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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 licensabil-
ity of 16 reactor vessels fabricated by Babcock and Wilcox (B&W). These reactor
vessels include 7 BAW-designed 177-Fuel Assembly (FA) plants and 9 Westinghouse-
designed plants with BAW-fabricated reactor vessels,

The program builds on the integrated surveillance program developed by the B&W
Owners Group for the B&W 177-FA plants' and is organized as shown in Figure 1-1.
This program will obtain data from several sources, a number of irradiation
sites, and, as a contingency, a test reactor irradiation program. As shown in
Figure 1-1, this program includes integration of the following irradiation
efforts:

a. plant-specific reactor vessel surveillance programs from 17 reactor
vessels

b. existing supplemental B&W Owners Group irradiation capsules

C. additional supplemental irradiation capsules to assure the availability
of high fluence and thermal annealin_ data for all 16 reactor vessels

d. existing test reactor irradiation deta sources
e. additional test reactor irradiation data sources

The 10 utility participants in the B&WOG Reactor Vessel Integrity Program have
16 reactor vessels with beltline regions that were faoricated using the automatic
submerged arc welding process with 32 combinations of Mn-Mo-Ni filler wire heats
and Linde 80 flux lots. These were fabricated from 15 heats of wire and 23 Linde
80 flux lots. 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) [i.e., B&WOG Integrated Reactor
Vessel Surveillance Program (IRVSP) and Westinghouse plant-specific RVSPs]). The
goal of the MIRVP is to develop fracture toughness data for all beltline welds
to enavle the performance of necessary analysis to ensure continued compliance
with 10CFR50,% Appendix G.

'Entergy Operations, Inc., Commonwealth Edison Company, Duke Power Company,
Florida Power Corporation, Florida Power & Light Company, General Public
Utilities Nuclear Corporation, Rochester Gas & Electric Corporation, Toledo
Edison Company, Virginia Power Company, Wisconsin Electri. Power Company.
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Figure 1-1

Elements of Master Integrated Reactor Vess2l Surveillance Program
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Jable 2-1. Significant Differences Between Revisions of ASTM £ 185

ASTM £ 185
Revision |

1866

1970

1813
Case @

1879

1882

Materials Monitored by Mo, of
Lrogram Capsules
1. Base metal with the 13 or more
highest trans temp.
2 Any weld meta)
3. HAZ meta!
1. Base meta) with the 3 or more

highest trans temp.

2. Representative weld
meta) [same wire or
rod & flux as one of
the high flux region
we 1ds )

3. HAZ of base metal

Detailed selection pro- §
cedure (beltline reg. )

1. Base metal

2. Weld metal (same wire
ar rod and type of
flux as one of the
we lds )

3. HAZ of base metal

Genera! guidance for 5
selection controlling
materials

1. Controlling hase
metal

2  Controlling weld
metal (same heat
lot of flux as
Leltline region
controlling weld)

3. HAZ of base metal

Same as above §

No. of Speciwens/

B Charpy
¢ Tension

8 Charpy
2 Tension

12 Charpy
2 Tension

12 Charpy

3 Tension &
fracture
mechanics

Same as above

2-2

Lepsyle/Materia)

Ko. of Bazelir

ipecimens/Mat s

15 Charpy
3 Tension

15 Charpy
3 Tension

1% Charpy
3 Tension

18 Charpy -«
3 Tension &
fracture
mechanics

Same as above

Spec imen

Qrigntation

Parailel to
ma jur work
dgirection

Paralle) to
ma jor work
girect ion

Normal to
ma Jor work
girection

Normal te
ma jor work
direction

Same as above
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ASTM | 185
BS! i3 iQn
1966

1970

1873
Case B

1878

198¢

Index Temp for Capsule
Mepsyring T Withdrawal Schedyle

One at neutron

fix temp as fluence corresponging
identified by  to [OL. others nut
ND! unirr, drop soecif ted

wi tests (norm.

30 f1+1b)

Charpy energy

One corresponding Lo
30% of design life,
one 10 100X life;
others not specified

Game as above

Measured at 30  First 3 capsules

fr-lb withdrawn at specific
times; 4th & Sth
capsules standby

T8 30 ft-1b % capsules ~- first 4

Rlgor capsules withdrawn at

T@5 ft-1b specific times; Sth

L T8 35 mils
for wnformat ton
anly

capsule standby

4 capsules -~ first 3
capsules withdrawn at
specific times, 4th
capsu le standby

Same as above Same as above

LT T—

Dos imetry

Requirements

Refer to ASTM
£ 261; selecttion
given to designer

Low melting point
elenents or alloys
may bhe employed

Determited per Same as above
ASTM £ 261; Fe

and unshielded

Co dosimeters to

be included; Ni-Cd-

shieloed Co & Cu

suggested also

Determined per Same as above
ASTM £ 261; Fe &
unshie\ded Co

dos imetry required

Selected per ASTM
£ 482 to measure
integrated fiux,
fast neutron
spectrum, & therm
neutron spectrum

Same as above

Same as above Same as above

2+3
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Temperature Manitor

smu irements

Specia! Reguirements

1. Desirable to
inc lude correiation
monitor

¢ Therma] contro)
spec imer desirable

1. Desirable to
ing lude corre laton

moniter spel’s

2. Therma) control
specmens desirable

3.Consider inserting
tapsules at later time

4 Test material
chemistry shallbe
dJetermined

i Capsule neutron
lead factor shall not
exceed 3

2. Chemistry (including
Cu,P. S, V) of test
materials shall be
determined

3. Consider inserting
capsules at later time

1.Correlat ion monitor
spec imens are optional :

2 Capsule neutron
lead fa~tor shall
be between 1 & 3

3. Comglete chemistry
of teet materials shall
be determined

4. Add') fracture
toughness spec imen per
ASTM £ 535 shal) pe
determined

5, Capsule and
attachment design shall
permit insertion of
replacement capsule

6. Accelerated capsule
optional

7. Test equipment shall
be calibrated

1. Charpy index temps,
upper shelf energy
determined from average
curves



than an empirical basis, the concept of fracture mechanics techniques was
implemented through Nuclear Regulatory Commission (NRC) regulation. These
requirements are included in 10CFR50, Appendix G, "Fracture Toughness
Requirements.” Also included was a requirement for monitoring the neutron
embrittlement of the reactor vessel beltline region, which i described in
10CFR50, Appendix H, "Reactor Vessel Material Surveillance Program Reguivements.”
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 until 1979 that ASTM E 185 required that the specific “controlliing”
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.

The requirements of 10CFR50, Appendixes G and H, together with ASTM Stan“ard £
185-82, currently provide 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 neutron radiation-induced changes in impact toughness and
mechanical properties of materials comprising the reactor vessel. Test data
obtained from RVSPs allow determination of the conditions under which the reactor
vessel may be operated to avoid nonductile failure within a prescribed margin of
safety. Fracture mechanics technigues are used to quantitatively define plant
operating conditions in terms of pressure-temperature (P-T) limits for heatup and
cooldown. The fracture mechanics analyses are performed in accordance with
10CFR50, 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 10CFR50, Appendixes G and H, became effective.
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 not change
the 50 ft-1b minimum upper-shelf energy criterion), (3) satisfy predicted end-
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of-1ife fracture toughness requirements using radiation conditions at the
“critical locat.on on the crack front of the assumed flaw," and (4) extend
Append‘« H rules to define the basic requirements of an integrated
surveillance program.

The unirradiated CUSE level of Linde 80 welds was not high enough to
accommodate regulatory requirements regarding the effects of neutron irradia-
tion. At the time these early reactor vessels were fabricated, applicable
codes and regulations did not specify minimum irradiated and unirradiated C USE
levels. Even though these conditions existed before the current requirements
for reactor vessel 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. 10CFR50, 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 I11.% Paragraph V.B of
10CFRS0, 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 Appendix
are satisfied using the predicted 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, or 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‘@ppendix

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 toughness of the beltline

materials after exposure to neutron irradiation is to be obtained
from results of supplemental fracture toughness tests.

2-5



3. A fracture analys s shall be performed that conservatively demon-
strates, making appropriate allowances for all uncertainties, the
existence of equivalent magins 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. A1l 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 equivalent margins
of safety exist for any beltline material suspected to exhibit C USE less 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, & revision in 1983 to 10CFRS0, Appendix H, defined the
basic requirements of an integrated surveillance program. However, the
integrated RVSP approach was accepted by the NRC and has been utilized by B&W
since 1976. For an integrated RVSP to be acceptable to the NRC, a number of
criteria, as orovided by 10CFR50, Appendix H, must be met. Paragrpah II. C JFf
Appendix H states the following:

A. An integrated surveillance program may be considered for « .ot of
reactors trat 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 amount of testing may be reduced if the initial
resu'ts 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.

(1) 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.

(2) There must be adequate arrangement for data sharing between plants.
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(3) There must be a contingency plan to assure that the surveillance
program for each reactor will not be jeopardized by vperation at
reduced power level or by an extended outage of another reactor
from which data are expected.

(4) 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 all
reactors in the set.
The above criteria and considerations are satisfied by the MIRVP approach. A
detailed discussion of these criteria and corsiderations is given in Section

4 of this report.

2-7



3. MASTER INTEGR TED REACTOR VESSEL SURVEILLANCE PROGRAM

eneral ripti

The master integrated reactor vessel surveillance program combines 16 separate
RVSPs and, where appropriate or necessary, provides for sharing of irradiation
sites. Adaitionally, it addresses both the short- and long-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 frem 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 "rom the vessel beltline and neutron dosimetry and
thermal monitors; this part of the program will therefore continue to monitor the
long-term effects of neutron irradiation on the reactor materials.

The second part of the program consists of a series of specially designad
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 capsuies are
located in the same irradiation holder tubes as the regular plant-specific
surveillance capsules at Crystal River-3 and Davis-Besse.

The third part of the MIRVP consists of higher fluence supplementary weld metal
surveillance capsules (HUPCAPS) to obtain irradiated weld metal data (primarily
fracture toughness properties) to satisfy the requirements of 10CFR50, Appendices
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
neutroric environment with the B&W 177-FA environment; (2) provide irradiation
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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 reactor 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., end-of-life in six months.
However, the neutron damage mechanism in this high flux and particular neutron
energy spectrum and temperature can be different than that experienced in PWRs.
Data comparisons for fluences up to ~1.4E19 n/cm’ have been completed to date.
However, analysis of the high fluence data is not ccmplete and additional test
reactor 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 the capsules of the plant-specific RVSPs were not
selected in accordance with ASTM £ 185-82. Hence, the materials monitored 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
embrittiement for the reactor vessel for which the RVSP was designed.
Consequently, the applicability of the data to be generated by the plant-specific
RVSP becomes limited. However, by combining the data from all the RVSPs, it is
practical to develop a data base to determine the probable values and predict the
irradiation behavior of those welds fo- which there are no specific data. This
does not preclude a plant-specific materials characterization should sufficient
data be available.

3.2. Plant-Specific Surveillance Programs

The plant-specific surveillance programs include irradiation (1) in host reactors
of surveillance capsules that were removed from the B&W 177-FA reactors without
capsule holder tubes, and (2) of capsules from these plants in which the
irradiations 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 E 185 revision at the time the program was developed.
Table 3-1 shows typiral withdrawal schedules from ASTM E 185-82. The following
sections describe the B&W 177-FA and Westinghouse-designed plant-specific RVSPs.
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3.2.1,  Babcock and Wilcox-Designed Reactor Vessel Surveillance Programs

There are seven BAW-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 seven reaztors is currently being performed in two "host"
reactors, Crystal River-3 and Davis-Besse. Originally, TMI-2 was a host reactor
for TM]-1, however, the incident on March 29, 1979 at TMI-2 terminated its use.
The capsules in TM]-2 were requa11fied" for continued irradiation (except for
those which were destructively tested for requalification).

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

o .Guest Reactor/Oroer e MOSt Reactor/Owner

Oconee Unit 1/Duke Power Company Crystal River Unit 3/Florida Power
Corporation

Oconee Unit 2/Duke Power Company Crysta)l River Unit 3/Florida Power
Corporation

Oconee Unit 3/Duke Power Company Crystal River Unit 3/Florida Power
Corporation

Arkansas Nuclear One Unit 1/Entergy Davis-Besse Unit 1/Toledo Edison

Operations, Inc. Company

Three Mile Island Unit 1/GPU Nuclear Crystal River Unit 3/Florida Power

Corporation Corporation

The plant-specific RVSP for each of the seven B&W 177-FA nuclear plants
participating in the MIRVP is described in a topical report, as follows:

o Muclear Plant* Applicable Topical Report
Oconee Unit 1 BAW- 1000AA, Rev. 3"
Oconee Unit 2 BAW-1000CA, Rev, 3

Oconee Unit 3 BAW- 10006A, Rev. 3

Three Mile Island Unit 1 BAW-10006A, Rev, 3
Crystal River Unit 3 BAW-10100A"

Arkansas Nuclear One Unit | BAW-10006A, Rev., 3
Davis-Besse Unit 1 BAW-10100A

*The types and properties of the RVSP mater‘als for each
plant are described in Appendix A.
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Table 3-1. Recommended Hithdrawgl Schedules in Accordance

sequence Time of Withdrawal
Six-Capsule Program

First farliest of 1.5 CFPY; capsule fluence >5 x 10" n/em®; highest
RT,, of an encapsulated material equals S50F.

Second Earliest of 3 EFPY; capsule fluence midway between that of the
first and third capsules.

Third Earliest of 6 EFPY; capsule fluence corresponds to that of the EOL
fluence of the reactor vessel 1/47 location,

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

Fifth 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.

Sixth Not required; will be treated as a standby capsule.
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fach plant-specific RVSP consists of six surveillance capsules, four of which
are the prime data-collecting capsules, and the others are "standby"” capsules.
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 (I1S) at end-of-life (EOL). The standby capsules
provide any necessary additional data late in the operating 1ife of "he plant.

Three basic types of specimens, in varying combinations, are placed in these
capsules: Charpy V-notch, tension test, and compact fracture toughness ((T),
(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 £ 23-72."7 The
tension test specimens are 4,25 inches 1ong and conform to ASTM £ 8-697."® 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 £ 399-81'" and £ 813-81.%
Specimen identity is maintained throughout the program by a die-stamped
identification code (a combination of letters and numerals) on the top and
bottom of each specimen,

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 and improve heat transfer. The capsule is helium-
filled to improve heat transfer, protect the specimens from oxidation, and
provide for leak testing.

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 (1-VI) are
irradiated. Surveillance program A uses capsule types | arnd I1l; program B
uses types 111 and 1V; 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 thermal
monitors are discussed in paragraphs 3.2.1.2 and 3.2.1.3. The 3 separate
programs (A-C) and the capsule types (I1-VI) are described in paragraph
3.2.1.4.
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3.2.1.1. Structural, Hydraulic, and Thermal Characteristics
D _Specimen Helder Tube and Capsule

The surveillance capsule holder tubes are attached to the thermal shield and
position the capsules in the downcomer annulus near the reactor vessel 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 thal 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
9*F above the temperature of the entering coolant water. This is well within
the 425°F temperature criterion used for comparison to the 1/4-thickness
vessel wall location,

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
opposing 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. FEach capsule is a stainless steel cylinder approximately 2.4
feet long, 2.5 inches in outside diameter, and 2.0 inches in inside diameter.
Structurally, the capsules are designed to withstand the compressive preload
and the external pressure without failure.

The capsule is designed to maintain specimens at temperature within #25°F of
the reactor vessel temperature at the 1/4-thickness (1/47) 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

'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 3-1 Surveillance Capsule Arrangement
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Figure 3-4 Reactor Vessel Arrangement Showing Current
e durveillance Capsule Holder Tube Locations
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Figure 3-5 Surveillance Capsule Holder Tube Location and
et Nt 1 fication for Crystal River Unit 3
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Figure 3-6 Surveillance Capsule Holder Tube Location
e A _1dentification for Davis:-Besse Unit |
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figure 3.7
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Capsule Type 1 - Capsule type 1 contains 8 tension test specimens and 36
Charpy specimens. Tens.on 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 longitudinal and transverse directions, and correlation
monitor plate.

Capsule Type 11 -- Capsule type 11 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,

Surveillance Program B

Surveillance program B consists of capsule types 111 and 1V. 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 (0.57 C7) are included in capsule type IV,
Types 111 and IV were originally the upper and lower capsules in the holder
tubes, respectively.

Capsule Type 111 -~ Capsule type 111 contains 4 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.

R R R R RO

"A detailed discussion of the conveg}ion used in defining the orientation
of test specimens is given in BAW-1820.
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Reaction
Neutron-Sensitive Cross-Section
_Element (13-15)  Shield  Ihreshold Enerqy . Product lsotope
(d-Ag*
o 0.5 eV 5.3 yr o
Cd-Foil®
“"Np Cd-Ag 0.5 MeV Appropriate fission products
a3y Cd-Ag 1.1 MeV Appropriate fission products
"N (d-Ag 2.3 MeV 71d **co
Sere None 2.5 MeV 314d *Mn
"o None Therma) 5.3 yr ®Co

*Both shielding methods were used.

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

Approximate )

558 ! 90% Pb, 5.0% Ag, 5.0% Sn
W R
588 97.5% Pb, 1.5% Ag, 1.0% Sn
610 100% Cd

62l 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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Capsule Type IV -- Capsule type 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 (
Surveillance program C consists of capsule types V and VI. The program,
described in topical report BAW-10J00A, is referred to as the basic program.

Capsule types V and VI were originally the upper and lower capsules in the
holder tubes, respectively.

Capsule Type V -- Capsule type V contains 4 tension test specimens and 54
Charpy specimens. Tension test specimens were prepared from the weld meta)
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 longitudina)l and transverse directions, and heat B in
the transverse direction,

Capsule Type VI -- Capsule type VI contains 4 tension test specimens and 54
Charpy specimens. The tension test specimens were prepared from the weld
metal and base metal A in the transverse direction. C(harpy 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 moniter plate,

There are nine Westinghouse-designed, BAW-fabricated reactor vessels that
contain high-copper, Linde B0 ASA weld seams. Plant parameters are compared
in Table 3-5. Cach of these plants has an RVSP that consists of either six or
eight surveillance capsules. Each 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
A

'Hedge~0pening Loading fracture toughness specimen.

3-19






S e N T Y S L e e e e W [ S S WU 0 ¢ R L R VY ¥ S el | W S G

N—— R R R R R R R RO R R R R R R RO R R R RO R,

core. Additional details of capsule locations and lead factors for the
various reactors are shown in Figures 3-12 through 3-16. The Westinghouse
capsules are designed to meet the reguirements of ASTM £ 185 (i.e., to
duplicate the reactor vessel neutron environment as closely as practical),
Therefore, they would be expected to respond - their environment in a similar
manner as the B&W-design capsules. However, the thinner cladding and smaller
cross-section of the Westinghouse-design capsules would have less sensitivity
tc gamma heating and greater response to the reactor vessel inlet water
temperature, Because of basic differences in operating characteristics of the
two designs, as shown in Figure 3-17, it 15 anticipated that a difference in
temperature environment may exist at levels of reduced power. Relatively
speaking, these periods of reduced power operation are small compared to
normal 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, and, therefore, the data from both sets of
capsule designs can be compared to the Regulatory Guide as a reference data
base.

3.2.2.1. Neutron Dosimetry

Neutron dosimeters are placed in the specimen capsules to determine the actual
neutron fluence levels experienced by the specimens, Four different dosimeter
arrangements (location and dosimetry material selection) are utilized by the
9 plants, as shown in Figures 3-8 through 3-11. The types of dosimeters are
given in Table 3-6. For ihose capsules that do not have iron flux wires,
material 1s removed from test specimens at a number of locations to provide
iron dosimetry,

Each capsule contains a number of fusible alloy thermal monitors. The melting
temperatures, alloy compositions, and arrangement of the thermal monitors for
each plant are shown in Table 3-7. The locations of the thermal monitors
within the capsules are shown in Figures 3-8 through 3-11,

3.2.2.3. Types of Surveillance Programs and Capsules

The nine Westinghouse-designed plants have individually arranged surveillance

programs with regard to capsule type, specimen loading, and withdrawal
schedule. There are nine different capsule types associated with these
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Reactor vesse! design parameters
Pringcipal material A-S08 ]2 SA-302 Gr8 A-S08 Ci7 A-508 €12 A-S508 €2 A-533 63 A-533 6B A-5316F  A-3336r8
cli1 ol €ii cii
Design pressure, psig 2485 2485 248% 2485 2e8% 248% 2eRs zams e85
Design temperature, © 650 650 650 650 650 850 6% (3] e
Shell 10, . 132 132 132 1% s 1555 157 157 172 i3
Shell thickness, in. 5 50 6.50 L 7.7s 7.7% 7.Is 7.75 LR - LR
0D across inlet/out let 230/219 230/219 230/219 17¢ 178 17a 17e 2627758 W8
nozzles in.
Overall vessel-closure head 39" 1 37 s 37" 5" <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>