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1. INTRODUCTION

This document describes a Master Integrated Reactor Vessel Surveillance
Program (MIRVP) designed to provide the data required to insure the continued
Ticensability of 17 reactor vessels fabricated by Babcock and Wilcox (B&W).
These reactor vessels include 8 BAW-designed 177-Fue)l Assembly (FA) plants
and 9 Westinghouse-designed plants with BaW-fabricated reactor vessels,

The program builds on the integrated surveillance program developed by the
BAW Owners Group for the BAW 177-FA p]ants(l) and is organized as shown in
Figure 1-1. This program wil) obtain data from several sources, redundant
irradiation sites, and, as a contingency, a test reactor irradiation program.
As shown in Figure 1-1, this program includes integration of the following
phases:

8. plant-specific reactor vessel surveil:ince programs from 17 reactor
vesse's

b. the existing supplemental BAW Owners Group irradiation capsules

€. additional supplemental irradiation capsules to assure the avail-
ability of high fluence and thermal annealing data for all 17
reactor vessels

d. existing test reacior irradiation data sources

e. provisions for additional test reactor irradiation data sources

The 11 utility participants in the BSWOG Reactor Vessel Integrity Program®
have 17 reactor vessels with beltline regions that were fabricated using the

*Arkansas "ower & Light Company, Commonwealth Edison Company, Duke Power
Compeny, Florida Power Corporation, Florida Power & Light Company, General
Publiz Utilities Nuclear Corporation, Rochester Gas & Electric Corporation,
Sacramento Municipal Utility District, Toledo Edison Company, Virginia
Electric & Power Company, Wisconsin Electric Power Company (Sacramento
Municipal Jtility District has withdrawn from the Program as a result of the
shutdown of Rancho Seco Unit 1.)

1-1
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automatic submerged arc (ASA) process with 32 Mn-Mo-Ni filler wire and Linde
80 flux Yot combinations. These were fabricated from 15 heats of wire and 23
Linde BO flux Yots. The Charpy and fracture toughness properties of several
wire/flux combinations (8 of the 15 heats of wire) are being characterized in
existing Reactor Vessel Surveillance Programs (RVSPs), [1.e., BAWOG Integrat-
ed Reactor Vessel Surveillance Program (IRVSP) and Westinghouse plant-.
specific RVSPs]. The goal of the MIRVP is to develop fracture toughness data
for 211 beltline welds to enable the performance of necessary analyses to
ensure continued complignce with lOCFRSO.(z) Appendix G.

The objectives of this effort are as follows:

1. Provide a unified power reactor data base for Linde B0 welds
necessary to perform the analysis required by J0CFRS0, Appendix G
for materials that may exhibit < 50 ft-1b Charpy upper-shelf energy.

2. Maximize the effectiveness of data sharing among all participants to
assure that required data is available to all participants for
current and extended plant operation.

3. Provide the materials, specimens, irradiation capsules, and power
reactor irradiation sites required to obtain data that can be used
to evaluate the thermal annealing process.

4. Minimize testing of redundant capsules (those which do not provide
useful information) 1in existing plant specific RVSPs to insure
optimum utilization of all data sources.

5. Simplify the licensing process by providing a single document that
covers the RVSP integration and capsule withdrawal schedules and
which can be referenced in each utility’s Technical Specifications.

This report provides a detailed description of each element of the MIRVP,
explains their interrelationships, provides irradiation capsule withdrawal
scheduies, and provides a discussion on the technical and regulatory aspects
of the integrated RVSP concept. The appendices to this report document the
relevant details for each reactor vessel plant-specific surveilllance program
and the supplementary capsules that either arc or will become part of the
MIRVP.

1-3
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2. BACKGROUND

It became apparent in the late 1950°s that neutron embrittlement could
seriously degrade the mechanical properties of steels used in reactor
vessels. This was a phenamenon that varied significantly from one type of
steel to another, from one heat to anovther, and from one weld to another,
Accordingly, a number of research programs were conducted to evaluate the
phenomenon. By the time the first commercia) nuclear plants were designed,
enough data were sccumulated to confirm that the neutron irradiation damage
to the reactor vessel materials could significantly degrade the properties.
Not all of the first generation reactor vessels were equipped with surveil-
lance capsules to monitor irradiation damage; however, out of this initia)
pe:iod of nuclear development, the guidelines for establishing an RVSP were
adopted. ASTM Standard £ 185-61.(3) "Standard Practice for Conducting
Surveillance Tests for Light Water-Cooled Nuclear Power Reactor Vessels" was
issued and conveyed the current state-of-the-art technology for designing a
surveillance program.

Research on neutron irradiation damage to reactor vessel steels continued in
the 1960's. Specificaily, the effects of the principal parameters influenc-
ing neutron embrittiement sensitivity was studied, including the effects of
differing neutron spectra, neutron flux rates, irradiation temperature, and
chemical composition on pressure vessel steels. These studies were conducted
using both commercial power plants and test reactors with the primary objec-
tive of deternining the sensitivity of commonly used reactor vessel steels to
neutron irradiation,(**7)

In the late 1960's, a significant discovery was made when the copper and
phosphorus contents in reactor vesse)l materials were identified by the Naval
Research Laboratory as principal parameters contributing to mechanicel
property degrldation.(a'l]) Further work, 1in cooperation with Babcock &

e Babcock & Wilcox
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Wilcox, confirmed the role of these two elements and led to their exclusion
from steels and weld meta) to be exposed to neutron irradiation.

The ASTM Standard £ 185-6) was revised in 1966, 1970, 1973, 1979, and 1982 to
reflect the knowledge gained through the above research efforts. These
revisions are compared in Table 2-1.

In 1973, in a concerted effort to improve the quality of reactor pressure
vessel integrity and to base the assessment of vesse) integrity on a theore-
tical rather than an empirical basis, the concept of fracture mechanics
techniques was implemented through Nuclear Regulatory Commission (NRC)
regulation. These requirements are included in 1JOCFRS0, Appendix G, “"Frac-
ture Toughness Requirements." Also included was & requirement for monitoring
the neutron embrittlement of the reactor vessel beltline region, which is
described in JOCFRS0, Appendix H, “Reactor Vessel Material Surveillance
Program Requirements." With the issue of Appendix H, a justification was
established for a concerted effort to acquire the necessary information by
testing irradiated specimens from surveillance capsules and to standardize
the existing surveillance program to the extent possible. Also, these
Appendices made an RVSP mandatory. Up to this point, the data gathered from
an RVSP had received low priority and RVSPs were nonuniform in format and
content since the requirements were broadly defined and gave considerable
latitude to the RVSP designer. As can be seen in Table 2-1, it was not unti)
1979 that ASTM E 185 required that the specific “controlling" weld be
included in the RVSP capsules. ASTM E 185-73 was further revised to support
the requirements of 10CFR50, Appendix H through a cooperative effort between
the standard development committee and the regulators.

Today, the requirements of 10CFRS50, Appendixes G and H, together with ASTM
Standard £ 185-82, are recognized throughout the nuclear industry as the
standards and procedures for ensuring the integrity of nuclear reactor
pressure vessels subject to inservice environmental degradation, These
regulations require the Owners of light-water cooled nuclear power plants to
monitor the neutren radiation-induced changes in impact toughness and
mechanical properties of materials comprising the reactor vessel. Test data
obtained from RVSPs allow determination ¢° the conditions under which the
reactor vessel may be operated to avoid nonductile failure within a prescribed
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margin of safety. racture mechanics techniques are used tu quantitatively
define plant operating conditions in terms of pressure-temperature (P-T)
1imits. The fracture mechanics analyses are performed in accordance with
10CFRS0, Appendix G. The input information for these analyses includes
material properties, applied stresses, neutron fluence, a reference flaw
size, and system operating considerations,

On July 26, 1983, a revision to JOCFRS50, Appendixes G and H, became effec-
tive. The most significant revisions were to (1) extend the coverage of
Appendix G to include steels with specified minimum yield strengths from
50,000 to 90,000 psi, (2) determine the temperature shift at the 30 ft-1b
level (this does rot change the 50 ft-1b minimum upper-shelf energy crite-
rion), (3) satisfy predicted end-of-1ife fracture toughness requirements
using radiation conditions at the "critical location on the crack front of
the assumed flaw," and (4) extend Appendix H rules to define the basic
requirements of an integrated surveillance program.

The unirradiated C,USE level of Linde 80 weids was not high enough to
accommodate regulatory requirements regarding the effects of neutron irradia-
tion. At the time these early reactor vessels were fahricated, applicable
codes and regulations did not specify minimum irradiated and unirradiated
CyUSE levels. Even though these conditions existed before the current
requirements for reactor vesse' fracture toughness were established, it is
now required that all reactor vessel materials, regardless of the date of
manufacture, must exhibit adequate toughness to prevent nonductile failure.
10CFRS0, Appendix G, requires that when significant radiation-induced
degradation of material fracture toughness properties occurs, corrective
measures must be determined and submitted to the NRC for review three years
before the material’s C,USE is predicted to drop below 50 ft-1bs. If
corrective actions are not applied in a timely manner, plant availability may
be severely limited.

Imposition of these restrictions is described in 10CFR50, Appendix G, and the
ASME Boiler and Pressure Vessel (B&PV) Code, Section III.(lz) Paragraph V.B
of 10CFR50, Appendix G, in part, states the following requirements:

Reactor vessels may continue to be operated only for that service
period within which the requirements of Section IV of this fppendix
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are satisfied using the piredicted value of the adjusted reference
temperature and the predicted value of the upper-shelf energy at
the end of the service period to account for the effects of
radiation on the fracture toughness of the beltline materials.
In the event that these requirements cannot be satisfied as stated in
10CFRS0, Appendix G, our by alternative procedures acceptable to the NRC,
reactors may continue to operate provided all the following requirements of
10CFRS0, Appendix G, paragraph V.C are satisfied:
1. A volumetric examination of 100 percent of the beltline materials
that do not satisfy the requirements of Section V.B of this AFffydix
is made and any flaws characterized according to Section XI of

the ASME B&PV Code and as otherwise specified by the Director,
Office of Nuclear Reactor Regulation.

2. Additional evidence of the fracture toughress of the beltline
materials after exposure to neutron irradiation is to be obtained
from results of supplemental fracture toughness tests.

3. A fracture analysis shall be performed that conservatively demon-
strates, making appropriate allowances for all uncertainties, the
existence of equivalent margins of safety for continued operations.

Paragraph V.D further states, "If the procedures of Section V.C of this
Appendix do not indicate the existence of an equivalent safety margin, the
reactor vessel beltline region may, subject to the approval of the Director,
Office of Nuclear Reactor Regulation, be given a thermal annealing treatment
to recover the fracture toughness of the material." Appendix A provides a
detailed discussion on reactor vessel thermal annealing. A1) nuclear plants,
regardless of the fabrication date, must meet the requirements stated above.

Since Appendix G also applies to the early fabrication period reactor
vessels, continued operation must be justified by demonstrating that equiva-
lent margins of safety exist for any beltline material suspected to exhibit
CyUSE Tess than 50 ft-1b. This requires obtaining fracture toughness data
for the affected materials and performing a fracture mechanics analysis using
these data.

As mentioned earlier, a revision 1i. 1983 to 10CFR50, Appendix H defined the
basic requirements of a integrated surveillance program. However, the
integrated RVSP approach was accepted by the NRC and has been utilized by BA&W
since 1976. For an integrated RVSF to be acceptable to the NRC, a number of
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criteria, as provicded by 10CFR50, Appendix H, must be met. Paragrpah 11. C
of Appendix H states the following:

A.

An intngrated surveillance program may be considered for a set of
reactors that have similar design and operating features.

The representative materials chesen for surveiliance from each
reactor in the set may be irradiated in one or more of the reactors,
but there must be an adequate dosimetry program for each reactor.

No reduction in the requirements for nimber of materials to be ir-
radiated, specimen types, or number of specimens per reactor is per-
mitted, but the amount of testing may be reduced if the initial
results agree with predictions. :

Integrated surveillance programs must be approved by the Director,
Office of Nuclear Reactor Regulation, on a case-by-case basis.
Criteria for approval include the following considerations.

The design and operating features of the reactors in the set must be
sufficiently similar to permit accurate comparison of the predicted
amount of radiation damage as a function of total power output.

There must be adequate arrangement for data sharing between plants.

There must be a contingency plan to assure that the surveillance
program for each reactor will not be jeopardized by operation at
reduced power level or by an extended outage of another reactor from
which data are expected.

There must be substantial advantages to be gained, such as reduced
power outages or reduced exposure to radiation, as a direct result
of not requiring surveillance capsules in al)l reactors in the set.

The above criteria and considerations are satisfied by the MIRVP approach. A
detailed discussion of these criteria and considerations is given in Section
4 of this report.
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3. MASTER INTEGRATED REACTOR VESSEL SURVEILLANCE PROGRAM

3.1. General Description

The master integrated reactor vessel surveillance program combines 17
separate RVSPs and, where appropriate or necessary, provides for sharing of
irradiation sites. Additionally, it addresses both the short- and lung-term
requirements for acquiring irradiation data and the need to improve the
quality and quantity of fracture toughness data to support the continued
licensability of the participating reactor pressure vessels.

The MIRVP correlates data from both power reactor surveillance monitoring and
test reactor research programs. The principal sources of information are the
power reactor surveillance efforts; this discussion, therefore, is mainly
concerned with the power reactor program, which is comprised of three parts.
The first part is the continuation of the plant-specific surveillance
programs that monitor the irradiation damage to selected materials, as
originally planned. The capsules contain samples of weld metal, plate or
forging material, and heat-affected zone (HAZ) material from the vesse)
beltline and neutron dosimetry and thermal monitors; this part of the program
will therefore continue to monitor the long-term effects of neutron irradia-
tion on the reactor materials.

The second part of the program consists of a series of specially designed
supplementary weld metal surveillance capsules (SUPCAPS) to study the effects
of irradiation on a number of weld metals, which are anticipated to be highly
sensitive to irradiation damage because of their chemical composition and low
initial Charpy upper shelf energies. These capsules differ from regular
plant-specific RVSP capsules in that they contain the necessary specimens to
obtain fracture toughness properties of individual weld metals. The capsules
are located in the same irradiation holder tubes as the regular plant-
specific surveillance capsules at Crystal River-3 and Davis-Besse.
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The third part of the MIRVP consists of higher fluence supplementary weld
metal surveillance capsules (HUPCAPS) to obtain irradiated weld meta) data
(primarily fracture toughness properties) to satisfy the requirements of
10CFRS0, Appendixes G and H for the current license and license renewal of
the plants involved in this program. Additional objectives are to (1)
provide for a capsule of Westinghouse design for correlation of irradiation
data in the Westinghouse neutronic environment with the B&W 177-FA environ-
ment; (2) provide irradiation of reconstituted specimens (to accelerate data
gathering); and, (3) provide definitive information on the annealing response
of this family of materials.

The MIRVP also provides for the comparing of the above capsule data with data
obtained on the same material by various test reacter research programs. The
high flux available in a test reactor makes it possible to achieve high
fluence in specimens in a relatively short time, e.g., EOL in six months.
However, the neutron damage mechanism in this high flux and particular
neutron energy spectrum and temperature can be different than that experienc-
ed in PWRs. Data comparisons for fluences up to ~1.4E19 have been completed
to date. However, analysis of the high fluen.e data is not complete and
additional test reactcr irradiations may be necessary to fully evaluate the
effects of flux density and neutron energy spectrum on the irradiation damage
to these materials.

The surveillance materials in tine capsules of the plant-specific RVSP were
not selected in accordance with ASTM £ 185-82. Hence, the materials monitor-
ed by the RVSP are not always the materials judged in 10CFR50, Appendix H, to
most likely be the controlling beltline region materials with regard to
radiation embrittlement for the reactor vessel for which the RVSP was
designed. Consequently, the applicability of the deta to be generated by the
plant-specific RVSP becomes limited. However, by combining the data from all
the RVSPs, it is practical to develep a data base to determine the probable
values and predict the irradiation behavior of those welds for which there
are no specific data. This does not preclude a plant-specific materials
characterization should sufficient data be available.
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The plant-specific surveillance programs include irradiation (1) in host
reactors of surveillance capsules that were removed from the B&W 177-FA
reaciors without capsule holder tubes, and (2) of capsules from those plants
in which the irradtutions are being conducted. Each plant participating in
the MIRVP has a plant-specific surveillance program that was designed to meet
the requirements of the NRC and the ASTM £ 185 revision at the time the
program was developed. Table 3-1 shows typicel withdrawal schedules from
ASTM E 185-82. The following sections describe the B&W 177-FA and Westing-
house-designed plant RVSPs.

There are eight B&W-designed reactor vessels that contain high-copper, Linde
B0 ASA weld seams. Plant parameters are compared in Table 3-2. Irradiation
of RVSP capsules for these eight reactors is currently being performed in two
"host" reactors, Crystal River-3 and Davis-Besse. Originally, TMI-2 was a
host reactor for TMI-1, however, the incident on March 29, 1979 at TMI-2
terminated its use. The capsules in TM]-2 were requalified(l‘) for continued

irradiation (except for those which were destructively tested for requalifi-
cation).

The following pairings of capsules and reactors are agreed upon by the
Owners:

—fuest seactor/Owner Host Reactor/Owner
Oconee Unit 1/Duke Power Company Crystal River Unit 3/Florida Power
Corporation
Oconee Unit 2/Duke Power Company Crystal River Unit 3/Florida Power
Corporation
Oconee Unit 3/Duke Power Company Crystal River Unit 3/Florida Power
Corporation
Arkansas Nuclear One Unit 1/Arkansas Davis-Besse Unit 1/Toledo Edison
Power and Light Company Company
Rancho Seco Unit 1/Sacramento Municipal Davis-Besse Unit 1/Toledo Edison
Utility District Company
Three Mile Island Unit 1/GPU Nuclear Crystal River Unit 3/Florida Power
Corporation Corporation
3-3
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Sequence

First

Second

Third

Fourth

Fifth

Sixth

Table 3-1. Recommended Withdrawal Schedules i1 Accordance

with ASTM Specification £ 185-82
Time of Withdrawal

2ix-Capsule Program
Earliest of 1.5 EFPY; capsule fluence >5 x 1018 n/cmé; highest
ARTNDT of an encapsulated material equals 50F.

Earliest of 3 ETPY; capsule fluence midway detween that of the
first and third capsules.

Earliest of 6 EFPY; capsule fluence corresponds to that of the
EOL fluence of the reactor vessel 1/4T location.

Earliest of 15 EFPY; capsule fluence corresponds to that of the
EOL fluence of the reactor vessel inside surface location.

Standby; not less than once nor greater than twice the EOL
fluence of the reactor vessel inside surface location. Capsule
may be held without testing after withdrawal.

Not required; will be treated as a standby capsule.
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Table 3-2. Comparison of Plant Parameters for the B&W 177-FA RVSPs

Davis-Besse Rancho Seco Arkansas Muclear Crystal River Three Wile
____Plant Parameters _Unit] = Umit]l =~ OmelUnit ] = Unit3 2 Ocomee Unit | Oconee Unit 2 Oconee Unit 3 Island Umit ]
Design heat output {core), 212 21712 2568 2544 2568 2568 2568 2568
L
Uesign overpower, % 12 12 12 172 112 112 12 112
System pressure (nom), psia 2200 2700 2200 2200 2290 2200 2200 2200

Coolant flow rate, 105 thm/h; 143.8; 387,000 143.8; 387,000 139.7; 375,000 i39.6; 375,900 139.7; 75,000 139.7; 375,000 135.7; 375,000 139.7; 375,000
gpm

(oolant temperatures, F

Nominal inlet 558 558 556 556 556 556 55 3%
Avg rise in vessel 19 49 Ll 45 47 47 a7 o
Avg in vessel S8z 582 579 579 579 579 579 578
No. of fuel assemb)ies 177 17 177 177 in 177 177 7
Type of fuel assemblies Mark B {15x15) Mark B (15x15) Mark B (I5x15) Mark B8 {I5¢15) Mark 8 (15x15) Mark B £15215) Mark B (15x15) Mark B {15215)
w Core barr=l 1B/0D, in 14)/145 1417145 141/145 1417145 1417145 181 /1e5 1417145 i11/145
" Thermal shield ID/0D, in 147/151 147/151 1477151 147/151 147/151 147/151 1477151 1477151
Core structural character
istics
Core equiv diam, in 128.9 128.9 12e.s 128 ¢ 128 % 178 9 i®9 128.9
Core active fuel height, 143.2 14] .8 8 s 41 8 141 8 141 8 2.3

in.
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Table 3-2. Comparison of Plant Pa-ameters for the B&W 177-FA RVSPs (Cont’'d)

Davis Besse Rancho Seco Arkansas Muclear Crystal River
Plant Parameters Unit ) Unit 1 _OmeUnit ] 2 Unit3 = Ocomee Unit | = Ocomes Unit 2
Reactor vessel design
parameters
Principal material SASOB, (1.2  SASI3 Tp B 1] SASII Tp B 1.1 SASI3 Tp B C.1 SA302 ord ¢1.1™® sases ) 2
Design pressure, psig 2500 2500 2500 7500 2500 2500
Design temperatuve, | ASN 65¢ £50 650 &850 650
Shell 1D, in 171 17 irn 171.37% 171 171
Shell thickness, in 8.0' R 44 8 LN N L) g
00 across mozzles, in. 251 <) 2.0 2.9 2¢9 249 289
Overall vesse »sloswo 0" 8 7/8" ® 8 1/8" 40 R 7/8" @ B 7/8° @ 8 /8" % 8 1/ "W 31 @0 8/
head height'?’  f1 in
Core barrel -thermal shield Type 304 SS Type 302 55 Type 308 SS Type 304 55 Type 308 55 Type 308 55 iype 304 S5 Type 304 55

principal material

() over cladding and instrumentation nozzies

®las modified by Code Case §339.

bt

{c)for Davis Besse Unit | this is the nominal 0D across the inlet nozzies. The 0D across the outlet mozzies is 285 inches

Aurdwo) 110U IW ¢
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The plant-specific RVSP for each of the eight B&W 177-FA nuclear plants
participating in the MIRVP is described in a topica) report, as follows:

—duciear Plant* Applicable Topical Report
Oconee Unit 1 BAW-10006A, Rev. 3(15)
Oconee Unit 2 BAW-10006A, Rev. 3
Oconee Unit 3 BAW-10006A, Rev. 3
Three Mile Island Unit 1 BAW-10006A, Rev. 3
Crystal River Unit 3 BAW-10100A(16)
Arkansas Nuclear One, Unit ) BAW-10006A, Rev. 3
Rancho Seco Unit 1 BAW-10100A

Davis-Besse Unit 1 BAW-10100A

*The types and properties of the RVSP materials for each
plant are described in Appendix A.

Each plant-specific RVSP consists of six surveillance capsules, four of which
are the prime data-collecting capsules, and the others are "standby" cap-
sules. The prime capsules are withdrawn at designated time intervals so that
the data collected are for irradiation levels ranging from low fluence to
that equal to the vessel inner surface (IS) at end of 1ife (EOL). The
standby capsules provide any necessary additional data late in the operating
life of the plant.

Three basic types of specimens, in varying combinations, are placed in these
capsules: Charpy V-notch, tension test, and compact fracture toughness (CT).
(Appendix C describes the specimens in detail.) The Charpy V-notch specimens
are 0.394 inch square, 2.165 inches long, and conform to ASTM E 23-72.(17)
The tension test specimens are 4.25 inches long and conform to ASTM E 8-
69T.(18) The compact fracture toughness specimens are 0.5 inch thick by 1.25
by 1.20 inches, and conform to the basic requirements of ASTM E 399-81(]9)
and E 8]3-81.(20) Specimen identity is maintained throughout the program by
a die-stamped identification code (a combination of letters and numbers) on
the top and bottom of each specimen.
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In addition to the specimens, each capsule contains neutron dosimeters and
thermal monitors. Figures 3-1 through 3-3 show typical capsules and the
orientation of their specimens, neutron dosimeters, and thermal monitors.
The voids in the capsule are filled with aluminum alloy spacers to minimize
movement of the specimens inside and improve heat transfer. The capsule is
helium-filled.

The B&W 177-FA integrated RVSP organizes and evaluates the data from the
individual surveillance programs. Within this common network are 3 types of
surveillance programs (types A, B, and C), in which 6 capsule types (I-VI)
are irradiated. Surveillance program A uses capsule types I and 11; program
B uses types IIl and IV; and program C uses types V and VI.

The physical characteristics of the specimen holder tube and the capsule are
described in paragraph 3.2.1.1, while the neutron dosimeters and therma)
monitors are discussed in paragraphs 3.2.1.2 and 3.2.1.3. The 3 separate
programs (A-C) &nd the capsule types (I-VI) are described in paragraph
3.2.1A.

3.2.1.1. Structural, Hy?raulic, and Thermal Characteristics
] .

The surveillance capsule holder tubes are attached to the thermal shield and
position the capsules in the downcomer annulus near the reactor vesse)l wall.
The holder tube is located such that the midspan elevation of the tube is at
the core midplane, as shown in Figure 3-4. The azimuthal locations of the
holder tubes are shown in Figures 3-5 and 3-6 for the Crystal River-3 and
Davis-Besse host reactors, respectively.

The thermal characteristics of the specimen holder tube and the capsule were
analyzed to obtain a design in which the temperature of the specimens is
approximately equal to that of the reactor vessel inside wall. This analysis
was performed to determine the maximum temperature of the surveillance
capsule Charpy specimens that can be expected to occur during steady state
(100% power) and during an overheating transient. The perforated tube design
allows enough coolant to reach the surveillance capsules to cool them to less
than 9F above the temperature of the entering coolant water. This is well
within the 125F temperature criterion used for comparison to the 1/4-thick-
ness vessel wall location.
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Figqure 3-1 Surveillance Capsule Arrangement -- Types | and 11
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Fiqure 3-2 Surveillance Capsule Arrangement -- Type IV
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Figure 3-3 Surveillance Capsule Arrangement -- Types [II, V. and VI
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Figure 3-4 Reactor Vessel Arrangement Showing Current
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Figure 3-5 Surveillance Capsule Holder Tube Location and

ldentification for Crystal River Unit 3
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Figure 3-6 Survei11ance Capsu]e Holder Tube Locat1on
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The capsules are locked into the holder tube by a removable closure device
that subjects the capsules to a compressive load and the holder tube to an
equal tensile load. This loading is designed to minimize flow-induced
vibration. (The tight inner packing also minimizes flow-induced vibrations
within the capsule.) The perforated holder tube exposes the capsule to the
reactor coolant. Each capsule is a stainless steel cylinder approximately
2.4 feet long, 2.5 inches in outside diameter, and 2.0 inches in incide
diameter. Structurally, the capsules are designed to withstand the compres -
sive preload and the external pressure without failure.

The capsule is designed to maintain specimens at temperature within +25F of
the reactor vescel temperature at the 1/4-thickness (1/4T) vessel wall
location.™ Figure 3-7 illustrates the calculated vessel wall temperature
distribution for steady-state normal operation. The heat transfer analysis
for the capsule considers the differences in thermal properties of the
materials and the helium-filled gaps between internal components of the
capsule. Conservative maximum temperatures were calculated for each dif-
ferent cross section within the capsule and these were within the upper bound
25F of the vessel 1/47 temperature. The coolant temperature serves as the
Tower bound and is also within 25F of the vessel temperature at 1/4T.(2])

The capsules are placed in the holder tubes (two par tube) which are posi-
tioned so that both the time-averaged axial distribution of the axial peak
neutron flux and the initial azimuthal distribution of fast neutron flux are
maximized.

3.2.1.2. Neutron Dosimetry

Neutron dosimeters are placed in the specimen capsules to determine the
actual neutron fluence levels experienced by the specimens. Each capsule
contains 4 dosimeter tubes, each tube accommodating 6 different dosimeter
wires. The dosimeter types are listed in Table 3-3. Dosimeter tube place-
ment within the capsules is shown in Figures 3-1 through 3-3.

*The properties at the 1/4T vessel location contribute to the basis for
periodic adjustments of the pressure-temperature relationships for normal,
upset, and test conditions throughout the vessel service life.
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Figure 3-7 Reactor Vessel Wall Temperature Profile
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3.2.1.3. Thermal Monitors

A number of Tow-melting fusible alloy thermal monitors are included in each
capsule to determine the maximum temperature achieved during irradiation
exposure. The thermal monitors and their alloy composition and melting

temperatures are given in Table 3-4. The locations of the thermal monitors
within Lhe capsule are shown in Figures 3-1 through 3-3.

3.2.1.4  Types of Surveillance Programs and Capsules

The basic surveillance programs and capsule types are briefly described
below; more detailed information is presented in Appendix D. An overview of
the programs and capsule types is given in Table 3-5. The materials con-
tained in the capsules are described in Appendix A.

surveillance Program A
Surveillance program A consists of capsule types I and 11; it is described in

Topical Report BAW-100086A, Rev. 3. Types I and Il were originally the upper
and lower capsules in the holder tubes, respectively.

Capsule Type I -- Capsule type I contains 8 tension test specimens and 36
Charpy specimens. Tension test specimens were prepared from weld metal and
base metal A in the longitudinal direction.” Charpy specimens were prepared
from weld metal, the HAZ of base metal A in the longitudinal direction, base
metal A in both Tlongitudinal and transverse directions, and correlation
monitor plate.

Capsule Type 11 -- Capsule type 1l contains 8 tension test specimens and 36
Charpy specimens. Tension test specimens were prepared from the HAZ of heat
B in the longitudinal direction and base metal heat B in the longitudinal
direction. Charpy specimens were prepared from the HAZ of heat B in the
longitudinal direction, base metal heat B in both the longitudinal and
transverse directions, and correlation monitor plate.

*A detailed discussion of the conventi?gzysed in defining the orienta-
tion of test specimens is given in BAW-1820.
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Table 3-3. BAW 177-FA Plant-Specific Surveillance Capsule Dosimeters

Reaction
Neutron-Sensitive Cross-Section
E - ' ]
9o Cd-Ag %
69 . 0.5 eV $.3 yr ““Co
Co Cd-Foil

237Np Cd-Ag 0.5 MeV Appropriate fission products
238U Cd-Ag 1.1 MeV Appropriate fission products
58y ; Cd-Ag 2.3 MeV 71d %8¢o

Mo None 2.5 MeV 314d 2%

59Co None Thermal 5.3 yr 60Co

*Both shie'ding methods were used.

lable 3-4. B&W Capsule Thermal Monitor Wires

Approximate

Melting Point, F* —Reference Materials
558 90% Pb, 5.0% Ag, 5.0% Sn
580 e ) 94.5% Pb, 2.5% Ag, 3.0% Sn

197.5x Pb, 2.5% Ag

588 97.5% Pb, 1.5% Ag, 1.0% Sn
610 100% Cd
621 100% Pb

*The melting point of each alloy heat or batch
has been verified in its final form.

**Both alloy compositions were used.
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Table 3-5. BA&W 177-FA Plant-Specific Reactor Vessel

Capsule Table of Table of Applicable
1D lype Mat’']l Specs Capsule Specs Report Date Report
Qconee Unit 1
A1 A-1 D-1 Aug 84 BAW-1837(23)
B 11 A-1 D-1 cos 24)
g 1 A-1 D-1 Oct 88 BAW- 2050
D ll A'l D'] ne'v (25)
E 1 A-1 D-1 Sept 77 BAW- 1436
F oIl A-1 D-1 Sept 75 BAy-;AZI. Rev.
1(¢6

Topical Report BAW-10006A, Rev. 3
Oconee Unit 2
Al A-2 D-2 Dec 81 BAw-1699(27)
B Il A-Z 0'2 = . (28)
g4 A-2 D-2 May 77 BAW- 1437
D I1 A-2 D-2 cus (29)
E 1 A-2 D-2 Oct 88 BAW-205)
OB A-2 D-2 cos
Topical Report BAW-10006A, Rev., 3
Oconee Unit 3
AV A-3 D-3 uly 77 BAU-]&38§§?;
B VI A-3 D-3 Oct 81 BAW- 1697
C Vv A-3 D-3 .oe
D VI A-3 D-3
E V A-3 D-3

V1 A-3 D-3 .
Topical Report BAW-10]100A*
1 Mile Island Unit 1
A1 A-4 N4 Untested paw-204214)
B 11 A-4 D-4 vue (32)
o | A-4 D-4 March 86 BAW-1901
D II A'4 0’4 " ne (33)
E I A-4 D-4 June 76 BAW- 1439
FoIl A-4 D-4 e

Topice]l Report BAW-10006A, Rev. 3

*The 0C-3 capsules were fabricated before BAW-10100A was published; however,
it was the OC-3 program that was described in BAW-10100A.
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Table 3-5. B&W 177-FA Plant-Specific Reactor Vessel

Survei '
Capsule Table of Table of Applicable
10 _Type Mat’) Specs Capsule Specs Report Date Report
Lryste)l River Unit 3
A lll A-5 0'5 by 3‘
B IV A-5 0-5 June 81 & BAW-1679{3¢ and
¢ 11 A-5 D-5 March 86 BAW- 1898/ 37)
D IV A-5 D-§ March 86 & BAw-1899§38) and
April 86 BAW-1914
E lll A'S D"S " (39)
FoIv A-§ D-§ Sept 88 BAW- 2049
Topical Report BAW-10100A
Arkansas Nuclear One Unit 1
A1 A-6 D-6 July 84 BAN-1836§:?;
L3 A-6 D-6 April 89 BAW-2075"
D lI A"G D‘G i 43
P 1 A-6 D-6 April 77 BAW-1440(43)
F o1l A-6 D-6 b s
Topical Report BAW-10006A, Rev. 3
Rancho Seco Unit 1
A 111 A-7 D-7 o (44)
B IV A-7 D-7 Feb 82 & BAW-1702( ¢! and
March 82 BAW-1720¢
¢ 111 A-7 D-7 A o
D IV A-7 D-7 Oct 83 BAW-1792 4;)and
BAW-1793p!
£ 111 A-7 D-7 o (48
FoIv A- 0-7 April 89 BAW-2074(48)
Topical Report BAW-10100A
Ravis-Besse Unit |
A III A-8 D-8 Sept 85 BAN-IBBZEgg;
B IV A-8 D-8 May 84 & BAN-1834(51) and
June 85 BAW- 1867
¢ 111 A-8 D-8 va
D IV A-8 D-8 bo'
E III A‘3 0'8 e (52)
Fov A-8 D-8 Jan 82 & BAN-17011284 and
March 82 BAW-1719
Topical Report BAW-10100A
3-20
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surveillance Program B

Surveillunce program B consists of capsule types 111 and IV. The program is
described in Topical Report BAW-10100A (referred to therein as the modified
program). In addition to tension test and Charpy specimens, compact fracture
toughness specimens 0.5 inch thick (0.5T CT) are included in capsule type 1V.
Types 111 and IV were originally the upper and lower capsules in the holder
tubes, respectively.

Capsule Type 11] -- Capsule type 111 contains @ tension test specimens and 54
Charpy specimens. Tension test specimens were prepared from the weld metal
and base metal heat A in the transverse direction. Charpy specimens were
prepared from the weld metal, HAZ heats A and B in the transverse direction,
base metals heats A and B in the transverse direction, and correlation
monitor plate.

Capsule Type 1V -- Capsule “ype IV contains 4 tension test specimens, 36
Charpy specimens, and 8 compact fracture specimens 0.5 inch thick. Tension
test specimens were prepared from the weld metal and base metal heat A in the
transverse direction. Charpy specimens were prepared from the weld metal,
the HAZ of heat A in the transverse direction, and base metal heat A in the
transverse direction. The compact fracture specimens were prepared from the
weld metal.

Surveillance Program C

Surveiliance program C consists of capsule types V and VI. The program,
described in topical report BAW-10100A, is referred to as the basic program.
Capsule types V and V] were originally the upper and lower capsules in the
holder tubes, respectively.

Capsule Type V -- Capsule type V contains 4 tencion test specimens and 54
Charpy specimens Tension test specimens were prepared from the weld metal
and base metal heat A in the transverse direction. Charpy specimens were
prepared from weld metal, the HAZ of heat A in the longitudinal direction,
base metal heat A in the longitudinal and transverse directions, and heat B
in the transverse direction.

Capsule Type VI -- Capsule type VI contains 4 tension tost specimens and 54
Charpy specimens. The tension test specimens were prepared from the weld
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metal and basc metal A in the transverse direction. Charpy specimens were
prepared from the weld metal, the HAZ of heats A and B in the longitudinal
direction, base metal of heats A and B in the transverse direction, and
correlation monitor plate.

There are nine Westinghouse-designed, B&W-fabricated reactor vessels that

contain high-copper, Linde 80 ASA weld seams. Plant parameters are compared
in Tabie 3-6. Each of these plants has an RVSP that consists of either six

or eight surveillance capsules. tach capsule contains a combination of
specimens that include Charpy V-notch, tension test, and WOL™ specimens
representative of reactor vessel material. The capsules also contain

neutron dosimeters and thermal monitors. The specimens are described in
further detail in Appendix C.

Each plant-specific RVSP was designed t2» meet the requirements of the NRC and
the ASTM E 185 revision in effect at the time the program was developed. For
each plant a WCAP (Westinghouse Commercial Atomic Power} report was prepared
that describes the fabrication and design of the RVSP capsules. The Westing-
house-designed plant’'s groupings and the associated surveillance program WCAP
are as follows:

'Nedge.Opening Loading fracture toughness specimen.

‘
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Table 3-6. Comparison of Plant Parameters for the Westinghouse RVSPs

Point Beach Point Beach Turkey Point  Turkey Point

_Plant Parameters = R.E. Ginna _ Unit | Unit 2 =~ Unmit 3 __Umit & Surry Unit | Serry Unit 2 Zien Unit 1 Zion Umit 7
Design heat output {(core), MWt 1520 1518.5 1518.5 2200 2200 2781 /2545 2281/2546 325073351 325073391
{uprated) {uprated) (uprated) (uprated)
Design overpower % 110 119 i0 110 110 110 i 10 1o
System pressure (nominal), psig 2235 2235/1985% 2235/1985 2235 223% 2235 2235 2235 223%
Coolant flow rate, 105 1b/h; gpm 31.7.85,700 66.7;180,000 66.7;180,000 101 5,274,000 101.5;274,000 110.7;271,900 116 7,271,900 135,364 500 135.364 500
Coolant temperatures, F
Nominal inlet 546 .8 552.5 552 S 546 .2 546 .2 543 543 530.2 530.2
Avg rise in vessel 54 57.6 57.6 55.9 55.9 62.8 62.8 64 he
Avg in vessel 573.8 610.1 610.1 574.2 2742 574 4 574 .3 562 .2 562 .2
(‘o No. of fuel assemblies 121 121 121 157 157 157 157 193 13
{3 Type of fuel assemblies 14x14 14x14 i4x)4 15215 15215 15215 15215 15215 15x1%
A:sembly design OFA/V-S oFa/Y < OFA OFA/LOPAR Of A/LPPA Standard Standard ora oA
Core barrel 10/0D, in 109/112.5 109/112.5 109/112.5 133.9/137.% 133.9/137 .9 133.9/137.9 133.9/137.9 148/152.5 148/1%2 %
Thermal shield ID/OD, in 115.3/122.5 115.3/122.5 115.3/122.5 142.6/148.0 142 . 6/148.0 142.6/148.0 142 6/148. 0 158 5/164 158.5/164
fore structural characteristics
Core equiv diameter, in 96.9 96 .1 9.1 119.7 119.7 119.7 119.7 132.7 132.7
Core active fuel height, in 141 .4 144 144 144 144 144 144 144 144
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Table 3-6. Comparison of Plant Parameters for the Westinghouse RVSPs (Cont’d)

Point Beach Point Beach Turkey Ppint Turkey Point

Plant Parameters =~ R.E. Gimma _ Wmit § ‘Unit 2 =~ Wmit3  Unit 4 Serry Umit | Serry Umit 7 Zion Unit 1 Zion Gmit 2
Beactor vessel des’ n parameters
Principal materia) A-508 €12 SA-302 GrB A -508 (12 A-S08C12 A-S08ci2 A 531 GrB A.533 &8 A 513 crB A-525 6B
o o cn c
Design pressure, psig 2485 2485 2e8s 2485 2485 248% 2485 743% 2e85
Design temperature, f 650 850 650 650 550 650 550 656 650
Shell 1D, in 132 132 122 155.5 1555 is7 is7 173 173
Shell thickness, in 6.50 5. 50 6.50 7.7% 1.7% 71.7% 7.7% 8. &2 8 et
00 across inlet/outlet mozzles. in. 230/21% 230/21% 230/21% 174 174 17¢ i7e 262/758 262/2%58
Overall vessel closure head haight 9 1.3° 5" s L F o o L FA @’ 5" 80" 5 " I" 49 97"
Lore barrel-thermal shield principal A28 AZ¢0 A28 Azen A249 a2e¢n aZen r280 AZe0
material Type 304 Type 30¢ Type 304 Type 304 Type 308 Type 303 Type 304 Type 304 Type 304
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Nuclear Plant/Qwner. Applicable Report

Group 1 (2-loop, 14 x 14 Fyol Array)

R. E. Ginna/Rochester Gas & Electric Corp. WCAP-7254 (34)
Point Beach Unit 1/Wisconsin Electric Power Co. wCAP~7513(55)
Point Beach Unit 2/Wisconsin Electric Power Co. NCAP-7712(56)
Group 2 (3-loop, 15 x 15 Fuel Array,

Surry Unit 1/Virginia Electric & Power Co. wcap-7723!57)
Surry Unit 2/Virginia Electric & Power Co. NCAP-8085(58)
Turkey Point Unit 3/Florida Power & Light Co. WCAP-7656(59)
Turkey Point Unit 4/Florida Power & Light Co. NCAP-?GGO(GO)
Zion Unit 1/Commonwealth Edison Co. WeAP-8064 (61)
Zion Unit 2/Commonwealth Edisoun Co. wcap-g132(62)

The capsules are approximately 1-inch square and are fabricated from stain-
less steel sheet, seal welded after being helium-filled. The capsules are
autoclaved at reactor operating pressure and temperature to collapse the
“can" onto the specimens to optimize therma) conductivity.

Figures 3-8 through 3-11 show the various types of capsules, the orientation

of their specimens, and the location of neutron dosimeters and thermal
moniturs,

The capsules are attached to the thermal shieid. The l-inch square stainless
steel specimen container is approximately 63 inches in height. The con-
tainers are positioned axially such that the specimens are centered on the
core midplane, thereby spanning the central 5.25 feet of the 12-foot high
reactor core. Additional details of capsule locations and lead factors for
the various reactors are shown in Figures 3-12 through 3-16. The Westing-
house capsules are designed to meet the requirements of ASTM E185 (i.e., to
duplicate the reactor vessel neutron environmert as closely as practical).
Therefore, they would be expected to respond to their environment in a
similar manner as the B&W-design capsules. However, the thinner cladding and
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Figure 3-10 Schematic Showing Specimens, Thermal Monitors and Dosimeter Placement and Orientation
with Respect to the Core and Vessel Wall for Westinghouse Capsule Type Vil
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Figure 3-11 Schematic Showing Specimens, Inermal Monitors and Desimeter Placement and Orientation
with Respect to the Core and Vessel wall for Westinghouse Capsule Types VIII and IX
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Figure 3-12 Arrangement of Surveillance Capsules in the R. E. Ginna

Unit No. 1, and Point Beach Units No. ] and 2 Reactor
Vessels (Lead Factors for the Cepsules Shown in
Parentheses are for the Original Fuel Mansgement)
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Figure 3-13 Arrangement of Surveillance Cepsules in the surry Unit ]
Vessel (Lead Factors for the Capsules Shown in Parentheses
pre for the Original Fuel Management)

CAPSULE (TYP)

(1.€5) v

3-31

Babcock & Wilcox

8 McDermott company



Figure 3-14 Arrangement of Surveillance Capsules in {he Surry Unit 2
Reactor Vessel (Lead Factors for the Capsules Shown in
Parentheses are for the Original Fuel Management)
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Figure 3-15 Arrangement of Surveillance Capsules in the Turkey Point Units

No. 3 and 4 Reactor Vessels (Lead Factors for the Capsules
shown in Parentheses are for the Original Fuel Mansgement)
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Figure 3-16 Arrangement of Surveillance Capsules in the Zion Units
1 and 2 Reactor Vessels (Lead Factors for the Capsules

shown in Parentheses are for the Original fuel Management)
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smaller cross-section of the Westinghouse-design capsules would have less
sensitivity to gamma heating and greater response to the reactor vesse) inlet
water tempersture. Because of basic differences in operating characteristics
of the two designs, as shown in Figure 3-17, it {s anticipated that a
difference in temperature environment may exist st levels of reduced power.
Relatively speaking, these periods of reduced power operation are smal)
compared to norma) operation., The differences that can exist between the two
designs depending on power levels, are within the defined temperature range
stated in Regulatory Guide 1.99, Revision 2, end, therefore, the data from
both sets of capsule designs can be compared to the Regulatory Guide as &
reference data base.

.2.2.0. Neytron Dosimetry

Neutron dosimeters are placed in the specimen capsules to determine the
acturl neutron fluence levels experionced by the specimens. Four different
dosimeter arrangements (location and dosimetry material selection) are
utilized by the 9 plants, as shown in Table 3-7. For those capsules that do
not have iron flux wires, material is removed from test specimens at a number

of locations to provide iron dosimetry. Dosimeter placement within the
capsules is shown in Figures 3-8 through 3-11.

3.2.2.2, Thermal Monitors
Each capsule contains & number of fusible alloy thermal monitors. The
melting temperatures, alloy compositions, and arrangement of the therma)

monitors for each plant are shown in Table 3-8. The locations of the thermal
monitors within the capsules are shown in Figures 3-2 through 3-11.

3223, 1 £ s 11 p { ¢ ]

The nine Westinghouse-designed plonts have individually arranged surveillance
programs with regard to capsule type, specimen loading, and withdrawa)
schedule. There are nine different capsule types associated with these
plants. An overview of the plant-specific programs and capsule types is
given in Table 3-9, The basic programs and capsule types are briefly

described below, and more detailed information is presented in Appendix D.
The materials contained in the capsules are described in Appendix A.
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REACTOR COOLANT TEMPERATURES, F(C)

Figure 3-17
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Neutron-Sensitive

Co
237Np

238,
By
63,
59,

shield

Ca*
Cd
Cd
None
None
None

None

o —

P
Reaction

Cross-Section

Threshold Energy 2%91"9! lsotope

0.5 eV
0.5 Mev
1.1 Mev
2.3 MeV
6.1 MeV
Thermal

2.5 MeV

5.3 yr 0o

Appropriate fission products
Appropriate fission products
1d *¥co

5.3 yr 50,

$.3 yr 6oCo

314d **un

*Cadmium metal used for shieiding the cobalt. Cadmium oxide used for
skielding neptunium &no uranium.

**Iron wires used only in Zion Unit 1, Zion Unit 2, and Surry Unit 2. Test
specinens serve as iron desimetrers in the other plant RVSP capsules

Plant

Ginna
Point Beach-l
Point Beach-2

Zion-1
lZion-2
Surry-2

Surry-1
Turkey Point-3
Turkey Point-4

Iep.

S79F

$90F

579F

Table 3-8, Westinghouse Capsule Therma| Monitors

Mid-Top Middle Mid-Bottom Bottom

$90F

579F 590F 579F
579¢
§90F 579F

1. The 579F melting point alloy is 97.5 Pb-2.5 Ag.

2. The 590F melting point alley is 97.5 Pb-1.75 Ag-0.75 Sn.
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Teble 3 9. Host1n?houso Plant - Specif:c Reactor Vesse]

1D Type Material Specification
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Applicable

Weap-g42) (63)

NCAP-100?8(6‘)
W Report

WCAP-9357 (66)
wcAp-3739‘6zg
MCAP-10726 ‘69)
BCL Report(

wcap-9635(70)

1)
NCAP-933] ¢
BCL Roport(72)

BCL Report(73)

weap-11418(74)
BCL-585-BR(75)

WCAP- 11499%33%
BCLS85- 026
BCL Report(75)
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Table 3-9. Westinghouse Plant-Specific Recctor Vesse)
Syrveillance Program - Detailed Summary (Cont'd)
Capsule Table of Table of Report Applicable
1D Type Material Specification Capsule Specification _Date Report

Turkey Point Unit 3

Vi A-14 D-14 May 79 SHR!-ga-
5131(79)
V11 A-14 D-14 Sept 76 WCAP-863)(80)
vl A-14 D-14 .
Vi1 A-14 D-14 Aug 86 SHRI-S?-
g575(81)
VI A-14 D-14
Vil A-14 D-14
VI A-14 D-14
VI A-14 D-14
Tyrkey Pofnt Unit 4
$ Vi A-15 0-1% May 78  SWRI: 9
£38018¢)
T V1l A-18 D-18 June 76 sunl-gg-
422 (83
TR A-18 D-1% .
v VIl A-15 D-18 o
K V! A-18 D-15
X VIl A-18 D-15
Y VI A-18 D-18 .
1 vl A-18 D-15
Zion Unit 1
? Vi1l A-16 D-16 i
A- . . .
vill 16 D-16 March 78 E?b‘§85
v VIl A-16 D-16 March 81 WCAP.
9890(85)
vV VI A-16 D-16 “es
W VI A-16 D-16 cos
X VIl A-16 D-16 March 84 SWR1-06-
7484-00] (86)
Y IX A-16 D-16
7 1Ix A-16 D-16
Zian Unit 2
$ VIII A-17 D-17 v
T VIl A-17 D-17 July 83 SWRI gy,
Report (88)
VU VIII A-17 D-17 March 78 BCL-585-4
vV VI A-17 D-17 v
W oVl A-17 D-17
X VIII A-17 D-17
Y 1% A-17 D-17
3 Ix A-17 0-17
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R.L. Ginna Unit ]

Two types of capsules, here designated as types | and 11, are utilized in the
surveillance program of R.E. Ginna Unit 1. Capsule type 1 contains § tension
test specimens, 48 Charpy specimens, and 9 WOL specimens. Tension test
specimens were prepared from weld metal and base metal from each of the
intermediate and lower shell course forgings in the longitudinal (or hoop)
direction. Charpy V-notch specimens were prepared from weld meta)l. the HAZ of
the intermediate shell course in the longitudinal direction, base meta) from
rach of the sheli courses in the longitudinal direction, base metal from each
of the shel)l courses in the longitudina' direction, and correlation monitor
plate. WOL fructure toughness specimens were prepared from weld meta) and
base metal from each of the shel) rourses in the lengitudinal direction.

Capsule tvpe 1! contains 9 tension test specimens, 48 Charpy specimens, and 9
WOL specimens. Tension test specimens were prepared from weld meta)l and brse
metal from each of the intermediate and lower shell course targings in ihe
fongitudinal (or heop) direction, Charpy V-rotch specinens were prepared from
welc metel. the HAZ of the intermediate shell ccurse ‘n the longitudinal
direction, and base metal from each of the shell courses in the longitudinal
direction. WOL fracture toughress specimens were prepared from weld metal and
base metal from each of the shell courses in the longitudinal direction.

Point Beach Unit |

Two types of capsules, here designated as types I'l and IV, are utilized in
the surveillance program of Point Beach Unit 1. Capsule type 111 contains 9
tension test specimens, 48 Charpy specimens, and 9 WOL specimens. Tension
test specimens were prepared from weld metal and base metal from each of the
intermediate and lower shell course plates in the longitudinal direction.
Charpy V-notch specimens were prepared from weld metal, the HAZ of the
intermediate shell course in the longitudinal direction, base metal from each
of the shell courses in the longitudinal direction, and correlation monitor
plate. WOL fracture toughness specimens were prepared from weld metal and
base metal from each of the shel)l courses in the longitudinal direction,

Capsule type IV contains 9 tension test specimens, 48 Charpy specimens, and 9
WOL specimens. Tension test specimens were prepared from base metal from each

3-40
Babcock & Wilcox

@ McDermott company



of the intermadiate and lower shel) course plates in the longitudinal direc-
tion. Charpy V-notch specimens were prepared from weld meta)l, the HAZ of the
intermediate shell course in the longitudinal direction, base meta) from each
of the shell courses in the longitudina) direction, and correlation monitor
plate. WOL fracture toughness specimens were prepared from base metal from
each of the shell courses in the longitudinal direction.

Point Beach Unit 2

Two types of capsules, here designated as types IV and V, are utilized in the
surveillance program of Point Beach Unit 2. Capsuie type IV is the same as in
Point Beach Unit 1. Capsule type V cotainus 9 tension test specimens, 48
Charpy specimens, and 9 WOL specimens. Tension *est suecimens ware prepared
from weld metal and base metal from each of the intermediate and lower shel)
course Vurgings in the ‘ongitwiinal (or hoop) direstien.,  Charpy Vencteh
spacimens were prepared from veld meia), the A7 of <he intermecicte she))
course ‘h the longitudinal direction, base meta' from each of the shell
courses in the longitudinal direction, and correlation monitor plate. WOL
fracture toughuess specimens were prepared from weld meta) and base metal {rom
each of the shell courses in the longitudina)l direction.

surry Unit 1

Two types of capsules, here designated as types VI and VII, are utilized in
the surveillance program of Surry Unit 1. Capsule type VI contains 4 tension
test specimens, 28 Charpy specimens, and 6 WOL specimens. Tension test
specimens were prepared from base metal freca each of the intermediate and
Tower shell course plates in the longitudinal directior. Charpy V-notch
specimens were prepared from basc metal from each of the shell courses in the
longitudinal direction and correlation monitor plate. WOL fracture toughness
specimens were prepared from base metal from each of the shell courses in the
longitudinal direction.

Capsule tyoe VII contains 4 tension test specimens, 32 Charpy specimens, and 4
WOL speciasens. Tension test specimens were prepared from weld metal and base
metal from the intermediate shell course plate in the longitudinal direction.
Charpy V-notch specimens were prepared from weld metal, the HAZ of the
intermediate shell course in the longitudina)l direction, base metal from the
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intermediate shell course in the longitudinal direction, and correlation
monitor plate. WOL fracture toughness specimens were prepared from weld meta)
and base metal from the intermediate shell course in the longitudinal direc-
tion.

surry Unit 2

Two types of capsules, here designated as types VII] and IX, are utilized in
the surveillance program of Surry Unit 2. Capsule type VIII contains 4
tension test specimens, 44 Charpy specimens, and & wOL specimens. Tension
test specimens were prepaced from weld metal and hase metal from the inter-
mediate shei! course plate n the Yongitudinal (or transverse) direction.
Charpy V-netch soeciaers are preparved from weld metal, the HAZ of the inter-
mediate shell couvrie in the longitudinal direction, hase metal from the
intermediate shell course in the longitudina) and transverce directions, and
eorrelatior ronitor plate. WOL fracture toughness specimens were prepared
frem base metzl from the intermediate shell course in tne longitudinal (or
transverse) girection,

Capsule type IX contains 4 tension test specimens, 44 Charpy specimens, and 4
WOL specimens. Tension test specimens were prepared from weld metal and base
metal from the intermediate shell course plate in the longitudinal direction.
Charpy V-notch specimens were prepared from weld metal, the HMAZ of the
intermediate shell course in the longitudinal direction, base metal from the
intermediate shell course in the longitudinal and transverse directions, and
correlation monitor plate. WOL fracture toughness specimens were prepared
from weld metal.

Turkey Point Unit 3

Two types of capsules, here designated as types VI and VII, are utilized in
the surveillance program of Turkey Point Unit 3. Capsule type VI contains 4
tension test specimens, 28 Charpy specimens, and 6 WOL specimens. Tension
test specimens were prepared from base metal from each of the intermediate and
lower shell course forgings in the longitudinal (or hoop) direction. Charpy
V-notch specimens were prepared from the base metal from each of the shell
courses in the longitudinal direction and correlation monitor plate. WOL
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fracture toughness specimens were prepared from base meta)l from each of the
shell courses in the longitudinal direction.

Capsule type VII contains 4 tension test specimens, 32 Charpy specimens, and 4
WOL specimens. Tersion test specimens were prepared from weld metal and base
metal from the intermediate (or lower) shell course forging in the longi-.
tudinal direction. Charpy V-notch specimens were prepared from weld metal,
the HAZ of the intermediate shell course in the longitudina) direction, base
metal from the intermediate (or ‘ower) she)l course in the Tongitudinal
direction, and correlation monitor plate. WOL fracture toughness specimeas
were prepared from weld mela) and base meta’ from the intermediate (~r Tower)
shel) rourse in the lengitudinal divectior.,

Turkey Peint Unit 4
Two types of capsules, here designated as typss V1 and VII, are vtilized in

the surveillance program of Turkey Point Unit 4. Cepsule loading for type VI
15 the same as in Tirkey voint Unit 3.

(apsule type V11 contains 4 tension test specimens. 32 Charpy specimens, and 4
WOL specimens. Tension test specimens were prepared from weld meta) and base
metal from the lower stell course forging in the longitudinal direction.
Charpy V-notch specimens were prepared from weld metal, the HAZ of the
intermediate shell course in the longitudinal direction, base metal from the
lower shell course in the longitudinal uirection, and correlation monitor
plate. WOL fracture toughness specimens were prepared from weld metal and
base metal from the lower shell course in the longitudinal direction,

Zion Unit 1

Two types of capsules, here designated as types VIII and 1x, are utilized in
the surveillance program of Zion Unit 1. Capsule type YIIl contains 4 tension
test specimens, 44 Charpy specimens, and 4 WOL specimens. Tension test
specimens were prepared from weld metal and base metal from the intermediate
shell course plate in the longitudinal (or transverse) direction. Charpy V-
notch specimens were prepared from weld metal, the HAZ of the intermediate
shell course in the longitudinal direction, base metal from the intermediate
shell course in the longitudinal and transverse directions, and correlation
monitor plate. WOL fracture toughness specimens were prepared from base metal

3-43
Babcock & Wilcox

@ McDermott company



from the intermediate shell course in the longitudina! (or transverse)
direction.

Capsule type 1X contains 4 tension test specimens, 44 Charpy specimens, and 4
WOL spacimens. Tension test specimens were prepared from weld meta) and base
metal from the intermediate shell courss plate in the longitudina)l direction,
Charpy V-no*ch specimens were prepared from weld metal, the HAZ of the
intermediate shell course in the longitud na) direction, base metal from the
intermediate shell course in the longitudinal and transverse directions, and
correlation monitor plate. WOL fracture toughness specimens were prepared
from weld metal.

FAT LU

Two types of caysules, here designated as types Y111 and [, are utilized in
the surveillance program of Zion Unit 2. Capsule Yoading is the same as Zion
Unit 1},

Ll Supplementary Wald Metal Surveiliance Capsules
.31, lntroduction

The Supplementary Weld Metal Surveillance Capsules (SUPCAPS) are included in
the MIRVP for the irradiation and testing of 8 weld metals [SA-1135, SA-1526,
SA-1585, WF-25(6), WF-25(9), WF-67, WF-T0(N), WF-112) contained in 6 capsules.
The capsules are being irradiated in the two BAW 177-FA host reactors. The 6
SUPCAPS are labeled TMI2-LGl, TMI2-1G2, CR3-LG1, CR3-162, DB1-LG), and DBIl-
LG2. Each SUPCAP contains Charpy V-notch, tension test, and compact fracture
specimens from 3 weld metals. There are two capsule designs, types R-1 and R-
2, as shown in Figures 3-18 and 3-19. The type R-2 capsiule represents an
improved design over type R-1 since it utilizes subsize (Charpy size) tension
test specimens. The subsize specimens allow the addition of 5 more tension
test and 3 more compact fracture specimens per capsule. In addition, there
are small variations between types R-1 and R-2 in the location of the therma)
monitors and neutron dosimeters.

The TMI2-LG1 and TMI2-LG2 capsules are type R-1. and the CR3-LG)l, CR3-LG2,
DBl1-LGl, and DBl-LG2 capsules are type R-2. Table 3-10 identifies the weld
metals irradiated in each capsule as well as the distribution of specimens.
The specimens listed as 0.3947CT, 0.5007CT, and 0.936TRCT are the compact
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Table 3:10. SUPCAPS -- Material and Specimens Per Capsyle

T T N T T T 8 % 0 5 QU T 13

Capsyle TMIZ-LGI

WF-T0(N)*
SA-1526
WF-25(6)%*

Copsyle TMIZ-LG2

3A-1526
wE-25(6)
WF-25(9)%e

Cansule CR3-LGI1

SA-1535
WF-67
WF-25(9)

Capsule (R3:-162
WF-70(N)

SA-158%
WF-67

Lapsule DBI-LG)
NF-T0(N)

WF-112
SA-1135

Capsule DB1-1G2
WF-70(N)

WF-112
SA-113%

E o R o W ™o N " N

R

*N - Weld materia)l from & Midland-1 nozzle drop-out.
**6 - Weld material from a TMI-2 nozzle drop-out.

**%9  Weld material from a OC-3 nozzle drop-out,

P -
~ NN

12
12
12
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fracture toughness specimens of 0.394, 0.500, and 0.936 inch thickness,
respectively. The 0.3%47CT and 0.5007CT specimens are rectangular, and the
0.936TRCT is round; they are modifications of ASTM [ 399-8] and £ B813-8)
specimen geometry. The number of Charpy and tension test specimens per weld
per capsule 1s adequate to characterize the impact toughness and tensile
properties for each weld metal and irradiation condition. Other related
development programs are expected to genirate sufficient information to
properly identify the methods (i.e., static versus dynamic) and test tempera-
tures at which these SUPCAP compart fracture specimens are tested. The
combination of compact fracture rpecimens is believed to be adequate to
confirm the toughness curves,

3.3.2.  SUPCAP Design

The cylindrical SUPCAPS, 1ike the BAW 177-FA plant-specific RVEP capsules
described previously, conteyn Charpy V-notch, tension test, and compact
fracture specimens as well as neutron dosimete s and therma) monitors., The
unigue advantage of tne cylindrical capsule is that it allows for easy
cansule replacement und for uniform specimen temperatures. Aluminum alloy
spacers hold the specimens, neutron dosimeters, and thermal monitors in place
and fi11 tne gaps within the capsule. The remairing spaces are helium-
filled. The capsules are locked in place in a holder tube assembly.

The type R-1 capsules were designed before the R-2s and used the type of
tension test specimens found in the standard capsule design of the BAW 177-FA
RVSPs.  When the R-2 SUPCAPS were designed, it was recognized that the
standard-sized tension test specimens were not necessary (see Figure C-1).
The use of subsize Charpy-sized tension test specimens (see Figure (-2)
permitted the inclusion of additional 5 tension test specimens and 3 compact
fracture specimens.

Each capsule contains specimens from 3 different weld metals. The weld
metals and distribution of specimens per weld are described in Table 3-10.
The tension test, Charpy V-notch, and compact fracture specimens are describ-
ed in Appendix C. The materials contained in the capsules are described in
Appendix B. Each capsule also contains neutron dosimeters to measure fluence
and thermal monitors to measure the maximum frradistion temperature. The
neutron dosimeters and thermal monitors are described below. The arrange-
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ments of the specimens, dosimeters, and temperature monitors within the
capsules are illustrated in Figures 3-18 and 3-19.

.2, Physical Characteristics of the SUPCAPS

The capsule is designed to maintain specimens at temperatures within +25F of
the reactor vessel temperature at the 1/47 vessel wall location, Figure 3.7
f1Tustrates the calculated vessel wall temperature distribution for steady-
state normal operation. The capsule heat transfer ana)ysis accounts for the
differences in therma) pioperties of the meterials and the helium-filled gaps
between interna) componenrts of the capsule. Conservetive maximuw toanery-
tures were colculated for each different crose sectron within the cedsule ang
these were within the upper bound 25F of the vessc) 1/47 temperature. Tae
coolant temperature serves as the lower bound and is alto within 25¢ of the
vessel temperature at l/JT.(Zl)

L.3.2.2. SUPCAP Dosimgtry

Each capsule contains dosimeter tubes, which in turn contain neutron dosi-
meter wires of a sufficient variety to measure fast neutron fluence (time
integrated flux), fast neutron spectrum, and thermal neutron fluence. A
variety of neutron dosimeters were chosen in accordance with ASTM Standard
Recommended Practice € 419-73(89) and £ 482-82.(90) The neutron dosimeters
are distributed throughout the capsule to measure the neutron fluence at
various locations.

Tatle 3-11 Tists the neutron dosimetry and provides energy range and shield-
ing requirements. The gadolinium (shield) thickness of 20 to 50 mils was
sized to provide sufficient neutron absorption to effectively eliminate
competing reactions (lower bound) and to prevent significant absorption of
fast neutrons (upper bound). The neutron dosimeters, along with their
shielding, are then stacked in aluminum alloy holder tubes.

3.3.2.3. SUPCAP Thermal Monitors

Thermal monitors are distributed throughout the capsule to measure specimen
temperatures. Each set of thermal monitors contains 3 to §5 low-melting-
point elements or eutectic alloys whose melting points range from 580 to
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Table 3:11. Supplementary Weld Metal Surveillance Capsule Dosimetry

Neutron-Sensitive Crzz:fglgtion
flement shield ———broduct lsotope
L : (81)
g!Co C4-foil 0.5 eV 5.3 yr %%
237”9 Gd 0.5 Mev Appropriate fission products
238U Gd 1.1 MeV Appropriate fission products
58y 6 2.3 Mev 14 8o
e 6 2.5 Mev 3140 4
2y 6o 5.1 Kev 5.3 yr 0o
59Co Nene Thermai 5.3 yr 6°Co
Short Jube (TM12:160.:162 %)
p Gd 0.5 MeV Appropriate fission products
238U Gd 1.1 Mev Appropriate fission products
e 6d 2.5 eV 3144
h 1 T (92,93)
o 6d 0.5 eV 5.3 yr 500
237Np Gd 0.5 Mev Appropriate fission procucts
238U Gd 1.1 Mev Appropriate fission products
By 64 2.3 MeV 14 %o
S‘Fo None 2.5 Mev 3l4d Syn
59Co None Therma) 5.3 yr 6°Co
Short Tube T DB (CR3-161.-162: DB1-L6] .IGZI(92.93)
237Np Gd 0.5 Mev Appropriate fission products
238U Gd 1.1 MeV Appropriate fission products
By 6d 2 3 Mev 714 o
e 64 2.5 Mev 314d *4n
$3¢y 6d 6.1 MeV 5.3 yr %%o
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Neutron-Sensitive

sShield

Reaction

Cross-Section

—tr0duct lsotope

Lnnn_lnh:_lxn:_nﬁ-Lssl;kﬁl¢;L£Z;_Qﬂl;Lﬁl*;LBZi(92”3)

- ——bloment
%o 6
237, o
238, "
By 6¢
e 64
63Cu bd
59Co Nore

0.
0.
1.
2.

-
[

6.

5 eV

& Mev
1 MeV
3 Mev
5 MeV
1 MeVv

Therma)

3-51]

5.3 yr %o

Apsropriate fission preducts
Appropriate Tission products
11d *8¢o

3148 %

5.3 yr 9o

$.3 yr 6060
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621F. By determining which monitors have melted, the peak temperature at
various locations within the capsule is determined. Table 3-12 lists the
thermal monitors and their respective melting temperatures.

3.3.3. Unirradisted Baseline Data

The unirradiated baseline data needed tc support the evaluation of the
frradiated capsule data from the SUPCAPS will be obtained from two sources.
The primary source for tnese data are sets of specimens that have been
prepared from the same weld metal used in the SUPCAPS, These sets of
specimens are similar to those included in the capsules but of & larger

quantity to optimally 2apand the data base. The type and number nf specimens
of each materiel ere described in Table 3-13,

Some material ir excess of the needs of the program was provided to the HSST
program to obtain test reactor irradiation data. Since this program would be
obtaining baseline unirradiated Ca'la of the same type as needed by the SUFLAP
program, 1t was Gecided not to dupiicate the efforts of the HSST program,
The sources of the baseline data for th. eight welds in the SUPCAPS are
identified in Table 3-14.

3.4, Higher Fluence Supplementary Weld Meta) Surveillance Capsules

3.4.1. Introdyction

The Higher Fluence Supplementary Weld Metal Surveillance Capsules (HUPCAPS)
are included in the MIRVP to (1) provide for additional B&W-designed irradia-
tion capsules to expand and enlarge the compact fracture toughness data base;
(2) provide for an irradiation capsule of Westinghouse-design for correlation
of irradiation data in the Westinghouse neutronic environment with the BAW
177-FA environment; and, (3) provide capsules for a weld metal annealing
response investigation. Weld metals to be irradiated include Linde 80 welds
from the current BAW Owners Group inventory, reconstituted Charpy specimens
from Westinghouse RVSPs, and Linde 80 weld metals from other sources includ-
ing a Midland Unit 1 reactor vessel circumferential weld (WF-70). The
HUPCAPs will be irradiated at Crystal River-3, Davis-Besse, and Surry Unit 2.
There are a total of 8 capsules in the HUPCAP program and they are designated
Al, A2, A3, A4, AS, L1, L2, and Wl. Cepsules Al through A4 add weld metal
high-fluence compact fracture data to the data base. The AS capsule provides
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lable 3-12, SUPCAP Thermal Monitors
Composition: 97.5% Pb) 97.5% Pb | 98.8% Cd | Pure Pure
2.5% Ag ' 1.5% Ag 1.2%Cu | Cd Pb
1.0% Sn
|
Melting Point:  5B80CF l 5880F 5980F 6109F | 62)0F
Capsule Thermal Monitor | [
DB1-L6) Tsn-r§1sl X f X X X X
TL10 | X | X X X X
DB1-L62 1521-181% X ' X X X 4
TL20 R X X X
CR3-L6) T$11-1818 X e 8 X X
190 ¥ X ' [ X I X
‘ ]
CR3-LG2 1$21-7523 e iR A fiha |8
129 X X X . | X
= |
THI2-L6] ST1-876 | X N/ A® X L N/A
LT X X X \
TMi2-L62 §T7-3T12 X N/A X X N/A
LT2 X X X X X
1ST or 1§ - Short thermal monitor (3 fusible alloys)
°LTorTL - Long thermal monitor (5 fusible alloys)
3N/A - Not appliceble
3-53
Babcock & Wilcox

& McDermott company



Table 3-13. Matrix of p&w Unirradiated Control Specimens

wesn BT we @ W WGP
$4-1526 B 22 5 8 5 .- 2
WF-112 - 22 5 8 5 .. 2
WF-67 B 22 5 8 6 2 ..
WF-25(9) 8 44 10 16 10 . 4
Table 3-14. ééent1f1cation of Programs for the Unirradiated
ontrol Specimens of the SUPCAP Program Welds
Weld Metal Program
WF-70(N) HSST Task 3
WF-112 SUPCAP
SA-1585 HSST Task 3
SA-152¢ SUPCAP
WF-25(6) HSST Tasks 2 and 3
WF-67 SUPCAP
WF-25(9) SUPCAP
SA-1135 HSST Task 3
o Babcock & Wilcox
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the irradiation of reconstituted and previously irradiated WOL specimens to
allow testing of specimens well ahead of vessel needs. The L1 and L2
capsules provide definitive information on annealing response for this class
of materials. Benchmaiking data will be provided by irradiating capsule Wl
fn Surry Unit 2. This capsule contains material irradiated in B&W reactors
and will therefore provide comparison of irradiation data from a Westinghouse
and a BAW PWR.

The HUPCAPS are similar in design to the SUPCAPS with the exception of
capsule Wl which is of the Westinghouse design. . .le 3-15 identifies the
weld metals irradiated in each capsule as well as the distribution of
specimens. The compact fracture toughness specimens are rectangular or round
and are modifications of ASTM E 399-8] and £ 813-8] specimen geometry.

3.4.2. HUPCAP Dosimetry

Each capsule contains neutron dosimetry in accordance with ASTM Standard
E844-86.(9‘) The neutron dosimeters are distributed throughout the capsule
to measure the neutron fluence at various locations. Table 3-16 lists the
neutron dosimeters and provides their energy range and shielding require-
ments., The gadolinium (shield) thickness of 20 to 80 mils was sized to
provide sufficient neutron absorption to effectively eliminate competing
reactions (lower bound) and to prevent excessive absorption of fast neutrons
(upper bound).

The B&W-design HUPCAPS will contain at least 6 sets of flux wires and one
full-diameter steel block containing radially spaced dosimeter wires to
measure the neutron flux grudient through the cross-section of the capsule.
At the center of the dosimeter block is a gadolinium case containing two
complete sets of dosimeter wire plus a HAFM.*

The Westinghouse-design HUPCAP will contain approximately 5 sets of flux
wires and one set of dosimetry identical to that in the gadolinium case in
the center of the dosimeter block in the B&W-design HUPCAPS.

Figures 3-20 and 3-2]1 show the neutron dosimeter locations in the capsules.

*Helium accumulation flux monitor.
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Tension
Capsule ~lest  Charpy
Al WF-25(6)* 4 12
WF-67 4 12
WF-T0{N)** 4 12
A2 SA-1101 3 9
SA-1135 3 4
SA-1526 3 9
SA-15L35 3 9
A3 WF-70(B)%w*» 4 12
WF-182-1 4 12
SA-1484 4 12
A4 WF-25(6) ‘ 12
WF-67 4 12
WF-70(N) 4 12
L1 WF-25(6) 4 12
WF-67 4 12
WF-70(N) 4 12
L2 WF-25(6) 4 12
WF-67 4 12
WF-70(N) 4 12
Wl WF-70(N) 3 10
SA-1526 2 10
SA-1585 3 10
AS WF-209-]1(])%%ww
SA-1101(1) (to be determined)
SA-1263(1)

*6 - Weld material from a TMI-2 nozzle drop-out.
**N - Weld material from a Midland-1 nozzle drop-out.
***B - Weld material from a Midland-1 vessel beltline.

t***]

- Irradiated material.
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Table 3-16.

Neutron-Sensitive

Reaction

Cross-Section

Higher Fluence Supplementary Weld Meta)
surveillance Capsule Dosimet

ry

flement shield Ihreshold Fnergy _____ Product Isotope

short Tube Type DA*
238,

S8y
63,
e
b
4, ,

short Tube Type DB*

5By
63
54
238
237y
Lane iR o ging
237y
237
54
58
63
59
59
238
238

Cu
Fe
U

Np
Fe
N1
Cu
Co
Co
U

U

Gd
Gd
Gd
Gd
Gd
Gd

None
Gd
Gd
Gd
Gd
Gd

Gd
Gd
Gd
Gd
Gd
None
Gd
Gd

3
2.

6

1 MeVv
3 MeVv

.1 MeV
2.

5 MeV

0.1 MeV

3.

9 MeV

Thermal

2.
6.

2

o O N N ©O OO
W o o o

3 MeV
1 MeV

.5 MeV
.1 MeV
.5 Mev

MeV
MeV
MeV
MeV

.1 MeV
.5 eV

Thermal

1.

1 MeV
1 MeV
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Appropriate fission products
714 98¢0

5.3y %00

314d *4mn

13.6y Nb

85d 465

5.3y 0o

714 580

5.3y 6OCo

3144 %

Appropriate fission products

Appropriate fission products

Appropriate fission products
Appropriate fission products
314 >
714 8o
5.3y 0o
5.3y 60
5.3y 60

Co
Co
Appropriate fission products

Appropriate fission products
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Table 3-16. Higher Fluence Supplementary Weld Metal
urveillance Capsule Dosimetry (Cont’d)
Reaction
Neutron-Sensitive Cross-Section
Element Shield Ihreshold Energy LProduct lsotope
long Tube Type DD*
e 6d 3.9 MeV asd 46sc
237Np Gd 0.5 Mev Appropriate fission products
Spe 6d 2.5 MeV 314d 2%
By 6d 2.3 MeV 714 %8co
3¢y 6d 6.1 Mev 5.3y %%o
o 6d 0.5 eV 5.3y %%
59Co None Thermal 5.3y 60Co
238U Gd 1.1 MeV Appropriate fission products
B 6d 0.1 Mev 13.6y 3Myp
Full-Section Steel Block*
4615 6d 3.9 MeV g5d *6sc
B 6d 9.1 MeV 13.6y *>™b
8¢ 6d 2.5 MeV 314d *%mn
%8ys 6d 2.3 MeV 714 58co
3¢y 6d 6.1 MeV 5.3y %%co
59¢o Gd 0.5 eV 5.3y %o
2380 Gd 1.1 MeV Appropriate fission products
237Np Gd 0.5 Mev Appropriate fission products
9ge Gd 1.5 Mev Helium accumulation
3-58

Babcock & Wilcox

@ McDermott company



Table 3-16. Higher Fluence Supplementary Weld Meta)
surveillance Capsule Dosimetry (Cont’d)

Neutron-Sensitive

£lement

LT
585
63cu
59
59

Co
Co
93Nb

54,
63,
SaNi
59,
Snp
4614
237
238

Np
U

shield

None
None
None
None
Cd
Cd

Gd
Gd
Gad
Gd
Gd
Gd
Gd
Gd

L

Reaction
Cross-Section

LA

2.5 MeV
2.3 MeV
6.1 Mev
Thermal
0.5 eV
0.1 Mev

.5 MeV
.1 MeY¥
.3 Mev
5 eV

.1 MeV
.9 MeV
.5 MeV
1.1 MeV

O W O O N oo N

*For capsules Al, A2, A3, A4, A5, L1, and 12

**For capsule Wl
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—Product Isotope

314d un
71d 98¢0
5.3y 0o
5.3y 6°Co
5.3y 0o

13.6y P3Ny

314d Mn

5.3y 0o

714 8¢o

5.3y 60Co

13.6y 2™Nb

85d 465

Appropriate fission products

Appropriate fission products
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Figure 3-20a HUPCAP Capsules Al, A2, A3, P4, L1, and L2
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Figure 3-20b HUPCAP Capsule AS
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Figure 3-21 Placement of Specimens, Neutron Dosimeters and Thermal Monitors in HUPCAP Wi
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B - Slow-bend(3 point) Specimen

C - Charpy V-notch Specimen

D - Dosimeter (Radwometric) Set
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T - Tension Test (Subsize) Specimen
T™M - Thermal Monitor Set
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3.4.3. HUPCAP Thermal Monitors

Thermal monitors are distributed throughout the capsule. The thermal
monitors contain low-melting-point elements or eutectic alloys whose melting
points range from 580 to 621F. By determining which monitors have meited,
the peak temperature at various locations within the capsule is determined.
Table 3-17 1ists the thermal monitors and their respective melting tempera-
tures. The locations of these monitors are shown in Figures 3-20 and 3-21
for the B&W and Westinghouse capsules, respectively.

3.5, Test Reactor Irradiations

The high flux available in a test reactor makes it possible to achieve high
fluences in specimens in a relatively short time. However, anticipating that
the neutron damage mechanism in this high flux and particular neutron energy
spectrum and temperature may be different than that experienced in PWRs, the
B&WOG evaluated the mechanical properties and fracture toughness of Linde 80
weld metal irradiated in a high-flux neutron field at ORNL as part of the
HSST program.(gs) These property values were compared to those obtained from
the first SUPCAP irradiations. The comparisons of the Charpy impact and
tension test data indicate that a difference exists between some test reactor
and power reactor data. No differences appear to exist in a similar com-
parison of the fracture toughness data; however, these relationships may
change at extended irradiations, as one theory suggests. This is all the
more reason that reactor vessel analyses be based primarily on power reactor
data. The uncertainty in using power reactor data is less than that asso-
ciated with test reactor data since the power reactor irradiation environment
is that which the reactor vessel experiences. This is not to imply that the
test reactor data is in error, however, the test reactor neutron flux and
spectrum are usually significantly different from that of the power reactor.
The effect of these differences is being evaluted in other programs and will
be considered with the application of these data.

As a contingency, in the event that a host reactor should experience an
extended outage, a test reactor i.radiation program will be planned. A
suitable test reactor will be located. Factors to be considered include
availability, spectral characteristics, and operating temperature. Specimens
will be irradiated to characterize the acceptability of such irradiation
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Table 3-17.  HUPCAP Therma)l Monitors

Alloy (wt%)
97.5 Pb-2.5 Ag

97.5 Pb-1.5 Ag-1.0 Sn
98.8 Cd-1.2 Cu

Cd

Pb

3-64

Melting Point,
4

580
588
598
610
621
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st L

experiments., Plans will include irradiation of a well-characterized materi-
al, such as WF-70, in the optimum test reactor.

3.6, Unirradiated Control Data

"he unirradiated baseline data needed to support the evaluation of the
irradiated capsule data from the various capsules has been prepared from the
same weld metal used in the plant-specific RVSPs and is described in each
plant’s RVSP report, where applicable. Additiona)l data has been obtained on
specimens from the weld metals used in the SUPCAPS. The type and number of
specimens of each material are described in Table 3-13. Baseline data is
also available for the eight welds in the SUPCAP program from the HSST
baseline studies and is identified in Table 3-14. Unirradiated SA-1484 has
not been tested; specimens are being fabricated as part of the HUPCAP affort
for this purpose. Table 3-18 summarizes this information.

3.7, ¢ . f the B&N | Westinal 0 ting P :
The integrated surveillance program approach is dependent on the similarity
of exposure conditions in order to compare the specific materials used in
each plant. Differences in plant characteristics and operating parameters

will be considered and accounted for to ensure the applicability of the data
generated.

As noted earlier, the relative neutron flux energy spectrum, the irradiation
dose rate, and the 1irradiation temperature are important parameters in
evaluating the similarity of reactors. Small neutron flux spectral dif-
ferences between plants are expected. Sufficient data, obtained from both
B&W and Westinghouse plant irradiation, will be available to draw the
required comparisons. This issue 1s discussed in fuller detail in Section 4.

2.8, Capsule [rradiation
3.8.1. General Discussion
Each of the vessel beltline regions in this MIRVP contain welds that were
fabricated using combinations of several In-Mo-Ni filler wire heats and Linde
80 flux lots. A1l of these materials will be treated as members of a family

of materials with closely correlatable properties. That is, the chemical
composition of a Linde 80 weld metal is believeu to determine the effect of
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Table 3-18.

Matrix of Unirradiated Control Specimens for Welds in the MIRVP

Tension
Weld Metal Program Test
WF-209-1 71 R¥5P 6
72 RYSP --
0C2 RVSP [S
0C3 RVSP 6
CR3 RVYS? -
WF-TO(N)* HSST Task 3 6
WF-70(B)* WF-70** --
SA-1526 S1 RVSP 6
SUPCAP 4
WF-25* TMI1 RVSP 6
SUPCAP 8
HSST Tasks 2 & 3 15
SA-12€3 PB1 RYSP 6
SA-1585* HSST Task 3 i
WF-193 PB2 RVSP 6
ANO1 RVSP 6
RS1 RVSP 5
WF-112* 0C1 RVSP 6
SUPCAP 4
SA-1101 TP3 RVSP 6
HSST Task 2 --
SA-1094* TP4 RVYSP 6
SA-1036 G RVSP =
SA-1135* HSST Task 3 9
WF-182-1 DB1 RVSP 5
WF-67 SUPCAP 4
SA-1484* HUPCAP 6

CVN

27
19

22
12

*Welds made from the same weld wire as the previous weld but using a different flux lot.

**Unirradiated data to be obtained from the "WF-70 Issue Resolution,”
Group Reactor Vessel Integrity Program.

0.394 0.500 0.936  0.936 2.000 4.000
ICT. _XCT IRCT TCT 1CT TCT
= = e b -
o 3 = 2 (.87CT) 1 (1.6%CT)
5 8 5 2
10 16 W 1

= 10 -~ 8 1.8ICT) 8 (1.67CT) S
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neutron irradiation upon its fracture toughness properties. Since chemical
composition of the controlling metallic elements of a weld deposit is mainly
determined by the chemical composition of the consumable weld wire, welds
which are made with the same wire heat are considered "surrogates" of each
other. For example, weld material WF-209-1 can be considered as a surrogate
weld for WF-70 since both welds were fabricated with wire heat number
72105.(95) Data for these surrogate welds can easily be pooled together for
correlation with the other Linde 80 family of welds. The value of plant-
specific capsule programs is greatly enhanced by evaluating all pertinent
welds in the MIRVP fabricated with the same wire/flux combination and the
surrogate welds. In some instances, the surveillance weld from one plant,
although not in the vessel weldment of that plant, may be a controlling (or
otherwise important) weld for another plant. Therefore, the plant-specific
capsule withdrawal and testing schedules were adjusted in the MIRVP to
benefit from this understanding, especiaily where a significant bory of data
exists.

The insertion and withdrawal schedules (that follow) for each of tie B&W and
Westinghouse plant-specific RVSPs have been prepared in accordance with ASTM
E 185-82 and the criteria for integrated surveillance programs of 10CFRS0,
Appendix H, paragraph 11.C. A11 capsules in the plant-specific RVSPs will be
irradiated, but some of the capsules will not be tested since they would not
provide sufficiently significant information. The capsules that will not be
tested are primarily those that do not contain weld fracture toughness
specimens, A comparison of each plant-specific RVSP with ASTM E185-82
requirements is given in Appendix E, Table E-3.

2.8.2. BAW Plant-Specific RVSPs
The B&W plant-specific RVSP portion of the MIRVP is nearing completion. A
number of standby capsules are being irradiated to satisfy regulatory

requirements. The 2 capsules being irradiated that are planned to be tested
are

1. 0C3-D (Oconee-3, IS-EOL), to be removed at CR-3, EOC 7
2. JE1-D (Davis-Besse, I1S-EOL), to be removed at DB, EOC 6
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The remaining capsules either do not contain weld materials, or are not
expected to contribute significantly to the data base. It is planned,
therefore, that these capsules be withdrawn, as scheduled, and not tested.
They will be stored until required otherwise.

3.8.3. Westinghouse Plant.Specific RVSP

Most of the Westinghouse plant-specific RVSP capsules do not contain weld
material pertinent to the plant for which they are being irradiated. In some
cases, a surrogate weld is included in the RVSP. Data from a plant-specific
RVSP can be used for another plant where the weld metal is relevant thereby
reducing the number of capsules to be tested. However, RVSP capsules must
continue to be used for reactor vessel neutron dosimetry unless alternate
methods, such as cavity dosimetry, &are provided.

The 1ndividual Westinghouse-designed plant-specific RVSPs are discussed
below. Where a plant is not provided with a relevant weld metal in its RVSP,
the relevant material is sought in another plant. The order of preference in
seeking out this material is (1) plants in the same Westinghouse grouping,
(2) other Westinghouse-designed plants, and (3) other PWRs. If relevant
material data is not found, the Linde 80 "family of materials" correlation
approach will be applied.

R, E. G Unit ]
A11 capsules in the R. E. Ginna RVSP contain SA-1036 weld material which is a
surrogate for SA-847, a beltline material in R. E. Ginna and Point Beach Unit
1. SA-1135 weld material is also a surrogate for SA-847 and will be irra-
diated to an estimated fluence of 2.2E19 in the SUPCAPS. Capsule P will be
‘rradiated to the estimated IS-EOL fluence of 4.1£19 to fulfill regulatory

requirements. Capsules S and N are standbys and are scheduled to be with-
drawn at one to two times the IS-EOL fluence and stored (without testing).

Point Beach Unit 1

Capsules in the Point Beach Unit 1 RVSP contain SA-1263 weld material which
is a surrogate for SA-1585 and SA-1650. Beltline weld materials of concern
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in Point Beach Unit 1 are SA-1101 and SA-847. SA-847 material is "covered"*
by surrogate materials SA-1036 in Ginna and SA-1135 in the SUPCAPS. SA-1101
material is in Turkey Point Unit 3 capsules and SA-1094, a surrogate material
for SA-1101, 1s in Turkey Point Unit 4. SA-1263 weld surveillance data
benefits Surry Units 1 and 2 and Oconee Unit 1. SA-1263 weld material is
covered in the SUPCAPS and HUPCAPS, therefore no additional data is required
for this weld material. Capsules P and N only coitain weld metal Charpy V-
notch specimens and would add little to the data base; these capsules are
designated as standbys and are scheduled to be withdrawn at one to two times
the IS-EOL fluence and stored.

Point Beach Unit 2

Point Beach Unit 2 RVSP capsules contain WF-193 weld material which is a
surrogate for WF-112 and WF-154, The beltline material of concern is SA-
1484, HUPCAP A3 will provide data on SA-1484 weld material with a fluence of
1.7E19. A surrogate material for SA-1484 is WF-67, which is well charac-
terized in the SUPCAPS and HUPCAPS. Capsule S contains weld WOL specimens,
and capsules P and N only contain Charpy V-notch weld specimens; these

capsules are designated as standbys and are scheduled to be withdrawn at one
to two times the IS-EOL fluence and stored.

surry Unit ]

Surry Unit 1 RVSP capsules contain SA-1526 weld material for which WF-25 is a
surrogate. The beltline materials of interest are SA-1585 and SA-1526. SA-
1585 is covered in the SUPCAPS, HUPCAPS, and Point Beach Unit 1. SA-1526 and
WF-25 weld material are covered in the SUPCAPS and HUPCAPS, therefore, no
additional data is required. Capsules S, U, Y, X, and Z are designated as
standbys and are scheduled to be withdrawn at one to two times the IS-EOL (or
as otherwise needed) and stored.

surry Unit 2

Surry Unit 2 RVSP capsules do not contain Linde 80 weld material. The RVSP
wi:ld material was fabricated by Rotterdam and is not believed to be as

*The term "covered" is here taken to denote that materia) properties
will be (or were) obtained by irradiation and test of another weld material
that - of the same wire heat and different flux lot (surrogate material).
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susceptible to irradiation damage as the iLinde 30 welds. Rotterdam weld
material is only in the Surry Unit 2 beltline. However, surveillance data to
date has shown that the shift in transition temperature and the drop in
Charpy upper-shelf energy are comparable to predictions using Regulatory
Guide 1.99, revision 2. Two capsules, V and X, have been evaluated at
fluences of 3.0E18 and 1.9€19. The third capsule that was withdrawn, W, was
only evaluated for dosimetry at a fluence of 6.0£18. Capsules Y and 2
contain weld metal tension test, Charpy V-notch, and WOL specimens. It is
recommended that capsule Y be withdrawn and tested at a fluence of 2.7019 and
capsule Z be designated as a standby capsule with a target fluence of 3.4E19
for possible testing, if necessary. The remaining capsules will be withd: awn
at times to satisfy regulatory requirements and for dosimetry; specimens do
not need to be tested. The beltline Linde 80 weld of interest to the B&W
Dwners Group in Surry Unit 2 is SA-1585. This material is covered in the
SUPCAPS, HUPCAPS, and in Point Beach Unit 1 capsules.

Turkey Point Unit 3

Turkey Point Unit 3 RVSP capsules contain SA-1101 weld raterial which is a
surrogate for SA-1094 and SA-1769. SA-1101 is a beltline material for Turkey
Point Units 3 and 4 and Point Beach Unit 1. Turkey Point Units 3 and 4 have
an NRC approved integrated surveillance program.(97) The only capsules to be
tested in accordance with ASTM E 185 requirements are those (in each unit)
that contain weld metal specimens. HUPCAP A2 will provice data on SA-1101l
weld material with a fluence of 3.0E19. SA-1769 is a beltline material in
Crystal River-3 and Zion Unit 2. Capsule X contains weld meta)l tension test,
Charpy V-notch, and WOL specimens. Capsules U, W, Y, and Z do not contain
weld specimens, Therefore, capsule X will be irradiated to the estimated IS-
EOL fluence of 2.8E19 to fulfill regulatory requirements for Turkey Point
Unit 3; all remaining capsules will be designated as standbys and irradiated
to satisfy regulatory requirements or for dosimetry and do not need to be
tested.

Jurkey Point Unit 4

Capsules in the Turkey Point Unit 4 RVSP contain SA-1094 wcld material which
is a surrogate for SA-1101 and SA-1769. The Turkey Puint Unit 3 discussion
is also applicable for this RVSP material. Capsules V and X contain weld
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metal tension test, Charpy V-notch, and WOL specimens. Capsules U, W, Y, and
Z do not contain weld specimens. Weld data from capsules in Turkey Point
Unit 3 and the HUPCAPS can be used to cover the T/4-EOL and IS-EOL data
requirements for Turkey Point Unit 4. HUPCAP A2 will provide data on SA-110]
weld material with a fluence of 3.0 £19. Consideration will also be given to
maximiZing the fluence that can be achieved for capsules V and X. Al other
capsules in this RVSP will be designated as standbys and irradiated to
satisfy regulatory requirements or for dosimetry and do not need to be
tested.

Zion Units 1 and 2

The Zion Units 1 and 2 RVSP capsules contain WF-209-1 weld material which is
a surrogate for WF-70. The beltline material of concern in these plants is
WF-70. WF-70 and WF-209-1 weld material is well characterized in the
SUPCAPS, HUPCAPS, and the Crystal River Unit 3 and Oconee Units 2 and 3
RVSPs. Zion-1 capsule Z contains weld metal tension test, Charpy V-notch,
and WOL specimens. Capsules X, W, S, and V only contain Charpy V-notch and
tension test weld metal specimens. Therefore, it is recommended that Zion-]
capsule Z be irradiated to a fluence of 2.2E19 to fulfill regulatory require-
ments of the IS-EOL for these plants. A1l remaining capsules in Zion-1 and
the Zion-2 capsules will be designated ac standbys and irradiated to satisfy
regulatory requirements or for dosimetry and do not need to be tested.

3.8.4. Irradiation Schedule

The irradiation schedule for this integrated surveillance program includes
the plant-specific capsules for the B&W- and Westinghouse-designed plants and
the SUPCAPS and HUPCAPS. A1l the irradiations, with the exception of capsule
Wl and Westinghouse plant-specific capsules, are performed in the B&W host
reactors, Crystal River-3 and Davis-Besse. Capsule Wl, an fdrradiation
capsule of Westinghouse-design, is irradiated in Surry Unit 2. The West-
inghouse plant-specific capsules are irradiated in their respective plants.
The schedules are shown in Tiubles 3-19 through 3-21.

3-71
Babcock & Wilcox

@ McDermott company



Table 3-19. Capsule Insertion and Withdrawal Schedule

for Crystal River Unit 3

Insert

Capsule

Status.

Holder Location in
~lube_  Holder Tube _____ Withdraw
Installed at Initial Fuel Load
XW Top
XW Bottom
End of First Fuel Cyvcle (JA)
WZ Top
W2 Bottom
Y Top
Y Bottom
YZ Top
YZ Bottom
YX Top
YX Bottom
XW Top CR3-B (WC)
WX Top
WX Bottom
End of First Fuel Cycle (1B)
No changes
End of Second Fuel Cycle
YZ Top 0C2-A (W)
WX Top 0C3-B (W)
snd of Third Fuel Cycle
No changes
End of Fourth Fuel Cycle
YZ Rottom 0C1-A (W)
W2 Top CR3-LG1 (WC)
Wz Bottom CR3-LG2 (WC)
(WZ now empty)
gEnd of Fifth Fuel Cycle
WX Top TMI1-C (W)
XW Bottom CR3-D (WC)
Y Top CR3-C (W)
Wl Top None
Wl Bottom None

(WZ no longer empty)
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CR3-B (WC)
CR3-D (WC)

CR3-LG1 (WC)
CR3-LG2 (WC)

CR3-C (W)

0C1-C (W)
TMI1-C (W)

0Cl1-B
Nore
None

0C3-C (W)
TMI1-B
0C3-F (W)
0C2-B

CR3-LG2 (WC)

Tested

Tested
Tested

Tested
Tested
Stored

Tested
Tested
Tested
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hiolder Location in Capsule
Holder Tube Withd: aw Insert
fud of Sixth Fuel Cycle
YX Top 0C2-E (W) TM]12-Dv Tested
WX Bottom CR3-F (WC) TMI1-F Tested
YZ Top 0C1-C (W) TMI2-LG]1 (WC) Tested
YZ Bottom 0Cl-B TMI2-LG2 (WC) Stored
End of Seventh Fuel Cvcle
AW Bottom TMI1-B TMI2-D* from YX top 2
YX Top TMI2-D* to XW top A2 (WC)
YX Bottom 0C3-D (W) A4 (WC) 1
WZ Top 0C2-B 0C3-E (W) 2
End of Eighth Fuel Cvcle
Y Bottom CR3-A (W) 0C1-D 2
XW Top CR3-E (W) None 2
XW Bottom TMI2-D None 2
WX Top 0C3-C (W) 0C2-F 2
WX Bottom TMI1-F TMI1-D 2
(XW now empty)
End_of Ninth Fuel Cycig
YZ Top TMI2-LG] (WC) 0C2-D 1
WZ Bottom CrR3-LG2 (WC) TMI2-D* 1
End of Tenth Fuel Cycle
No changes
]
WX Top 0C2-F None 2
WX Bottom TMI1-D None 2
(WX now empty)
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Table 3-19. Capsule Insertion and Withdrawal Schedule

Holder Location in

for Crystal River Unit 3 (Cont’d)

Capsule

Insert

J—L AT T
End of Twelfth Fuel Cycle
YZ Top 0C2-D None
Yz Botten TMI2-LG2 (WC) None
Wl Top 0C3-E (W) None
Wl Bottom TMI2-D* None
(YZ and WZ now empty)
End of Thirteenth Fuel Cycle
Y Top 0C3-F (W) None
ZY Bottom 0C1-D None

(ZY now empty)

End of Fourteenth through Sixteenth Fuel Cycle

No changes

End of Seventeenth Fuel Cvcle
YX Top A2 (WC) None
YX Bottom A4 (WC) None

(A11 locations now empty)

(W) - Capsule contains weld metal specimens.

(WC) - Capsule contains weld metal compact fracture toughness specimens.

* . Dummy capsule.

1 - Capsule to be removed, specimens will be tested, dosimetry evaluated,

and thermal monitors evaluated.

2 - Capsule to be removed and placrd in storage.
evaluated at this time.
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Table 3-20. Capsule Insertion and Withdrawal Schedule

for Davis-Besse Unit 1
Holder Location in Capsule
~Jube —Hithdraw Insert Status
Installed at Initia) Ffuel Load
W2 Top AN]-B
Wl Bottom RS1-B (WC)
ZY Top TE1-B (WC)
Y Bottom TE1-F (WC)
Y2 Top AN1-A (W)
YZ Bottom AN1-C (W)
YX Top RS1-D (WC)
YX Bottom TE1-C (W)
XW Top TE1-D (WC)
Xw Bottom RS1-C (W)
WX Top TE1-A (W)
WX Bottom RS1-F (WC)
End of First Fuel Cyile
W2 Top AN1-B DBI-LGl (WC) Tested
WZ Bottom RS1-B (WC) RS1-E (W) Tested
Y Bottom TE1-F (WC) DB1-LG2 (WC) Tested
End of Second Fuel Cvcle
YX Top RS1-D (WC) RS1-A (W) Tested
End of Third fyel Cycle
YZ Top AN1-A (W) AN1-D Tested
Y Top TE1-B (WC) TE1-E (W) Tected
End of Fourth Fuel Cycle
YX Top RS1-A (W) AN]-F Stored
WZ Top DB1-LG1 (WC) RS1-F from WX bottom Tested
WX Top TE1-A (W) None Tested
WX Bottom RS1-F to WZ top None
(WX now empty)
End of Fifth Fuel Cycle
WZ Top RS1-F (WC) None Tested
WZ Bottom RS1-E (W) None Stored
YZ Top AN1-D to XW bottom None
YZ Bottom AN1-C (W) None Tested
XW Bottom RS1-C (W) AN1-D from YZ top Stored
(YZ and WZ now empty)
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Table 3-20. %apsule Insertion and Withdrawal Schedule

Holder Location in Capsule
i thd oW Insert
End of Sixth Fuel Cycle
W Top TE1-D (WC) None 1
XW Bottom AN1-D None 2
YX Bottom TE1-C (W) AS 2
Yl Top A3 (WC)
Yl Bottom Al (WC)
Wl Top L2 (WC)
W2 Bottom L1 (WC)
(XW now empty)
End of Seventh Fyel Cvcle
YX Top AN]-F Dummy 2
End of Eighth through Tenth Fuel Cvcle
No changes
fnd of Eleventh Fuel Cvcle
ZY Top TE1-E (W) None 2
Y Bottom DB1-LG2 (WC) None 1
(ZY now empty)
End of Twelfth Fuel Cvcle
YX Top Dummy None
YX Bottom AS (WC) None |
YZ Top A3 (WC) L2 (WC) from WZ top l
Wl Top L2 (WC) to YZ top* None
Wl Bottom L1 (WC) None 1
(YX &and WZ now empty)
End of Thirteenth through Fourteenth Fuel Cycle
No changes
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Table 3-20. Capsule Insertion and Withdrawal Schedule
Jor Davis-Besse Unit 1 (Cont'd)

Holder Location in Capsule
~Jube  Holder Tube _____MWithdraw Insert Status
fnd of Fifteenth Fuel Cvcle

Yz Top L2 (WC) Dummy 1
fnd of Sixteenth Fuel Cycle

No changes
End of Seventeenth Fuel Cycle

YZ Top Dummy None

YZ Bottom Al (WC) None 1

(A11 locations now empty)

(W)
(WC)

Capsule contains weld meta’ specimens.

Capsule contains weld metal compact fracture toughness specimens.
* . L2 to be annealed before reinsertion,

1 - Capsule to be removed, specimens will be tested, dosimetry evaluated,
and thermal moniters evaluated.

2 - Capsule to be removed and placed in storage. Dosimetry may be
evaluated at this time.
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Table 3-2].

Nuclear
Plant

R. E. Ginna

Point Beach
Unit 1

Point beach
Unit 2

Surry Unit 1

130
130

230
2%0

-

330
330

139
130
239
23°
330
330
150
259
259
259
350
359
159

45°
15°

=w -0 <

-~ < X ~N >< U< = w V-0 <

cC

(WC)
(WC)

(W)

(WC)
(W)

(WC)
(WC)
(WC)
(WC)

3-78

Capsule Insertion and Hithdrawa] Schedule for

Capsule

Wiihdraw  Insert  Status.

£0C-20

EOC-1
E0C-5
£0C-11
E0C-22

E0C-3

£E0C-1
EOC-5
EOC-3
£0C-23

tOC-16

E0C-1
EOC-8

£EOC -4
t0C-20

EOC-20

Tested

Tested

Tested
1

2,%

3
EOC-20 1,5

Tested
Tested
Tes;ed

Tested
2'5

Tested

Tested

Tested
2

2
2,5
Tested
Tested
2,5
2,5
2,5
Tested**
3
£0C-20 2,5

3
EOC-20 2,5
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Table 3-2). Capsule Insertion and Nithdrawal Schedule for
th ific RVSPs (Cont'd)
Nuclear Capsule Capsule ' Capsule
Plant Location* Identification  MWithdraw  Insert  Status
Surry Unit 2 159 X (W) £EOC-1 Tested
159 V (W) t0OC-8 Tested
259 Y (WC) 2,5
25° W (W) EOC-4 Tested**
250 U (W) 2,5
350 Z (WC) EOC-20 3
159 Z (WC) EOC-20 1,5
350 T (W) EOC-20 3
150 T (W) £E0C-20 2,8
450 S (W) 4
15° W]l (WC)%we £E0C-17 EOC-10 1
Turkey Point 0° T (WC) EOC-1 Tested
Unit 3 100 S EOC-4 Tested
200 V (WC) Tested
30° U ¢
309 Y 4
400 w 4
400 X (WC) E0C-12 3,6
0° X (W4C) EOC-24 EOC-12 1
400 pd 4
Turkey Point 00 T (WC) FOC-1 Tested
Unit 4 100 S EOC-3 Tested
200 V (WC) E0C-12 3,6
100 V (WC) EOC-17 EOC-12 1
300 U 4
300 Y 4
400 W 4
400 X (WC) EOC-12 3,6
0° X (WC) E0C-12 1,5
400 7 ‘
3-79
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Table 3-21. C;psu]e Insertion and W
t "
Nuclear Capsule | Capsule
Plant Location ' Withdraw
Zion Unit 1 40 S (W)

40 V (W)

40 W (W) EOC-11
40° W (W)

40 7 (WC) EOC-11
400 Z (WC) EOC-22
40° T (W) EOC-1
400 U (W) EOC-4
400 X (W) EOC-6
400 Y (WC) EQC-10

Zion Unit 2 40 S (W)

40 V (W)

40 W (W)

40 Z (WC) EOC-11
400 7 (WC)
400 T (W) EOC-4
40° U (W) EOC-1
40° X (W)
40° Y (WC) EOC-10

W - Capsule contains weld metal specimens

WC -

*

ok

*okk

Capsule contains weld metal WOL specimens

ithdrawal Schedule for

Insert

EOC-11

EOC-11

EOC-11

Capsule

Status
2,5
2,5

3
2,5

3
1

Tested
Tested
Tested
Tested
2,5
2,9
2,5

3

2,5

Tested
Tested
2,5

Tested

Capsule locatiuns are relative symmetrical positions and not absolute,
e.g. 00 is equivalent to 90°, 1809, or 2700,

- Only the dosimetry was evaluated.

- HUPCAP

- Capsule to be removed, specimens will be tested, dosimetry evaluated,
and thermal monitors evaluated.
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2 -

e
4 -

Table 3-2]1. Capsule Insertion and Withdrawal Schedule fo

Capsule to be removed and placed in storage. Dosimetry may be
eveluated at this time.

Capsule recommended to be reinserted in higher lead factor location

Capsule to be maintained in location to EOL.

5 - Standby capsule to be removed at 1-2 times the vessel EOL fluence.

6 -

Current cycle for transfer and reinsertion is estimated.
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4. BASIS FOR INTEGRATED PROGRAM CONCEPT

The Master Integrated Reactor Vessel Surveillance Program (MIRVP) is an
extension of the BEW Owners Group IRVSP to encompass &) operating PWR
reactor vessels in the USA containing Linde 80 weld seams. The MIRVP
represents one phase of a multiphase program of the B&W Owners Group Reactor
Vessel Integrity (RV]) Program.(’a) The principal objective of the RvV]
Program is to assure the continued licensability of al) eleven participants
and their seventeen reactur vessels. The MIRVP provides the data required of
Appendix G to JOCFRS0 to accomplish this objective. Details of the MIRVP are
provided in previous sections to this report and the appendices. This
section describes the manner in which relevant technical and regulatory
issues are being or will be addressed by the B&W Owners Group MIRVP and RVI
Program,

As previously detailed, the power reacto portion of the MIRVP combines the
existing RVSPs already in place and additiona) capsules that have been added,
through shared resources, to expand the data base for Linde 80 weld materia).
The term “integrated” in this case refers primarily to the concept of unified
data sharing among all participants. The RVSPs in nlace prior to instituting
this concept remain virtually intact as originally provided, to be in
compliance with the appropriate regulations. The MIRVP provides considerably
more relevant data to each participant an the Linde 80 class of weld metal.
It also provides the opportunity to concentrate the testing efforts on the
key RVSP specimens and delaying the testing of a few low priority capsules as
defined in Section 3.

The power reactor portion of the MIRVP comprises two principal parts. The
first is the continuvation of the plant-specific surveillance progrims that
monitor the irradiation damage to selected materials, as appropriate. The
capsules contain samples of weld metal, plate or forging material, and heat-
affected zone (MAZ) material from the vessel beltline. This part of the

4-)
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program will continue to monitor the long-term effects of neutron irradiation
on the reactor ma.erials ano will contribute to the plant-specific materials
analysis, The sec d part of the program consists of a series of supplemen-
tary capsules to study the effects of irradiation on & number of Linde 80
reactor vesse! weld metais. These capsules conta‘n specimens primarily for
obtaining fracture toughness properties of individua)l weld metals, and are
Tocated in the same irradiastion holder tubes as the regular plant-specific
surveillance capsules.

For an integrated RVSP to be acceptable to the NRC, a number of criteria, as
provided by 10CFRS0, Appendix M, must be met. Paragraph 11.C of Appendix M
states the following:

A. An integrated surveillance program may be considered for a set of
reactors that have similar design and operating features.

B. The representative materials chosen for surveillance from each
reactor in the set may be irradiated in one or more of the reactors,
but there must be an adequate dosimetry program for each reactor.

C. No reduction in the requirements for number of materials to be ir-
radiated, specimen types, or number of specimens per reactor is per-
mitted, but the amourt of testing may be reduced if the initia)
results agree with predictions,

D. Integrated surveillance programs must be approved by the Director,
Office of Nuclear Reactor Regulation, on a case-by-case basis.
Criteria for approval include the following considerations.

E. The design and operating teatures of the reactors in the set must be
sufficiently similar to permi® accurate comparison of the predicted
amount of radiation damage a5 @ function of total power output.

F. There must be adequate arrangement for data sharing between plants.

G There must be a contingency plan to assure that the surveillance
program for each reactor will not be jeopardized by operation at
reduced power level or by an extended ovtage of another reactor from
which data are expected.

H. There must be substantia)l advantages to be gained, such as reduced
power outages or reduced exposure to radiation, as a direct result
of not requiring surveillance capsules in all reactors in the set,

There are no exceptions taken to the above criteria and considerations, all
having been satisfied by this B&W Owners Group MIRVP. Each of the above
criteria and technical considerations are discussed below.

4-2
Babcock & Wilcox

@ McDermott company




A.

Seventeen reactor vessels are included in this integrated program. Eight
are BN 177-FA design having very similar operating and design features
and nine are of Westinghouse design. A1l 17 reactors are of the same
basic design concept: pressurized water reactor, operating at S$50F and
2250 psi nominal inlet temperature and pressure, and with iow enrichment
fuel (approximately 2-4% enrichment),

Operating and design features of demonstrated relevancy to neutron
radiation damage to reactor vessel materials include the following:

1. neutron energy spectrum
2. irradiation temperature
3. fluence rate
4

gamms heating

The relative neutron energy spectium is a function of the geometry and
materials of the reactor internals components. As shown in Tables 3-2
and 3-6, the materials of the reactors are the same, tut the dimensions
of the internals vary and will produce some variation in neutron spectra.
Differences in neutron spectra, however, are not unique to integrated
programs. A surveillance program for a single reactor must contend with
the variation in spectrum through the reactor vessel! wall and the dif-.
ference in spectrum between the vessel and the surveillance capsule. In
the integrated program, the difference in spectra between the Westing-
house and BAW reactors is no larger than that already encountered in non-
integrated programs. The difference in spectra could be ignored if a
perfact damage exposure index existed. Since this is not the case, it is
desirable to hold the difference in spectra to a minimum and correlate
demage in a specimen with different points in the reactor vessel wal)
using the best available damage function.

The effect of spectra variations will continue to be evaluated in the
integrated program just as it would also continue to be evaluated in a
non-integrated program.

As an example of the evaluation to be considered, the neutron energy
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spectrum at the reactor vessel for a typical Westinghouse system design
is compared with a typical BAW system design and is shown in Figure 4.1,

Irradiation temperatyre is controlled by the reactor vesse) inlet

temperature. Referring to Figure 3-17, it is seen that the cold leg
{inlet temperature) for the BAW and westinghouse reactors are within
spproximately I10F of each cther during full power operation and ap-
proximately 25F when operating at partial powers of 70% and above; + 25F
is stated in Regulatory Guide 1.99, Revision 2.(’9) Section B, Paragraph
&, as an acceptable range for application of the Regulatory Guide.

Time of operation at partial powers less than 70% averaged over time
would not be expected to have & significant effect. It is recognized
that these differences in temperature exist among the various reactors in
the MIRVP and, therefore, surveillance data will periodically be evalua-
ted for the possible influence of operating temperature on irradiation
damage. In addition, other programs will be monitored for potential data
related to this matter,

Eluence rate (neutron flux) for all these reactor designs is less than

one order of magnitude (£10).

Camma _heating affects the 1/47 environment of al)l these reactor vessels
similarly, since gamma heating is a function of the neutron energy
spectrum, which, as discussed above, is similar for these reactors.

Furthermore, ongoing studies of the effects of neutron irradiation on the
properties of these vessel materials will be evaluated to develop inter-
ralationships of these variables. In particular, as part of this
program, capsule Wl is designed specifically to benchmark data from the
two reactor designs.

The B&W Owners Group 1s engaged in a program to provide the 177-FA
reactor vessels with cavity dosimeters. A development and benchmarking
effort is in progress to be followed by the necessary modifications for
the acceptance of removable dosimeters. This is particularly important
for "guest" 177-FA reactor vessels. The dosimeters availzble in the RVSP
capsules at Crystal River-3 and Davis-Besse (host reactors) and the
Westinghouse-design reactors will c¢ontinue to provide the required
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information. In addition, several utilities with Westinghouse-design
reactors have completed or are conducting cavity dosimetry programs.

C. AI1 of the irradiation capsules originally prepared for a)) of the
reactors in the program are scheduled to be irradiated. However, as
stated in this report, it 1s planned that some of the capsules wil)
not be tested, it being our judgement that they will not provide
enough relevant information to be worth the effort. It should be
noted, though, that 6 additional capsules are being irradiated
(SUPCAPS) and 8 additiona) capsules are being fabricated (HUPCAPS) .
These capsules contain test material of the greatest pertinence,
improving the quality of the program beyond that of the original
capsules.

This report is submitted to the NRC to obtain the necessary integrated
program approval.

The similarity of the 17 reactors with regard to design and cperating
features as they affect data utilization with regard to neutron radiation
damage 1is discussed in (A) above. Recognizing that at least small
differences exist, a benchmarking concept is included in the MIRVP plan
to address concerns related to plant-to plant differences. Archive
reactor vessel weld that have previously been characterized in the B&W
IRVSP will be firradiated in a MWestinghouse plant (MUPCAP-W1). Also a
study of the correlation monitor material from each of the lants will be
performed. Some environmental differences that may exist ootween each of
the reactor vessels are temperature, capsule desigr and azimutha)
Tocation, fuel assembly design, plant power level, and radial distance to
the location of capsules or reactor vessel internals. Each of these
differences will be addressed in the final analyses of the MIRVP data.

Through the BAW Owners Group Materials Committee, Reactor Vessel Working
Group, to which all the Owners of BAW-fabricated operating PWR reactor
vessels subscribe, all RVSP reports and relevant information are distri-
buted to all plant owners. The Owners representatives meet regularly to
discuss this program and monitor progress of developmental and benchmark-
ing efforts.
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Operation of a BAW “"host" reactor at reduced power level or exer.encing
an extended outage s not expected to jeopardize the program since the
lead factors are sufficient to provide enough time for the capsule to
recover their lead. If an outage is extended beyond the marg‘n provided
by the lead factor, 1t is reasonable to shuffle capsules between reactors
to maintain the program. BAW has demonstrated the feasibiliv of
shuffling irradiated capsules. The Westinghouse plant-specific capsules
will remain in their original irradiation sites.

The B&W 177-FA integrated program was instituted as & result of problems
with capsule holder tubes because of flow induced vibration. The capsule
holder tubes were removed from all the plants and redesigned tubes were
installed in those reactors that had not as yet achieved criticality. To
have installed new holder tubes in the then opersting reactors would have
subjected personnel to substantial radiation exposure. The integrated
program was extended to include additional capsules to irradiste weld
materials that are actually in the beltlines of BAW-fabricated vessels
and to provide irradiated specimens for fracture toughness testing.
Owners of Westinghouse-designed, BAW-fabricated reactor vessels recently
Joined the program to benefit from this information., Additiona) irradia-
tion capsules are being fabricated to provide extended fluence data,
which may also be usefu)l for life extension.

4-7
Babcock & Wilcox

@ McDermott company



5. CERTIFICATION

This report 1s an accurate description of the master integrated reactor
vessel surveillance program prepared in accordance with the requirements of

10CFRS0, Appendixes G and H, and revised to include PWR vessels not of BAW

j /0/“/8'/

: ryftt 1necr v Date
Mater\a1s and tructura1 Analysis Unit

design.

This report has been reviewed and is an accurate description of the revised

master integrated reactor vesse)l surveillance program,

AT TV QY7
‘K. £. Moore, Lead Engineer Date

Reactor Vessel Integrity Program

Verification of independent review,

. /ﬁcA 10 iy

A. D. McKim, Manager Date
Materials and Structural Analysis Unit

This report has been approved for release.

X r
A ’ (0.3 /83
D. L. Howell Date
Program Manager
5-1
Babcock & Wilcox

& McDermott company



APPENDIX A

Description and Properties &f
MIRVP Materials
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This appendix compiles the plant-specific reactor vesse) surveillance program
(RVSP) materials data for each of the seventeen reactor vessels included in
the BAW Owners Group MIRVP. The sources of these data are indicated in each
table. However, the weld meta) chemical compositions are of particular
importance and their basis is explained here.

Basis for Weld Mets) Chemical Composition

The sources of the listed chemical compositions include the BAW Owners Group
weld metal chemical composition characterization (8AH-1500)"6) and the data
provided in plant-specific RVSPs where chemical analyses were performed on
actual RVSP specimens. A1) of these data have been evaluated and will be
reported in a revision to BAW-1803, "CLorrelation for Predicting the Effects
of Neutron Radiation on Linde 80 Submerged Arc ue1ds."(1°°) The most
representative chemical composition was established for the particular weld
metal subjected to irradiation and testing in each RVSP. This approach fis
essential in the ongoing testing and evaluations being performed on the Linde
80 class of meterials. The general approach used in establishing each
chemical composition is:

WRRAEINS < T N ——. Basis

Multiple analyses performed Mean value from results of multiple

on RVSP test blocks. analyses.

Analysis of RVSP test speci- Preference given to actua)l analysis per-
mens. Multiple analyses per- formed on RVSP specimens. The copper (Cu)
formed on welds made with the and nickel (Ni) values were also compared
same filler wire heat; not the to the results obtained from multiple
specific weld in the RVSP, «nalyses performed on welds made with the

same filler wire heat. The RVSP specimen
analysis was considered credible if the Cu
and Ny values were within the total pop-
pulation. This was generally the case.
The exceptions involved Cu concentrations
which appeared to be too low and were
adjusted accordingly.
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Table A 1. Oconee Unit 1 Description and Properties of Reactor Vessel Surveillance Program laterhls“)

__lspact Properties
- ¥ Chemical Composition, 3 e i ."' L ."' (RN ﬂ',."‘ 'S."’
Material 10 € ™ 7 s 5 " ir " e e i ks s
Base metal A 0.21 ) a2 0015 0 015 0o n 0.5 0.3/ 0 .10 a - 10!::= s1 st
n 0 1o %5 6511
Base wetal 8 0.20 | 40 0.012 0 017 020 0 63 013 0% 0.1 n 0 IGC::= Me 7
P » '™ a5 e
weid metal 008 L™ 0™ 0.015™ 054™ 59 ® g™ g™ g1 T w'® ™ ws @
weat Treatment I
Material 1D MHeat Mo,  Spec Ne.  Supplier Austenitizing Tempering ____Stress Belied
Base metal A €32651 SA202Gr B lwkens  1600-1650F for 9 75 h. brine 1200 1220F for 9.5, brine guench 1100 1IS0F for 31 or 40 b, fur
quendh nace conled to H00F
Fase metal 8 (28002 SA 302 Gr B lwkems 16001650 for 9.5 b, brine quench 1200 1225F for 9.5 5. brine guosch 110011505 for 31 or 40 & fur
’.’ pace rooled to S500F
o
weldmetal w112 wa'® wa wA e 1100 1350F Sor 31 or 40 &, fur

nace conled

(al". ,m(m

"h)f'*“ ‘Tes, Revision !“”’

{c) tress relief conditions for base metals are these taken from mill certifications. The weld metal stress relis? onditions are those actually given to
the surveillance weld metal

Dysa  wot Applicable

(®lgaw 1421, Revicion 1 17®)

Flgay 2050 7%

z
gE
:
¥
g
‘8
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Table A-2. Oconee Unit 2 Description and Properties of Reactor Vessel Surveillance Program Meﬂals("

Material 1D
Base metal A

Base metal B

Weld metal

Material 1D

Base metal A

Base metal B

Weld metal

Sl
0.2~

o

o.n'®

Heat Mo,
3P.72359,
AMe 163
4P 1885,
AwG 164

w209

(3)gng 1820 177

— . Chemical Composition, % .
- e - ». N Cr_
v. 63 0 006 0.0312 925 0.7% 0.3
962 e 0in 0.010 e 0.2 0.3
155%™ 0022 9010 5™ g al® g g™

Spec Mo.  Supplier Austenitizing

SA 508 C1.7 iadish 1640F & 20F held at color 4 h.
cold water guenched at 1590F +
20F held at color &b, cold water

SA 508 C1.7 lLadish Same a5 above

®loaw 1803, Revision 1 {199)

((,Strﬂs relief conditions for base wetals are those taken from wil

the surveillance weld meial

(LT

) ane 143

w208

Mot Applicable
; (28)

1 {29)

Impact Properties

{e) {e}) (=} {e)

it e’ e i 3 n C ., 5 s,
» Lo .w. 7 q_ d'n kst Asi
: & 004 0 o ss:::: m27 el
o » 133 96 6871
0 ee 1 o wols) s eesi
0 10 138 878 &4

035 o™ Y " o™ w: ma

Heat !NM“'

1260F « 20F held at color 10 &,

cold water gqueocthed

Same as abovwe

NA

Strecs Belief
1258 _ 7% Weld at coler 27 or
13 b, furnace conled te below
SO
Same 2t abowe

1100 1IS0F for 77 or 33 b, fur
aace conled

ertifications.  The weld metal stress relief conditions are these actually given te
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Table A-3. Oconee Unit 3 Description and Properties of Reactor Vessel Surveillance Program Materials(®)

o Chemical Composition, %

Material I Rt il il =l Si__ N .
Base setal A 0.2¢ 0.7 6.1 9.012 o LY L )
Base metal 8 0.21 058 eon o.01% L ) o L

weld metal 0.08™ 1 @™ 000r™ 0012 ™ gt g ™

Material 1D Meat Mo.  Spec Mo.  Supplier _ Austenitizing
Base metalA 527194, SA S08 €1.2 tLadish 15408 : 20F held at color 4 b,

M 19) cold water gquenched 1590F + 708
heid at color for & b, cold water
quen: hed

Base metal B 527314, SA 508 €1 7 tLadish Same as above

L

weld wetal w2001 wa'® wA wa
¥l gaw 1820 177

®paw 1803, Revision 1 {199)

e ,'\'votz reiief conditions for base metals are those taken from mill cortifications
the swrverllance weld metal

:“N’A Not Applicable
“Iany 1030 39
(‘)m 1697 {3

impact Properties

i) {e) (e} te}

B S .. S, WS, v,
e B . 2 B
062 ow > 70 wolt)  s0 s
» Yy rem Bse 1
0 om 2 2 weltl s e
2 ) "W B w21

00™ o™ » #™ ws me

Heat !nm("
lempering Stress Relief

1750f + 20f held at color for 10
h, cold water guenched

11258 « 75F held at coler 30 &,
furnace conled 1o below S00F

Lame as above Same 2t above
LI P08 1iS0C for 30 b, furmnace
oo leod

The weld metal stress relief conditions are those actnally given te




Table A-4. Three Mile Island Unit 1 Description and ies of
Reactor Vessel Surveillance Program Materials

gt Properties
Chemical Composition, & . m ™ ws ) 5 1
el . LR R ks R e e e e N -y ) 4 S
Base metal A ©.24 1% o 010 o017 o 0% 019 o5 009 10 e m‘:; “e Mt
I » ' @7 el
Base metal 8 ©.2) 124 0 010 0.0 027 055 012 oW 0.2 0 i) m::; B2 e0et
9 26 "2 we el
weidwetz 009 3 52™ 5013 0™ ™ 2™ o™ cee™ o™ 2" o™ % e
#eat Treatment <!
Material 10 Meal Mo. Spec Mo.  Sepplier Awstemitizies Jemperimg Stress Belief
Base metal A (27897 SA 302 Gr 8 flekens 1600 1650F for 9.5 b, brive guench 1900 11SOF Sor 22 5 or 27 5 &,
12001225 for 9.5 h. brine quench Sutace-cssted
> 1600 1650F for 9 5 h. brine quench
. 1600 1650F for 9.5 h. brime quench
o 1510 1538 for S h, brine guench
120012255 for 5 h. brine guench
Base metal B (3307 1 SA 302 Gr 8 fiwkems 1600 1650F for 9.5 b, brime guench Same as shove
1200 3225F for 9.5 h, brioe guench
1225 1250F for 9.5 h, brine guench

Weld metal W 2% wal® wa wa A 1900 3150F for 22 5 or 27.5 &,
E e i e i furnace conlad

*'onw-i820 (20

(Plgaw 1803, Revisien 1 {199)

Dseress retiet conditions for base metals are those taken from mill certifications. The meld metal stress relief conditions are those actually given to

the surveiilance weld metal.

Da/a - mot Applicadie

(®)gay 1039 39

Fgnw 1901 32}

Auedwod 1NOWII) W ¢
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Tabie A-5. Crystal River Unit 3 Description and Prwertiﬁ)of
Reactor Vessel Surveillance Program Materials
ispact Properties
e (hemical Composition, & 2 5 W ('i'! ws. ') s
i KT R ke ke R A e R W =g .
Base metal A 023 1.30 o oom 0.0i6 022 X o 055 8 20 i0 mg: e e
» - w3 el
Base metal 8 0.23 130 o oan o 016 022 o5 on 0.5 o2
weldmetal & 0.08'7 165/ e’ eenx'! 100" ') ee') gast! i) ® sw'® ' ™ 5
weidmeral 8 030" 15 goe!" st s o' genl! gttt g asli)
e at !w“’
Material 1D Heat Mo.  Spec Mo, Supplier _Mustemitizing Temperimy Stress Selef
Base metal A (43431 SASIZGr S8 fLwkems 165 1700F. held | W in. water 1IB0F . held 0.5 Win air cosled 1100 1150F held 27 b, furmace
L% % | quenched to S00F conied te heine HANF
Base metal B (0342 7 A SIIGr B lwkens Same a5 abowe 1190F . held 0.5 B/in. air cooled Same ac abows
€11
3 Weld metal A  Atgpicai  wa'® wa wa A 1160 1150F for 77 b, furmace
P conled
Weld metal B WF 2091 WA wa wa A 1100 1150F For 27 B, furaace
. - PTRLT LA i i — conled
(¥ gay 1820 177}

(o 1803, Revision 1 1199)

M".»'N*s relief conditions for base metals are theose taken from @ill cortification:
the surveililance wold metal

®lu/a - mot Applicable
”’m 1679, Revision |
(9 g0y 180g (36)
™ oaw 2009 3%
—

The « 4 wetal stress relief condition: ar= *hose actwally given te

(34)

Aupdwo) 10WIac)Iw ¢
RO M ? NI0O3qrg



Table A-6. Arkansas Nuclear One Unit | Description and ies
of Reactor Vessel Surveillance Program Materials

impact Propertiies
e teewical Composiliem, 3 - s’ & c‘a wrs.*) g 1@
sl B _L . & ¢ -3 B B b B . 3 = . e o
Base wetal A 0.2 132 0 010 006 0.20 052 019 057 015 e » mm “e 126
o an * “e nsi
Base wetal 8 0.2 1.9 o 010 0 06 0.20 052 019 057 01 0 0 m;'; ®i &7
2 16 1979 2 1 7T e
welamtal  005™ 0™ 0606™ 0016™ 05 ™ S 2™ o n® w ™ s s
Weat Trestaent !¢}
Material 10 Heat Mo.  Spec Mo, Suppl ier __Mustenitizing _ _Vemperimy  Stress Retief
Base metal & (SIM4-1  SASIIGr 8 Lwkens 1650 17000, held | h/in. and water 12005, held | Win and air cooled 1100 11505 held 29 h. and for
LR | quenched to 008 nace conled within a rate of
IS5 /% Lo below 600F
i Base metal B (511682 SA S33Gr B lukers Same a5 above 12000 . held 0.5 W/in and abr coeled Same a3 abowe
€11
Weld metal wien aald A A wa 1100 IS0F for 2% . Furmace
ronled

{a) (22)
BAM 1820
oy 1803, Bevision 1 {199

(stress retief conditions for base metals are these taken from will cortifications. The weid metal stress relief conditions are those sctually gives to
the surveiliance weld metal

N/A - Mot Appiicable
() gay. 1600 (43
(gay 2075 142
(w1608 141)

(d)

z
gg
g
e
: 8
]




Table A-7. Rancho Seco Unit ! Description and Pn’erties(,’
Reactor Vessel Surveillance Program Materials

. lspact Properties
e Cwmical Congesition. § - - i . e @
et X B LR e e s e B . N _ N 25 =
Base wetal A 020 in 0 .00 0 01s 019 058 020 0.5 o0
Base wetal 8 0.20 1.28 con 0017 815 o 60 v 0.55 012 o ) w''’ @mas ae
weid metal™® g 09 1 49 b6 0.016 051 059 0% .39 0.78 n i o™ ms  as
weat Freatment ()
Material 10 Heal o, Spec M. Supplier Mustenitizing __ Vempering . Stress Relief
Base metal A (50701 SASIIGr 8 lwkems 1650 1700F, held | bin. and 12000, held 8.5 h/in. ané air 28 5 3t 1100 11S0F and furnace
(3 | water quenched to 400F conled conled beliow 6008
Base metal B (56621 x:llkl { whons Same as above Same as abowe Same a5 aboee
> A
< weld metal W je3  wal® A wa we 1900 1150F for 28 b, furnace
ronled
2 gau- 1820 122} e

‘NMU 1803, Revision | {199)

{50 ess retief conditions for base metals are these takee from mill certifications. The weld metal stress rolief conditions are these acteally Qiven to
the surveiliance weld metal .

Wlasa - wot Applicadble
(®)gaw 1202 19

oy 2074 ()

AuRrdwo) 110w W ¢
XOJ{IM ? N20Oqeg



Table A-8. Davis-Besse Unit ] Description 4nd Prcperties(“
Reactor Vessel Surveillance Program Materials

impact Properties
NAREEOR IR, 1 U A A SN, e nq."’ -y ns, ) g5 10
et . B P 3. A B & B .. 3 2. BRSO
Base metal A 0.22 0.63 o on a0 027 0.8 0.3 o & oo 50 %) w2 wr  ma
Base metal @  0.26 .68 o 04 0 006 00 077 038 T .o 2'" »'" "
weld metal'®) g o9 1.6% 0 0le 0013 08 0.63 0.1% 0 & 6.2% 2 s ' s 1.2
Weoat lmk’
Material 1D Heat Mo.  Spec MNo.  Supplier __ Bustenitlizing = ____Tempering  __ Stress Welief
Base metal A SPE0B6,  SA 508 C1.2 ladish 1660F + 10F held at coler 4 B, 12407 + 10F hoid at color 5 h, air 11255 + 25 held at coler 155
RUC240 cold water guenched rooled &, furnace couled below G005
Reacstenitized 1590F + J0F Aeld
at color 4 &, cold wator quenched
> Base metal B 1230244 SA SO8 €1.2 ladish Same as above 12408 + 10F held at color & &, Same a5 abowe
A 233 air conied
o
weld metal w1821 wal® wa wa wa 1980 11567 for 15.5 b, furnace
conled

RAW (22)
1829
(®amy 1803, Revision 1. 1199)

{e )S'rvv» relref conditions for base msetals are those taken from mill certifications. The weld metal stress relief conditions are those actsally given te the
surveiilance weld metal.

(im/a - mot Applicable
“lpa 1701 157

Npay 1882 (49

Auedwo) 11w ¢
ROJ|IM ? ¥202qeg
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Table A-9. R.E. Ginna Unit 1 Descripti ies or

Material ID C M P S Si MNi_ tr_ Mo Cu
Bygg metal 0.19 0.67 G.010 0.611 0.20 0.69 0.37 0.57 0.05
A

Bﬁ’ metal 0.13 0.6€ 0.010 0.007 0.25 0.69 0.33 0.58 0.07
B

1 illanc

Mat
Impact Properties
__ Chemica® Composition, % Tuny: RIT T Eﬁ( uis, vs,
& P A st s
183 83.6 62.7
140 97.2 78.2
80 87.4 73.5

weld metal'™® 008 1.41 0.0i2 0.0i16 0.59 0.5 6.09 0.36 0.23

Heat Treatment (<)

Stress Relief

Material ID  Heat No. Spec No. Supplier Austenitizing Temper ing
Base metal A 125P666 SAS08, C1.2 Beth. 1550F for 9 h, 1220F for 12 h,
water guenched air cooled
Base metal B 1255255 SAS08, Ci.2 Beth. 1550F for 15-1/2 h, 1220F for 18 h,
water guenched air cooled
weld metal  sA-1036  w/ald) N/A N/A N/A

(@ ycar-72541%%) and wear-11026. (192)

(®)gaw-1803, Revision 1.(100)
(ycar- 10086 (°%)
(Du/n - Mot Applicable.

1100F for 11-1/2 b,

furnace-cooled

Same as above

Same as above



Table A-10. Point Beach Unit ] Description and Properties of Reactor Vessel Surveillance Program Materials

Chemical Composition, %

Material 1D C _Mn_ P S Si Ni Lr o

Heat Treatment (a)

’ lr!a_c_t Prg!erhcs
T A F”" f¥u?:
0.20'®) _30l¢) 9 o
0.12® 209) 29 10
0.22 old) ol o

urs, ¥s,
ksi  ksi
85.1 65.2
76.2 53.6

86.3 69.9

Bpgs metal  0.19 1.42 0.010 0.020 0.25 0.05%6" - 0.48
A

Bygg metal 021 1.37 0.014 0.019 0.25 005" . 046
B

weld metal®) 0.09 1.47 0.0019 0.024 0.49 0.57 0.13 0.39
Material ID  Heat No. Spec No.  Supplier Austenitizing

Base metal A A9811 SA302 Gr.B lLukens 1650F for 7 h, water
quenc hed

Base metal B (1423 SA302 Gr.B8 lukens Samc as above

A S |

weld metal  sa-1263  w/alf) N/A N/A

(D ycar-751305%) 1nd wear-ar3e. (67)

(b) (103)
Docket No. 50-266, response to 10CFRS0.61, January 20, 1986.

(ycar-g7a3_ (104)

(®)gaw-1803, Revision 1.(199)

Auedwo) 110w W ¢

XOJIM ? N202qeq

(Fln/a - Not Applicable.

Tempering Stress Relief
1225F, 7 h, air 1125F for i1-1/4 h,
cooled furnace cooled
Same as above 1125F for 10-1/2 h,

furnace-cooled

N/A 1125F for 11-1/4 h,
furnace cooled

(9 gstimated by the methods of the U.S. NRC Standard Review Plan, Section 5.3.2, Pressare Temperature | imits.



Auedwo) Now I Iw ¢
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Table A-11. FPoint Beach Unit 2 Description and Properties of

Reactor Vessel Surveillance Program Mater:als

__impuct Properties

Chemical Composition, % Tys RE., CNUSE, VIS, VS,
Material ID C_ # P S Si M G W @ T PV aS» ki bt
:?37 metal  0.20 0.65 0.009 0.009 0.24 0.71 0.35 05 o088 ') ') 180 802 s5.4
Bpgf metal 0.2z 0.59 0.010 0.008 0.23 0.70 0.3 0.60 0051 0l 40D s 920 708
weld metal™® 008 1.40 0.014 0.013 055 0.59 0.07 0.39 0.25 259 2709 & 810 719

Heat lreatmt(')

Material ID  Heat No. Spec Neo. Supplier Austenitizing
Base metal A 123V500 AS08 1.2 Beth. 15505 for 9-1/2 h,
VAl water quenched
Base metal B 122W195 AS08 C1.2 Beth. 1550F for 8 h,
VA] water quenched
weld metal  wr-193  w/al®) N/A N/A

(Ducar-77120%8) 40a wear-9331 (71
(M) gau 1803, Revision 1. (199)
(ucap-g738. (10%)

Temper ing Stress Relief
1200F for 12 h, 1125 for 12 h,
air cooled furnace -cooled
Same as above Same as above
N/A 1125F for 11-1/2 h,

furnace cooled

(D gstimated by the methods of the U.S. NRC Standard Review Plan, Section 5.3.2. Pressure Temperature

Limits.

©lu/a - Mot Applicable.
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Table A-12. Surry Unit ] Description and Properties of Reactor Vessel Surveillance Program Materials
__Impact Properties
Chemical Composition, % g T  — t_ urs, vs,
Material 10 _C_ Wn P S Si W ¢ ®m o ¥ i ST TR

Bpgg metal 0.23 1.35 0.208 0.015 0.23 0.55 0.069 0.55 0.11 --- . 142 205 68.1
A
Bgg metal 0.22 1.33 0.014 9.014 0.23 0.5 0.078 0.55 0.11 --- = 1S 938 71.8
B
weld metal® 009 1.53 0.013 0.017 0.53 068 0.08 0.4 035 .- * 70 83.2 69.7

Heat Treatment (3)

Material ID Heat No. _Spec Ne. Supplier Austenitizing Tempering Stress Relief
Base metal A C(4326-1 SA 533 Gr.B  lLukens 1650-1700F, for 9 1210F for S h, 1125F for 15-1/2 h,
Ci.l h, water guenched air cooled furnace -cooled to
500F
Base metal B (4415-1 SA 533 Gr.B ilukens Same as above 1200F for 9 h, Same as above
1.1 air cooled
weld metal  sA-1525 w/alc) N/A N/A N/A Same as above

Dycar-7723057) 30 wear-114015. 79
(®)gaw-1803. Revision 1.(100)
(In/a - Not Applicable.
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Table A-13. Surry Unit 2 Description and Properties of Reactor Vesse! Surveillance Program Materials
__lgn:sL_ZIE!gzir
Sﬁiﬁﬂ_ﬁm‘thx Tot1- 7 GUSE, VTS, ¥S,
Material ID. _C_ Mn P M o » o ¥ F’ n b ksi  ksi_
Bygg metal 0.23 1.30 0.012 0.014 0.25 0.54 0.075 0.5¢ ©0.11 --- s 125  91.3 68.2
.
weld metal’® 0.09 1.51 0.017 0.016 0.46 0.56 0.10 041 019 .. - 9% 86.5 79.8

Heat Ireatlent("

Material ID Heat No. Spec No. lier Austenitizing ____Tempering Stress Kelief

Base metal A (4339-1 SA S33 Gr.B  lukens 1625F for 9 h, i212F for 9 h, 1180F . for 15-1/4
cl.1 brine quenched brine quenched h, furnace-cooled

Weld metal A R3008  w/al™) N/A N/A N/A Same as above

(2)ycar-8085(%8) ind wear-11499. (76)
(®)n/a - Not Applicable.



Table A-14. Turkey Point Unit 3 Description and Properties of
Reactor Vessel Surveillance Program Materials

impact Properties
Chemical Composition, % Twor: Flgnyr GWUSE, WIS, Y5,

Material ID. _C_ Mn_ P S Si W G » O % oV g0 ksi ksi
Bjgg metal  0.20 0.64 0.010 0.010 0.26 0.70 0.395 0.62 0.058 - @ 145 862 64.4
A

Bjgg metal  0.20  0.615 0.010 0.008 0.155 0.6/ 0.38 0.535 0.079 --- 0 'S4 826 57.4
8

weld metal®® 008 1.51 0.020 0.013 057 0.60%%.16 0.37 0.26(<) . 1009 6513 928 763

Heat Ireatmt(')

= Material ID Heat No. Spec No. Supplier Austenitizing Tempering Stress Relief
o Base metal A 123P461 SAS08 C1.2 Beth. 1550F for 13 h, 1210F for B8 h, 1125F for 10-1/2 b,
VA-1 water quenched air cooled furnace -cooled to
6G0F
Base metai B 1235266 SAS08 Ci.2 Beth. Same as above Same as above Same as above
VA-1
Weld metal  sa-1101  wal®) N/A N/A N/A 1125F for 10-1/4 h,
furnace-cooled to
600F

(Qycar-7656'%?) and Final Report SWRI Project No. 02-5131. (7%

(®)gaw-1500. (%)
(S)safety Evaluation Report, Memorandws, S. Varga 1o J. W. Williams, April 26, 198¢!108)

Auedwod oI IW 2

§
g

(d’ll,r‘A - Not Applicable.
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1able A-15. Turkey Point Unit 4 Description and Properties of
Reacter Vessel Surveillance Program Materials
impact Properties
Chemical Composition, % Twor: Mgy GUSE, UTS, ¥,
Material 10 € Mn P s & B O B b % PV s ki’ asi
Bagg metal 0.22 0.67 0.010 0.009 0.20 0.71 0.33 0.5 0.054 --- 50 135 9.1 68.6
A
Byg¢ metal 0.21 0.67 0.011 ©.009 0.23 0.70 0.31 0.56 0.05 --- 0 132 91.5 70.8
B
weld meta1’® 0.10 1.44 0.01¢ 0011 050 0.. 0.14 0.3 0.26() 66'?) 908 752
Heat Ireatmt("
Material ID Heat No. _Spec No. Supplier Austenitizing ___lempering Stress Relief
Base metzl A 123P481 AS08 C1.2 Lukens 1550F for 10-1/2 n, 1200F for I8 h, 1125F for 10-1/2 b,
VA-1 water guenched air cooled furnace-cooled to
600F
Base metal B 1225180 AS08 (1.2 Lukens  1550F for 10-1/4 h, 1210F for 18 h, Same as above
VA-] water quenched air cooled
Weld metal A SA-1094 wn/a(®) N/A N/A N/A 1125F for 10-1/4 &,
furnace-cocled to
600F
("”ucap-mqu‘)” and Final Report SWRI Project No. 02-8221,'83) and Final Report SWRI Project Ne.
02-5380.

(b)N/A - Not Applicable.



Table A-16. t ipti i Re Surveillance Program Materials

__Impact Proverties _
Chemical Composition, % | AR | A— c{m( utrs, s,
Material ID _C_ Wn_ _P s 3 B b B & Y T dn ut ot
Bagg metal 0.20 1.36 ©.010 0.0il1 0.20 0.9 --- ©0.47 0.11 --- = 140 838 63.0
A
weld metai'® 0.09 1.51 0.020 0.013 068 0.57 006 0.39 0.35 --- o 64 394 72.7
Heat Treatment 2]
Material ID Heat No. _Spec No. Supplier Austenitizing Tempering Stress Eelief
Base metal A B7835-1 SA533, Gr.B lukens i625F for 9-3/& h, 1212F for 9-3/4  1125F for 25 h.
€1.1 brine guenched brine quenched furnsce-cooled
Weld metal  wr-209-1 wn/alc) N/A N/A NA 1125F for 23 hours,

Bl-y

furnace-cooled

@)ucar-8064 1) and weap-9geo. (85
(®)gau-1803, Revision 1.(190)
(C)N/A - Not Applicable.

Auedwo) NOWII) W @



Table A-17. Zion Unit 2 Description and Properties of Reactor Vessel Surveillance Program Materials
__Impact Properties
_Chemical Composition, % 1 . RT = e ER S
_Material ID £ Mn P S Si Ni Cr Mo Cu_ q P ft-1b ksi ksi
Bpgg metal .23 1.39 0.010 0.016 0.22 0.53 0.065 0.5¢ 0.12 --- . 128 92.4 69.9
A
weid metal'® 0.08 1.51 0.017 0.013 0.68 0.57 0.06 0.39 0.30 --- - 70 888 73.6

Heat Ireatmt(c’

Material ID Heat No. _Spec No. Supplier Austenitizing Tempering Stress Relief
Base metal A C4007-1 SAS33 Gr.B Lukens 1600/1650F for 1200/1225F for 1100/1150F for 30
1.1 9-3/4 h, brine 9-3/4 h, brine h, furnace-cooied
> qu >nched quenc hed
© Weld metal  wr-209-1 wN/A(S) N/A N/A N/A Same as above

(@) ycap-g132. (62)
“”8&'-1803. Revision L(lOO)
(S)n/a - Not Applicable.

Auedwo) 1NowIa W ¢
XOJIM 7 N202qeg
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Table B-1. Chemical Composition and Unirradiated Mechanical Properties
of the SUPCAP and HUPCAP Surveillance Weld Metals

Chemical Composition, % Impact Proporties
— Tgrr Wiapss CWSE, WIS, TS,
jdent. No. C Ma P S S 8 & > O % P A% ki kst
WF-70(Nj!  0.09 1.63 0.018 0.009 0.5 0.59 0.1 0.40 0.42 -%0 20 66 855 69.0
WF-112 0.08 1.47 0.016 0.015 0.54 0.59 0.07 0.39 0.32 -50 0 65 83.0 66.0
SA-1585 0.08 1.45 0.016 0.016 0.5 0.5 6.09 0.38 0.21 -50 - 8 B b=
SA-1526 0.09 1.53 0.013 0.017 0.53 5.70 008 0.42 037 -840  -20 74 880
WF-25(6)2 0.09 1.58 0.015 0.0i6 0.54 0.67 0.09 0.42 0.35 -10 40 73  80.7 66.5
WF 67 098 1.55 0.021 0.016 0.58 0.60 0.10 0.40 0.22 -20 8 70 81.5 64.0
WF-25(9)3 ©0.09 1.55 0.014 0.015 0.5 0.70 0.08 0.41 0.35 -40 10 71 80.7 66.5
@ SA-1135 0.08 1.45 0.01i 0.013 0.49 0.59 0.08 0.38 0.27 -- =3 -~ 81.5 67.0
~N
SA-1101 0.08 1.5 0.019 0.008 0.59 0.54 0.16 0.38 0.18 -70 10 75 893 72.8
WF-70(8B)? 0.09 1.62 0.018 0.011 0.59 0.59 0.10 0.46 0.35 To be determined.
WF-182-1  0.09 1.69 0.014 0.013 0.41 0.63 0.15 0.40 0.21 -20 5 70 856 70.2
SA-1484 0.08 1.5 0.016 0.020 0.47 0.5 009 0.39 0.26 -- > a3
WF-209-1 009 1.62 0.018 0.011 0.5 0.59 0.10 0.40 0.35 -- 15 64 89.4 72.7
SA-1263 0.09 1.47 0.019 0.024 0.49 0.57 0.13 0.39 0.22 -- s 65 .2 $3.5
’ 1: N = Material from the nozzle drop-out (weld)
- 4 2: 6 = Material from the TMI-2 rczzle drop-out (weld)
% 3: 9 = Material from the 0C-3 nozzle drop-out {weld)
g 4: B - Material from the Midland vessel beltline weld
5
4



Iable F-2. Description of the SUPCAP and HUPCAP Surveillance Weld Metals

Test Qualification

Heldiug

Sub.
Sub.
Sub.
Sub.
Sub.
Sub.
Sub.
Sub.
Sub.
Sub.
Sub.
Sub.
Sub.
Sub.

arc

arc

arc

arc

arc

arc

arc

arc

arc

arc

arc

arc

arc

arc

48 h at
48 h at
80 h at
48 h at
48 h at
48 h at
48 h at
Eight 6
25 h at

30 h at

1100-1150F
1100-1150F
1100-1150F
1100-1150F
1100-1150F
1100-1150F
1100-1150F
h cycles at 1100-1150F
1100-1150F
1100-1150F

15-1/2 k at 1100-1150F

48 h at
23 h at

11-1/4 h

Material from the TMI-2 nozzle drop-out (weld)

Material from the OC-3 nozzle drop-out (weld)

Filler Flux
ldent No. Meta) Tvpe Tvpe
WF-70(N)!  Mn,Mo,Ni  Linde 80
WF-112 Mn, Mo, Ni Linde 80
SA-1585 Mn, Mo, Ni Linde 80
SA-1526 Mn, Mo, Ni Linde 80
WF-25(6) Mn, Mo, Ni Linde 80
WF-67 Mn, Mo, Ni Linde 80
WF-25(9)2  Mn,Mo,Ni  Linde 80
SA-113% Mn,Mo,Ni Linde 80
SA-1101 Mn,Mo,Ni Linde 80
WF-70(B)®  Mn,Mo,Ni  Linde 80
WF-182-1 Mn,Mo,Ni Linde 80
SA-1484 Mn,Mo,Ni Linde 80
WF-209-1 Mn,Mo,Ni Linde 80
SA-1263 Mn,Mo, Ni Linde 80
1: N = Material from the nozzle drop-out (weld)
2: 6 =
3: 9=
4: B « Material from

B-3

the Midland vessel beltline weld

1100-1150F
1100-1150F
at 1100-1150F

Babcock & Wilcox

@ McDermott company
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This appendix describes the tension test, Charpy V-notch, and compact
fracture toughness specimens included in the reactor vessel surveillance
capsules utilized in this program,

Cl. Tension Test Specimens

The tension test specimens used in the reactor vesse) surveillance capsules
conform to the requirements of ASTM E 8-691.(18) There are three different
sizes of tension test specimens among the various capsule designs. In the
B&W plant specific and SUPCAP Type Rl designs standard size specimens with a
gage length of 1.428 inches are used. T.ie tension test specimens in the
SUPCAP Type R2 and HUPCAP designs are smaller and fit ir a Charpy specimen
envelope. The gage length for the subsize tension test snecimen is 0.840
inch. Figures C-1 and C-2 illustrate the standard and subsize size tension
test specimens, respectively. The Westinghouse plant-specific capsules

contain standard size tension test specimens with a gage length of 1.00 inch
and are shown in Figure C-3.

C.2. Charpy V-Notch Spe-imens

The Charpy V-Notch specimens in the majority of the reactor vessel surveil-
lance capsules conform to the requirements of ASTM E 23-72.(17) Two dif-
ferent sizes of specimens are used by B&W and Westinghouse. Figure C-4 shows
the B&W plant-specific and SUPCAP design and Figure C-5 shows the Westing-
house plant-specific design The HUPCAPs contain Charpy V-netch specimens
designed to ASTM E 23-86 which modified the allowable tolerances on *he depth
of the notch. This design is given in Figure C-6.

C.3. Compact Fracture Toughness Specimens
There are 4 configurations of compact fracture toughness specimens: rectan-
gular, round, slow bend, and wedge-opening-loading (WOL) geometries. Tie

configurations and sizes of these specimens are described in the following
sections.

R n r_Com r imens

The rectangular compact fracture toughness specimens are modifications of
’ 3

those in ASTM ¢t 399-81(19) and E 813'81.‘20) The specimen geometry is il-

lustrated in Figure C-7. As shown in the figure, the specimens were modified

C-2
Babcock & Wilcox

@ McDermott company



for measurement of load versus load line displacement. Five sizes of this
type of specimen are included. The specimen sizes (in terms ¢f thickness)
are 0.394, 0.417, 0.500, 0.936, and 2.000 inches. The dimensions of these
specimens are listed in Table C-1. The 0.500 inch specimen was used in some
B&W plant-specific capsules. The 0.394 and 0.500 inch specimens were used in
the SUPCAPS. The 0.936 and 2.000 inch specimens were used for unirradiated
specimens only. The 0.417 inch specimen will be used in the W1 HUPCAP.

€.3.2. Round Compact Fracture Toughness Specimens

When the SUPCAPs were designed, it was recognized that the round compact
fracture specimens would make the most efficient use of the capsule volume.
The round compact fracture specimens conform to the requirements for disk-
shaped specimens of ASTM E 399-8]1. Figure C-8 illustrates this specimen,

with its corresponding dimensions. These specitens a e used in the SUPCAPs
and HUPCAPs.

£.3.3. Wedge-Opening-loading Fracture Toughness Specimess

Fracture toughness specimens of the 1XWOL configuration have been utilized in
the Westinghouse plar -specific surveillance capsules for testing in accord-
ance with ASTM E399-70T. Although this configuration was considered a state-
of-the-art fracture toughness specimen when these surveillance programs were
designed, it 1is not well suited for more recently developed techniques
involving elastic- lastic fracture mechanics. A method for modifying and
testing the 1XWOL iracture toughness specimens has been developed to closely
conform to the req irements of ASTM E813-87. The specimen geometry, prior to
modification, is iliustrated in Figure C-9.

€.3.4. Slow-Bend Tracture Touconess Specimens

The HUPCAP capsule of the Westinghouse design, Wl, includes precracked
Charpy-size slow-bend (three-point) specimens which are described in Refer-
ence 107. Figure C-10 illustrates thi: spacimen with its corresponding
dimensions.

-Gr imen

The 0.936 TRCT specimens for the two SUPCAPs at Crystal River Unit 3 have
been side-grooved. The geometry of the side grooves is shown in Figure C-11.

c-3
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The depth of the grooves is 10% of specimen .“ickness, with a total reduction
of 20%. The angle and radius of the grocves are the same as for the notch of
the Charpy specimens.

The cecision to side-groove the specinien \as made based on the information
generated by Shih, et g],(los) In general, the side grooves kept the crack
front of the stable crack relatively straight. A large degree of crack
tunneling was observed in the testing of ron-side-grooved specimens. Shih
found that the 25% total side-grooving (12.5% on each side) was sufficient
for the tough materials used for his development. Shih tested 12.5, 25, and
50% total side-grooved specimens. The 12.5% side-grooved specimens did not
completely suppress the shear tip formation, and the 50% showed higher stable
crack growth extension near the tip of the side-grooves than at the center of
the specimen. For the materials of this program, the 20% side-grooving was
selected because it was believed to be adequate and also minimized the
reduction of the net section thickness of the specimen (reducing J measuring
capacity). The irradiated welds are not expected to be as ductile as the
material used by Shih, gt ‘]"(108) in their studies. Side-grooving is also
expected to affect the slope of the J versus 2a R curves because of the
straightening of the crack front, which affects the determination of 2a. The
J- A2 curves determined with side-grooved specimens are believed to be more
representative of the extension of a crack on a thick-walled component. The
side-grooves affect neither the determination of Jj¢ nor the slope of the J<a
curve at very small la.

Side-grooving will also be utilized in the modified 1XWOL testing procedure.
The depth of the grooves is 10% of specimen thickness, with a total reduction
of 20%.

C-4
Babcock & Wilcox

@ McDermortt company



Table C-1. Dimensions of Compact Fracture Toughness Specimens(')

Pimensions, in.
Load Load
Line to Line Notch
Specimen Back Thickness, Length, Width, Opening, Opening,
bl Shakad BN LN LI D N

0.394 TCT 0.788 0.394 0.98% 0.945 0.100 0.064
0.417 TCT 0.796 0.417 1.042 1.000 0.150 0.064
0.500 TCT 1.000 0.500 1.250 1.200 C.150 0.064
0.936 TCT 1.872 0.936 2.340 2.246 0.150 0.127
2.000 TCT 4.00 =« 2.000 5.000 4.800 0.150 0.127

(‘)The round compact fracture toughness specimen is illustrated in Figure
C-8.
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Figure C-1 Standard Size Tension Test Specimen -- Used in P&W Plant-Specific and SUPCAP Type RI Capsules
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Figure C-2 Subsize Tension Test Specimens -- Used in SUPCAF Type R2 and HUPCAP Capsules
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Figure C-4 Charpy V-Notch Specimens Used in B&W Plant-Specific and SUPCAP Capsules
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Figure C-5 Charpy V-Notch Specimen Used in Westinghouse Plant- ifi ]
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Fiqure C-6 Charpy V-Notch Specimens Usad in HUPCAPS
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Figure C-7 Rec*angular Compact Fracture Toughness Specimens --
Sta, .ard Proportions and Modifications for

Mecsurement of Displacement at Load Line
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Figure C-8 Round Compact Fracture Toughness Specimens -- Dimensions and
Modification for Measurement of Displacement at Load Line
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Figure C-11 Geometry of Side Grooves for 0.936 TRCT Specimen
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APPENDIX D

MIRVP Plant-Specific Capsule Type Designations and Contents
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Table D-1. Materials and Specimens in Surveillance Capsules of Oconee Unit 1

—taterial Description m
Ivpe 1 - Capsules OCI-A. -C. -
Weld metal, WF-112 B 8
HAZ

Heat C3265-1, longitudinal 0 8
Beltline base metal, plate

Heat C3265-1, longitudinal 4 8

transverse 0 o

Correlation, HSST plate 02 0 -}

Total per capsule 3 36
Ivpe 11 - Capsules OCI-B, -D. -F
HAZ

Heat C2800-2, longitudinal 4 10
Beltline base metal, plate

Heat C2800-2, longitudinal 4 10

transverse 0 8

Correlation, HSST plate 02 0 -]

Total per capsule 8 36
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Jable D-2. Materials and Specimens in Surveillance Capsules of Oconee Unit 2

~JMaterial Description m
Ivpe 1 - Capsules OCII-A, -C, -E
Weld metal, WF-209-] B 8
HAZ

Heat AAW163, longitudinal 0 8
Beltline base metal, forging

Heat AAW163, longitudinal 4 8

transverse 0 4

Corre'ation, HSST plate 02 0 8

Total per capsule 8 36

. ] 1-B. -D, -F

HAZ

Heat AWG164, longitudinal 2 10
Beltline base metal, forging

Heat AWG164, longitudinal < 10

traisverse 0 8

Correlation, HSST plate 02 0 8

Total per capsule 8 36

s Babcock & Wilcox
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Table D-3. Materials and Specimens in Surveillance Capsules of Oconee Ynit 3

Iype V - Capsules OCIII-A, -C. -E
Weld metal, WF-209-1 2 12
HAZ

Heat A ANK191, longitudinal 0 12

Beltline base metal, forging

Heat A ANK191, longitudinal 0 9
transverse 2 12
Heat B AWS182, transverse 0 »)
Total per capsule 4 54
T V] - ]
Weld metal WF-209-1 2 12
HAZ
Heat A ANK191, longitudinal 0 12
Heat B AWS182, longitudinal 0 6
Beltline base metal, forgings
Heat A ANK191, longitudinal 0 0
transverse 2 12
Heat B AWS192, longitudinal 0 0
transverse 0 6
Correlation, HSST plate 02 0 b
Total per capsule 4 54
D-4
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Table D-4. Matarials and Specimens in Surveillance

Material Description

Iyoe 1 - Capsules TMI1-A, C. €

Weld metal, WF-25
HAZ

Heat C2789-2, longitudinal
Beltline base metal, plate

Heat C2789-2, lungitudinal
transverse

Correlation, HSST plate 02

Total per capsule

Ivpe Il - Capsules TMI1-B, -D.-

HAZ
Heat C3307-1, long‘tudinal
Beltline base metal, plate

Heat C3307-1, longitudinal
transverse

Correlation, HSST plate 02

Total per capsule

D-5

Capsules ¢f Three Mile Island Unit 1

N f imer
lension Charpy
4 8
0 8
4 8
0 4
0 .-}

8 36

4 10

4 10

0 8

0 8

8 36
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Table D-5. Materials and Specimens in Surveillance

Capsules of Crvstal River Unit 3

lension

~Material Description
Iype 111 - Capsules CR3-A, .C. -f
Weld metal, WF-209-1 2
HAZ
Heat (4344-1, transverse 0
Heat C4344-2, transverse 0
Beltline base metal, plate
Heat C4344-1, transverse 2
Heat (C4344-2, transverse 0
Correlation, HSST plate 02 Q
Total per capsule B
1 . 1 -B, -D, -
Weld metal, WF-209-1 2
HAZ
Heat C4344-1, transverse 0
Beltline base metal, plate
Heat C4344-1, transverse 2
Total per capsule 4
D-6

12

12

12

36

No. of Specimens
Q»Qrpx

0.5 1CT
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Table D-6. Materials and Specimens in Surveillance

Capsules of Armsn_Am_e.u:_QaL_un_Ll

—JMaterial Description fﬁﬁ}}ﬁﬁ‘sﬂgﬁifﬁféay
Type I - Capsules AN1-A, -C. -f
Weld metal, WF-193 B 8
HAZ

Heat C5114-1, longitudinal 0 8

Beltline base metal, plate

Heat C5114-1, longitudinal 4 8
transverse 0 <
Correlation, HSST plate 02 0 8
Total per capsule 8 36
Ivpe 11 - Capsules AN1-B. -D. -F
HAZ
Heat C5114-2, longitudinal ¢ 10
Beltline base metal, plate
Heat C5114-2, longitudinal 4 10
transverse 0 8
Correlation, HSST plate 02 0 8
fotal per capsule 8 36
o Babcock & Wilcox
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Table D-7. Materials and Specimens in Surveillance

£

iption

Type 111 - Capsules RS]-A,

3

P

it l

NO.
Tension Charpy 0.5 1CT

-£

Weld metal, WF-193
HAZ

Heat (5062-1, transverse
Heat C5070-1, transverse

Beltline base metal, plates

Heat C5062-1, transverse
Heat C5070-1, transverse

Correlation, HSST plate 02
Total per capsule
T & .
Weld metal, WF-193
HAZ
Heat C5062-1, transverse
Beltline base metal, plate
Heat C5062-1, transverse

Total per capsule

ok

D-8

oo

s O o

12

12

12

36
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Table D-8. Materials and Specimens in Surveillance

Capsules of Davis-Besse Unit 1

No. of Specimens

Tgngign

Material Description
Iype 111 - Capsules TE1-A, -C. -E
Weld metal, WF-182-1 2
HAZ
Heat BCC24]1, transverse 0
Heat AKJ233, transverse 0
Beltline base metal, forgings
Heat BCC24], transverse 2
Heat AKJ233, transverse 0
Correlation, HSST plate 02 0
Toial per capsule 4
b . -F
Weld metal, WF-182-1 2
HAZ
Heat BCC241, transverse 0
Beltline base metal, forging
Heat BCC241, transverse 2
Total per capsule 4
D-9

12

12

12

36

fharpy Q.5 TCT
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Table D-9. Materials and Specimens in Surveillance
Capsules of R, E. Ginna Unit 1

—Material Description m
Iype 1 - Capsules V. R, T
Weld metal, SA-1036 3 10 3
HAZ, Heat 125P666 0 0 0
Beliline base metal, forgings
Heat 125P666, longitudinal 3 10 3
Heat 1255255, longitudinal 3 10 3
Correlation,
SA 302 Gr. B 0 .- 0
Total per capsule 9 48 9
Tvpe 11 - Capsules N, P, §
Weld metal, SA-1036 3 12 3
HAZ, Heat 125P666 0 12 0
Beltline base metal, forgings
Heat 125P666, longitudinal 3 12 3
Heat 1255255, longitudinal 3 12 3
Total per capsule 4 48 9
i Babcock & Wilcox

8 McDermott company



Table D-10. Materials and Specimens in Surveillance

Capsules of Point Beach Unit )

——tiierial Description

r iption Tension Charpy WOl

Lope 111 - Capsules T 4 ¥
We'd metal, SA-1263

HAZ, Heat AS8])
Beltline base meta), lates

Heat AS811, Tongitudinal
Heat (1423, longitudinal

Correlation,
SA 302 Gr. B
Tota) per captule
Iype IV - Capsyles P § S
Weld metal, SA-1263
HAZ, heat A98])
Beltline base metal, plates

Haat ASBl11, longitudinal
Heat (1423, Tongitudinal

Correlation,
SA 302, Gr.B

Total per capsule

R

S o

48

& e

oo
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Table D-10., Materials :nd Specimens in Surveillance

—titeria) Description

Type 1V - Capsyule N
Weld meta) SA-1263

HAZ, heat ASEi)

Beltline base metal, plates

Heat ASB11, longitudina)
Heat (1423, longitudinal

Correlation,
SA 302, Gr. B
Total per capsule
Lpe 111 - Cupsule R
Weld metal, SA-1263
HAZ, heat AS81I
Beltline base metal, plates

Heat AS811, longitudinal
Heat C1423, longitudina)

Correlation,
SA-302, Gr. B

Total per capsule

D-12

nit 1 (Cont d)
No, of

Tension WOL
0 3 0
0 8 0
4 12 4
5 12 5
o B 0
v 48 “
2 8 2
0 8 0
4 12 4
3 12 3
0 B Q
o 48 B
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Table D-11. Materials and Specimens in Surveillance

Lapsules of Point Beach Unit 2
No. of Specimens
—-tateria) Description  Temiion  Charpy WL
Lpe ¥V - Capsules R, S & ¥
Weld metal, WF-193 3 8 3
HAZ, Heat 122W195VA] 0 8 0
Beltline base metal, forgings
Heat 122W195VA], longitudina) 3 12 3
Heat 123VS00VAL, longitudina) 3 12 3
Correlation, HSST plate 02 0 B Q
Total per capsule 9 48 9
Type 1V - Capsules N. P & T
Weld metal, WF-]193 8
HAZ, heat 122W195VAl 0 8 0
Beltline base metal, forgings
Heat 122W195VA) 5 12 5
Heat 123VS00VA] B 12 B
Correlation, HSST plate 02 0 2 0
Tota) per capsule $ 48 9
(it Babcock & Wilcox
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Weld meta), SA-1526
HAZ, Heat (C44]15-1
Beltline base metal. plates

Heat C4326-1, longitudial
Heat Cd415-1, longitudinal

Correlation, HSST plate 02

Total per capsule

Type VII - Capsules T. V. X, &2

Weld metal, SA-1526

HAZ, Heat C4415-1, longitudina)

Beltline base metal, plate
Heat C4415-1, lorgitudina)
Corrolation, HSST plate 02

Total per capsule

D-

14

s o rere

o

Lharpy  MOL
0 0
0 0

10 3
10 3
- Q
28 6
13 2
8 0
g8 2
B 0
32 4
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lable D-13. Materials and Specimens in Surveillance Capsyles of Surry Unit 2

T g g

—lterial Description
- ! /

Tvpe VIII - Copsules X, W, Y, & S

Weld metal, (Rotterdam)
HAZ, Heat (433%-)
Beltline base metal, plates

Heat (4339-1, longitudinal
transverse

Correlation, HSST plate 02
Tota) per capsule

Type VIII - Capsules T & UV

Weld metal, (Rotterdam)

HAZ, Heat (C4339-)

Beltline base metal, plates

Heat C4339-1, longitudinal
transverse

Correlation, MSST plate 02
Total per capsule

Iype 1X - Capsules Y & 2

Weld metal, (Rotterdam)

HAZ, Heat (4339-]

Beltline base metal, plates

Heat C4339-1, longitudinal
transverse

Correlation, HSST plate 02

Total per capsule

D-1%

Rl o o~ =~ o N o

&S o o™~

10
10

44

10
10

L)

10

10

44

L o a0 O

O~ OO
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Table D-14. Materials and Specimens in Surveillance

~—~Aleria) Description

Ivpe VI - Copsules S, U W, Y, &2
Weld matal, $A-110]

HAZ, Heat 123P461VA-)

Beltline base metal, forgings

Heat, 123P461VA-1, longitudinal
Heat, 1235266VA-1, longitudina)

Correlation, SA 302, Gr.B
Total per capsule

Iype VII - Capsules V & X

Weld metal, SA-1101

HAZ, Heat 123P461VA-)

Beltline base metal, forgings

Heat 123P461VA-1, longitudinal
Heat 1235266VA-1, longiduainal

Correlation, SA 302, Gr.B
Total per capsule

Type VII1 - Capsule 1

Weld metal, SA-1101

HAZ, Heat 123P461VA-)

Beltline base metal, forgings

Heat 123P461VA-], longitudinal
Heat 123S266VA-], longitudinal

Correlation, SA 302, Gr.B

Total per capsule

D-16

Point Unit 3

‘ NQ, QI §ngc1mens
lension Charpy WOl

0 0 0
0 0 0
2 10 2
2 10 3
g B 0
4 28 3
2 8

0 8 0
0 0 0
2 8 2
0 8 0
4 32 )
2 8 2
0 8 0
2 ¢ 2
0 0 0
0 8 Q
4 32 4
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Table D-15. Materials and Specimens in Surveillance

Capsules of Turkey Point Unit &

—tateria) Description

Ivpe V1 - Copsules S. U W, Y. 82
Weld metal, SA-1084

HAZ, Heat 123P4B1VA-]

Beltline base metal, forgings

Heat 123P4BI1VA-1, longitudinal
Heat 122S180VA-1, longitudinal

Correlation, HSST plate 02
Total per capsule

lvpe VII - Capsules V, X, & 1

Weld metal, SA-1084

HAZ, Heat 123P481VA-]

Beltline base metal, forgings

Heat 123P481VA-1, longitudina)
Heat 122S180VA-1, longitudinal

Correlation, HSST plate 02

Tota)l per capsule

D-17

Jlension

S 1O rorn

s O ~Nno

-specimens
Lharpy wOL
0 0
0
10 3
10 3
£ Q
28 6
8 ¢
0
0 0
8 2
- 0
32 4
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Iable D-16. Materials end Specimens in Syrvie)lance Capsules of Zion Unit 1

—laleria) Description
Tvpe VIII - Capsules S, V. W, B X
wWeld meta), WF-208-)

HAZ, Heat B7835-)

Beltline base metal, plates

Heat B7835-1, longitudinal
transverse

Correlation, HSST plate 0f
Total per capsule

Type VIII - Capsyles T 8 U

wWeld metal, WF-208-1

HAZ, Heat B7835-)

Beltline base metal, plates

Heat B7835-1, longitudinal
transverse

Correlation, HSST plate 02
Total per capsule

Lype IX - Capsules Y & 2

Weld metal, WF-209-1

Beltline base metal, plates

Heat B7835-1, longitudinal
transverse

Correlation, HSST plate 02

Total per capsule

D-18

IEEE* Lharpy WOl

2 8 0
0 8
0 10 0
4 10 B
{ . 9
L 44 4
8 0
0 8 0
2 10 B
0 10 0
g S 0
B 44 B
4 8
0 8 0
2 10 0
0 10 0
0 8 g
B 44 -
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»

Weld metal, WF-208-)
HAZ, Heat C4027-)
Beltline base metal, plate

Heat C4007-1, Tongitudinal
transverse

Correlation, HSST plate 02
Total per capsule

Iype VIII - Capsules T, & U

Weld metal, WF-208-1

HAZ, Heat C4007-)

Beltline base metal, plate

Heat C4007-1, longitudina)
transverse

Correlation, HSST plate 02
Total per capsule

Ivpe 1X - Capsules Y. & 2

Weld metal, WF-209-1

HAZ, Heat (C4007-1

Beltline base metal, plate

Heat C4007-1, longitudinal
transverse

Correlation, HSST plate 02

Total per capsule

0-19

> o o ro £~ © n o

s 0 o

Charpy WOL
£ 0
8

10 0
10 4
- 9
44 4
8 0
g 0
10 2
10 0
B 0
44 4
8 [}
8
10 0
10 0
-] Q
44 4
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APPENDIX E

Status of Surveillance Capsules
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Table E-1, Summary Status of the B&W Surveillance Capsules

Weld Fluence
Capsule Metal/ Status/ Expected/ Estimaled
D Compacts Location Target Received Time of Removal Comment s
0C1-F No/No Tested - - 5.7TE17 -- Reported in BAW-1421, Rev. 1:
corrected in BAW-1436
0C1-E Yes/No Tested -- 1.5¢18 -- Reported in BAW-1436
0oCl-8B No/No Removed 4 418 7.0€E18 - - Held in storage
0C1-A Yes/No Tested -~ 9.0£18 - - Reported in BAW-1837
0ocl-C Yes/No Tested -~ 9.9£18 - - Reported in BAW-2059
0C1-D No/No Holding 1.0E19 1.1€19 CR3-cycle 13
0Cc2-C Yes/No Tested -~ o417 -- Reported in BAW-1437
0C2-A Yes/No Tested -- 3.4¢18 - - Reported in BAW- 1699
0C2-B No/No CR3 w7 5.8£18 5.8(18 CR3-cycle 7
0C2-E Yes/Ro Tested -~ 1.2€19 -~ Reported in BAW-2051
0c2-o No/No Holding 9.6£18 1.0E19 CR3-cycle 12
™ 0C2-F No/HNo Holding 9.6E18 1.0€19 CR3-cycle 11
~
0C3-A Yes/No Tested -- 7.4E17 -~ Reported in BAW-1438
0C3-8B Yes/No Tested -= 3.1818 -~ Reported in BAW-1697
0C3-C Yes/No CR3-WX S.6E18 8.6E18 CR3-cycle 8 -—-
0C3-0 Yes/No CR3-¥X i.6E:° 1.5€19 CR3-cycle 7
0C3-E Yes/No Holding 1.6E19 1.6E19 CR3-cycle 12
0C3-F Yes/No CR3-7Y 1.6E19 1.6E19 CR3-cycle 13
T™I1-E Tes/No Tested -~ ]1.0E18 -~ Reported in BAW-1439
T™I1-B No/No CR3-XW 4.0E18 4.2€18 CR3-cycle 7
- T™Ii-C Yes/No Tested -- 8.7¢18 -- Reported in BAW-190]
z TMI1-A Yes/No Removed 8.0t18 1.6£18 -- Held in storage - reported in
g BAW-2042
§ T™I1-D No/No Holding 8.0E18 1.0£19 CR3-cycle 11
e T™MI1-F No/No Holdina 8.0¢18 7.1£:i8 CR3-cycle 8 e
% g (R3-B Yes/Yes Tested -- 1.0E18 -- Reported in BAW-1679 and BAW-1718
3 { CR3-C Yes/No Tested . 6.6£18 - Reported in BAW- 189G
P CR3-D Yes/Yes Tested -- 7.5€i8 - - Reported in BAW-i8959 and BAN-19]14
CR3-F Yes/Yes Tested -~ 1.1E19 -- Reported in BAW-2049
CR3-A Yes/No CR3-7Y 1.1E19 i.1E19 CR3-cycle 8
CR3-t Yes/No CR3-XW 1.1€19 1.1E19 CR3-cycle 8
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Table £-1. Summary Status of the BEW Surveillance Capsules (Cont'd)
Weld Fluence
Capsule Metal/ Status/ Expected/ Estimated
_ 1D Compacts location Target Received Time of Removal Comment s
ANI-E Yes/No Tested -- 7.3E17 -- Reported in BAW-1440
AN1-B No/No Tested -- 4.3E18 -- Reported in BAW-1698
AN]-A Yes/No Tested -- 1.0E19 -- Reported in BAW- 1836
ANi-C Yes/No Tested - 1.5€19 - - Reported in BAW-2075
AN1-D No/No PB1-Y7 9.8t18 9.5E18 DBl -cycle 6
IN]1-F No/No DB1-YX 9.8E18 9.9¢18 DBl -cycle 7
RS1-B Yes/Yes Tested -- 4.0E18 -~ Reported in BAW-1702 and BAN- 1720
RSI-A Yes/No Removed 5.3E18 7.2¢18 -~ Held in storage
RS1-D Yes/Yes Tested -- 6.6E18 - - Reported in BAW-1792 and BAW-1793P
RSI1-F Yes/Yes Tested -- 1.4E19 -- Reperted in BAW-2074
aS1-C Yes/No Removed 8.9¢18 1.1€19 -- Held in storage
RSI-E Yes/No Removed 8.9t18 1.3E19 -- Held in storage
™
- TEL-F Yes/Yes Tested -- 2.0£18 -- Reported in BAW-1701 and BAW-1719
TE1-B Yes/Yes Tested -- 5.9£18 - - Reported in BAW-1834 and BAW- 1867
TE1-A Yes/No Tested -- 1.3€19 -~ Reported in BAW-1882
TEL1-D Yes/Ves DB1-XW 1.1E19 1.3E19 DBl-cycle 6
TE1-C Yos/No DB1-YX 1.1E19 1.9€19 DB! -cycle 6
TELl-E Yes/No DB1-7Y 1.1E19 1.7€19 DBl-cycle 11
CR3-161 -- Tested - 6.1¢18 -- Reported in BAW-1910P
CR3-162 - - CR3-W7 1.7€19 1.7€19 CR3-cycle 9
- DB1-16G1 -- Tested -- B8.3Ei8 -- Reported in BAW-1920P
£ DB1-162 -- DB1-7Y 2.2E19 2.1E19 DBl -cycle 11
-4 TMI2-16G1 -- CR3-YZ 8.0£18 9.8€18 CR3-cycle 12
3 MI2-162 -~ CR3-Y7 1.7¢19 1.9€19 CR3-cycle 9
-
< g Al .- DBi-¥7 3.0£19 3.2€19 D81-cycle 17
= A2 ca CR3-¥X 3.0£19  3.0€19 CR3-cycle 18 vics
i3 A3 - DBI-YZ 17619 1.7619  DBi-cycle 12 ---
= A4 -- CR3-YX 3.0E19 3.0E19 CR3-cycle 18
AS -~ DB1-YX 1.7€19 1.7€19 DBl-cycle 12
L -~ DB1-W7 1.7¢€19 1.7€19 D81-cycle 12
L2 -- DB1-W7 1.7€19 1.7€19 DBl-cycie 12 --




Weld

Capsule Metal/

iD WOL's

REG-N Yes/Yes

REG-P Yes/Yes

REG-R Yes/Yes

REG-S Yes/Yes

REG-T Yes/Yes

REG-V Yes/Yes

PBI-N Yes/Yes

PB1-P Yes/No

PBI-R Yes/Yes

PR1-S Yes/No

Y PB1-T Yes, Yes

i PB1-V Yes/Yes
PB2-N Yes/No

PB2-P Yes/No

PBZ-R Yes/Yes

PB2-S Yes/Yes

PB2-T Yes/No

PB2-V Yes/Yes
S1-§ No/No

Si-1 Yes/Yes
z S1-U No/%o

4

é Si1-¥ Yes/Yes

2 S1-W No/No
(<]

§ g S1-X Yes/Yes

3 }f S1-¥ No/No
=
Si-7 Yes/Yes

Current
recztion
330+

239
Tested
330
Tested
Tested

33°
23°
Tested
Tested
Tested
Tested

33°
23°
Tested
33°
Tested
Tested

25°
Tested

45°

Tested
Tested

25°
350*

25°

Fluence

Target

4.0E19

4.0E19

Z.8E19
4.0E19

3.9€19

Expected/
Received

Standby

4.1E19
1.2€19
Standby
1.8€19
6.0E18

Standby
31.9€19
2.2E19
7.6E18
2.1E19
5.4E18

Standby
4. 1819
2.4E19
3.1E19
9.2f18
6.8€18

Standby
2.8£18

Standby

1.9€19
4.0E18

Standby
standby

standby

Estimated
Time of Removal

Cycle 26

Table E-2. Summary Status of the Mestinghouse Surveillance Capsules

Comment s

Iraasfer.Io new position when

possible

Reported
Reported
Reported

Reported
Reported
reported
Reportied

éevorted
Reported
Reported

Reported
includes

in WCAP-8421

in WCAP- 10086
in W report dated 3/73

in WCAP-9357
in WCAP-8739
in WCAP-10736

ir BCL report dated 6/73

in WCAP-9635

in WCAP-933]

in BCL report dated 6/75

in BCL report dated 6/75,

WOL

!rau@fer‘;o now position when

possible

Reported in WCAP-11415
Reported in BCL-585-8R, only

dosimetry evaluated

possible

Iransfer.;o new position when



Table £-2. Summary Status of the Westinghouse Surveillance Capsules (Cont’d)
weld Fluence
Capsule Metal/ Current Expected/ Estimated
1D WOL's Location Target Received Time of Removal Comment s
$2-S Yes/No 459 3.4E19 Standby -- Transfer to new position when
possible**
S2-T Yes/No 359 3.4€19 Standby -- Transfer {o new position when
possible
SZ-u Yes/No 25° 3.4£19 Standby -=
52-V Yes/No Tested -~ 1.9€19 - Reported in WCAP-11499
SZ2-W Yes/No Tested -- 6.0E18 - - Ruported in BCL-585-026, only
dosimetry evaluated
SZ2-X Yes/No Tested -- 3.0E18 - - Reported in BCL report dated
September, 1975
S2-¥ Yes/Yes 259 2.7E19 Standby -- ---
$2-1 Yes/Yes 35% 3.4E19 Standby -- Transfer_fo new position when
A possible
P3-5 No/No Tested -- 1.4¢E19 -- Reported in SWRI-02-5131
Ww3-1 Yes/Yes Tested -- 5.7E18 -- Reported in WCAP-863]
7P3-u No/No 30° -- Standby -- -
iP3-¥ Yes/Yes Tested -- 1.2E19 -- Reported in SWRI-06-8575
P3-w No/No 40° -- Standby -~ --
P3-X Yes/Yes 40° 2.8E19 2.8€19 Cycle 24 Transfer_{o new position when
possible
P3-¥ No/No 30° s Standby s -
TP3-7 No/No 30° -- Standby -=
% TP4-S  No/Ne Tested - 1.2€19 -- Reported in SWRI-02-5380
g a1 Yes/Yes Tested - 6.0E18 .- Reported in SWRI-02-4221
0 TP4-U No/%o 30° -~ Standby -- -
3 TPa-y Yes/Yes  20° 2.3E19  2.5€19 Cycle 17 Transfer_{o new position when
Y possible
2 g TPa-W No/No 40° -~ Standby -- ---
§ P4-X Yes/Yes  40° - Standby e Transfer_{o new position when
2 § possible
M TPa-Y No/No 309 - Standby .=

TPe-7 No/No 409 - Standby -



fable £ 2. Summary Status of the Westinghouse Surveillance Capsules {Cont’'d}

Weld Fluence
Capsule Metal/ Current Expected/ Estimated
iD WOL's Location Target Received Time of al Comment s
71-S Yes/No 40 1.5€19 standby -~
I1-7 Yes/No Tested - 2.8E18 -- Reported in BCL-585-4
19 Yes/No Tested - - 8.9t18 -- leported in WCAP-9890
I1-v Yes/No 40 1.5€19 standby --
71-W Yes/No 4° 1.5€£19 standby - Irnsfer o new position when
vossnblo
71-X Yes/No Tested -- 1.4819 -- Reported in SWRI-06-7484-001
I1-¥ Yes/Yes Tested - 1.8€19 -- Report to be published
71-1 Yes/Yes 40 2.2619  2.2619 Cycle 21 ‘ransfer_to new position when
vossible
o 12-S Yes/No &0 1.5€19 Standby -- ---
& 12-1 Yes/No Tested -- 9.8E18 -- Reported in SWRI report dated 7/83
12-U Yes/No Tested -- 2.0E18 -- Reported in BCl-585-4
2-¥ Yes/No 4° 1.5€19 Standby --
I2-M Yes/No 40 1.5€19  Standby --
12-X Yes/No 40 2.2€19 Stindby -s Transfer {o new posistion when
possible
12-Y Yes/Yes Tested -~ 1.8€19 -- Report to be published
12-1 Yes/Yes  4° 1.5£19  Standby -- Transfer_fo new position when
possnble
S2-¥Wl -- i5° 1.0£19 1.1€19 Cycle 17 HUPCAP installed ia S2 at EOC-10

*All location are shaw as, relative synetncal positions and are not always absolute, eq. 0°
is equivalent to 90 180° , or 270°.

**Fluence values indicated are projected to end of license. Shuffiing may be necessary to maintain the
iead tactor.
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APPENDIX F

Estimated End-of-Life Reference Temperature and
Upper Shelf Energy Information
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The estimated end-of-11fe reference temperature and Charpy upper shelf energy
information is provided for plant-to-plant comparisons and to evaluate the
surveillance needs for each plant. A))1 specific information and calcula-
tional results are presented on Tables F1-F17. The bases for the tabular
information are presented below,

Material ldentification - A1) weld numbers and locations were verified by
reviewing BAW Mt. Vernon QA records. The materials included conform to the
beltline definition of JOCFRS0, Appendix G.(z) Those welds in Westinghouse-
design vessels that were not fabricated by BAW are so noted.

&n:misnl_ggmnnsilinn - The listed weld metal compositions were obtained from
B

AN-ISOO( ) in most cases. The exceptions are: 1) certain welds (referred
to as Category 3 welds in BAW-1500) for which additional information was
evaluated with the data in BAW-1500. This re-evaluation will be reported in
a revision to BAH-ISOO.(lls) 2) The nickel concentration listed for SA-1101
is 0.60 wt. % The listed nickel value is based on an evaluation performed
by the Florida Power and Light Co. and has been the subject of a Safety
Eveluation Report(los). This value agrees closely with the 0.61 wt. % value
reported in BAW-1500 and therefore has been adopted in the following tables.
The atypical weld composition was obtained from BAH-]OIGCA.(IOI)

Inside Surface Neutron Fluence - The peak end-of-1ife IS fluences are listed

below. For the B&W-design vessels, the fluences were obtained from plant
specific reactor vessel fluence analysis reports compiled in B&W document 51-
1174025.00.(109) For the Westingnouse-design vessels, the fluences were
obtained from applicable Westinghouse reactor vessel fluence reports or
determinations by the Owner; this is footnoted in the tables.

F-2
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Mot heral tusved . Liesste teewd Unpiretten 15 fivsate wrial H™) o
Oconee - | November €, 1967 February 6, 1973 MNovember €, 2007 102619
Oconee -2 November 6, 1967  October 6, /973 November 6, 2007 9.87618
Oconee -3 November 6, 1967 July 18, 1974 November &, 2007 1.56019
™) May 18, 1068 April 19, 1974 May 18, 2008 7.96018
Crystal River-3 September 25, 1968 December 3, 1976 September 25, 2008 1.06619
AKO - | December 6, 1968 May 21, 1914 December 6, 2008 975018
Rancho Seco October 1), 1968 August 16, 1974 October 1), 2008 8.87E08
Davis-Besse Merch 24, 197) April 22, 191 Varch 26, 2011 110619
R.E. Ginna Apric 25, 1966 September 19, 1969 Apri) 25, 2006 4. Jo01s
Point Beach-) July 19, 1967 October §, 1970 July 19, 2007¢ 245018
Point Beach-2  Jul, 25, 1968 May 26, 1972 July 26, 2008 2.58619
Surry-| June 25, 1968 May 25, 1972 June 25, 2008 3.96E19%
Surry-2 June 25, 1968 January 29, 1873 June 25, 2008 343019
Turkey Point-3  April 27, 1967 July 19, 1972 hpril 27, 2007 279019
Turkey Point-4&  April 27, 1967 April 10, 1973 April 27, 2007 2.706)%
Zion-1 December 26, 1968  April 6, 1973 December 26, 2008 1.706)9
Zion-2 December 26, 1968  November 14, 1973  December 26, 2008 1.80E19

*License expiration detes are now October §, 2010 and March B, 2013 for Point Beach Units ) and 2,

respectively as License Amendment No

107 has been approved.

**Surry Unit ] fluence 1s calculated at 26.8 EFPY and Surry Unit 2 is calculated at 29.4 [FpY

The fluences shown for the welds in the B&W-design reactor vessels (Tables F-
1 through F-8) were obtained by multiplying the peak IS fluence by the
spatial fluence factors given in BAW-1485, Revision 1.(ll°) For the Westing-
house-design planrts (Tables F-9 through F-17), the spatial fluence factors

were determined from the plant specific fluence evaluaticn reports,

Fluence

tttenuation to the quarter-thickness location was performed in accordance
with the rules of Regulatory Guide 1.99, Revision 2.'11) 1able F-18 shows
the fuel management schemes that were utilized in the fluence projection

calculations,
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Initial RYHDI and Margin

The initia) RTNDT values were obtained from 8AN-]803(’°°) and the margins
were calculated 1in accordance with the rules of Regulatory Guide 1.99,
Revision 2.

Adjusted RTy,.

In asccordance with the rules of Regulatory Guide 1.99, Revision 2. the
estimates of end-of-1ife adjusted RTNDT were obtained b taking the sum of
the initial R’NDT' the delta RTNDY' and the margin. The delta RTNDI is
calculated by multiplying the fluence factor (a function of the fluence) by
the chemistry factor (a function of the copper and nicke) contents).

Atvpical Weld
In the instance of the atypical weld, the adjusted RTNDT was determined in
accordance with an NRC recommendation which is preserted in BAW-10144A.

Meper-She'f Energy
The estimated end-of-1ife quarter-thickness upper-shelf energy was calculated
in accordance with the rules of Regulatory Guide 1.99, Revision 2, and the

method of BAW-1803. [Initial upper-shelf energy is estimated in accordance
with BAW-1803.
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Table F-1. Reactor Vessel Weld End-of-Life (32 EFPY) Fracture
Toughness Evaluation Data Summary for Oconee Unit @)

Ad o tod
initial Reforemce (L] Il-'
Chemical Newtron | luence Toughne s (b}
(-osl!’. (n/cw’) Tomper atare ) Fstimated T/8 §ON U0
(wtx) e AR [ T e —— umal (1t )
weld i et gl ] P IR &
Porpmboc v Weid Location w Wi Swrface 174 1 3B serface T4 (FL1B) RG99 B7  BAN 1883
SE- 1135 NB/IS 0.2%5 0.5 1.8618 9.6617 (3 a8 o9 1% 70 5 5
SA-1229  1S/8S (Inside 61%) 626 061 7818 e M8 - w8 P&l 20% 70 4 s
w25 IS/US (Dutside 39%) 0.3 068
SA 1585 USALS 0.21 2.5% 10619 60618 s w8 724 201 i 4 w4
w9 15/Dut chman 0.21 0.5 S TME 3 &6 3 =3 0
- SA 1073 15 Lengitudinal (both) 0.2! G664 61618 3 718 B &2 208 185 w s1 83
L
e SA 1433 US- longitudinal (both) 020 05 7458 458 & &8 201 IR0 70 51 62
SA- 3430 15 -longitedinal (both) 0.20 05 9118 5 S618 * o8 21w 188 i 56 63
SA - [ 210 1a8 e %0 63

1476 15 lomgitedinal 0.20 055 9.1t18 5518

(*)paw 2050, October 1988 (2%
®) pegulatory Guide 1.99, Rewision 1, May 198 {111

“aaw 1820, Decesber 1986177} ang saw 1799, Juiy 1983'17) g naw 1500, Revision 1 (1Y)
“"m 1803, Revision | (100)
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XOJIM 7 H200qeq



Table F-2. Reactor Vessel Weld End-of-Life (32 EFPY) Fracture

Toughness Evaluation Data Summary for Oconee Unit Z(‘,
Adjusted
initial Beforome o l‘l-,
Chemical Newtron | juence T ughne s i
Compasftpe (n/cw’) Tomperature o5
‘m < e — ———— 7.',.‘ i it
weid T ieside oo, iy
Nomber Weld Location o Wi Serface  I/4 o5 )19) (%0} surface 174
w158 MR/US 031 0% 7.3k 4.8 B 68 241 71e
w25 vs/Ls 035 068 96i18 5 BEIR ® 52 783 751
w12 031 05 S 3216 i o8 % 72

LS/ Dut chman

(Dgnw 2051, october 1988 179

-y . . (i
Regulatory Guide 1 95, Revision 7, May 1988

(“Poay 1820, December 1984177} sng Baw- 1799, Juiy 193 1717

94

) yaw 1803, Revision 1 {199

Auedwo) 110WIIC)OW ¢

XOJIM ¥ M202qeg

i

{fr )

%
g
1o

fstwmated /4
{ft )

R 199 W2

"

LE

oL usk

e
54



L=4

Auedwo) 110w A vy @

XOJIM ? N20d2qeg

Weld
Numbor

W -2%
w67
w70

LUER L

Table F-3. Reactor Vessel Weld End-of-Life (32 EFPY) Fracture (a)
Toughness Evaluation Data Susmary for Oconee Unit 3

Adjusted
initial Reference o ﬂ.'
n-.ual qu- Towghne s 5 ta)
l“u (n/( w.vratwe Pl) Fstimated 1/4 R WSE
l-ﬂ) = = - —— lnr‘a! (W)
<
jnside 1 Rargin inside
Weld Location e W Surface 14 ") ()3 serface T4 (FL) BG 19, ®2 B 1em
NB/US 0.2¢ 083 12913 7 Hie L L] 243 23 0 " 57
US/1S (inside 75%) 024 060 16819 9 i 6 &8 7% 2 70 a“ 52
US/LS (Owtside 25%) 035 0.5

L5/ Dut chman .18 063 BN 52818

“’leoluy Guide 1.99, Revision 2, May 1988 nn

(Plgaw 1820, December 198¢'77) 4ng 8aM 1500, Septesber 1978 (%)

“’w 1803, Revision | (100)

NOTE Values presented in this chart are extremely conservative becawse of high fluences. Fivences wili be recalonlated at mext O 3 capsule
withdrawal and are espected to be reduced by 30%.



Table F-4. Reactor Vessel Weld End-of -Life (32 EFPY) Fract-“’
1

Toughness Evaluation Data Summary for TMI Unit

Weld
Nembe r Wold tocation

w70 NB/US

wos us/Ls

w70 LS/Dutchman (Outside 50%)
w67 (S/Dutchman (Inside 50%)
w8 US Longitudinal (both)

SA- 1494 1S Longitudinal (Outside 63%)

8-4

SA- 1526  iS-longiluwdinal (Inside 37%)

Atypical WS/1S

(gaw 1901, march j0ms 132)

Chemical
Compos ‘x’n

(wix)

Cu N
035 0.5
0.35 068
035 05
0.2¢ 060
0.26 0.5
0.18 0.63
0.35 068
o4 o0

""kguh(ofy Guide | 99, Revision 7, May l”.("”

(“Ipaw 1820, December 198¢'77) ang AN 1799, Juiy 1983

Dgaw 1802, Revision 1. {199}

(®)gnw 101088, February 1980 (19%)

Auedwo) 110w W @
XOJIM\ ¥ ¥x0O3qQeg

Neutron | luence

in/cm’)

incide

Surface i/4
6. 1118 3. M8
B of12 488
4 5616 2.7
B OF18 4 B8
6 7818 40118
6.8 3.7%18

(112) o 8AW 1500, Hevision

Initial Reference

Toughme s
Temper ature
.‘.q Rargie
el Mt e d
L )

[ [

6 68
- hR
L] 8
90'®) sl®!

1. {113)

Adjustod
3 ll.'
ns ide
Surface 1/4
204 Zis
72 240
] L)
205 183
%6 fes ]
774 97

(ft in)

e
o

fstimated 1/4 FO1L USE
l-n’ol
i 2

199 2 SA 802

LR

(ft's)

53
5¢

S5

7




Babcock & Wilcox
& McDermott company

(101) 086! A4ERiGa4 “weniol mve
foot) ! UOVIIASH “cost mvE
(grg) | UOISIAGE G0ST anl pue o, CBI61 Aquaidas “0051 v pue (22)7861 49985030 “6z81 M,

(rpy) 961 Aol °2 woisiaay ‘66 1 apie ;:2.6&..:

(65) 9061 4qwendas ‘6002 v,

t " % 72 e (¥ (4196 SBIv9 6INME 010 O SVSh  (enddyy
9 0s [N B! 602 9 9 SIS Bl e S50 920 {4rq) (eeipniibuol-s  0§S1 ¥S o
]
e [ [ i »ie ) Kl 8IS 61 SS0 o020 teuLpaybue ) sn 81 | e
s B 6L 261 »iz 9 9 8109 6l1301 SS0 wo teuspngibuoy o 8 m
oL U i %9 9 YIWE WS 56 10 w0 /sy ¥l m
£ ¥ oL a8l w? &% 9 BP9 6N &0 SEe Si/sa N
B “y oL e 194 e Kl Bi¥%y 8I3E 190 o (300 apisef) sn/an 61l -vs
90 8to (%09 sp15In0) SA/aN 1 691
O8I mE s ee M (G u) aa wpes i) pylsg) 8/1  ompns g ®) VoL 1e30T Pran R ]
i = e i iy r— apisug i Piom
i »
o ) reiiieg e T —— .LJ..:...
IS 101 8/1 poremi sy _a...o. @un e saduo | {5 /u) 1 sodwo)
P S Souybno | aman! § vosjnay (2 rmoy)
1% 03 R e LR TE ]
]

()€ 31N Jaaty (e3s£4) 40y Aiewmns eje(] uoLjenjeA]
:2.68_ &38& :&:c8:-%-32!.33»;88&.ﬂ-:zz



& McDermott company

Babcock & Wilcox

(001) I woistaay “£08! !—3

fery) ! UOTSIA% To0St mve pue 0661 AEng 6611 My pue (zz)Y96l eqmaa0 0281 WvE,
. .re h
(111) €1 Aoy "2 woisiaay "Ll ot g t.:..r.-z.

o
{op) CSSL WTM TS0 MR, -
- - —_— —_—— e —— ..
MILE ANWS Ko 2o emOING/ST  BBLIL VS
el 39 6t 181 202 9 - 8i19y BIM: S50 Wo pevipnibue) <) gl m
Eel 15 £ 61 002 9 9 BidEr BIR: S50 W teuipnibucy g 81 m
19 i [ 062 852 9 9 SIS SM1EE 69 10 SVSA i
(SN uy oL 60 s 69 K Biisy BI: 906 N0 SA/8N 1281
et e 28 el (4 W) 81t eeaes gty (pylde) i mpes W ") UoLIEI0) Pron Ay
g a WIS ey - prsey I viom
{9 wi _Lz: i e — - 2 (xm)
A0 0/1 peemt i 3.:.. @40 LR b (0 /u) o .?llu
- 5 augbha | amen] | vosynay (e may)
18 03 Saisjay (Piite]
poysalpy

¢ [ Jtuf) ONY 49; Auesmung ejeQ uoLjenjea] ssauybno}
&38: (Ad43 2€) 3j11-j0-pu] piapm (a5sap 40308y G- § a|qey



Tabie F-7. Reactor Vessel Weld End-of-Life (32 EFPY) Fnc“fe Toughness
Evaluation Data Summary for Rancho Seco Unit 1

Adjusted 1

initial Reforence o™ ﬂ-'
Chemical Newtron | juence Youghne s < 5
(ompo- !;u (n/co’) Tomperaturs %) EFstimated 1/6 t00 wSE
(wt)tc G ——— - - - - —_—— hnrl (1)
gera <55 e tnside Wi ergie e vt RPN ;
r— Weld focation n Wi Surface 1/8 )19 o)) Suface T4 (Ft 1B} RG 199, R BAN 180)
w233 MBS 0.29 068 67618 4 008 6 (X 23 718 70 e <9
w1548 UsAs 931 0% B%IB S 3Wie 6 ] 252 774 e " 53
w233 1S/Dutcman 0.29 068 SOII6 30016
w29 ¥S Long .udinal (both) 023 063 7B &7 6 % 225 200 70 e e
w 29 1S longitudinal (100%) 0.23 063 BS8IIB 538 . ] 2% 205 e s “%
T’ w70 15 -longitudinal {inside 73%) 0.35 0.59 8 8618 538 ) “2 6% 35 70 Q 53
—
- w29 LS longitudinai (Ouiside 27%) ©.23 063 S 8EI8 5 3118 - ba 730 PUN ™ 45 “
2 2 e co 72

Atypical 1S longitedinal (inside 73%) 0.1 010 888  S3kw o'

(*gau. 2070, march 1989 (48
v) " ()

Regulatory wuide 1.39, Revision 2, May 1988
(5nz 1820, Deconber 158¢'77) 4ng BAN 1500, Septewber 1978 (%)
Wgaw 1903, Revision 1 {199)
(®lane 101088, February 1980 (191)

v
|
3

:
g.
i




Table F-8. Reactor Vessel Weld End-of-Life (32 EFPY) Fnc}':re Toughness
Evaluation Data Summary for Davis-Besse Unit 1"

Adjusted
Initial Reference o lln'
Chemical Neutron Furne Toughness {a)
fms‘“u (n/cw?) Temperatyre (%) Fstimated T/4 FOL USE
ur(%) — - —_— Inl% ,pl {fL-1s)
weld Inside mwr  Mergis e
Number Weld Location Cu Ni  Surface T/8 o)1) (o5 )(2)  Surface T4 (F1-1) 86 199 B2 AW 1803
WE-232  NB/US (inside 9%) 0.14 069 1.8FI8 : 6 “n 193 70 57¢ 8.
@233 NS/US (Dutside 91%) 0.29 0.68 -- 1.1618 6 68 150 70 52 50
w182 1 US/LS 02¢ 063 1119 66618 s 8 s 29 @™ 53 8
w232 1S/Dutchman {inside 12%) 0.14 069 5.2616

WF-233 LS/Dutchman (Outside 88%) 0.29 068 . 3.70€16

‘*’negumory Guide 1.99, Revision 2, Mey 1988 (111

(AL

"'oan-1820, December 1988177) 4o BAM 1500, September 1978 (%)
(eay 1802, Rovision 1. (190
Dgsu pocument 32115062701 (1Y)

*Inside surface

Auedwod 110wiac)dw @
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Table F-9. Reactor Vessel Weld End-of-Life (32 EFPY) Frac
Evaluation Data Summary for R. E. Ginna Unit 1

"’-e Toughness

Chemical Neutron F
(woslt’oa (n/ciz)
(wtx) (2
Veld T T Inside
Number Seld location (u Ni Surface
SA-1101  NS/ALS 0.26"*0 60 q 5518
SA 847 IS/LS 0.25 0.54 41119
SA- 1779  1S5/Dutchman 0.25 054 1.6f16

(2)gaw 1500, September 1978 (%)
{b)Refer to Turkey Point Umit 3, Table ¥ 18

(avial flux ratio: WEAP 11026, Decesber 1985 {102)

(Mpesk fluence: Private commnication, ¥. S. Galloway, Jr. . RGSE, to A. L. Lowe, Jr.. August 3, joss {115}

(®)gaw 1803, Revision 1 (199}

(”nequhtory Guide 1.99, Revision 2, May 1988 (i)

{5755

/8

3 0818
2. 819

Initial Reference

"ﬂ' Rargin
(o5yle) o5 yti)
10f®)  28t®)
§ 68
6 68

Adjusted
o "UV
n "
inside
Surfae 1/4
194 1722
290 275

Estimated T/4 100 ©SE

|nmau (1 b}
e =" e e =
usE
(Ft 1) RG 199 RZ BAW 1803
55(b} '3 50
70 % 5
0]



Table F-10. Reactor Vessel Weld End-of-Life (32 EFPY) Fracture (a)
Toughness Evaluation Data Summary for Point Beach Unit 1

Ad justied
Initial Reference oL !lm'
Chemical Newtron Vlme Toughnes s (o)
Cmsi*ir (n/cm?)(B.C Temperature (%) Estimated 1/4 00 -USE
(wtz)la ——— S EE i o 3 "'}8' (1 18)
veld S A e Wi Mergin i vk R R T
Numbier Weld iocation Cu N Surface  1/4 (°r)19)  (o5)le)  Surface T/4  (fLb) BG 1 99 B2  BAW 1803
SA-1426  NB/1S 0.20 0.55 27618 1.8618 3 68 160 145 0 54 65
SR-B12  IS-longitudinal (inside 27%) ©.17 0.52 18619 1.2619 3 68 222 708 70 = 60
SA-775  1S-longitudinal (Dutside 73%) 0.19 0.63
SA-1101  IS/LS 0.26(f) os0l” 2 a1 1.6ki9 10lf)  28lf) 236 264 s5(f) 3% 48
SA-847  iS-longitudinal 0.25 0.54 16618 1 1E19 . 68 251 733 70 € 52
SA-110:  LS/Dutchman 0.26!")  o0s0lf) gBrs

() gan-1500, september 1978, (%) 2nd BAN-1500, Revision 1 (113)

21=d

(®axial and asymmetrical flux raties: WCAP 10638, December 1984 (116)
(Ipak fluence: Private commmication, M. F. Moylan, WEPCO to C. J. Wudson, B8N, Janwary 16, 1980 $117)
{')W I1B03, Revision } (100)

(')Reqnhtory Guide 1.99, Revision 2, May I”“”’

(f)Refer to Turkey Point Unit 3, Table F-14

Auedwo) 110U IW @
XOJ{IM 7 ¥20qeg
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Table F-11. Reactor Vessel Weld End-of-Life (32 EFPY) Fracture (a)
Toughness Evaluation Data Summary for Point Beach Unit 2

Weld
Wity Weld Location

ce'?) NE/ 1S
SA- 1484 IS/1S

LS/Dut chman

Chemical Neut 3!
i
(wt%)

Inside
(u L Surface T/4

0.27'% 90' )3 6618 2 4518
026 060 26619 18619
1.0616

(3)4e1d fabricated at Combustion Engineering, Chattanooga, TN

(®)gaw 1500, Septesper 1978 (%)

Initial Reference
Toughness
Temperature

llm‘ Marqgin
on)if)  (o5)la)

i) e
-6 58

e usted
E0L R!."
Inside
Surface T/4
179 156
279 262

k)!shu!od on basis of reactor vessels fabricated by Combustion Engineering at about the same time.

(M arial Flux ratios: WCAP-10638, December 198¢ (116)

(G’Ppn fluence: Private commurication, M. F._ Moylan, WEPCO to ©. J. Hudson, B3N, Janwary 15, 1989 (17

()gay- 1803, January 1983 (199)

M)Requla!'vry Guide 1.99, Revision 2, May l988.“”)

Fstimated 1/8 FOL USE
tnjgje! 1F1-18)

st LR

{(ft-n) R 199 w2 BAW 1803
100'<! 0

70 © 5



Table F-12. Reactor Vessel Weld End-of-Life (32 EFPY) Fracture(a,
Toughness Evaluation Data Summary for Surry Unit 1

Ad justed
Initial Reference (308 I!.'
Chemical Keut ron Dme Toughness (g}
Cmsi“r (n/cm®) Temperature (o5)'9 fstimated 1/8 §00 G5¢
{wt%) = ——— —— mml (Ft 1b)
weld =3 T Inside Wi Margin L de usi A
Homber Weld tocation Cu Ni Surface  1/4 °r)te)  (95)19)  Surface T/4  (Ft-1b) RG 1.99, B2 BAN- 1803
w26'?)  weis 0.0/ g0l0) samis 30018 o' 4o 190 i %' 59
SA-1494 15 Longitudinal (both) 0.18 063 654612 4 0618 6 68 201 181 70 52 57
SA-1585  IS/LS {inside 40%) 0.21 0.59 $.0619 2.5619 2 68 282 265 70 0 52
SA-1650  15/LS (Outside 60%) 8.2} 0.59
SA- 1494  (S-longitudinal 0.18 0.6 6 4618 4.0618 3 €8 201 181 70 52 57

SA-1526 ‘S-longitedinal 0.35 0.6R 6. 4618 4.0618 -6 68 258 229 70 4 55

9T-d

(#)yerd fabricated by De Rotterdamsche Drogdok, Rotterdam, Netherlands
- (®)gay 1909, prvision 1, Awgust 1985 (118)

(r’(shnted value

(d)KM‘ 11415, Febivary 1”7.("'

(®)gau-1803, Revision 1 (190)
(secy 8:-465, Movember 23, 1982 {119
(9) pegulatory Guide 1.99, Revision 2, May j98s (111}

Auedwo) 110w W @
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Table F-13. Reactor Vessel Weld End-of-iife (32 EFPY) Fracture
Toughness Evaluation Data Summary for Surry Unit Z(a)

Adjusted
initial Reference ot Il."
Chemical Neutron Ilme Joughness ta)
(oqon*iga {n/cm?) Temperature or)'9 Estimated 1/4 £ USE
(wtx)b e — —— lm" i {F11h)
S e il R Margin : Q’ -
Weld Incide Ll inside ust
Number Weld Location (u N Surface  1/4 os)(e)  (o5)(9)  Surface 1/8  (ft-1b) BG 199 2 BAN 1803
173742 weas 0.35(9) o 10lc) g8 26018 o' & 90 10 9el) 59
SA-1585 1S-Longitudinal 0.21 0.59 71618 4 5618 -6 R 209 188 e S6 %4
SA-1585 1S Longitudinal (Inside 50%) ©0.21 0.59 7.1618 4. 5618 . 68 709 88 70 50 Y
w4 I1S-Longitudinal (Outside 50%) 0.20 0.55
wies'?) ysss 0.19 0.56 IAE19 2.1619 o e %8 251 9ol 55
_ wr e {5 Longitudinal 0.20 0 55 7.IEI8 45418 6 #8 200 180 79 51 59
LA w4 1S tongitudinal {Inside 63%) ©.20 .55 7.1618 4 5618 3 68 200 180 70 51 59
-3

w8 1S-Longitudinal {Outside 37%) ©.20 0.55

“’Held fabricated by De Rotterdamische Drogdok, Rotterdam, Netherlands
(®)gaw- 1909, Revision 1, August 1986 (118)

(Dgstimates value.

(4 cap 11499, June 1987 {76)
(®)paw 1803, Revision 1. {190}
Fsiey 82-465, Novesber 23, 1982 (119)

N’Pc"mhtmv Guide 1 .99, Revision 7, May 1988 ()

Auedwod 110wiaqow ¢
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Table F-14. Reactor Vessel Weld End-of-Life (32 EFPY) Fracture (a)
Toughness Evaluation Data Summary fer Turkey Point Unit 3

Ad justed
Initial Reference (3¢ Il."
Chemical Negtron flmx Toughness ()
Compos 11 ign (n/em?) D)c Temperature (°f) Sstimated 1/4 EOL USE
{wty) (2 — o ll‘t&’l {ft 1)

Weld 3 T inside Wi Tergie L ide -
Number weld Lecation Cu ni Surface  T/4 (or39)  (o)ie)  Surface T8 (FL-1b) B 199, R? BAW 1803
SA-1484  WB/IS e.2¢ 0.60 3.3618 2.1118 6 68 182 162 0 51 56
SA-1101  IS/LS 0267 os0lf) zsris 18619 wlf)  2al®) 9 mn ssia) 35 ]

SA-1135  LS/Dutchman 0.25 0.54 Z.8E15

(2)gay 1500, Septesber 1978 (%)

B |

®laxial Flux ratios determined from Surry information (both plants being Westinghouse 3-loop PMRs): WCAP 11415, February, 1987 (7%

oo ()peak fluence: Private comsunication, R. 5. Boggs. FPSL tc C. J. Hudson, B8N, July 28, 1988 (120)
(#)gay 1803, Revision 1. {109)
{*)peguiatory Guide 1.99, Revision 2, May 1oag (111

")Sdety fvaluation Report, memorandum, 5. Varga te J W Williams, April 28, l”‘.““)
(Oycap 765 (591

Auedwod JI0WIIQIW ¢
XO2JIM ? ¥20O3qQey



Table F-15. Reactor Vessel Weld End-of-Life (32 EFPY) Fracture (a)
Toughness Evaluation Data Summary for Turkey Point Unit 4

Adjusted
Initial Reference o "Ut
Chemical Neutron 'Mﬁ Toughness )
Compos 1} iy tn/emd) (D)< Temperature or;® Estimated 1/¢ £OL USE
(wtx)id 1 mm: (Ft-1b)
-r S 'nside i Rargin g us -
Humber Weld Lecation u Ni Surface  T1/4 ()19 (oF)(e)  Surface T/0 (L6} B 1.99, RZ BAW 1803
wF-70 NB/1S (Outside 33%) 0.35 0.59
w67 NB/1S {Inside 67%) 0.24 0.60 3.2618 2. 0618 5 68 181 161 70 51 54
SA-1101  IS/LS 0.26{f} os0lf) 271009 17519 10if) 28lf) 292 268 s519) % o
SA-1135  1S/Dutchman 0.25 0.54 27618

(aan 1500, September 1978 {%6)

2 ®axial flux ratios determined from Surry information (both plants being West inghouse 3-loop PWRs): WCAP 11415, February, jeay (7%
{“Ipear fluence: Private commmication, 8. S. Boggs, FPEL to C. J. Wudson, BSM, July 28, 1988 (129)

(Ogau- 1803, Revision 1. (100

(',Requluory Guide 1. 99, Revision 2, May 19&.“”,

(Nsafety Evaluation Report, memorandum, S. Varga to J. ¥. Williams, April 26. 1984 {196)

(S)ycar 7660 (66)

Auediuo) 1OWIICIW #
XOJIM 7 ¥o02qeg



Table F-16. Reactor Vessel Weld End-of-Life (32 EFPY) Fractur?
Toughness Evaluation Data Summary for Zion Unit 1| 2)

Ad justed
Initial Reference t0L "UY
Chemical Neutron !lﬁme Toughness {
Compos |t jon (n/cn?) Temperature o5y #? Estimated 1/4 FOL VST
(wix)la R R, L M e, g L o |-ma| (F1-15)
R ——— 2 < e A S T i —
weld Inside NOY Rargin Inside
Humher weld tocation tu Ni  Surface  1/8 eryle)  (op)le)  Sucface T8 (ft 1b) WG 1.99, R7  BAW 1803
WF-154  NB/IS (Inside 82%) 0.31 0.5 37617 2.2¢17 6 68 n 98 70 5 57
SA-1769  NB/IS (Outside 18%) 0.26 0.6}
W -4 iS-tongitudinal 0.20 €55 8918 53§18 3 68 209 188 70 50 59
Wi o2 IS-longitudinal (Dutside 61%) 0.20 0.55
w8 IS-longitudinal (Inside 39%) 0.20 055 B8 9E18 5 318 3 68 209 188 79 50 58
w70 IS/iS 035 0.5 1.7619  1.0¢19 b 58 308 274 70 40 52
-
& w8 tS-Longitudinal (both) 0.20 055 8918 5318 . 68 209 188 70 50 58
Atypical 1S/1S ot o010 17619 rees o' M e e o fi

(3)gaw 1500, septeaber 1978'%) and BAW- 1500, Revision 1 {113)
()ycap 10962, Decemper 1985 {121

(()W 1803, Reviston l_(IOO)

(@) gnu 101488, February 1980 (191}

"‘”Requlatory Guide | 99, Revision 2, May 1988 )

Auedwod 11ouagOw ¢
XOJ|{M ? 203qQeg



Table F-17. Reactor Vessel Wold End-of-iife (32 EFPY) Fracturta)
Toughness Evaluation Data Summary for Zion Unit 2

Ad justed
Initial Reference (0] ﬂl.“
Chemical Neutron llﬁue Toughness )
(qo?ision (a/(-z) Temperature (“l;(e fstimated 1/4 TO0 USE
{wiz)l2 - sB sy S ln”.l (fL-1n)
e - £ i -
Weld inside NDT Rargie inside st
Nomher weld Location Cu Ni Surface T1/4 (Or)lc)  (o5ple)  surface 178 (Ft 1b) RG 1.99, R? @AW 1803
w200 NB/IS 0248 063 80117 2 4817 " 63 108 S 70 58 62
w70 1S Longitudinal* 035 05 8818 50018 " 68 262 232 70 % 53
SA-1769  IS/1S 9.26 061 18£I9 1 3619 5 68 273 248 70 4 53
w29 LS longitudinal® 023 063 8418 50618 W 68 228 203 70 e “h
Atypical IS Longitudinal o4 010 saw sofs  sgl? 29 89 23 n 4 72
e *)gau i500, september 1978 (98)

(®ucar 100 pecember 1985 (121

gy 1803, Revision 1. (109)

(P)gaw-10144A, February 1980 {107)

(”Raqul.:(ory Guide 1.99, Revision 2, May |988.(“”

*WOAP 10962 shows Wf 29 weid material for IS longitudinal and WF 70 for 1S-longitudinal Review of production records from Mount Vernon plant
shows that the welds are poperly represeated 3o this table

Auedwo) NowIaOw ¢
XOJ(IM 7 ¥20OqQeg



~Plant Name

Oconee 1

Oconee 2

Ocones 3

TMI-1]

Crystal River 3
ANO- 1

Rancho Seco
Davis-Besse

R. E. Ginne
Point Beach 1

Point Beach 2

Surry 1
Surry 2
Turkey Point 3

Turkey Point 4

Zion 1
Zion 2

»
FE

' ' ' ' ' '
R w w w o o

Qut-In inn_leklﬂﬂ

-5 6-E0L
5. EOL
6-£0L
6-7
4-0L
4-E0L
4-7
5-£0L

-12 13-E0L

7 8-16

5 6-15

3 8-EOL*

.7 8-EOL*

-6 7-8

-4 5-8

-6 7-EOL

5 6-EOL

)

.Otngn

8-EOL (very low-leakage)

€-EOL (very low-leakage)

17-EOL (Tow leakage plus
modified peripheral assemblies)

16-E0L (low leakage plus
modified peripheral assemblies)

9-EOL (low leakage plus
modified peripheral assemblies)

9-EOL (low leakage plus
modified peripheral assembiies)

- -

*Includes assumption that core will be uprated from 244] MWt to 2546 MWt at
the beginning of cycle 11.

F-22

Babcock & Wilcox
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APPENDIX G

Reactor Vessel Neutron Dosimetry Information

G-1
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€.1. Description of the Dosimetry Portion of the RVSP

The two prircipal objectives of the Master Inteyrated RVSP are (1) to deter-
mine the changes in the mechanical properties of RV steel resulting from
long-term neutron irradiation, and (2) to monitor the vessel fluence. To
accomplish the first objective, it is necessary to know, as accurately as
practicable, the neutron fluence that the surveillance specimens were expesed
to over their irradiation history. Specimen fluence is determined using a
semi-empirical methodology which combines in-capsule dosimetry measurements
with flux spectra that is generated by transport code calculations. The
results of the fluence analysis are then integrated with the results of the
mechanical testing to establish fluence-induced changes in the mecharical
properties. The second objective, determination of the vessel fluence, is
accomplished by analytical procedures, the results of which have been
normalized to capsule fluence.

Vessel fluence must be monitored continuously throughout plant life. This
will be accomplished differently in each of three distinct time periods:

Initial period: Reactor startup to removal of last capsule in reactor

vessel,
Intermediate period: Removal of last capsule from the reactor vessel to
installation cf cavity dosimetry or end of plant life, whicnever comes
first.

: Installation of cavity dosimetry to the end of plant
Tife. Note that some of the reactors will obtain their cavity dosimetry
capability before completion of their RVSP, In such cases, it 1is
possible that those reactors could skip the intermediate period alto-
gether and move directly from in-vessel monitoring to ex-vessel monitor-
ing.

G.1.0. Initial Period (Startup to Last Capsule Removal)
The reactor pressure vessel fluence is determined by the semi-empirical
method described below.

The time weighted average power cistridition is calculated and is used as
input to the DOT-4 neutron transport code, which cal-ulates the saturated
activity for each dosimeter and the space dependent fast flux in the reactor
essel. The power history is used to adjust the saturated activities to
account for those long half-1ife isotopes that do not reach saturation. The

G-2
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"final" calculated dosimeter activity is then computed and compared to the
measured dosimeter activity. A normalization factor is then generated which
is used to correct the DOT-calculated vessel fluence by the measured/calcu-
lated ratio at the capsule location.

The calculated dosimeter activities are usually within +10% of the measured
activities. The projected end of 1ife fluence of the reactor pressure vesse)
is estimated using the future fuel cycle design power distributions and
adjoint-mode neutron transport calculations to estimate future cycle fluenc-
es. The initial period fluences are considered to be very accurate, with
uncertainties conservatively estimated to be in the 10-22% range. The
projection to end-of-life fluence is more wuncertain due to additional
uncertainty associated with future cycle designs, and ranges from 20 to 35%.

6.1.2. Intermediate Perjod (Capsule Removal to Cavity Dosimetry Installation)

The vessel fluence for this period is analytically determined using the DOT-4
neutron transport code as described below.

The DOT code is used to calculate the reactor precsure vessel fluence for
each vessel using the time weighted average power distribution and the power
history of the reactor. The DOT-generated fluence is corrected by an
experimental-to-calculated ratio which is defined and discussed in BAW 1485,

There is no reason to believe that the uncertainty associated with this
method is any different than that estimated for the initial period. The
analytical procedure is identical and the power distributions are handled in
the same way.

€.1.3. Final Period (Cavity Dosimetry Installation to End of Plant Life)
The final period vessel fluence will be determined using the process describ-
ed in detail in BAN-IB?SA(IZZ) which differs from the methodology described
in Paragraph G.l1.1. in the following ways:

1. Activity measurements will be taken in the cavity rather than in
vessel, using "state of the art" dosimetry.

2. Axial flux variations will be explicitly included in the analytical
process.

3. Due to improved methodology and due to knowledge gained in the
benchmark experiment, the uncertainty in final period calculations

G-3
Babcock & Wilcox
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is expected to be less than that estimated for the initial or inter-
mediate periods, The numerical values for final period flux uncer-
tainty will be determined after completion of the benchmark experi-
ment presently underway at Davis-Besse Unit 1.

6.2, Summary

Discussed in Section G.1. there are two principal objectives of the MIRVP:
(1) determine fluence induced changes in the mechanical properties of RV
steel and (2) monitor the vessel fluence.

The first objective will be accomplished by the completion of each plant- l
specific RVSP. The second objective is accomplished by the dosimetry program |l
described in Sections G.1.1., G.1.2., and G.1.3., which provides a knowledge
of the vessel fluence within a determinable uncertainty range for th¢ past, I'
present, and future. The B&W 177-FA plants have determined that vesse)
fluences will be obtained through a cavity dosimetry program. The Westing-
house plants are considering the need to monitor vessel fluence through '
standby capsules; however, if sufficient capsules are not available, instal-
lation of cavity dosimetry by the Westinghouse plant owners must be consi- .
dered. The accomplishment of these two objectives demonstrates that the
dosimetry program is adequate and that the B&W Owners Group reactors are in .

compiiance with 10CFR50, Appendix H.
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