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EXECUTIVE SUMMARY

The purpose of this report is to document the results of the testing of surveillance capsule Y from the
Beaver Valley Unit 1 reactor vessel. Capsule Y was removed at 14.3 EFPY and post irradiation
mechanical tests of the Charpy V-notch and tensile specimens was performed, along with a fluence
evaluation. The peak clad base/metal vessel fluence after 14.3 EFPY of plant operation was 1.76 x 10"
n/em’ (E> 1.0 MeV). A brief summary of the Charpy V-notch testing results can be found in Section 1
and the updated capsule removal schedule can be found in Section 7. A supplement to this report is a
credibility evaluation, which can be found in Appendix D, that shows the Beaver Valley Unit 1
surveillance data is not credible.
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1 SUMMARY OF RESULTS

The analysis of the reactor vessel materials contained in surveillance capsule Y, the fourth capsule to be
removed from the Beaver Valley Unit 1 reactor pressure vessel, led to the following conclusions:

. The Charpy V-notch data presented in WCAP-8475!", WCAP-9860°9, WCAP-10867"", and
WCAP-1200559 were based on hand-fit Charpy curves using engineering judgment. However,
the results presented in this report are based on a re-plot of all capsule data using CVGRAPH,
Version 4.1, which is a hyperbolic tangent curve-fitting program. Appendix B presents a
comparison of the Charpy V-Notch test results for each capsule based on hand fit vs. hyperbolic
tangent fit. Appendix C presents the CVGRAPH, Version 4.1, Charpy V-notch plots and the
program input data.

. Cycle 14 is projected assuming the average exposure rate of cycles 11 through 13. Cycle 15 is
projected with the cycle 8 exposure rate, which represents low leakage cycles and an assumption
that the hafnium is removed from the PSA assembly locations. From end of cycle 15 to 28 and 45
EFPY, the exposure projection is the cycle 8 exposure rate increased by 1.055 to allow for a “5.5 %
core power uprating.”

. The capsule received an average fast neutron fluence (E> 1.0 MeV) of 2.15 x 10" n/em’ after
14.3 effective full power years (EFPY) of plant operation.

. Trradiation of the reactor vessel lower shell plate B6903-1 Charpy specimens, oriented with the
longitudinal axis of the specimen parallel to the major rolling direction (longitudinal orientation),
to 2.15 x 10" n/em® (B> 1.0MeV) resulted in a 30 ft-1b transition temperature increase of
142.18°F and a 50 ft-1b transition temperature increase of 151.29°F. This results in an irradiated
30 ft-Ib transition temperature of 138.73°F and an irradiated 50 ft-Ib transition temperature of
179.29°F for the longitudinal oriented specimens.

. Irradiation of the reactor vessel lower shell plate B6903-1 Charpy specimens, oriented with the
longitudinal axis of the specimen perpendicular to the major rolling direction of the plate
(transverse orientation), to 2.15 x 10" n/em’ (E> 1.0 MeV) resulted in a 30 ft-Ib transition
temperature increase of 166.93°F and a 50 fi-Ib transition temperature increase of 178.61°F. This
results in an irradiated 30 ft-1b transition temperature of 184.89°F and an irradiated 50 ft-1b
transition temperature of 240.50°F for transverse oriented specimens.

. Irradiation of the weld metal Charpy specimens to 2.15 x 10" n/cm® (B> 1.0MeV) resulted in a
30 ft-Ib transition temperature increase of 179.69°F and a 50 ft-Ib transition temperature increase
of 213.41°F. This results in an irradiated 30 ft-1b transition temperature of 111.96°F and an
irradiated 50 ft-1b transition temperature of 169.35°F.

. Irradiation of the weld Heat-Affected-Zone (HAZ) metal Charpy specimens to 2.15 x 10" n/cm’
(E> 1.0 MeV) resulted in a 30 fi-Ib transition temperature increase of 18.36°F and a 50 ft-1b
transition temperature increase of 62.51°F. This results in an irradiated 30 ft-Ib transition
temperature of —56.16°F and an irradiated 50 ft-Ib transition temperature of 20.36°F.
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The average upper shelf energy of the lower shell plate B6903-1 (longitudinal orientation)
resulted in an average energy decrease of 25 ft-Ib after irradiation to 2.15 x 10" n/em® (E > 1.0
MeV). Hence, this results in an irradiated average upper shelf energy of 110 ft-Ib for the
longitudinal oriented specimens.

The average upper shelf energy of the lower shell plate B6903-1 (transverse orientation) resulted
in an average energy decrease of 10 ft-Ib after irradiation to 2.15 x 10" n/cm? (E> 1.0 MeV).
Hence, this results in an irradiated average upper shelf energy of 71 ft-1b for the transverse
oriented specimens.

The average upper shelf energy of the weld metal Charpy specimens resulted an average energy
decrease of 35 ft-Ib after irradiation to 2.15 x 10" n/em® (E> 1.0 MeV). Hence, this results in an
irradiated average upper shelf energy of 77 ft-1b for the weld metal specimens.

The average upper shelf energy of the weld HAZ metal Charpy specimens resulted in an average
energy decrease of 14 ft-Ib after irradiation to 2.15 x 10'° n/cm® (E> 1.0MeV). This results in an
irradiated average upper shelf energy of 114 fi-1b for the weld HAZ metal.

A comparison of the Beaver Valley Unit 1 reactor vessel beltline material test results with the
Regulatory Guide 1.99, Revision 2*) predictions (See Table 5-10) led to the following
conclusions:

—  The measured 30 ft-Ib shift in transition temperature of all the materials contained in
capsule Y are less than the Regulatory Guide 1.99, Revision 2, predictions.

—  The measured percent decrease in upper shelf energy (USE) of all the capsule Y
surveillance materials is less than the Regulatory Guide 1.99, Revision 2, predictions.

The calculated and best estimate end-of-license (28 EFPY) neutron fluence (E> 1.0 MeV) at the
core midplane for the Beaver Valley Unit 1 reactor vessel using the Regulatory Guide 1.99,
Revision 2 attenuation formula (ie. Equation # 3 in the guide) is as follows:

Calculated: Vessel inner radius* = 3.54 x 10'° n/em®

Vessel 1/4 thickness = 2.21 x 10" n/cm?
Vessel 3/4 thickness = 8.58 x 10'® n/cm?

Best Estimate:  Vessel inner radius* = 3.42 x 10'° n/cm?
Vessel 1/4 thickness = 2.13 x 10 n/cm?®
Vessel 3/4 thickness = 8.29 x 10'® n/cm®

*Clad/base metal interface
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. The credibility evaluation of the Beaver Valley Unit 1 surveillance program presented in
Appendix D of this report indicates that the surveillance results of the Beaver Valley Unit 1
surveillance program are not credible.

] All beltline materials exhibit a more than adequate upper shelf energy level for continued safe
plant operation and are expected to maintain an upper shelf energy greater than 50 ft-Ib through
end of license (28 EFPY) as required by 10CFR50, Appendix G,

Beaver Valley Unit 1 Capsule Y
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2 INTRODUCTION

This report presents the results of the examination of Capsule Y, the fourth capsule removed from the
reactor in the continuing surveillance program which monitors the effects of neutron irradiation on the
First Energy Beaver Valley Unit 1 reactor pressure vessel materials under actual operating conditions.

The surveillance program for the First Energy Beaver Valley Unit 1 reactor pressure vessel materials was
designed and recommended by the Westinghouse Electric Company. A description of the surveillance
program and the preirradiation mechanical properties of the reactor vessel materials is presented in
WCAP-8457, "Duquesne Light Company Beaver Valley Unit 1 Reactor Vessel Radiation Surveillance
Program” M. The surveillance program was planned to cover the 40-year design life of the reactor
pressure vessel and was based on ASTM E185-73, "Standard Recommended Practice for Surveillance
Tests for Nuclear Reactor Vessels"™. Capsule Y was removed from the reactor after 14.3 EFPY of
exposure and shipped to the George Westinghouse Technology Center Hot Cell Facility, where the
postirradiation mechanical testing of the Charpy V-notch impact and tensile surveillance specimens was
performed.

The Charpy V-notch data presented in WCAP-8457"), WCAP-9860°4, WCAP-10867%"), and WCAP-
120059 were based on hand-fit Charpy curves using engineering judgment. However, the results
presented in this report are based on a re-plot of all capsule data using CVGRAPH, Version 4.1, which is
a hyperbolic tangent curve-fitting program. Appendix B presents a comparison of the Charpy V-Notch
test results for each capsule based on hand fit vs. hyperbolic tangent fit. Appendix C presents the
CVGRAPH, Version 4.1, Charpy V-notch plots and the program input data.

This report summarizes the testing of and the post-irradiation data obtained from surveillance capsule Y
removed from the First Energy Beaver Valley Unit 1 reactor vessel and discusses the analysis of the data.

Beaver Valley Unit 1 Capsule Y
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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 beltline 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 plate (base material of the
Beaver Valley Unit 1 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 . The method uses fracture mechanics concepts and is based on the reference nil-ductility
transition temperature (RTypr).

RTxpr is defined as the greater of either the drop weight nil-ductility transition temperature (NDTT per
ASTM E-208"") or the temperature 60°F less than the 50 ft-Ib (and 35-mil lateral expansion) temperature
as determined from Charpy specimens oriented normal (transverse) to the major working direction of the
material. The RTypr of a given material is used to index that material to a reference stress intensity
factor curve (K¢ curve) which appears in Appendix G to the ASME Code!®. The Kjc 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 K¢ 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.

RTnpr 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 surveillance program, such
as the Beaver Valley Unit 1 reactor vessel radiation surveillance program!"), in which a surveillance
capsule is periodically removed from the operating nuclear reactor and the encapsulated specimens
tested. The increase in the average Charpy V-notch 30 ft-Ib temperature (ARTxpr) due to irradiation is
added to the initial RTypr, along with a margin (M) to cover uncertainties, to adjust the RTxpr (ART) for
radiation embrittlement. This ART (RTypr initial + M + ART\pr) is used to index the material to the Kjc
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.

Beaver Valley Unit 1 Capsule Y



4 DESCRIPTION OF PROGRAM

Eight surveillance capsules for monitoring the effects of neutron exposure on the Beaver Valley Unit 1
reactor pressure vessel core region (beltline) materials were inserted in the reactor vessel prior to initial
plant start-up. The eight capsules were positioned in the reactor vessel between the thermal shield and
the vessel wall as shown in Figure 4-1. The vertical center of the capsules is opposite the vertical center
of the core. The capsules contain specimens made from Lower Shell Plate B6903-1 (Heat No. C6317-1),
weld metal fabricated with 3/16-inch Mil B-4 weld filler wire heat number 305424 Linde 1092 flux lot
number 3889, which is identical to that used in the actual fabrication of the beltline region intermediate
shell longitudinal weld seams.

Capsule Y was removed after 14.3 effective full power years (EFPY) of plant operation. This capsule
contained Charpy V-notch impact and tensile specimens made from Lower Shell Plate B6903-1 and
submerged arc weld metal identical to the vessel intermediate shell longitudinal weld seams. In addition,
this capsule contained Charpy V-notch specimens from the weld Heat-Affected-Zone (HAZ) of
Intermediate Shell Plate B6607-1.

Test material obtained from Lower Shell Plate B6903-1 (after the thermal heat treatment and forming of
the plate) was taken at least one plate thickness from the quenched ends of the plate. All test specimens
were machined from the % thickness locations of the plate after performing a simulated post-weld stress-
relieving treatment on the test material. All base metal Charpy V-notch impact specimens were oriented
with the longitudinal axis of the specimen both normal to (transverse orientation) and parallel to
(longitudinal orientation) principal working direction of the plate. Base metal tensile specimens were
oriented in the transverse direction. Charpy V-notch and tensile specimens from the weld metal were
oriented with the longitudinal axis of the specimens transverse to the weld direction. The wedge opening
loading test specimens in Capsule Y were machined transverse to the welding direction. All WOL
specimens were fatigue precracked per ASTM E399-70T. The chemical composition of the unirradiated
surveillance material is presented in Table 4-1, while the results of chemical testing of charpy specimens
from Capsule Y are presented in Table 4-3. The NIST standards are given in Table 4-4. The heat
treatment of the surveillance materials is given in Table 4-2.

Capsule Y contained dosimeter wires of pure copper, iron, nickel, and aluminum-0.15 weight percent
cobalt (cadmium-shielded and unshielded). In addition, cadmium shielded dosimeters of neptunium
(Np?") and uranium (U**®) were placed in the capsule to measure the integrated flux at specific neutron
energy levels.

The capsule contained thermal monitors made from two low-melting-point eutectic alloys and sealed in
Pyrex tubes. These thermal monitors were used to define the maximum temperature attained by the test
specimens during irradiation. The composition of the two eutectic alloys and their melting points are as
follows:

2.5% Ag, 97.5% Pb Melting Point: 579°F (304°C)

1.75% Ag, 0.75% Sn, 97.5% Pb  Melting Point: 590°F (310°C)

Beaver Valley Unit 1 Capsule Y



The arrangement of the various mechanical specimens, dosimeters and thermal monitors contained in
capsule Y is shown in Figure 4-2.

TABLE 4-1
Chemical Composition (wt%) of the Unirradiated Beaver Valley Unit 1 Reactor
Vessel Surveillance Materials
Element® H?GCg::I-'lI-l As Dep (:::g]:?;zl)d Metal Capsule U Analysis®
Cc 0.20 0.110 0.124
Mn 1.310 1.370 1.42
P 0.010 0.018 0.008
S 0.015 0.006 0.004
Si 0.180 0.270 0.277
Ni 0.540 0.620 0.637
Mo 0.550 0.480 --@
Cr 0.140 0.015 0.029
Cu 0.200 0.260 0.230
Al 0.028 0.010 0.028
Co 0.014 0.014 0.009
A% 0.001 0.001 0.008
Sn 0.010 0.008 --
N, 0.004 0.014 --

Notes:

a. Elements not listed are less tan 0.01 weight percent.

b. Surveillance weld used the same heat of weld wire (#305424) and flux lot (3889) as used to fabricate the
intermediate shell vertical seams.

¢. Analysis performed on irradiated weld metal specimen DW-63

d. Analysis not performed on this material

Beaver Valley Unit 1 Capsule Y
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Table 4-2
Heat Treatment of Be:aver Valley Unit 1 Reactor Vessel Surveillance Materials
Material Temperature (°F) Time (hrs.) Coolant
Lower Shell Plates 1550 - 1650 4 Water quenched
Plate B6903-1 1200 - 1250 4 Air cooled
1150 - 1175 40 Furnace Cooled
Weldment 1150 +25 15 Furnace Cooled ]
TABLE 4-3

Chemical Composition of the Beaver Valley Unit 1 Charpy

Specimens Removed from Surveillance Capsule Y

Weld Metal Plate B6903-1
Element
DW-91 DW-92 DW-96 DL-57
C 0.140 0.140 0.140 0.220
S 0.009 0.005 0.007 0.016
Si 0.029 0.040 0.053 0.047
Cr 0.022 0.022 0.019 0.140
Cu 0.230 0.220 0.230 0.210
Fe Balance Balance Balance Balance
Mn 1.403 1.384 1.426 1.195
Mb 0.510 0.500 0.500 0.580
Ni 0.611 - 0.605 0.615 0.529
0.018 0.020 0.018 <0.010
A% <0.005 <0.005 <0.005 <0.005
METHOD OF ANALYSIS:

Metals — Inductiveley Coupled Plasma Spectrometry
Carbon — LECO Analyzer

Sulfur — Combustion/titration

Silicon - Gravimetric
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TABLE 4-4
Chemistry Results from the Low Alloy Steel NBS Certified Reference Standards 362, 363, and 364
Concentration in Weight Percent
Element NIST 362 NIST 363 NIST 364
Certified Measured Certified Measured Certified Measured
C 0.160 0.162 0.620 0.620 0.870 0.870
Sio, 0.390 0.420 0.740 0.763 0.060 0.064
Cr 0.300 0.287 1.310 1.238 0.060 0.057
Cu 0.500 0.430 0.100 0.105 0.240 0.219
Fe 95.30 98.064 94.40 93.078 96.70 94.283
Mn 1.040 0.952 1.500 1.362 0.250 0.240
Mb 0.068 0.062 0.028 0.027 0.490 0.498
Ni 0.590 0.544 0.300 - 0.267 0.140 0.123
P 0.041 0.041 0.020 0.017 0.010 0.011
\Y 0.040 0.037 0.310 0.284 0.100 0.096
Notes:
NBS 361: Certified C % =0.383

Measured C % = 0.387
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Figure 4-1 Arrangement of Surveillance Capsules in the Beaver Valley Unit 1 Reactor Vessel

Beaver Valley Unit 1 Capsule Y



B v
SPECIMEN CODE: |
DL LOWER SHELL PLATE B6903-1 (LONGITUDINAL DIRECTION)
DT LOWER SHELL PLATE B6903-1 (TRANSVERSE DIRECTION)
DW WELD METAL
DH HEAT-AFFECTED-ZONE MATERIAL
SURVEILLANCE CAPSULE Y
Np237
u238
DOSIMETER
TENSILE woL wOL wWOL WOL TENSILES CHARPY CHARPY BLOCK CHARPY CHARPY CHARPY CHARPY CHARP}Y CHARPY CHARPY CHARPY CHARPY
DH | DH DH | DL DH [ DL DH | DL DH | DL DW]DT ow | or W] oT ow | ot oW | DT ow | ot
DT16 v e 96 | ou 32 | 64 209 90 | 62 88 _| 60 86 | 58 96 | 96 94 | o4 921 92 90 90 88 | 88 86 | 86
Dwié Dw15 Dwiy DWi3 DA | O DH | DL DR ] OL DA ] DL DH | DL TR W] of W] 0T W | D7 ow ] 07 oW | 0T
DTS OwW15 95 93 91 | 63 89 | 61 87 | 59 85 |57 95 | 95 93 | 93 ol | ot 89 |89 87 |87 85 | 85
1 $ 4
| 579°F
8(&" 1 1 1 MONITOR —— . i
! :1. | 1! (] "t ] t T3 \1 T
it Ld cagor N} iT_c.. N— | Nt | i ca S — bt |1
bEoa MONITOR b by tou Y
u SR R - I ol
X n [ M [
: pet— Fe | |- Fe ! bef—f—— Fe Fo ———t—pi | Fe ol i
| ) R e 'y
11 L.l 1.1 i1
- CENTER REGION OF VESSEL :
TO TOP OF VESSEL | ‘ TO BOTTOM OF VESSEL

Figure 4-2 Capsule Y Diagram Showing the Location
of Specimens, Thermal Monitors,
and Dosimeters.
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5 TESTING OF SPECIMENS FROM CAPSULE Y
51 OVERVIEW

The post-irradiation mechanical testing of the Charpy V-notch impact specimens and tensile specimens
was performed in the Remote Metallographic Facility (RMF) at the George Westinghouse Technology
Center. Testing was performed in accordance with 10CFR50, Appendix H®1, ASTM Specification E185-
825 and Westinghouse Procedure MHL 8402, Revision 2 as modified by Westinghouse RMF Procedures
8102, Revision 1, and 8103, Revision 1.

Upon receipt of the capsule at the hot cell laboratory, the specimens and spacer blocks were carefully
removed, inspected for identification number, and checked against the master list in WCAP-8457". No
discrepancies were found.

Examination of the two low-melting point 579°F (304°C) and 590°F (310°C) eutectic alloys indicated no
melting of either type of thermal monitor. Based on this examination, the maximum temperature to
which the test specimens were exposed was less than 579°F (304°C).

The Charpy impact tests were performed per ASTM Specification E23-98 1 and Procedure RMF 8103,
on a Tinius-Olsen Model 74, 358) machine. The tup (striker) of the Charpy impact test machine is
instrumented with a GRC 930-I instrumentation system, feeding information into an IBM compatible
computer. With this system, load-time and energy-time signals can be recorded in addition to the
standard measurement of Charpy energy (Ep). From the load-time curve (Appendix A), the load of
general yielding (Psy), the time to general yielding (tgy), the maximum load (Py), and the time to
maximum load (ty) can be 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 fast fracture
load (Pr), and the load at which fast fracture terminated is identified as the arrest load (Py).

The energy at maximum load (Ex) was determined by comparing the energy-time record and the load-
time record. 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 (E;) is the difference between the
tota] energy to fracture (Ep) and the energy at maximum load (Ey).

The yield stress (Gy) was calculated from the three-point bend formula having the following expression:
o=(Poy *L) /[B* (W - a)**C] (1)

where: distance between the specimen supports in the impact machine
the width of the specimen measured parallel to the notch
height of the specimen, measured perpendicularly to the notch

= notch depth

o g W
!
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The constant C is dependent on the notch flank angle (), notch root radius (p) and the type of loading
(i.e., pure bending or three-point bending). In three-point bending, for a Charpy specimen in which o=
45° and p = 0.010 inch, Equation 1 is valid with C = 1.21. Therefore, (for L = 4W),

Ov=(Pyy*L) / [B* (W - a)**121] = (333*P,, *W) /[B* (W - a)’] @)

For the Charpy specimen, B = 0.394 inch, W = 0.394 inch and a = 0.079 inch. Equation 2 then reduces
to:

=333*P,, 3)

where o, is in units of psi and Pgy is in units of Ibs. The flow stress was calculated from the average of
the yield and maximum loads, also using the three-point bend formula.

The symbol A in columns 4, 5, and 6 of Tables 5-5 through 5-8 is the cross-section area under the notch
of the Charpy specimens:

A=B*(W-a)=01241sq.in. “)

Percent shear was determined from post-fracture photographs using the ratio-of-areas methods in
compliance with ASTM E23-98%and A370-971'%). The lateral expansion was measured using a dial gage
rig similar to that shown in the same specification.

Tensile tests were performed on a 20,000-pound Instron, split-console test machine (Model 1115) per
ASTM Specification E8-99" and E21-92!"%, and RMF Procedure 8102, Revision 1.

Extension measurements were made with a linear variable displacement transducer extensometer. The
extensometer knife edges were spring-loaded to the specimen and operated through specimen failure.
The extensometer gage length was 1.00 inch. The extensometer is rated as Class B-2 per ASTM ES3-
96!1%),

Elevated test temperatures were obtained with a three-zone electric resistance split-tube furnace with a 9-
inch hot zone. All tests were conducted in air.

The yield load, ultimate load, fracture load, total elongation, and uniform elongation were determined
directly from the load-extension curve. The yield strength, ultimate strength, and fracture strength were
calculated using the original cross-sectional area. The final diameter and final gage length were
determined from post-fracture photographs. The fracture area used to calculate the fracture stress (true
stress at fracture) and percent reduction in area was computed using the final diameter measurement.
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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 Y,
irradiated to a fluence of 2.15 x 10" n/ecm® (E> 1.0 MeV) in 14.3 EFPY of operation are presented in
Tables 5-1 through 5-8 and are compared with unirradiated results!™) in Figures 5-1 through 5-12. The
transition temperature increases and upper shelf energy decreases for the capsule Y materials are
summarized in Table 5-9.

A comparison of the surveillance material 30 fi-Ib transition temperature shifts and the upper shelf energy
decreases with the Regulatory Guide 1.99, Revision 2, predictions is given in Table 5-10. These results
led to the following conclusions:

. Irradiation of the reactor vessel lower shell plate B6903-1 Charpy specimens, oriented with the
longitudinal axis of the specimen parallel to the major rolling direction (longitudinal orientation),
to 2.15 x 10" n/cm? (E> 1.0MeV) resulted in a 30 fi-Ib transition temperature increase of
142.18°F and a 50 ft-Ib transition temperature increase of 151.29°F. This results in an irradiated
30 fi-Ib transition temperature of 138.73°F and an irradiated 50 ft-Ib transition temperature of
179.29°F for the longitudinal oriented specimens.

. Irradiation of the reactor vessel lower shell plate B6903-1 Charpy specimens, oriented with the
longitudinal axis of the specimen perpendicular to the major rolling direction of the plate
(transverse orientation), to 2.15 x 10" n/em” (B> 1.0 MeV) resulted in a 30 ft-Ib transition
temperature increase of 166.93°F and a 50 ft-Ib transition temperature increase of 178.61°F. This
results in an irradiated 30 ft-1b transition temperature of 184.89°F and an irradiated 50 ft-Ib
transition temperature of 240.50°F for transverse oriented specimens.

. Trradiation of the weld metal Charpy specimens to 2.15 x 10" n/em® (E> 1.0MeV) resulted in a
30 ft-1b transition temperature increase of 179.69°F and a 50 ft-Ib transition temperature increase
of 213.41°F. This results in an irradiated 30 ft-Ib transition temperature of 111.96°F and an
irradiated 50 ft-1b transition temperature of 169.35°F.

. Irradiation of the weld Heat-Affected-Zone (HAZ) metal Charpy specimens to 2.15 x 10" n/em’
(E> 1.0 MeV) resulted in a 30 ft-1b transition temperature increase of 18.36°F and a 50 ft-1b
transition temperature increase of 62.51°F. This results in an irradiated 30 fi-Ib transition
temperature of —56.16°F and an irradiated 50 ft-Ib transition temperature of 20.36°F.

. The average upper shelf energy of the lower shell plate B6903-1 (longitudinal orientation)
resulted in an average energy decrease of 25 ft-Ib after irradiation to 2.15 x 10 n/em® (E > 1.0
MeV). Hence, this results in an irradiated average upper shelf energy of 110 fi-Ib for the
longitudinal oriented specimens.

. The average upper shelf energy of the lower shell plate B6903-1 (transverse orientation) resulted
in an average energy decrease of 10 ft-1b after irradiation to 2.15 x 10” n/cm’® (B> 1.0 MeV).
Hence, this results in an irradiated average upper shelf energy of 71 ft-Ib for the transverse
oriented specimens.
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. The average upper shelf energy of the weld metal Charpy specimens resulted an average energy
decrease of 35 ft-Ib after irradiation to 2.15 x 10° n/em® (E> 1.0 MeV). Hence, this results in an
irradiated average upper shelf energy of 77 ft-1b for the weld metal specimens.

. The average upper shelf energy of the weld HAZ metal Charpy specimens resulted in an average
energy decrease of 14 ft-Ib after irradiation to 2.15 x 10" n/em® (B> 1.0MeV). This results in an
irradiated average upper shelf energy of 114 ft-1b for the weld HAZ metal.

. A comparison of the Beaver Valley Unit 1 reactor vessel beltline material test results with the
Regulatory Guide 1.99, Revision 2™ predictions (See Table 5-10) led to the following
conclusions:

—  The measured 30 ft-Ib shift in transition temperature of all the materials contained in
capsule Y are less than the Regulatory Guide 1.99, Revision 2, predictions.

—  The measured percent decrease in upper shelf energy (USE) of all the capsule Y
surveillance materials is less than the Regulatory Guide 1.99, Revision 2, predictions.

The fracture appearance of each irradiated Charpy specimen from the various surveillance capsule Y
materials is shown in Figures 5-13 and 5-16 and show an increasingly ductile or tougher appearance with
increasing test temperature.

All beltline materials exhibit a more than adequate upper shelf energy level for continued safe plant
operation and are expected to maintain an upper shelf energy of no less than 50 fi-1b throughout the
current license of the vessel (28 EFPY) as required by 10CFR50, Appendix G*..

The load-time records for individual instrumented Charpy specimen tests are shown in Appendix A.

The Charpy V-notch data presented in WCAP-8457!") , WCAP-9860°“, WCAP-10867"% and WCAP-
120055 were based on hand-fit Charpy curves using engineering judgment. However, the results
presented in this report are based on a re-plot of all capsule data using CVGRAPH, Version 4.1, which is
a hyperbolic tangent curve-fitting program. Appendix B presents a comparison of the Charpy V-Notch
test results for each capsule based on hand fit vs. hyperbolic tangent fit. Appendix C presents the
CVGRAPH, Version 4.1, Charpy V-notch plots and the program input data.

Appendix D of this report contains a credibility evaluation of the surveillance data from the Beaver
Valley Unit 1 reactor vessel surveillance program. This evaluation indicates that the surveillance results
are not credible.
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5.3 TENSILE TEST RESULTS

The results of the tensile tests performed on the various materials contained in capsule Y irradiated to
2.15 x 10'° n/cm® (E> 1.0 MeV) are presented in Table 5-11 and are compared with unirradiated results
as shown in Figures 5-17 and 5-18.

3]

The results of the tensile tests performed on the lower shell plate B6903-1 (transverse orientation)
indicated that irradiation to 2.15 x 10"® n/em® (E> 1.0 MeV) caused approximately a 26 ksi increase in
the 0.2 percent offset yield strength and approximately a 15 to 20 ksi increase in the ultimate tensile
strength when compared to unirradiated data) (Figure 5-17).

The results of the tensile tests performed on the surveillance weld metal indicated that irradiation to
2.15 x 10" n/em?® (E> 1.0 MeV) caused approximately a 19 ksi increase in the 0.2 percent offset yield
strength and a 15 to 20 ksi increase in the ultimate tensile strength when compared to unirradiated data
(Figure 5-18).

The fractured tensile specimens for the lower shell plate B6903-1 material are shown in Figure 5-19 and,

while the fractured tensile specimens for the surveillance weld metal are shown in Figure 5-20. The
engineering stress-strain curves for the tensile tests are shown in Figures 5-21 and 5-22.

54  WEDGE OPENING LOADING (WOL)

Per the surveillance capsule testing contract, the WOL Specimens were not tested and are being stored at
the George Westinghouse Technology Center Hot Cell facility.
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! Table 5-1 Charpy V-notch Data for the Beaver Valley Unit 1 Lower Shell Plate B6903-1 !
Irradiated to a Fluence of 2.15 x 10"° n/cm’ (E> 1.0 MeV)
(Longitudinal Orientation)
Sample Temperature Impact Epergy Lateral Expansion Shear
Number F C Ft-lbs Joules mils Mm %
DL62 100 38 10 14 5 0.13 10
DL58 110 43 16 22 10 0.25 15
DL63 125 52 38 52 20 0.51 20
DL59 150 66 43 58 26 0.66 25
DL61 200 93 44 60 28 0.71 35
DL64 250 121 91 123 63 1.60 75
DL57 300 149 106 144 74 1.88 95 '
DL60 375 191 113 153 78 1.98 100 I
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Table 5-2 Charpy V-notch Data for the Beaver Valley Unit 1 Lower Shell Plate B6903-1
Irradiated to a Fluence of 2.15 x 10" n/em® (E> 1.0 MeV)
(Transverse Orientation)

Sample Temperature Impact Energy Lateral Expansion Shear

Number F C ft-1bs Joules mils mm %
DT95 100 38 12 16 5 0.13 10
DT90 150 66 25 34 15 0.38 15
DT89 180 82 26 35 18 0.46 20
DT87 195 91 34 46 20 0.51 25
DT88 200 93 31 42 21 0.53 25
DT91 225 107 37 50 29 0.74 40
DT96 235 113 51 69 37 0.94 60
DT93 250 121 58 79 48 1.22 0
DT92 275 135 59 80 49 1.24 95
DT9%4 300 149 67 91 55 1.40 95
DT85 350 177 70 95 53 1.35 100
DT86 375 191 72 98 64 1.63 100
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Table 5-3 Charpy V-notch Impact Data for Beaver Valley Unit 1 Surveillance Wel: Metal |
Irradiated to a Fluence of 2.15 x 10” n/cm’ (E> 1.0 MeV)
Sample Temperature Impact Energy Lateral Expansion Shear
Number F C Ft-lbs Joules mils mm %
DW93 0 -18 16 22 4 0.10 5 I
DW8g6 50 10 13 18 4 0.10 5 I
DW95 100 38 24 33 16 0.41 55
DWgs8 110 43 32 43 20 0.51 35
DWg7 115 46 32 43 20 0.51 40
DW94 135 57 37 50 25 0.64 50 |
DW289 150 66 43 - 58 28 0.71 50
L DW85 175 79 48 65 37 0.94 75
DW90 200 93 50 68 37 0.94 80
DwW92 225 107 74 100 57 1.45 95 ‘H
DW91 250 121 74 100 55 1.40 98
DW96 300 149 80 108 60 1.52 100
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Table 5-4 Charpy V-notch Impact Data for Beaver Valley Unit 1 Representative Heat Affected
Zone Material Irradiated to a Fluence of 2.15 x 10” n/cm’ (E> 1.0 MeV)

Sample Temperature Impact Energy Lateral Expansion Shear

Number F C Ft-lbs Joules mils mm %
DHS86 -100 -73 19 26 9 0.23 5 |
DH78 -50 -46 24 33 12 0.30 20
DHS88 -40 -40 28 38 13 0.33 20
DHS85 -25 -32 53 72 26 0.66 35
DH%4 0 -18 43 58 20 0.51 50
DH87 10 -12 46 62 12 0.30 60 I
DH93 50 10 54 73 30 0.76 45 I
DH96 72 22 81 110 49 1.24 50 |
DH92 125 52 68 92 41 1.04 80
DH95 175 79 86 117 54 1.37 85
DH91 225 107 106 144 68 1.73 100
DH90 300 149 107 145 62 1.57 100
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Table 5-5 Instrumented Charpy Impact Test Results for the Beaver Valley Unit 1 Lower Shell Plate B6903-1
Irradiated to a Fluence of 2.15 x 10"” n/em’ (E>1.0 MeV)(Longitudinal Orientation)

Normalized Energies
(ft-1b/in?)
Charpy Yield Time to Max, Time to Fast Yield

Test Energy Load Yield tgy Load Max. Fract. Arrest Stress Sy Flow

Sample Temp. Ep Charpy Max. Prop. Py (msec) Py T Load Pg | Load P, (ksi) Stress
No. (°F) (ft-1b) Ep/A Em/A EJ/A (Ib.) (Ib.) (msec) (b)) (b)) (ksi)
DL62 100 10 81 44 36 3950 0.18 3957 0.18 | 3950 0 132 132
DL58 110 16 129 64 65 4116 0.17 4424 0.21 4424 0 137 142
DL63 125 38 306 251 55 3950 0.17 4856 0.53 4827 0 132 147
DL59 150 43 346 251 96 3939 0.17 4835 0.53 4764 0 131 146
DL61 200 44 355 236 119 3891 0.17 4786 0.51 4777 880 130 144
DL64 250 91 733 323 410 3611 0.17 4649 0.68 4042 2780 120 138
DL57 300 106 854 311 543 3547 0.17 4585 0.67 3653 3019 118 135
DL60 375 113 910 315 595 3422 0.17 4506 0.69 n/a n/a 114 132

Revmmm—— AR — _—
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Table 5-6 Instrumented Charpy Impact Test Results for the Beaver Valley Unit 1 Lower Shell Plate B6903-1
Irradiated to a Fluence of 2.15 x 10" n/cm’ (E>1.0 MeV) (Transverse Orientation)
Normalized Energies
(ft-1b/in®)
Charpy Yield Time to Max. Time to Fast Arrest Yield
Test Energy Load Yield Load Max. Fract. Load Stress Sy |Flow Stress]
Sample Temp. Ep Charpy Max. Prop. Pgy tcy Pm tm Load Py Pa (ksi) (ksi)
No. (°F) (ft-Ib) Ep/A En/A Ey/A (Ib.) (msec) (ib.) (msec) (b.) (b.) '
DT95 100 12 97 50 47 4059 0.17 4192 0.19 4176 0 135 137
DT90 150 25 201 143 59 3817 0.17 4457 0.36 4284 0 127 138
DT89 180 26 209 115 95 3839 0.17 4214 0.31 4119 1170 128 134
DT87 195 34 274 172 102 3883 0.17 4503 0.41 4479 921 129 140
DT88 200 31 250 139 110 3790 0.17 4338 0.35 4302 1298 126 135
DT91 225 37 298 139 159 3671 0.17 4237 0.36 4184 1857 122 132
DT96 235 51 411 223 188 3685 0.17 4522 0.51 4453 2361 123 137
DT93 250 58 467 202 265 3616 0.17 4304 0.48 3486 2724 120 132
DT92 275 59 475 176 300 3586 0.17 4267 0.44 3458 2535 119 131
DT9% 300 67 560 214 326 3588 0.17 4440 0.5 3367 2480 119 134
DT85 350 70 264 212 352 3566 0.17 4385 0.5 n/a n/a 119 132
DT86 375 72 580 209 37 3447 0.17 4257 0.5 n/a n/a 115 128
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Table 5-7 Instrumented Charpy Impact Test Results for the Beaver Valley Unit 1 Surveillance Weld Metal

Irradiated to a Fluence of 2.15 x 10'° n/em’® (E>1.0 MeV)

Normalized Energies
(ft-1b/in%)
Charpy Yield Time to Time to Fast

Test Energy Load Yield tgy Max. Max. Fract. Arrest Yield Flow

Sample Temp. Ep Charpy Max. Prop. Pey (msec) Load Py, tm Load Py | Load P, | Stress Sy Stress
No. °F) (ft-Ib) Eo/A En/A EJ/A (b) (b) (msec) (Ib.) (tb.) (ksi) (ksi)
DW93 0 16 129 73 56 4493 0.17 4860 0.22 4851 0 150 156
DW86 50 13 105 60 45 4344 0.17 4578 0.20 4578 0 145 149
DW95 100 24 193 72 122 4175 0.17 4571 0.22 4423 911 139 146
DW388 110 32 258 169 89 4139 | 017 4520 0.38 4495 363 138 144
DWg7 115 32 258 175 83 3882 0.17 4642 0.54 4627 670 129 142
DW9%4 135 37 298 199 99 4095 0.17 4577 0.44 4544 1111 136 144
DW89 150 43 346 232 114 3914 0.17 4617 0.51 4581 1345 130 142
DW85 175 48 387 229 158 3939 0.17 4597 0.50 4363 1610 131 142
DwW90 200 50 403 216 186 3945 0.17 4524 048 4637 625 131 141
DW92 225 74 596 226 370 3892 0.17 4539 0.50 n/a n/a 130 140
DW91 250 74 596 218 378 3901 0.17 4571 0.48 n/a n/a 130 141
DW96 300 80 645 224 420 3727 0.17 4427 0.51 n/a n/a 124 136
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Table 5-8 Instrumented Charpy Impact Test Results for the Beaver Valley Unit 1 Representative Heat-Affected-Zone (HAZ) Metal
Irradiated to a Fluence of 2.15 x 10" n/cm? (E>1.0 MeV)
Normalized Energies
(ft-1b/in?)
Charpy Yield Time to Time to Fast
Test Energy Load Yield tgy Max. Max. Fract. Arrest Yield Flow

Sample Temp. Ep Charpy Max. Prop. Pgy (msec) Load Py tm Load Py Load Stress Sy Stress

No. (°F) (ft-1b) Ep/A En/A E/A @ib.) (b.) (msec) (Ib.) P4 (Ib.) (ksi) (ksi)
DHZ86 -100 19 153 95 58 4599 0.17 5707 0.25 5703 0 153 172
DH78 -50 24 193 85 109 4508 0.17 5160 0.23 5014 0 150 161
DHZ88 -40 28 226 79 147 4755 0.17 5217 0.22 5021 0 158 166
DH&85 -25 53 427 260 167 4673 0.17 5216 0.50 5024 625 156 165
DH94 0 43 346 228 119 4639 0.17 5238 0.45 5196 1199 154 164
DH&87 10 46 371 231 140 | 4473 0.17 5109 0.46 5039 1286 149 160
DH93 50 54 435 250 185 4443 0.17 5114 0.50 4999 598 148 159
DH96 72 81 653 257 395 4487 0.17 5164 0.50 4317 1544 149 161
DH92 125 68 548 237 311 4291 0.17 4830 0.49 4344 1260 143 152
DH95 175 86 693 254 469 4101 0.17 4843 0.53 4086 1828 137 149
DH91 225 106 854 344 511 4121 0.17 4859 0.68 n/a n/a 137 150
DH90 300 107 862 322 540 3850 0.17 4612 0.67 n/a n/a 128 141

Beaver Valley Unit 1 Capsule Y
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Table 5-9  Effect of Irradiation to 2.15 x 10" n/cm? (E>1.0 MeV) on the Notch Toughness Properties of the Beaver Valley Unit 1

Reactor Vessel Surveillance Materials

N

N

AR

Average 30 (ft-1b)®

Average 35 mil Lateral®

Average 50 ft-1b®

Average Energy Absorption®™

Transition Temperature (°F) Expansion Temperature (°F) Transition Temperature (°F) at Full Shear (ft-lb)
Material
Unirradiated | Irradiated AT Unirradiated Irradiated AT Unirradiated | Irradiated AT Unirradiated Irradiated AE
L Shell Plat
ower Shelt ate -3.45 13873 | 142.18 25.52 191.60 | 166.07 27.99 17929 | 15129 135 10 225
B6903-1 (Long.)
L Shell Plat
ower Shert flate 17.95 184.80 | 166.93 43.59 23043 | 186.84 61.89 24050 | 178.61 81 71 -10
B6903-1 (Trans.)
Weld Metal -67.72 111.96 179.69 -48.77 169.8 218.58 -44.05 169.35 213.41 112 77 -35
HAZ Metal -74.53 -56.16 18.36 -32.05 63.24 95.29 -42.15 20.36 62.51 128 114 -14
R

a.  "Average" is defined as the value read from the curve fit through the data points of the Charpy tests (see Figures 5-1, 5-4, 5-7 and 5-10).

b.  "Average" is defined as the value read from the curve fit through the data points of the Charpy tests (see Figures 5-2, 5-5, 5-8 and 5-11)

Beaver Valley Unit I Capsule Y
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Table 5-10 CompariSon of the Beaver Valley Unit 1 Surveillance Material 30 ft-lb Transition Temperature
Shifts and Upper Shelf Energy Decreases with Regulatory Guide 1.99, Revision 2, Predictions
30 ft-Ib Transition Upper Shelf Energy
Temperature Shift Decrease
Material Capsule Fluence Predicted Measured Predicted Measured
x10°wem’) | CH® cH® (%) @ (%)
Lower Shell Plate M 323 1014 128.49 23 16
B6903-1 U 646 129.2 118.93 28 22
{(Longitudinal) w .986 146.6 148.52 31 16
Y 2.15 178.1 142.18 37 19
\% 323 1014 137.81 23
Lower Shell Plate U 646 129.2 131.84 28
B6903-1 (Transverse) - 1
W 986 146.6 179.99 31 27
v 215 178.1 166.93 37 12
v 323 125.1 159.72 31 21
159.4 166.32 36 26
Weld Metal U £46
W 986 180.9 187.73 40 30
vy 215 219.7 179.69 44 31
v 323 - 0(d) --- 15
-- 49.67 --- 18
HAZ Metal U 646
W 986 -- 614 --- 16
Y 215 -- 18.36 --- 11
Notes:

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

(b) Calculated using measured Charpy data plotted using CVGRAPH, Version 4.1 (See Appendix C)
(c) Values are based on the definition of upper shelf energy given in ASTM E185-82.
(d) The actual measured capsule Y ARTypr value is —8.62°F. This physically shouid not occur,

therefore for conservatism a value of zero will be reported.

Beaver Valley Unit 1 Capsule Y



5-16

Table5-11  Tensile Properties of the Beaver Valley Unit 1 Reactor Vessel Surveillance Materials Irradiated to 2.15 x 10" n/cm® (E > 1.0
MeV)
Material Sample Test 0.2% Yield | Ultimate | Fracture | Fracture Fracture Uniform Total Reduction
Number Temp. Strength Strength Load Stress Strength Elongation | Elongation in Area
(°F) (ksi) (ksi) (kip) (ksi) (ksi) (%) (%) (%)
Plate B6903-1 DT 15 200 81.8 100.2 3.93 185.9 80.0 10.4 19.0 57
(Transverse) DT 16 550 81.0 97.6 4,11 151.3 83.7 93 15.5 45
Weld DW 15 150 86.6 100.7 3.37 180.8 68.6 10.3 219 62
e
DW 16 550 78.9 95.6 3.98 137.5 81.1 94 16.5 41

Beaver Valley Unit 1 Capsule Y




5-17

LOWER SHELL PLATE 6903—-1 (LONGITUDINAL)
CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 101422 on 05-15-2000
Results
Curve  Fluence LSE d-ISE  USE d-USE Ted d-Tedl Ted0 d-Te 50
1 0 219 t 135 0 -345 0 219 0
0 219 0 114 -2l 12504 12849 1593 1313
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Data Set(s) Plotted
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2 BVI v PLATE SAS33Bl LT Ce3iv-t
3 BV U PLATE SA533Bl LT G831
4 BVI ¥ PLATE SAS33B! LT Ce3nr-
5 BV1 Y PLATE SA533Bl LT €831l
Figure 5-1 Charpy V-Notch Impact Energy vs. Temperature for Beaver Valley Unit 1 Reactor

Vessel Lower Shell Plate B6903-1(Longitudinal Orientation)
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LOWER

SHELL PLATE 6903—1 (LONGITUDINAL)

CVGRAPH 41 Hyperbolic Tangent Curve Printed al 104723 on 05-15-2000

Vessel Lower Shell Plate B6903-1(Longitudinal Orientation)

Results
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Figure 5-2  Charpy V-Notch Lateral Expansion vs. Temperature for Beaver Valley Unit 1 Reactor
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LOWER SHELL PLATE 6903—1 (LONGITUDINAL)

CVGRAPH 4. Hyperbolic Tangent Curve Printed at 102232 on 05-15-2000
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Figure 5-3 Charpy V-Notch Percent Shear vs. Temperature for Beaver Valley Unit 1 Reactor
Vessel Lower Shell Plate B6903-1(Longitudinal Orientation)
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LOWER SHELL PLATE 6903-1 (TRANSVERSE)
CVGRAPH 41 Hyperbolic Tangent Curve Printed at 102945 on 05-15-2000
Results
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Figure 5-4  Charpy V-Notch Impact Energy vs. Temperature for Beaver Valley Unit 1 Reactor
Vessel Lower Shell Plate B6903-1(Transverse Orientation)
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LOWER SHELL PLATE C6317-1 (TRANSVERSE)

CVGRAPH 41 Hyperbolic Tangent Curve Printed at 07:30:41 on 07-10-2000

Results
Curve  Fluence USE d-USE T e LEPH d-T o LEH
1 0 6904 0 4359 0
2 0 6127 - 1755 13196
3 0 7057 152 18965 146.06
4 0 5629 -R7% 21458 17099
5 0 6154 -749 23043 186.84

2

Lateral Exp mils
=

,rfu
50
0
-300 —200 —-100 )] 100 200 300 400 500 600
Temperature in Degrees F
Curve Legend
lo—— 20— 3o 4 5

Data Setfs) Plotted

Curve Plant Capsule Material Ori.  Heatf
1 BVi UNIRR PLATE SA533BL TL  CB3t7-1
2 BVI v PLATE SA533B1 L 083t7-1
3 BV1 U PLATE SA533B1 TL 08371
4 Bv1 L PLATE SA533B1 L 83171
5 BV1 Y PLATE SA533B1 L 063171

Figure 5-5 Charpy V-Notch Lateral Expansion vs. Temperature for Beaver Valley Unit 1 Reactor
Vessel Lower Shell Plate B6903-1(Transverse Orientation)
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LOWER SHELL PLATE C6317—1 (TRANSVERSE)
CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 0727:3% on 07-10-2000
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Figure 5-6 Charpy V-Notch Percent Shear vs. Temperature for Beaver Valley Unit 1 Reactor
Vessel Lower Shell Plate B6903-1(Transverse Orientation)
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SURVEILLANCE PROGRAM WELD METAL
(VGRAPH 4. Hyperbolic Tangent Curve Printed at 03288 on 06-16-2000
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Figure 5-7 Charpy V-Notch Impact Energy vs. Temperature for Beaver Valley Unit 1 Reactor
Vessel Weld Metal
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SURVEILLANCE PROGRAM WELD METAL
CVGRAPH 41 Hyperbolic Tangent Curve Printed at 08:3821 on 05-16-2000
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Figure 5-8 Charpy V-Notch Lateral Expansion vs. Temperature for Beaver Valley Unit 1 Reactor
Vessel Weld Metal
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SURVEILLANCE PROGRAM WELD METAL

CVGRAPH 4.1 Hyperbolic Tangent Curve Printed at 084145 on 05-16-2000
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Figure 5-9  Charpy V-Notch Percent Shear vs Temperature for Beaver Valley Unit 1 Reactor
Vessel Weld Metal
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HEAT AFFECTED ZONE
CVGRAPH 4. Hyperbolic Tangent Curve Printed at 080543 on 05-16~2000
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Figure 5-10 Charpy V-Notch Impact Energy vs. Temperature for Beaver Valley Unit 1 Reactor

Vessel Heat-Affected-Zone Material
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HEAT AFFECTED ZONE MATERIAL

CVGRAPH 41 Hyperbolic Tangent Curve Printed at 074602 on 07-10-2000
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Figure 5-11 Charpy V-Notch Lateral Expansion vs. Temperature for Beaver Valley Unit 1 Reactor
Vessel Heat-Affected-Zone Material
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HEAT AFFECTED ZONE MATERIAL

CVGRAPH 41 Hyperbolic Tangent Curve Printed at 074821 on 07-10-2000
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Figure 5-12 Charpy V-Notch Percent Shear vs. Temperature for Beaver Valley Unit 1 Reactor
Vessel Heat-Affected-Zone Material
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DLS59, 150°F DLé61, 200°F

DL64, 250°F DL57, 300°F DL60, 375°F

Figure 5-13 Charpy Impact Specimen Fracture Surfaces for Beaver Valley Unit 1 Reactor Vessel
Lower Shell Plate B6903-1(Longitudinal Orientation)
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DTR89, 180°F DT87, 195°F

DT93, 250°F DT92, 275°F DT94, 300°F

DT85, 350°F DT86, 375°F

Figure 5-14 Charpy Impact Specimen Fracture Surfaces for Beaver Valley Unit 1 Reactor Vessel
Lower Shell Plate B6903-1 (Transverse Orientation)
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DW86, 50°F DW95, 100°F DWS88, 110°F DW87, 115°F

DW94, 135°F DW89, 150°F DW8S5, 175°F DW90, 200°F DW92, 225°F

DW91, 250°F DW96, 300°F

Figure 5-15 Charpy Impact Specimen Fracture Surfaces for Beaver Valley Unit 1 Reactor Vessel
Weld Metal Specimen
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DHS86, -100°F

DH87, 10°F DH93, 50°F DH96, 72°F DH92, 125°F DH95, 175°F

e,

DH91, 225°F DH90, 300°F

Figure 5-16 Charpy Impact Specimen Fracture Surfaces for Beaver Valley Unit 1 Reactor Vessel
Heat-Affected-Zone Metal
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