
Orientation: "LI Capsule: 97' Fluterrce:

• I ...: + ii

... ... ........ ,... .. -I- -•, ` ,I. -
1*75 + , - ,+....!. .. I .. ..1. . .. • . .

I' K
II. 121K+t, ; |

50 !l •

-300 -200 -100 0 1400 200 300 400 590 600

Temperature (0 I0

C:VGraph 6.0 0210912015 Page it2

WCAP- 17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C3C-34

.Plant: .Wa terford 3 Materia -SA7B F h eat: Nl5 2t-

Capsule 970° Plate M-1004-2 (Longitudinal)

Charpy V-Notch Data

.so 7.5 j .121 -5 :.11

-25. .. 24.0 21.1 2.93 -

20 36.0 J49.9 -13.59

50 72.5 1sz=5
70 90.0 j97L6 -7.63.

-100 .113.0 J122.0 -3.97

.150 156.0 144 i1.69 "

200 152.0 15l.9 0 .07

5~o 157.•0 1 . 155.0 2.00

Cv~cap~i 60o .0o.10912015 PaEe 2/2

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C3C-35

Capsule 970 Plate M-1004-2 (Longitudinal)
GVGraph 6.9: Hyeabolie'Tan en Curve P~iated on 2/9/2015 8:24 AI'M

A :=44.78 B 43.78 C = 65.98 T0 = 23.41D = 0.00

Correlafion Coeff~ejeirl =0.975

Equartion is A + B [Tairhc(T-TO)1(04-÷DT))]

Upper Shelf L.E. 88.56 Lower ShelfL.B. 1.00 (Fixed)

Temp@35 mils= 10.500 F

:Pl~nt: Wnterford 3
Oriennaion: LT

Material: 5A533B1
Capsule: 970

Heat. NR 57 256-1
Fluen~ce:

1ffl

90

80

.• 70o

.- 40

c• 30

300

CVCraih 6.0

-200 -100 0 100 200
Temperature (0 F)

300 400 500 600

Page 1/202/091201:5

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C3C-36

Plant: 1Wherfrd 3
Ozitatainzv .LT C'agpul: 970

•Heati. MR 57 286-1

Capsule 970 :Plate M-1004-2 (Longitudnal)
Charpy V-.Noch Thata

0_______._______ _____7__________1

20 320 4L2-9.20

3610 47.8 ... 13.17

70 69.0 70.6 -L56

CVGr~iph 6.0~ 02/'09/2015 Page 2/2

WCAIP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C-37
Westinghouse Non-Proprietary Class 3 C-37

Capsule 970 Plate MI-1004-2 (Longitudinal)
C.VGraph 6_0: Hypexholib Trnigent Cturve Printed on 2/9/2015 8:27 AM

A $ 0.00 B1 = 0.00 C = 51.30 TO =52.15 D =0.00

Coerelatioji Coefticietnt =0.976

Upper Shelf%Shear • 100.00 (Fixed) Lower Shelf %Shear = 0.00 (Fixed)

Teinperature at .50% Shear = 52.20

M~aterhil: SA533B1 . . Heat: N'lq 57"286-1
Capsule: 97° Fluence:

Plant: W~aterrord 3
Orientation: 1.T

11%)

•.. 70-

r•60-

• 40 -

30o-

20

10

o -'

-300 -200 -100 0 100 200 300 400 500 600
Temperature (0 1)

C'VGraph 6.0 02/0912015 Page 1/2

WCAP-1796 9-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C-38

Onrntaation: IT Capsu!e: 970 -e•m
C"apsule970- PlateM-1004-2 .•L.ongitudlinal)

Charpy V-Notch Data

Temperture (• F) Iuput % Shteas" Comiputed .%Shear .Differendtia

•-•o ... .0..... i., .. . 1:.
-S- 0.... 1.O i9s -L.90 :

30 40.0 2•9.8 "0.1i7"

35 40.0 34.0 5.58

50 40.0': 47.9 -7.92

70 80.0~ 66•.6 13• . 42

1l001 70.0 86.4 -16.38

150 .100.0 97.3 224

... 200 .1oo.0 "9 .. 9.7 0. 33

cY:craph 6.0 0o109/o01 .Nge 2(2

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C3C-39

Capsule 970 Plate M-1D04-2 (Tr'ansverse)
CVGraph 6.0:,Hlyperbolic Tangent Cutrve Printed on 219/2015 8:30 -M•,

A =63,10 H = 60.90 C =75.84 TO = 49.60 D = 0.00

Correlation Coefkicjeut =0.934

Equation is A + B t' Taihb((T-T0)Y(C4-lTf)I

Upper Shelf Energy" 124..00 (Fixed) Lower Seltdf Energy = 2.20 (Fixed)

Tezup@30 ft-lbs 3:.500 F Thnp@35 ft-lbs= 11.S0a F Temp@50 ft-lbh 33,10' F

Plant: Watei'fortd 3'
Orientation: TL

Material: SAS33B1
Capgtile: 97Q

Heat: "NR 57 286-1
Fluence:

211D

175

15t1

_•125

1• 100

z 75
U•

50

25

o t---300 -200 -100o 100 200 300 400 590 609
Temperature (0 1?)

CVGraph d.0 02/09/20_15 Page 1/2

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C4C-40

Pkmt: 1Va terfordI
Onicntfiton:

ML~t•ia1 SA533B1
Capsule 970 Capsml: .7ese

Capule97°Plate .M-1004-2 (Transvre

Charpy V-N-oth Data

Heat: NER 57 286-1
F!•ren.

Temperaiture (• F) Input CYN I Com~puted CV=N Dhitf~rutial

-50 7.0 J10.4 -3.42

-511.0 117.1 -6.14

0 15.0 "j 28.1 -,13.'12

1o 36.0 33.9 zo9

20 53.0 40.3 12.53

35 54.0 J 51,5 2.43

50 73.0 j63.4 9.58

70 71.5 J79,1 -7.60

100 88.5 93.5 -10.00

150 121!.5 I11..9 5.56

200 125.0 121.7 3.27

530 124.0 j!2.4.0 0.00

cvcrwph 6.0 02!'09f2015 Page 2.2

WCAP- 17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 CAC-41

Capsule 970 Thiae MA 00)4-2 (TranSverse)'
C-YGniph 6.0: Hypexholic Tangenat Cutrv Printed on 219!2015 8:32 AM•

A= 42.23 B -•41.23 C = 66:0010 =oa u07 D o'o0

Correlation Coefkicient O .9S6

Equation is A + B • Tanhh((T-T0),t(c+DrTh]

Upper Shelf LE.E 83.47 Lowe:r Shelf LE. 1.00 (Fixed')

Temp@,35 nit•= I9.i0Y' t

Plan~t Watderrorc 3
Orientation: "I'..

Makeeia1:,SAS33Bl
Capsule: 9 7a

Heat: IN€ 57 286-1
I'luence:

7110

C

I-

70

60

50

410

30

-300 -200 -100 0 100 200 300 400 590 600
Temperature (0 1F)

CVGraph 6.0 0210912015 Page 1/2

WCAP- 17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C4C-42

Pbtihierf~a~otrd3
orinntifen: I Capsule: 970

:Capsule 970 Plate M-1004:-2 (Tfrasverse)

Charpy V-No~tch Data

Heat NR 57 2864

-so..0. . 6.0j ... 7.6 . . .- 57

,5 .0 • - .S .

20 4/4.0 35.6 341z

35 47.0 44.9 2.10

SO 57/.0 . 53.9 •3.05

100 70.0. 74.5 :446

150 36.0 3L3 .4.10

200 36.0 83.0: 3.02

5•50 81:0 S3_5 -24.47

CvGxaph 6.0 O2/0o9f2Ofs Page 212

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C4C-43

Capsule 970 Plate M-1004-2 (Transverse)
GVGniph6.0: Hypezholkc T'ulgwat Cttrn' Printed on ?J912015 8:34 AM

A = 30.00 B = 50,00 C = 33.27 TO = 43.86 D = 0.00

Cc-relatton Coa¢lcietit = 0•972

EquatiOn is.A + B t' Taiu1h((T-T0)!(C+1Yf)I

Upper shelf %She-ar -1 0.00 •Fixed) Lower Shelf %Shear -- 0o0 [Fixed)

Teniperture • 50% Shear = 4190

M•ateriat: 5A533B1 Hieat: N'R .•7 286-1
Cap~nle: 97° Fhience:

Plant. Watei'rord 3
Orientation: TL.~

100

90

•. 70 -

€9 50 -

30

20

-300 -200 -100 0 100 200 300 400 500 600
Temperature (o F)

CVCGraph 6.0 02/09/2015 Page 112

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C-44

OPenta~Ttisro 3,
C~pmsuk 97• F'-utxjrec

Capsule 970 Plate MI-lD04-2 (Ii'anmsverse)

(.har., v-Notch Dt

F Xtpa~•t ) biput sba, I omputed %sh~am Diftei6ntin1
-50 0.0o 0.4 •-0.35

-2o 5.0. 1.6• 143S

0s 5.0 1t •o

20 s0.0 1 9.2 0.o76

170 100.0 88 17.20

-100 70.0 96.7 -26.69

150 100.0 99o.o 0o.1?

CVcxipth 6.0 02(0912015 ;Paae2I2

WCAP-17969-NP April 2015Revision 0



Westinghouse Non-Proprietary Class 3 C-45

Capsu.le 970 Weld
UVGraphi 6.0: Hypei~olic Tangent Citre Printed on 219/2015 9:02 AM

A = 78.10 B = 75.90 C =6916I T0O -3.86.11 = 0.00)

Correlation Ct.efkkieiet 0.951

Equation ri A + B t Tahzh((T-T0)f(C4-DT))l

Utpper'Sheif Energy 154.00 (Fixed) Lower Shelf Energy'= 2.20'(Eixezl)

Tenip@30 ft-lbs=-60.900
F Temp@35 fl-lbs,=-53,70' E Tenlp@50 Bi-1bz-7-35,900 F

Planxt: Walerford3 MatetiaL SAW Heat: 88114'
Orien4tlaion: NA Capsule: 970 Fluence:

:• s . .... . . I _ ... .• i . . . .. . i _. ... .. .... . ...

'• 175 1-------=-

1275 -Ii A.• •
•- ........... >1 ' .. I: i

-390 -290 -100 0 .100 200 300 400 500 600

Temperature (0 F)

C:VGraphz 6.0 02109/2015 Page 1/2

WCAP- 17969-NP 
April 2015

WCAP- 17969-NP
Revision 0
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Westinghouse Non-Proprietary Class 3 C4C-47

Capsule 970 Weld
CVGr~aph&60:•Hypexolrnic Tangeat Cwve, Printedi on 2/9/2015 9:05 AIM

A = 44.73,B 43.73 C = 46.01 TO =- 29.43 D = 0.00

Correltion Coefficient =0.94$

Upper SheifLE.E = 546 Lower' Shelf LB.E 1,00 f(Fix'ed)

Ternp@35 mils=-39.S0• F

Platnt: Wnterfordi 3
Oientatiozi" NA

Material: saw
Capsule: 97•~

Heat: 85114
Fluence:

100
I -~

0 -s-I

y-77
§ -i-

0
60

50

40

30

20

10

0

2 5

- I

I-i- -.--.- _______ -t
0 I.jO¶

...7~7i7I**~] I
- I I -

I I
I- -

-~-.-~I--- -1--
_________ S _______ 4 ________

_____ ____ ____ II - --1..!
____ I ___

- I77}771. ____ .--J7~j__
- - S -It

JO -200 -100 0 100 200 300 400 500 600
Temperature (0 F)

CVGraplh 0.0 02/0912015 Page lt2

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C4C-48

Plant. W'Vairford 3
Capsutle; 97•

Capsule 970 Weld

Chiarpy "V-Notch Data

F1tLen~

?emnp~raura~ (• F) Inputi., L_ J Ccoputed L. E. DtIIermniial
-50 15!.0 26•.4° -1.3l.8
-40 33.0 34.9 -1.85

-35 50.0 39.5: 10.5-I

-13 51.0 58.0 -:7.01

'0 .60.0 69,4 -9.42

' .. .. 20 .. .." "'78.0 i "79.3 -1.32

70 91.0 [87.3 3.69

. 100 93.0 88.1 4.86

200 .94.0 ] S.5 5.55

550 79.0 8835 -9.46

,CV Griph 6.0, 02/09/2015

WCAP-17969-NP Arl21
Revision 0



Westinghouse Non-Proprietary Class 3 C-49
Westinghouse Non-Proprietary Class 3 C-49

WCAP- 17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C-50

PlutiP W |terford3 Mateni~l SAW:

Capsule 970 Weldt

Charpy V-Notch :Data

Hnt- 88114

Fluence:

-50: 40.0 J39.1 . . 0.86

0 60.0 67.5 •-7.46

50 90.0 87.0• 3.01O

10•0 1 00.0 95.6 4.4t3

00•_o 100o ...0 b9.6 0.. .44

50 100.0 100o0 0.00

CVG~apb 6.0 0210912015 PageZl2

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C-51

Capsule 970 heat Affected Zone
CVGniph6.0: Hypexholik Tangent Curx~ Printed on Z1912015 9:09 AM•

A = 79.10 B = 76,90 C = 88.63 TO --- 36.61 D = 0.00

Correlation Co'efkicient = 0.966

Eqation is A + B tTanh,((T-T0)J(C÷-D•)I

Upper Shelf Enlergy 156.00 ['ixed) Low er Shelf Energy =2.20 (Fixed)

Temp•30 ft-1ba=LO•-13.S0a F Trenp@35 tl-lbs--94.400
F Temtp@50 Et-Ibs•-71.90' F

Plant|: W.alerford'3
Orientation: NA

Material: 8A533BI
Cap~tle: 97•*

lHeat: N£R 57 286-1
Fiuence:

200

1~5

T• 125

-100

z 75
r,%)

50 -- "

25-

0-
-300

CY~raphi 6.0

-200 -110 0 100 200
Temperature (o F)

300 400 500 600

Page 1/202/0912015

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C-52

O1~t ntelord 3A

Capsule 970 Heat Affected Zone

Char'py V-Notch IData

Heit ?']R 57 286-1

-1'00 " 21.0 . .... 31.9 . . . . -1!0.89

-85 35.0 j40.8 -5.84i

5 3 :1 :" 55.3 ... t-11

-50 90.0 5 7.5 2.4z3.

1 0. 101.0J 116.2 -1i5.18

20 12.0 122.5 .1.47

70 155.0 1 43,.3 1.1.73

100 .153.5 1493 14.24

'150 150.0, [ i " 153.8., - ' ....- 3,75, .. ..

•'c•i•h 6.o 02109/2015 Page 212

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C5C-53

Capsule 970 Heait Affected Zone
tVGimph*6O:pz'iyr-nlic Tmagent Cuir"e Printed on 2/9/2015 9J:1 1 AM

A = 39.48 B =38.48 C =47,71 TO =-66.30 D =,0O0

Conelation Coeflicient = 0_967

Equation is A + B" [Tamnh((T-TO)'(C'4-DT))]

Upper Shelf LB.." 77.96 Lower" Shelf LB. 1 !00 (F~ied)

Tenip@35 mils=-71.800 F

Plant: Waterfortl 3
Oxientatian- NA

Material: SAS3SBi
Cap•|~e: 97"

Heat. NR 57 236-1
Ftnuetce:

1i)0

90

-+

C.

70

60

50

40

30

20

10

0

k -

/0

t.. .... ..if. .. ..3 ...•.... .

______.t ..- _L. _____ ______ __.___ I _ _ _

- * !.. ... r I _ _ _ I _ _.... _ _ -_ _ . ..

-- C• --- 7 7 --- V -v --V - - . . .- - --

-300 -200 -100 0 100 200 300 400 500 600
Temperature (0 F)

C.V'Grplh 60 02/09/201-5 Page it2

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C5C-54

Pi.nt.t: Vatertford 3

Capsule 970 lleat M•fected Zoiie

Charpy V-No~teh Dat~a

Flzieiie

-65 . 36.o_ - . 40.5- -4.53

-50 60.0oj 52.t 7.86d

0 71.0 73.5 "-2.46

1!0 67.0 714.9 -7.9,4

.20 ,7 3.0 75.9 - 2.95 .

50 .77.0 77.4 -0.38

70, . 3.0. 77.7 .5.29

10li0 90.0 72.9 12.11

..... ,50 71.O_'l .78.0: -6.95

c-v°Cka pl 6.0 o021o912oi5 Page 2J2

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C5C-55

Capsule 970 Heat Affected Zone
c VGrah,6.O. ,Hype4holic Tangent Cttrve Printed on 21912015 9:13 AM

A = 50.00 B = 50].00 C = 68.09 TO =-37.61 D = 0.00

Correlation Coe~ffiient = 0.962

Equation is A + B' [Tah((T-T0)!(C+DTF))]

Ujpper Shelf She,-r = 100.00 (Fixed) Lower Shelf %Shear= 0.00 (Fixed)

Tenipetature at 50*% Shear = -37.60

Plant: Wttteiford 3
Orientation: NA

Ma~ternal: 5A533B1
Capsule: 9 7 t

Heat:N1R 57 286-1
Fhienice:

111)

90

81)

70

60

S0

40

30

20

10

o 1IL .J .A L...- .. L ... .L . A...L....I...L.. ..~-300 -200 -110 0 100 200 300 400 500 600

Temperature (0 l)

C.VGraph 6.0 02109/2015 •Page 1/2

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C-56
Westinghouse Non-Proprietary Class 3 C-56

Pliit7 Wnisrford 3
oriuntioa NA

Maiterw1: SAS33B!I
Cal~uk:" 97"

Capsule 970 IHeat Affected Zone

(:harp V-Notch Data

H :eat N"R 57 2S6:1

Teinp•rntur• (' F) Input %Shiear f Computtd %Sh~ar Diff~z ~ntiai
=100 5.0 13.8 -8.79

-35 25.0 119.9 -5,.09

-65 15.0 f30.9 -15.91

-50 60.0 {41.0 19.00

0 80.0 f75.1 4.BS

1~0 70.0 80.2 -10.19

20 85,0 r -1.5 0.55

50 85.0 92.9 -7.91

70 100.0 95.9 4.07

100 100.0 9S.3 1.73

150 j100.0 99.6 0.40

CVGraiph 6.0 0210912015

WCAP- 17969-NP Arl21
Revision 0



Westinghouse Non-Proprietary Class 3 C5C-57

Capsule 2630 IPIa~e M-1D04-2 (Tr~rnsverse)
CVGtaph &0: Hypezbolic Taiigent Ciuv~ Punted on 219/2015 9:23 AM

A = 66.60 B 64.4DC = 117.40 TO = 42.050 = 0.00

Conelatuon Coefliejent = 0.964

Equ~tionis A -i-B ~ ih(CE4141(C4-flTj)1

Upper Shelf Eneugy= 13L00 (Fixed) Loweu Shelf Energy= 2.20 (Fixed)

Temp~30 ft-1bs=-33.60~ F Tea~p~35 ft-Ibs-2Q.9O~ F Temp~S0 ft-lbs- 11.lOa>F

Pbat: Wateifrord 3
ouietataion: TL,

Material: SASS3BI Heat: NR Si 286-1
Capaule: 2630 Fluence:

200

175

•- 100

-z 7

5O

0-

-C" Gr'aph 6.0

-2oo -109 0 100 200
Temperature (0°F

399 400 590 609

02/09/2015

WCAP- 17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C5C-58

Plantz Wn tefford 3 M[aterih: SA-5338! Heat: N'R 57 286-1
Cap~u!•e: 2630 he-ct

Capsule 2630 Plate M-1004-•2 (Transverse)

Chiarpy V-N-otc~h Data

-40 19.0 J27.7 -8_72

-30 14.0 31.4 -17.39

-10 55.0 39.8 1522_

0 46.0 f44.5 1.53

25 75.0 57.3 17.69

S0 74.0 71.0 3.05

75 66.0 J84.2 -18.21

125 105.0 105. S -0.79

.... 160 11I1.0 115.8 -4.77

200 128.0] 122.8 5.18

'"225 135.0 12S.5 9.46

350 151.0 1303 0,68

CVGxaphi 6.0 0210912015 P•ge 2

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C-59

Capsule 263o Plate M-1004-2 (Transverse)
,cVGrmph i6.0 I-t"ypellolic Tzusg~nt Cwgv• prinked on -2/920i5 9:27 AM.

A a 3930 B • 38.30 C = 4.58 To = 20.-3 D -- 0.00

Urpper ShsefL.LE. ='77.60 Lower SselfILE• =1,00 (Fixed)

9100

80

,• 70

20

10

20

.CV3raph 6.

eiiar~ 3
:TL

__71
I _____

- I

to ~) 1i~L:iiL~ I __ __

1 -~

2 1 __

-200 -100 0 100 200 300 400 S90 609
100

5.0

Temperature (0 F)

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C-60

P"Lant: W.,Ierford 3
,Orieuwaicu Th,

Malexiinl: SAS33BI
•CaW, t1e: Z,63

0  
I

Capsule 2630 Plate M-1004--2 (Transverse)

Charpy V-Notch Data

Heat:. •'R .•7 286-1

Tempe~reu (0T y)input L. £. Coznpu•d L. £. Differinitial

-40 "14.0 17.7 -5.66

-30 9.0 20.6 -1 !.59

-10 37.0 27.3 9.65

0 32.0 31.1 0.89

25 50.0 41.1 5.89

50 51!.0 50.9 0. 14

75 49.0 159.2 -10 '0

125 70.0 70.0-.0

160 73.0 73.5 -0.19

200- 77.0 75_§ !.08

225 82.0 176.6 "5.40

350 75.0 17 -. 5

C.,rGxriph 6.0 02109f2015 Page •22

WCAP- 17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3C-1 C-61

Capsule 2630 Plate M-1004-2 (Transverse)
CVGr~p~i 6.0: Hypext~olic Tiflg~nt Ceuve Pr~nh~d on 2/912015 9:29 AM

A = 50.00 B = 50.00 C 100.20 TO = 66.47 D D~OD

Cguelation CoefBcjesit 0.931

Equ3tiou is A 4-B traoh((T,.TO)f(C+D'1))]

UppeI~ Shelf %Sliear= 100.00 cFi~ed~ Low& Shelf %Sheae 0.00 (Fixed)

Teinperanare a~ 50% Shear= 66.50

Material: 8A533B1 Heat ?~R 37286-1
Capsule: 2630 Eluence:

O liientateia

90~

80

t,, 70

r•.60

30

2o

o0

0-a

rford 3
TL

I I

t
__ __ - LIi-;---.-.--- I

O~O 7

S~.1 I
00 .-20"0 -100 0 100 200 .300 K.400 500 600

Temperature (0 F

CVGrapha6.0 02/09/2015 Page 1/2
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Westinghouse Non-Proprietary Glass 3 C6C-62

Piie2, dtz1 tif.r d 3f1 M a~i ued.-.S263SB

Caipsule "2630. Plate M-1004-2 (Transverse)

Char'py V-;Notrh Data

H•eat: N"• 57 z86-1

Tmp~rtre (•_1') InpUt .%sbeaz : Compu lud %,Shear Djq'•r~ntial

-40 ... . 0.Io6 " • : . . . .10 .o•0.67

I°-.30 5.0 •12.7 -2.73

-10 15.0• 11.9 -2.85

0 10o 21.0o -5-97

50 50.0 :41.9 Sl-I

75 45.0 54,2 -9.25

125 75.0 763 -1:.2

350 100.0 99.1 0.35

'CYGnijpli 6.0 o2/o912015 Page 2/2

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C6C-63

WCAP-17969-NP April 2015
Revision 0
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w A C-65
Westinghouse Non-Proprietary Class 3 C-65

Capsule 2630 Weld
CVYGraph'6.O: Hytpeiholie Tangent Cui", Printed on 2/9/2015 9:33 AM

A =-43.15 B = 42.15 C =59.61 TO = -35.09 D O= 0;

Conereition CtoeIl~ietnt 0.996

Eqtuation is A + B t' 'IaiduX(T-TO)/(C+DT)]1

Upper Sh~efL.E =.S5.3! Lowver ShelfL.E. =1,00 (.Fiaed)

Ternp@•35 mih-•46.70' F

Plant: Wanterforc1 3
0rientation: NA

Marteial: SAW
Capnile: 263•

Heat: 88114"
Fluence:

1 00

80

70

C
50

40

30

20

10

-300 -200 -100 0 100 200
Temperature (0 F)

300 400 500 600

Page 1/2CVGraph 6.0 02/09/2015S
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Westinghouse Non-Proprietary Class 3 C-66

Plant: 1ViRrford3
Oriexltltioan NA

Material: SAW•
Capsule !.63

Capsule 2630 Weld

Charpy V-Notdi Data

heat. 831]4
Flueiicee:

Temperature t? Fr) auit L. . C'omputed I. £. Diffzerietial
-175 0,0 1 .a -I.76

-1t25 tO0 4.9 -3.94

-75 16.0 j18.5 -2.51

-50 39.0 32.8 6-17

-25 4.9. 50.2 -1 22

0 6L0 65.5 -4.45

25 77.0 J75.4 1.60

50 82.0 j80.7/ 1.25

75 83.0 83.3 -0.26

10 o7s.0 84..4 2.59

150 85.o 85.1 -0. 14

200 83.0o 85.3 -2.½

CVGraph 6.0 02/09/2015 Page 2'2

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C6C-67

Capsule 2630 W¥eld
£.VGrap 6.0: HypeIolic Tmrngent C~i-•ve Prilfled on J91201 5 9:35 AM•,

A - 50.00 B = 50.00 C -- 63.30 10 =-36.2,8 D -- 0.00

Corrlation Co~fticieut 0.995

Eithuoa is A + B3" [Tmhia((Y-Th)/(0DT))J

Upper Shelf Shear 100.00 ff'x¢dl Lonwr Shelf %Sha~ar 0.00 (Fixed)

Iempera~tnxe a 50% Shleax = -36.20

I'lain: iVaterfortl 3
Oneatatioai: NA

M~texiak SAW-
'Capsiule: 26.30

,Heat: 8811•4

1~10

900

80

¢ 60

o 50

S401

30

20

10

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

Temperature (o F)

CyqGeaph 6.0 82109/201 S Page 1/
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Westinghouse Non-Proprietary Class 3 C-68
Westinghouse Non-Proprietary Class 3 C-68

PL~aft:"1'ht t• 3o MIzteria1: SAW\V
Cap~uie. 263':

Capsule 263o Weld

Charp-y V-Notch Data

He~Q. 88114
Fhtence,:

•Temper rture i° i) lnpiu %bshieawr Computed. %$hiar. --Dtt'f'r~ntiin

-125• 1.0 fo 5.8 4.17
... . -20• . 0- f ' 2...9 -2L.... ..90..

-50, 35.0 .39A. -4.41

25 90.0 87.2 2-77

50 90.0. 93.7 -.3.73

0010098.6 1-38

200 100.0 99_9 0.06

•yC-r'aph 6.0 020,o9f2015 P3ge 212
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Westinghouse Non-Proprietary Class 3 C-69

Capside 2630 Heat Affected Zone
CVGaph,6,0: Hypeaholic Tingent Ciuve Printed on1 22/2015 91:38 AM

A =82.60 B =80.4O C = 3.91 TO =-25.62 D=O.O0

Correlation Coefkkicet•= 0.980

Equation is A +~ B ( Tanh((T-T0)!(C+DT))]

UpperSheif ,neawgy = 163.00 (Fixed) Louver Shef Energy':- 2.20 (Fixed)

Teanp@30 tt-lbs=-9.20
0 F Tenlp@35• ,ft-1b•,-82J700 F Temap@50 -lbs=-6 1_70 iF

PIanst: "Wateitord 3
Ozientation: ?'A

Material: SA533B1 He~st: N'R 57 286-1
Capsuhe: 263° Fluence:

200

175

150

_• 125

~-100

z 75

50

25

, ...... l : !0

_2 __. • J . _ ___ r _____.T T- L ]_ . I _ __- __.....

S / I :..f t t --I --..
• i_______ I •...... .-I---i ......

'I
v-300 -200 -109 0 100 200 300 400 500 699

Temperature (0 F)

CVGraphi 6.0 02/09/2015 Page 1/2

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C-70
Westinghouse Non-Proprietary Class 3 C-70

'PlintWa•,'eford3
O0entitani N•A 'Captiie: 2630

Capsule 2630 Heat Affected Zone

Cha .py V-Notch Date

Fhiwn~:

T~mp~riture (°IF) inputO (T .Coipuied (T :DI~r~ntinJ

-;175 4.0 6.-Z&

-75 31.0. 40 .. ...... 4o1 -9.05

-25 53s.0 8 3,2 -0.20o

0 11"- 4.0 10i6.4 7_s5

2_5 118.0 126.0 -.•-97

50 • 144.0 "14o.2 3176 -

75 1520 149.6 2.39

.110 142.0 156.9 -14.90'

*150 182.0 160.6 21t.41.

.. . -225 163.0 162.6 0 .41 "

,325 192.0 163.0 2. 9.04

cVGCiilh 6.0 .o2/09 2015 .Pa~e •22

WCAP- 17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C-7l
Westinghouse Non-Proprietary Class 3 C-7 1

Capsule 2630 fleat Affected .Zone
CV~raph.6-0: 'Hypesholic Tangent Cturve Printed on 21912015 9:39 AM

A = 33.0,8 B = 37.08 C = L,32 TO =-51,37 D ='0:00

Correltion Coefkicient= 0.9S4

Equt~aion is A + B" [Tahh((T-To)1(C-÷DTh)I

Upper Shelf L.E' - 75.15 Lower Shif L.E. 1,00 (Fured)

Temp@35 rils---56.406 F

.Plant: Waterford 3
0Onenration: NA

Majienal: SA~g33B1
Capsule: 263°

Hear. NR 57 286-1
Fluence:

100

90

80

Ca

0J

70

611

50

40

30

-300 -200 -100 0 100 200 300 400 500 600
Temperature (0 F)

C:VGraphs 6.0 02/09/2015 Page 112
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Westinghouse Non-Proprietary Class 3 C-72

P1lizt .Waterfordi 3
Ozlentatio1E NA

.Mateirial SAS33BI
Cap~ale: 263•

,Capsule 263OHeat Affected Zone

Charpy V-Notdih Data

H•.eae R5728.

-125 ... 15.0 I' 7.1 7.s88

•Ts ,23.0 24-4 -442

-9347.0. 53.1 -6.15

067.0 633: "3.49

25 75.0 69.5 5.48.

50 80.0 72.6 7.44

75 69.0 74.0 •19

110 74.0. 74.8. -0.78

150 .74.0 "" 75:1 -1.05

_.77.0 75.1 l.SIS

* 325.69.0, 752 -6.15

CVGxipli 6.0 02/0912015 Page 2i2

WCAP- 17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C7C-73

Capsule 2630 Heat Affected Zone
.CVGeaph &.0: Hvpe..bolic Tangentt Cttte Printed on 2/"9/2015 9:41 AM•

A = 50.00 B 50.00 C =79.72 TO =-53.45 D = 0.00

Correlation Coeffcient = 0.992

lEquation? is A.+ B t' Tahbl(T-¶r0)!(C÷DT))1

Upper Shelf %Shrear =100.09 (ixed) Lower Shelf %Shealr =0.00 (Fixed)

Temperature .at 50% Shear-- -53.40

Plant: Wa,-terford 3
Orientation: N'A

Material: SA•33B1l
Capsule: 263•

Heat. 'N.R 57 286-1
Ekiterice:

101)

90

80

2 ~70

• 50

•- 40

30

20

I0

* I

* I ~.

.

IL
/ • I........

-_-_-_..+ _ _l_

IT'1 _

-- 1 i "

.. ..- -" ' . .. . .. . . . . .. . . .I i• i i. . . ..0. ..1l. .. . . .

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

Temperature (0 F)

CV3Graph 6.0 02/09/2015 Page 112
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Westinghouse Non-Proprietary Class 3 C-74
Westinghouse Non-Proprietary Class 3 C-74

Plant: Wnl~.riord3
Ofiienatioiv NA Capgule: 263•

Capsule 263° Heat Affected Zone

('.harp3' V-Notch Data

'Heat N-R 5? 286-1

Temnperature (• i:) Input %Shtar j Computer! %Shear" Dllffornti~I

-175 5.0 4.5 0.48

-123 10.0 14.2. -424

-75 45.0 36.S 8.20o

-25 60.0 67.1 41•.2

0 75.0 79.3 4.26

25 90.0 ) 7.7 2,26

50 100.0 93.1 6.94

75 100.0 j96.2 3.83

!110 1o0.0 9SA, 1.63

150 100.0 99.4 0.60

22_.'5 100.0 99.9 0.09

325 100.0 100.0 0.01

c'vcGaph 6.0 02/0912015 Page 2 '2

WCAP- 17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C-75
Westinghouse Non-Proprietary Class 3 C-75

Capsule 2630 Standard Reference Material
C-VGaph.6,0: Hypediolic Tangenk Curve Prinied on 21912015 9:44 AM

A 57.60 B = S.40 C = 64.4S TO = 22.31 B = 0.00

Correltionu Coe ftien~t 0.981

Eqtuation is A +-B [Taith((T-T0)I(C4DT))]

tUpper ShielfEnen,= 11.3.00 (Fixed) tower Slielf Energy= 2.20 (Fixed)

Temp@30 fi-1bs=1 8S.00° F Tenp@•3$ tl-Ibe=192:301F Tenaj550 fl-lb•2ti1.40°F

Plant: Watertnrd 3
Oriemnation: LT

Material: SASS3BI
Capgule: 263•

Heat: E:ISST-01MY
Fluencee:

21)0

1175

125)

'-i O12

~- 750

50

25

0-300 -200 -100 0 100 200) 300 400 590 600
Temperature (° F)

CVGmaph 6.0 02/09/2015 Page 1/2

WCAP-17969--NP April 2015
Revision 0



Wetngos NnPrpitayCls C-76

Odei~tatiog:. i! capsu1e: 2-63' liae

Capsule 2630 Standard Reference Material

Charp)y V-Notch Data

S ,"-30 4.0 !z. ... 1:75

125 12.0 7. .7. 431

175 23.0. .24.1 : I.07

. 2 40o .. 92.0 - 14t7.92 ..

.275 77.0 . ,95.9 -18.87

350 !08.0 1tI. 1 -3 06

375 11'7.0 " 12.1 '4.90

11.011. 1.1

CVGmp1i 6.0 •02i09/2015 Page 2/2

WCAP- 17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C7C-77

Capsule 263° Stmadard Referenice Mater ial
CVGraph 6.0: tHypeiolic Tangent Curve~ Printed on 2:9t201 5 9:45 AM

A 51 41 29 O=28•D=00

CorreLation Coeffikient = 0,992

Equation s A + B M-Tanht((T-T0)/( ÷UT))]

Upper Sheif'LE. =69.27/ Lower Sh~elIE.E. =-' 1.00 (.Fixed)

Temp@35 nil~s20SAO• F

Plant: Wntei'i'or6 3
Orieatation: U~

Material: SA5S3BI
Capsule: 263•

Heat: HSST-0~IMY
Ejuenee:

90

70O

60-

50-

40

30-

20-

-300 -200 -100 o 10o 200 300 490
Temperature (o F3

500 60O

CVGraph 6.0 02/09/2015 Page 1/2
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Westinghouse Non-Proprietary Class 3 C7C-78

PLmnt: 1V~aterford "3
Orientahian L'!

Maiterial: SA533B1 Eeait: BSST-01lIY
Capsule: 263• Fktwnce:

Capsule 2630 Standard Reference MnIterial

Ciharpy V-Notch Data

Teperature (c, f) Thumt L. f. CQmp1ed LE . Dillei •niial

50 6.0 1.2 4.5•3

125 5.0o 3.S 4.21

175 17.0 16.0 1.01

'00 25.0 29.7 -4.67

2-40 60.0 53.3 6.611

275 58.0 f64.1 -6.14

320 69.0 68.3 0.73

350 69.0 68,9 0.06

375 74.0 69.1 4.86

4568.0 69.: 1i.25

460 67.0 69.3 -2.,26

C'VGph 6.0 02(0912015 Page 2?2

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C7C-79

Capsule 2630 Standard Refer'ence Mater'ial
CVGrah,6.0: Hyperbolic Tuingent Ci'r'e Prinated on 2AiL2015 9:47 AMf

A = 50.00 B -- 50.00C = 8.66 TO =2•0.04 D =0.0'0

Correlation Coeftiiient = 0.992

Eqiuation is A.4+ B L' Taixhf(T-TO)ftc+DT)))

Upper Shelf %Shiear 1 00.00 (F;ixed) Lower Shelf %Shear 0 .00 (Fixed)

Temperature at 50% Shrear-- 220.10

Plant: Watertorr 3
Orientation: LI

Material: SA533B1
Caprule: •6•3°

Heat: ESLST-O1MIY
Flnence:

7111}

1100

90

80

~OQO

f ~. .

*1

/.

U.

70

60

51O

40

I

30

20}

10}

0

.1.1.:.. ____ ___ ___/
4

... I6

I ___ ___ ___ ___

I I

___ I __ ___ I ___

-~ L

-.300 -200 -100 0 100 200 3001 400 500} 600
Temperature (0 F)

C:VGraph,6.0 02/09/2015 'Page 1)2

WCAP-17969-NP April 2015
Revision 0



_ _ _ C-80
Westinghouse Non-Proprietary Class 3 C-80

Plantk Water1ord 3
C'ap~ule: 263• l~te

Capsule 2630 $t~ndaird ReferenceMnterial

(:har~p)yV-N•otch )at!n

-= 30 2.:0 -0.... 2 " .76

, 50 ... 0 t.0 1.5- 83

*125 20.0 91., 10.89

200 30.0 381l -3.11

240 650 61.s 3.16

.275 75.0 79.1 4.08

320 100.0, 91.3 8 .18

350 100.0 95,9 4.13"

37-5 : 100.0 97.7 .3

425 100.0 99.3 0.. . .70

460) 100.0 99.7 0.30

CVC, rapl 6.0 02/091201i5 Page 212

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C-81

,Capsule 830 Plate M-1004-2 (L~ongitudinal)
CVGraph 6.0: Hyperbolic Tangent Curve P•rinted orn 2/26/2015 10:51 A2.!

A = 80.10 B =77.!90 C = 98.64 TO = 75.•41 D 0.00

Corselatian Coefficien~t = 0,983

Equationsis A + B '[Tanha((T-T0)l(C+Dl))]

Upper Shelf Etnergy =158.0)0 (fi~xed) Lower Shelf Fnaergy =2.20 (Fixed)

Tersp4•3O f-lbs"= O.10° F Tensp@.SS ft-lbs= 10.300 F Ternp@j5 £i-lbs= 35,3Q0 F

Plantt. Waterford 3 Material: SAS33Bi Heat. IN"R 7 286-1
Orienstations: LT Capsule: 835 Fluernce:

2:50 . -..I-........... . ...... --- .... "I -... .... ....

- !Io : ,
! fi I.. 4

.: K i .......... . .......ji !.... . .. ..
-3100 -20 -I 0 0 20 00 40 50 0

______________________I ________________Te m p e ra tu re______ _______________________(o__________________

zVtp . 0 ____ __0 ____Page_1/2

WCP-769NPAri 21
~Revision_



Westinghouse Non-Proprietary Class 3 C8C-82

Pflat7 VYaexfrnd 3
Orienlutoti IT"

iMkerial: SA533B11
Capsule: 83V F

Capsule 830 Plate M-1004-.2 (Longitudinal)

Charpy V-N'otch Data

Ifeat: Nq 57 286-1

Tempexatbt (? F) Thput CNZ• Computedl CVN D~iffei-enial

-25 1.0 20.2 -9.19

0 13.0 30.0 -16.95

5 3210 32_3 -0.34

t0 35.0 34.9 -0.12

20 43.0 40.4 2.57

30 53.0 46.6 6.43

40 62..0 53.3 I __ .72_________

100 104.0 9.9.i -L88

200 121.0 146.5 .'5.46

230 154.0 151.5 2.0

250 162.0 153.6 8.39

300 138.0 156,4 j1.02

.CVGraph 6.0 02126/2015 Paine 212

WCAP- 17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C8C-83

Capsule 830 Plate M-1004-2 (Longituduinal)
C'VGraplt 6.0: lHyperbolic Tangent Crnwe Prxinted on 2•26/2015 10:56 AM•

A= 44.52 B =43.52 C =62.15 'TO 40,1.38 D 0.)00

CotileatibinCaeffiiejet = 0.094

Fquation is A + B * f'Ianh((T-T0)l~C+flI'))]

Upper Shelf L.E. = 88.05 Lower Shelf LE = 1.00" (Fixed)

TezsP@35 mils- 26.60e F

Planet Walerl•drd 3
Orientation: 1.31

Material: SA533B1
Capsule: 83°

Heat: N'R 57 286-1
Fluenee:

190

9so

t_

'60

50

40

30

CVGraph 6,0

-200 -100 0 100 2001 300 400
Temperature (0 Ii)

5001 600

Page 1/202126/2015

WCAP-17969-NP 
April 2015
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Westinghouse Non-Proprietary Class 3 C8C-84

Plant: Wnierford 3
Orintataica: iLlI

Matexia1: SA5I3BI
Capsule 83° F

Capsule 830 Plate M-1004-2 (Longitud~inal)

Charpy V-N'otch Data

Heat: NH 5 '8-
"luence:

"Tempeiatur'e (• F:) Input L..E. Compnttd L. E. Differentia!

-25 7.0 105 •3.46

0 130 19.1 -6.65

27.0 22.1 4).88

10 25.0 24.8 '0.20

20 33.0 30.7 2-26

30 38:.0 37.3 0.68

40 45.0 .44,3 0.74

100 741.0 76.9 -_9

200 $4.0 87.5 -3.54

230 89.0 87.9 1.:15

250 87.0 87.9 -0.94

300 93.0 8&0 4.98

CVGraph 6.0 02/26/2015 Page Z'2

WCAP- 17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C8C-85

Capsule 830 Plate M-i004-2 (Longitudihal)
C-VGraph! 6.0: Hyperbolic Tangent Curne Printed on 2126/2015 10:59 AM•

A =50.00 B = 50.00 C = 94.69 TO -6 5.50 D 0.00

Correation Coefficient ---.99S

Equation is A + B $ {Tal'aI((T-.T0)I(C+DT))]

Uoper Shelf %Shear =100.00 (Fcted) Lower Shelf %Shear= 0.00 (Fixed)

Temprtatre at 50% Shear = 65.60

Plant: Waterford 3
Orientation: LI

Material: SAS33BI
Caps.|e: 83°

Heat: NR 57 2S6-i
Fkuence:

0

1100

90 -:

3o

40

-300 -200 -100

C'VGraph 6.0

0 i00 201) 3001 400 500
Temperature (0 Iv)

600

Page 11202126/2015
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Westinghouse Non-Proprietary Class 3 C8C-86

Orientation: LI Cip.sule. 830° Fluence:
Capsule 83o Plate M,!094-2 (Longitudinal)

Charpy Vr-Notch Data

I£emper•iure t• 1:) Input %Shenrt C omputed %Sbiear Dlfferenti|,

-25.: • . .. . . . 5.0 -8l.5 '- -.. .. 3.•4'

'0 15.0 14.1 0.89

S 2o,0 15.4 4.56s

tO 20.0 16.9 3.13

20 20.0 20o.0 -0o5.

30 20.0 23.6 -3.65

100 6.0• .57.6 2.40

300 100.0 98.9 [:07

CVC, aph 5.0 02/6(2015
Page 2I~

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C8C-87

Capsule 83O Plate iV-10)04-2 (Transverse)
CVGraph 6.0: Hyperbolic Tangent Curve Printed on 2/26/2015 11:02 AM

A =70.10 H 67.90 C = 97.93 TO ="67191) 0.00

Cotielation Coefficient =,0.991

Equation is A + BH Tanh((-T0)/(C-+OT~))

Upper Shelf Energy =133.00 (Fixed) Lower Shelf Energy =2.20 (Fixed)

Teznp•30fi-lbs- 0.S0' F Tenip@35 ft-lbs= I11.20• F Ternp@50 Ii-lbs= 37.4Q0 F

Pl~ant: Waterfordi 3
Orieicaion- "L-

Material: SA533B1. Heat Nil' 57 236-i
Cap~~le" 83o fluence:

200

175

150

T125

z 75
Qj

50 -

25,-

-300

CVCraph 6.0

-.200 -¶00 0 100 260
Temperature (0 Fi)

300 400 500 600
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Westinghouse Non-Proprietary Class 3 C8C-88

Plant:, Wa ihifrorcd 3
Oreietati•,n -ii

Material: SAS33BI
Capsule: 53'

Capsule 830 Plate M-1004-2 (Transverse)

Charpy V-Notch Data

Heat" N" 57 286-1

T~utperatixr (? F=) lnput C M"S Comnputed C V 7"" DifterenIia1
-50 15.0 13.6 14,44

-~19.0 2_0_I -1_14

-10 13.0 25.5 -1246

0 33.0 29.7 3.s3

10 33,0 34-4 -1.41

40 62J3 51.7 10.28

100 54,0 92.0 [ 8&04

,ISo 120.0 1 16.9 3.13

200 124.0 129.5 J -5.55

250 145.0 134.3 10.17

300 145.0 136.3 8-16

CVGra~ph 6.0 02/26f2015 page22
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Westinghouse Non-Proprietary Class 3 C-89

Capsule 830 Plate MV-1004-2 (Transverse)
CGVraph! 6.0: Hyperbolic Tangent Cttrve Printed on 2 26L2015 1 l:V5.AMr•

:A -- 41.79 B = 40.79 C- 80.42 TO =36.47 B 0=t.00

Chr'elation ,Coefficient =-0.981

Eqtuati n is A + B f' ["anh((T-.T0)/(C 1FO)]

upper Shelf L.B. 8258 Lower Shelf LE. 1.00 (FiXed)

Teuip@35 rnils-- 23.00
0 

F

•Plant Wagtrrford 3 Material: SA533B1-! Heat: N•R 57 286-4
Orientation: "/L, Capsule:" 83' Fluence:

40 0

3 0 -- - - _

-3501) ,t0 -0 0 0 0 0. 0}

Tepeatre40F

77'h60 •6215pg f

10
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Westinghouse Non-Proprietary Class 3 C-90

Plant: Wa leford 3
Onentafion: IL Capsuler 83• Flneiice:

Capsule 830 Plate M-1004-2 (TransVerse)

Charpy V-Notch Thita

Temperatuje (• 1') Input L. E. Computedl L. £. Differ'enthal

-50 I15.0 9.5 5.49

-25 17.0 15.5 1.4-6

-10 12.0 20.5 -8,54

S29.0 24.5 4.54

10 26.0 2S.8 -2.33

25s 36.0 36.0 -0.01

.40 46.0 43.6 2.4_2

100 67.0 63.6 -1.64

150 82.0 71.0 4.00

200 81.0 51.2 -2

250 71.0 82.2 -ILLS

300 91.0 32.5 8.54

Paee 2/2CVGeaphi 6.0 02/26/2015

Page 2•
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Westinghouse Non-Proprietary Class_ C3C-91

Capsule 830 Platte M-1004-2 (Transverse)
CV~raph 6.0: Hyperbolic Tangent Cuiwv Printed on 2/J26/2015 11:07 AMX

A = 50.00 .B 5 0.00 C2 = 33.83 TO =85.46 D = 0.00

Correlation CoefficienT: 0.994

Equation is A + B •' [Tahnh((T-T0)/(C-•DT))J

Upper Shelf %Shiear = 100.00 (Fixed) Lower Shelf%Shar = 0.00 (Fixed)

"Temperature at 50% Shear = 85.50

Plantflaterl'ord 3'
Oniegrtaon: TIL

Materiafl: SA533B13
Capsule: 830

Heat: N'R 57 236-1
Fluence:

110

90

C.,

70

60

50

40

30 -

20

10-

0-
-300

CVcirph 6.0

-200 -100 10"0 200 300 400
Temperature (0 IF)

500) 600

Page 1/202126/2015
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Westinghouse Non-Proprietary Class 3 C-92

Pkmt ~Thhrfoxd,3
orentii~cn•-T Caipsu!e: 83• Flueute:

Capsule 830 Plate M-1004-.2 (Transverse)

Charpy V-Notchi Data

.Thnpir~atnre C• F) 1nputi'oShefiir CompuL~ed 41bshear ., ei~eni,1'O

"-50 5.0 4.5 '0.47

-•' 5.0 '7.7 -2.69.

-10 10.0 10 .... i.5.. j-0.45
0.. 20.0 1!2.8 7.25

10 20.0 15.5 45

" 25 2 _0.0 20A4 04•* ...

250 100.0 97.6 '.4
'00 . 19I ... ...0.

cVc-raph 6.0 o2262015~ Rige 21?

WCAP- 17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3 C-93
Westinghouse Non-Proprietary Class 3 C-93

Capsule 830 'Weld
CrVGraphi 6.0: Hyperbolic Tangent Curve lrinted on 2/21r1..015 11:1I0 AM

A -= 67.60 B - 65.40 CI = 56.55 T1O =-78.41 D= 0.00

Correlation Coefficient = 0.994

Equationi is A + B *EThnh((T-T0)I(,C-DTA)]

Upper Shelf Energy =133.00 (Fixed) Lower Shelf Ener'gy 22-0 (Fixed)
Temp@30 ft-lbs---65.40 0

F Texnp@.35 ft~lbr,--59.30
0

F Tempy@50 ft-lbs-44.00' F

Plant:. Wnterl'ord 3
Orientation: NA

Material: SAW
Capsule: 830

He:88 1
at: 83114

Eluencez

200

175

' ,s125

l 100

.7 5

T

I ..... .. .. -

I _ _

50

25

S I " A

I _ __.. . ... _ _ .. .. .._

Lw_..__
-300 -200 -101) 1) 100 200 300

temperature (I,1)
4001 500 600

Page 112-CzVGraph 6.0 o2/612015
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Westinghouse Non-Proprietary Class 3 C-94
Westinghouse Non-Proprietary Class 3 C-94

Pl:~!t: Wn~ilrford 3
Orkntation: NA Capsule: SY•

Capsule 830 Weld

Charpy Y-.Notch Dihta

i.elU: 5311.1
Ftueic~e:

i up 11 lure (6 F) Input (TN Comnpu ted CVN, Differential

-90 10.0 15.5 -5.51

-70 28.0 26.6 12'6

•-65 29.0 30.3 -1.35

-60 28.0 34.4 -6.45

-55 41.0 38.9 .2.07

.-50 48.0 4;3.8 4.22

-30 70.0 65.8 424

0 906.0 97.9 -1.95

69 117.0 . 129.0 -!11.96

100 137.0 -131.6 5.35

150 140.0 o-2.s 724

CVGraphs6,0 02/26/2015 Page Z2/
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Westinghouse Non-Proprietary Class 3 C-95
Westinghouse Non-Proprietary Class 3 C-95

Capsule 830 Weld
CVGraphi 6 0: Hyperbolic Tangent Curve Printed on 126/26015 12:28 PMVl

A = 46.10 B -- 5J.101 C = Z9.07 T0 ' -33.31 D 0.00"

Correlaton Coefficient =0.§94

Equation is A +4f B C Thuh((T-T0)/tC-±DT))]

Upper Shelf L.E. -91,,9 Lower Shelf L.E'= 1.00 (Fixed)

Teuip@35 mitv--48.1A F

'Plant Wnter~fordl 3
Orientation: -NA

Material: SAW Heat: 88114
Fluence:

11700

sO

~70

• 50

• 30

20

0 i-

-300

CVGraph 6,0

-200 -100 0 100 200 300 400 500
Temperature (0 Ii')

600

02/26/2015 Page 1/2
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Westinghouse Non-Proprietary Class 3 C-96
Westinghouse Non-Proprietary Class 3 C-96

1Plast: Waterford 3
Orientation: NA

Material: SAW

C'apsule 830 WTeld

Charpy V-Notch Datn

t{eal: 8S114

Temnpernturo (o F) Inputt.-.E. CO mpurti.L. LE. Differential

-9,0 13.0 12.5 0.46

-70 20.0 21.2 :-121

-65 21.0 24.9 -2.99

-60 23.0 27.0 4.00

-55 33.0 30.2 276

-50 35.0 33.7 1.32

0 66.0 69.1i -3.14

69 34.0 8s.5 -4.45

100 90.0 90.2 -0.21

150 97•.0 91.0 5.99

_200 90.0 9i1.2 -1.16

CVGiapIh 6.0 02/2612015 Page '22
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Westinghouse Non-Proprietary Class 3 C9C-97

Capsule 830 Weld
cVGraph 6.0: Hyperbolic Tangent C-utve ,Printed on 2I26/f2015 1232 PM

A =50.00 B ='SO0,0 C =74.91 TO =-26.02 D =0.00

Corrlation Coefficient =.0.994

Bqnatiori is A + B ' [Tanxh((T-T0)k(C-bT))3

Upper Shelf %Shrear =100.00 (Fixed) Lower Shelf %Sheair = 0.00 (Fixed)

Temperature at 50% Shear = -26.00

Ptant: Waterfgord 3
Orientation: NA

Materi~al: S AW".
Capsule: 83°

Heat: 88114
Fluence:

100

90

70

60

50

.10

30

20

10

o ---300 100 200 300
Temperature (° Ii)

600

CVGraph 6,0 02/26/2015 Page 1/2
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v . . C-98
Westinghouse Non-Proprietary Class 3 C-.98

Oreixtatian: Z'A
Materal- S~AW
Capsule: 530

Capsule 330 Weld

Charpy V-Notch Data

Heat: ~8114

Temperature ( F') Input 'o,'Shenr C'omputed %Sbenr ,: Differenti,-l
-90 10.0: 15.3 : -.34;

-70 25.0 23.6 1.39

.•651 20.0 26.1 -6::...0

-60 30.0 .28.s 1.24

-55 35,0 31.6 3.43

,-s0 :40.0 . . 34.5: 5.4

-30 50.0 47.3 2.65

0 60O.0 66.7 ' -610o

100 '95.0 9617 1.34

150s 100.0 99.1 0..90~

2•00 . 100.0 " "99.8 0.24

cvcf3Ph 6.0 o2/2612015 2/2
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Westinghouse Non-Proprietary Class 3 C-99
Westinghouse Non-Proprietary Class 3 C-99

Capsule 830 heat Affected Zone
CV/Grvph 6.0: HyperbolIic Thiigeint Crve Printed au,2/26/201 5 12:35 PM

A .=0.10 B = 77.90C =131.27 TO0 15.92 D = 0.00

Correlation Coefficient = 0.979

Equation is.A + B ( Tait(T-T0)/(C+DT))]

.Upper Shelf Energy = 1 8.00 (Fixed) Lower Shelf Energy = 2.20 (Fixed•)

Temp@30 Ft-lbs=-34.30' F Temnp@35 fi-lb•--70.S0 0
F Temp•@50 ft-lbs-37,50•' F

Plantr •Vnterforc1 3'
Orientation:NA

Material: SAS33B1
Capsule" 830

.Hear N'R •7, .86-1

21 00

]75 f--.

150 t-

. . .. il ... . .... 0

0 . .. .'. . ...•. . .. .i.. .

1 25

1. 1110

z 7 5
.......... 1- t ' _I_...__ I__!..... :

50 t-
.. ... .i .... .. I ... .! -"0 "

ii
f

25 0

.0.
t •

I

r,, I" !
U'J ---300 -,200 -100 0 100 200 300 400

Temperature (0 F)
500t 600

CVGeaph 6.0 02/26/2015 Page 112
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Westinghouse Non-Proprietary Class 3 C-100
Westinghouse Non-Proprietary Class 3 C-i 00

Plant~: Waterford 3
Oienutfion: 2SA.

iJatennia: SA.533131
Capsule: S.

Capsule 83° 11eat Affected Zone

Chiarpy V-Notch Datai

Heart NHR 2•.6-1

Tneperihze t• Fi Input cN2%" Computed CVN Differential
-125 21,0 18.5 2.50

-90 23.0 28.1,i-n

-30 14.0 31.5 -17533

-75 31l.0 33.4 r I -2.36

-70 39.0 35.3 3.67

-60 49.0 39.5 9_52

-50 59.0 44.0 If15.03
,0 71.0 70.7 j 0.3

69 99.0 10.0 -10.99

150 131.0 140.1 -9.12

2'00 163.0 149.1 j13.89
250 179.0 153.7 25.28

CV:Gra1ph 6.0 02/25/2015 Pal2E2/2
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Westinghouse Non-Proprietary Class 3 Ci0C-101

Capsule 830 Heat Affected Zone
£VGiaph 6,0: 1iypexbolic Thangeint curve Printed'on 2,(26/2015 1256 PM

A = 45•7i =,42,71 C = 107.56 TO = 43.311£. 0.00

Correlation Coefficient =0.934

equationis A +B" ":Trhnh((T-T0)!(C+DT))]

LUpper Shelf LE =86.43 Lower Shelf LE'= lO00 (Fixed)

Temsp@35rni[3-40.50 F

,Plant "Wrterford 3'
Orientation: :pA MateriaL, SAS33B1

Capsule,• 83'° Finenee:

100

- 70--

i• 60 --,

30-

20--

20 --

0--
-300

CVGraph.6.0

-200 -|100 0 l00 200 300 400

Temperature (0 Ii)
500 600

02/26/2015.
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Westinghouse Non-Proprietary Class 3 10C-102

Plant: wat¢zfolrd 3
Odianafkirn NA Capsule:: 53

Capsule 83° heat, .... te e o

CharP5 V -Notch Datn

•l•eLtce:

I .. rmp xiture (• I) 1laput I. £. (ompu~d L."E. Diflereniia!

-125 I 3.0 ,.I.3 166

-90 13.0 15.0 -•5.84

-80 10,0 2i,6 -i1.60

-7; 23.0 23.1 -0.09

:70 29.0 24.6 4,,35

-60 34.0 20.0 6.04

-50 36.0 31l.5 -ISO

0 3s.0 50.9 2.07

69 66 0 72.4 -6.36

1i50 5 4.0 5z•9 115

2o080. 0 6 .0 3..~

cVGraph 6,0 02i2672015 Pa~e 212
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Westinghouse Non-Proprietary Glass 3 C-i103
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Wetng- s NnPrpitayCls_ C-104

Plmit: W~tleyford 3, ,Mateja: SA5S3Bl

Capsule 830 lleat Affected Zone

Charpy V-Notch Data

Heat: NR 5'~ ti-i
Fluenr:e:

Thuperature (• i•) Input qgsheat . .. omputed %Sheanr Differentil• .

-125 .0 9. { - -4.46

-'90 1I0.0' 7.i7 -.7.74'

-30- S, ..... 21:0 -5.97

-515.0 . . . ... ,22.7'.. -7.7,4

-70 25.0 24.6 0.39

-60 35.0 23_6 6.35

-50 45.0 331. . 1.94

69 70.0 35.3. -15.32

250 100.0 99.6 0.40

CV¢raph 6.0 02/26/2015 Pag /
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Westinghouse Non-Proprietary Class 3Dl D-1

APPENDIX D WATERFORD UNIT 3 SURVEILLANCE PROGRAM
CREDIBILITY EVALUATION

D.1 INTRODUCTION

Regulatory Guide 1.99, Revision 2 [Ref. D-l1] describes general procedures acceptable to the NRC staff
for calculating the effects of neutron radiation embrittlement of the low-alloy steels currently used for
light-water-cooled reactor vessels. Positions 2.1 and 2.2 of Regulatory Guide 1.99, Revision 2, describe
the method for calculating the adjusted reference temperature and Charpy upper-shelf energy of reactor
vessel beltline materials using surveillance capsule data. The methods of Positions 2.1 and 2.2 can only
be applied when two or more credible surveillance data sets become available from the reactor in
question.

To date there have been three surveillance capsules removed and tested from the Waterford Unit 3 reactor
vessel. To use these surveillance data sets, they must be shown to be credible. In accordance with
Regulatory Guide 1.99, Revision 2, the credibility of the surveillance data will be judged based on five
criteria.

The purpose of this evaluation is to apply the credibility requirements of Regulatory Guide 1.99,
Revision 2, to the Waterford Unit 3 reactor vessel surveillance data and determine if that surveillance data
is credible.

D.2 EVALUATION

Criterion 1: Materials in the capsules should be those judged most likely to be controlling with regard

to radiation embrittlement.

The beltline region of the reactor vessel is defined in Appendix G to 10 CFR Part 50, "Fracture Toughness
Requirements" [Ref. D-2], as follows:

"the region of the reactor vessel (shell material including welds, heat affected zones, and plates
or forgings) that directly surrounds the effective height of the active core and adjacent regions of
the reactor vessel that are predicted to experience sufficient neutron radiation damage to be
considered in the selection of the most limiting material with regard to radiation damage. "

The Waterford Unit 3 reactor vessel beltline region consists of the following materials:

•1. Intermediate Shell Plates M-1003-1, 2, and 3

2. Lower Shell Plates M-1004-1, 2, and 3

3. Intermediate Shell Longitudinal Welds (Heat # BOLA & HODA)

4. Lower Shell Longitudinal Welds (Heat # 83653, Flux Type Linde 0091)

5. Intermediate to Lower Shell Circumferential Weld (Heat # 88114, Flux Type Linde 0091)

WCAP-17969-NP April 2015
Revision 0



Westinghouse Non-Proprietary Class 3D- D-2

Per WCAP- 16002, Revision 0 [Ref. D-3], the Waterford Unit 3 surveillance program was developed to
the requirements of ASTM E185-73. At the time of the surveillance program development, all of the
beitline plates were considered in terms of irradiation embrittlement through end of life. Of all the
beltline plates, Lower Shell Plate M-1004-2 was foreseen to be the most limiting plate. This is largely
due to its initial RTNDT that is significantly greater than the other beltline plates. The chemistry values
(Cu and Ni weight percent) and initial upper-shelf energy values for the beltline plates are relatively
consistent. No plate is clearly differentiated from the rest by its high copper or nickel content or low
upper-shelf energy. Therefore, Lower Shell Plate M-1004-2 was selected as the plate material for the

surveillance program.

The beltline welds all have low copper content. Since Intermediate to Lower Shell Circumferential Weld
101-171 (Heat # 88114, Flux Type Linde 0091) has the highest copper content in comparison to the other
beltline welds, it was selected for the surveillance program. Lastly, selection of the beltline
circumferential weld is consistent with the general practice for Combustion Engineering surveillance

programs because it was considered representative material.

Based on the discussion above, Criterion 1 is met for the Waterford Unit 3 surveillance program.

Criterion 2: Scatter in the plots of Charpy energy versus temperature for the irradiated and
unirradiated conditions should be small enough to permit the determination of the 30 fl-lb
temperature and upper-shelf energy unambiguously.

Based on engineering judgment, the scatter in the data presented in these plots is small enough to permit
the determination of the 30 ft-lb temperat-ure and the USE of the Waterford Unit 3 surveillance materials
unambiguously.

Hence, Criterion 2 is met for the Waterford Unit 3 surveillance progcram.

WCAP-17969-NP 
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Westinghouse Non-Proprietary Class 3D- D-3

Criterion 3: When there are two or more sets of surveillance data from one reactor, the scatter of
ARTNDT values about a best-fit line drawn as described in Regulatory Position 2.1 should
normally be less than 28 0F for welds and 17°F for base metal. Even if the fluence range
is large (two or more orders of magnitude), the scatter should not exceed twice those
values. Even if the data fail this criterion for use in shift calculations, they may be
credible for determining decrease in USE if the upper shelf can be clearly determined,
following the definition given in ASTM E185-82 [Ref. D-4].

The ffunctional form of the least-squares method as described in Regulatory Position 2.1 will be utilized to
determine a best-fit line for this data and to determine if the scatter of these ARTNDT values about this line
is less than 28°F for welds and less than 17°F for the plate.

Following is the calculation of the best-fit line as described in Regulatory Position 2.1 of Regulatory
Guide 1.99, Revision 2. In addition, the recommended NRC methods for determining credibility will be
followed. The NRC methods were presented to industry at a meeting held by the NRC on February 12
and 13, 1998 [Ref. D-51. At this meeting, the NRC presented five cases. Of the five cases, Case 1
("Surveillance data available from plant but no other source") most closely represents the situation for the
Waterford Unit 3 surveillance plate and weld material.

WCAP-17969-NP 
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Westinghouse Non-Proprietary Class 3 D-4

Case 1: Lower Shell Plate M- 1004-2 and Weld Heat # 88114

Following the NRC Case 1 guidelines, the Waterford Unit 3 surveillance plate and weld metal
(Heat # 88114) will be evaluated using the Waterford Unit 3 data. This evaluation is contained in Table
D- 1. Note that when evaluating the credibility of the surveillance weld data, the measured ARTNDT values
for the surveillance weld material do not include the adjustment ratio procedure of Regulatory Guide
1.99, Revision 2, Position 2.1, since this calculation is based on the actual surveillance weld material
measured shift values. In addition, only Waterford Unit 3 data is being considered; therefore, no

temperature adjustment is required.

Table D- 1 Calculation of Interim Chemistry Factors for the Credibility Evaluation using
Waterford Unit 3 Surveillance Capsule Data

Lower Shell Plate 970 0.631 0.871 6.1 5.31 0.759
M-1004-2

(Longitudinal) 830 2.42 1.238 13.6 16.84 1.533

970 0.631 0.871 28.0 24.39 0.759
Lower Shell Plate

M-1004-2 263° 1.45 1.103 -9.1(a) -10.04 1.217
(Transverse)

830 2.42 1.238 25.3 31.32 1.533

SUM: 67.82 5.799

CF M-1004-2 = X(FF * ARTND) + (FF2 ) = (67.82) + (5.799) = ll.7°F

970 0.631 0.871 23.5 20.47 0.759
Surveillance Weld ___

Material 2630 1.45 1.103 6.6 7.28 1.217
(Heat # 88114)

830 2.42 1.238 19.0 23.52 1.533

SUM: 51.27 3.508

CF s-,v. Weld =X(FF * ARTNDT) + E(FF2) = (51.27) +(3.508) =14.6°F

Note for Table D-1 :

(a) Even though a reduction should not occur, using the negative measured ARTNT value produces the most conservative
results for this credibility evaluation (See Table D-2).
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Westinghouse Non-Proprietary Class 3 D-5

The scatter of ARTNDT values about the functional form of a best-fit line drawn as described in Regulatory
Position 2.1 is presented in Table D-2.

Table D-2 Waterford Unit 3 Surveillance Capsule Data Scatter about the Best-Fit Line

!• : :• •:> ••• ••• ii ,••i~ ~ • ••" ' i; ?i• '• r ii''j ..C. ..C a psule ... M easure Pre...e..S.at er.. . ..

Lower Shell Plate 970 11.7 0.631 0.871 6.1 10.2 4.1 Yes
M-1004-2

(Longitudinal) 830 11.7 2.42 1.238 13.6 14.5 0.9 Yes

970 11.7 0.631 0.871 28.0 10.2 17.8 No
Lower Shell Plate

M-1004-2 2630 11.7 1.45 1.103 -9.1 12.9 22.0 No

(Tases) 830 11.7 2.42 1.238 25.3 14.5 10.8 Yes

970 14.6 0.631 0.871 23.5 12.7 10.8 Yes
Surveillance Weld

Material 2630 14.6 1.45 1.103 6.6 16.1 9.5 Yes

(Ha#81) 830 14.6 2.42 1.238 19.0 18.1 0.9 Yes

From a statistical point of view, +/- 1cr would be expected to encompass 68% of the data. Table D-2
indicates that only three of the five surveillance data points fall inside the +/- 1cr of 17°F scatter band for
surveillance base metals; therefore, the plate data is deemed "non-credible" per the third criterion.

Table D-2 indicates that three of the three surveillance data points fall inside the +/- 1 as of 28°F scatter
band for surveillance weld materials; therefore, the surveillance weld data is deemed "credible" per the

third criterion.
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Westinghouse Non-Proprietary Class 3D- D-6

Criterion 4: The irradiation temperature of the Charpy specimens in the capsule should match the
vessel wall temperature at the cladding/base metal interface within +/- 25°F.

The surveillance materials are contained in capsules positioned near the reactor vessel inside wall so that
the irradiation conditions (fluence, flux spectrum, temperature) of the test specimens resemble, as closely
as possible, the irradiation conditions of the reactor vessel. The capsules are bisected by the midplane of
the core and are placed in capsule holders positioned circumferentially about the core at locations near the
regions of maximum flux. The location of the specimens with respect to the reactor vessel beltline
provides assurance that the reactor vessel wall and the specimens experience equivalent operating
conditions such that the temperatures will not differ by more than 25°F.

Hence. Criterion 4 is met for the Waterford Unit 3 surveillance pro gram.

Criterion 5: The surveillance data for the correlation monitor material in the capsule should fall
within the scatter band of the database for that material.

The Waterford Unit 3 surveillance program does contain Standard Reference Material (SRM). The
material was obtained from an A533 Grade B, Class 1 plate (HSST Plate 01). NUREG/CR-6413,
ORNL/TM- 13 133 [Ref. D-6] contains a plot of Residual vs. Fast Fluence for the SRM (Figure 11 in the

report). This Figure shows a 2cr uncertainty of 50°F. The data used for this plot is contained in Table 14

in the report. However, the NUREG Report does not consider the recalculated fluence and ARTNOT

values for Capsule 2630. Thus, Table D-3 contains an updated calculation of Residual vs. Fast Fluence,
considering the recalculated capsule fluence and ARTNDT values for Capsule 2630.

Table D-.3 Calculation of Residual vs. Fast Fluence for Waterford Unit 3

SCapsulef, " Measured ',RG 1.99, Rev. 2 Residual(c):

"Capsule (x1019 .n/cm2,) FF Shiftla) (OF) ;Shift~") (,°F):- , :(0F)`

2630 1.45 j 1.103 150.5 150.1 0.4

Notes for Table D-3:

(a) Measured AT30 value for the SRM was taken from Figure 5-13 of this report.

(b) Per NUJREG/CR-64 13, ORLNL/TM-13133, the Cu and Ni values for the SRM (HSST Plate 01) are 0.18 and

0.66, respectively. This equates to a chemistry factor value of 136.1°F based on Regulatory Guide 1.99,

Revision 2, Position 1.1. The calculated shift is thus equal to CF * FF.
(c) Residual = Absolute Value [Measured Shift - RG 1.99 Shift].

Table D-3 shows a 2cr uncertainty of less than 50OF, which is the allowable scatter in NUREG/CR-64 13,

ORNL/TM- 13133.

Hence. Criterion 5 is met for the Waterford Unit 3 surveillance proguram.
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D.3 CONCLUSION

Based on the preceding responses to all five criteria of Regulatory Guide 1.99, Revision 2, Section B:

* The Waterford Unit 3 surveillance plate data are deemed "non-credible"

* The Waterford Unit 3 surveillance weld data are deemed "credible"

D.4 REFERENCES

D- 1 Regulatory Guide 1.99, Revision 2, Radiation Embrittlement of Reactor Vessel Materials,
U.S. Nuclear Regulatory Commission, May 1998.

D-2 10 CFR 50, Appendix G, Fracture Toughness Requirements, Federal Register, Volume 60,
No. 243, December 19, 1995.

D-3 Westinghouse Report WCAP- 16002, Revision 0, Analysis of Capsule 263° from the Entergy
Operations Waterford Unit 3 Reactor Vessel Radiation Surveillance'Program, March 2003.

D-4 ASTM El185-82, Standard Practice for Conducting Surveillance Tests for Light-Water Cooled
Nuclear Power Reactor Vessels, ASTM, 1982.

D-5 K. Wicliman, M. Mitchell, and A. Hiser, USNRC, Generic Letter 92-01 and RPV Integrity
Assessment Workshop Handouts, NRE/Industry Workshop on RPVlfntegrity Issues, February 12,
1998.

D-6 NUREG/CR-6413; ORNL/TM-13133, Analysis of the Irradiation Data for A302B and A533B
Correlation Monitor Materials; J. A. Wang, Oak Ridge National Laboratory, Oak Ridge, TN,
April 1996.
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APPENDIX E WATERFORD UNIT 3 UPPER-SHELF ENERGY
EVALUATION

E.1 EVALUATION

Per Regulatory Guide 1.99, Revision 2 [Ref. B-i], the Charpy upper-shelf energy (USE) is assumed to
decrease as a function of fluence and copper content as indicated in Figure 2 of the Guide (Figure B-i of

this appendix) when surveillance data is not used. Linear interpolation is permitted. In addition, if

surveillance data is to be used, the decrease in upper-shelf energy may be obtained by plotting the reduced

plant surveillance data on Figure 2 of the Guide (Figure B-i of this appendix) and fitting the data with a

line drawn parallel to the existing lines as the upper bound of all the data. This line should be used in

preference to the existing graph.

The 32 EFPY (end-of-license) upper-shelf energy of the vessel materials can be predicted using the

corresponding l/4T fluence projection, the copper content of the beltline materials and/or the results of

the capsules tested to date using Figure 2 in Regulatory Guide 1.99, Revision 2. The maximum vessel

clad/base metal interface fluence value was used to determine the corresponding 1/4T fluence value at

32 EFFY.

The Waterford Unit 3 reactor vessel beltline region minimum thickness is 8.625 inches. Calculation of

the 1/4T vessel fluence values at 32 BFPY for the beltline materials is shown as follows:

Maximum Vessel Fluence @ 32 EFPY = 2.57 x 10'9 n/cm2 (B > 1.0 MeV)

1/4T Fluence @ 32 BFPY = (2.57 X i0' 9 n/cm2) * e' 0"24 
* (8.625/4))

- 1.53 x 1019 n/cm2 (E>l1.0 MeV)

The following pages present the Waterford Unit 3 upper-shelf energy evaluation. Figure B-i, as indicated

above, is used in making predictions in accordance with Regulatory Guide 1.99, Revision 2. Table B-i

provides the predicted upper-shelf energy values for 32 EFPY (EOL).

Finally, the initial USE values have been updated in this report from the values documented in WCAP-

16088-NP, Revision 2 [Ref. E-2], which were based on longitudinal Charpy data reduced by 65%. The

updated values herein reflect actual measured transverse Charpy data for each of the five, non-

surveillance, reactor vessel beltline plate materials. The initial USE values for the surveillance plate

material, Lower Shell Plate M- 1004-2, and all of the reactor vessel beltline weld materials remain

unchanged from those documented in WCAP- 16088-NP, Revision 2. This change was undertaken to

better reflect the actual Charpy test results of the Waterford Unit 3 reactor vessel beltline plate materials.
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ILimiting Plate Percent USE Decrease _________________
I 12% from Capsule 97" I Umiting Weld Percent USEDeinsI transverse-orientation) I1%fon~uL9
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Figure E-1 Regulatory Guide 1.99, Revision 2 Predicted Decrease in Upper-Shelf Energy as a Function of
Copper and Fluence
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Table E-1 Predicted Positions 1.2 and 2.2 Upper-Shelf Energy Values at 32 EFPY

........... < •+Projected+ <
Wt++ +,%+,Fluence ) + + + ++, EOL4JSE•, + ++}

,,++Material +++++,++,+++•++++++,+++++.. +4O+n+c + ; USE" Eje+ed US+,+• +;%+;+i9+ 'D ecreas +++;+,/+•+•• +++%Yt+++% , ; ++:++•+%++;• 7 ••J !+% +•£ +++• +++,+ ••++•++:, .++ ++9 +++ •+•++• ;• •++ :++++ ++<++ + +'+% ++, .....+ .................

Position 1.2(a

Intermediate Shell Plate M-1003-1 0.02 1.53 108 21 85

Intermediate Shell Plate M-1003-2 0.02 1.53 132 21 104

Intermediate Shell Plate M-1003-3 0.02 1.53 111 21 88

Lower Shell Plate M- 1004-1 0.03 1.53 135 21 107

Lower Shell Plate M- 1004-2 0.03 1.53 141 21 111

Lower Shell Plate M- 1004-3 0.03 1.53 118 21 93

Intermediate Shell Longitudinal Weld
0.02 1.53 106 21 84

101-124A (Heat # BOLA & HODA)

Intermediate Shell Longitudinal Welds 0.21513

101-124B & C (Heat # HODA) 2 0

Lower Shell Longitudinal Welds
0.03 1.53 129 21 102

101-142A, B & C (Heat # 83653)

Intermediate to Lower Shell

Circumferential Weld 101-171 0.05 1.53 156 21 123
(Heat # 88114) ___________

Position 2.(b

Lower Shell Plate M- 1004-2 0.03 1.53 141 16 118

Intermediate to Lower Shell

Circumferential Weld 101-171 0.05 1.53 j 156 14 134
(Heat # 88114) ___1 _____________ ______

Notes:
(a) Calculated using the Cu wt. % value and 1/4T fluence value for each material and Regulatory Guide 1.99, Revision 2, Position 1.2. In

calculating the Position 1.2 percent USE decreases, the base metal and weld Cu weight percentages were conservatively rounded up to
the lowest line (Cu weight % of 0.1I0 for base metal, and 0.05 for weld) in Regulatory Guide 1.99, Revision 2, Figure 2.

(b) Calculated using surveillance capsule measured percent decrease in USE from Table 5-10 and Regulatory Guide 1.99, Revision 2,
Position 2.2; see Figure E-1.

(c) The initial USE values for the five non-surveillance reactor vessel beltline plate materials have been updated from those documented in
WCAP-16088-NP, Revision 2, which were based on longitudinal Charpy data reduced by 65%. The updated values herein reflect
actual measured transverse Charpy data. The initial USE values for the surveillance plate material, Lower Shell Plate M-1004-2, and
all of the reactor vessel beltline weld materials remain unchanged from those documented in WCAP-16088-NP, Revision 2.
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USE Conclusion

As shown in Table E- 1, all of the Waterford Unit 3 reactor vessel beltline materials are projected to
remain above the USE screening criterion of 50 ft-lbs (per 10 CFR 50, Appendix G) at 32 EFPY.

E.2 REFERENCES

E-1 Regulatory Guide 1.99, Revision 2, Radiation Embrittlement of Reactor Vessel Materials,
U.S. Nuclear Regulatory Commission, May 1998.

E-2 Westinghouse Report WCAP-1 6088-NP, Revision 2, Waterford Unit 3 Reactor Vessel Heatup and
Cooldown Limit Curves for Normal Operation, June 2012.
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List of Regulatory Commitments

The following table identifies those actions committed to by Entergy in this document. Any other
statements in this submittal are provided for information purposes and are not considered to be
regulatory commitments.

TYPE
SCHEDULED

(Check One) COMPLETION
COMMITMENT ON-DATE

TIME CONTINUING (If Required)
ACTION COMPLIANCE

Submit a LAR to the NRC by April 30, X April 30, 2019
2019 to request approval of a change to
the existing TS 3.4.8.1 Figures 3.4-2 and
3.4-3 to incorporate the Capsule 830 test
results as documented in report WCAP-
17969-NP to allow operation past 32
EFPY.


