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1. INTRODUCTION

i ,

This document describes a Master Integrated Reactor Vessel Surveillance
Program (MIRVP) designed to provide the data required to itsure the continued
licensability of 17 reactor vessels fabricated by Babcock and Wilcox (B&W). |
These reactor vessels include 8 B&W. designed 177 Fuel Assembly (FA) plants
and 9 Westinghouse designed plants with B&W 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 (I) and is organized as shown in |
Figure 1-1. This program will obtain data from several sources, redundant
irradiation sites, and, as a contingency, a test reactor irradiation program, fI As shown in Figure 11, this program includes integration of the following

~

phases: '

a. plant specific reactor vessel survei115nce programs from 17 reactor
vessels

b. the existing supplemental B&W Owners Group irradiation capsules

c. additional supplemental irradiation capsules to assure the avail-I t

ability of high fluence and thermal annealing data for all 17 ;

reactor vessels ;

d. existing test reactor irradiation data sources [g
e. provisions for additional test reactor irradiation data sources

The 11 utility participants in the B&WOG Reactor Vessel Integrity Program *
have 17 reactor vessels with beltline regions that were fabricated using the

I * Arkansas Power & Light Company, Commonwealth Edison Company, Duke Power
Company, Florida Power Corporation, Florida Power & Light Company, General

I Public Utilities Nuclear Corporation, Rochester Gas & Electric Corporation,
'unicipal Utility District, Toledo Edison Company, VirginiaSacramento A

Electric & Power Company, Wisconsin Electric Power Company (Sacramento

,I
Municipal Utility District has withdrawn from the Program as a result of the :
shutdown of Rancho Seco Unit 1.)

,

. i

11
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automatic submerged arc (ASA) process with 32 Mn Mo Ni filler wire and Linde ;

80 flux lot combinations. These were fabricated from 15 heats of wire and 23 i

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 Integrat- '

ed 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 enable the performance of necessary analyses to ;

ensure continued compliance with 10CfR50,(2) Appendix G.

The objectives of this effort are as follows: !

1. Provide a unified power reactor data base for Linde 80 welds

8 necessary to perform the analysis required by 10CFR50, Appendix G
for materials that may exhibit < 50 ft-lb Charpy upper-shelf energy.

I 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.I 4. Minimize testing of redundant capsules (those which do not provide
useful information) in 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 andI 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
schedules, 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 surveil 11ance program

I
and the supplementary capsules that either arc or will become part of the
MIRVP.

I :

I

I
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2. BACKGROUND

lt 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 phenomenon that varied significantly from one type of
steel to. another, from one heat to another, and from one weld to another,

8
Accordingly, a number of research programs were conducted to evaluate the
phenomenon. By the time the first commercial nuclear plants were designed, !

enough data were accumulated to confirm that the neutron irradiation damage
I to the reactor vessel materials could significantly degrade the properties.

;

Not all of the first generation reactor vessels were equipped with surveil-

h lance capsules to monitor irradiation damage; however, out of this initial :

period of nuclear development, the guidelines for establishing an RVSP were !

adopted. ASTM Standard E 185-61.O) '' 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 a4

,

surveillance program.

Research on neutron irradiation damage to reactor vessel steels continued inI the 1960's. Specifica~ily, the effects of the principal parameters influenc- ;

ing neutron embrittlement sensitivity was studied, it.cluding 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 determining the sensitivity of commonly used reactor vessel steels to i

neutron irradiation.I4'7)

In the late 1960's, a significant discovery was made when the copper and
phosphorus contents in reactor vessel materials were identified by the Naval '

Research Laboratory as principal parameters contributing to mechanical
property degradation. (8'II) Further work, in cooperation with Babcock &

I

I
21
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I
Wilcox, confirmed the role of these two elements and led to their exclusion
from steels and weld metal to be exposed to neutron irradiation.

The ASTM Standard E 185 61 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 vessel 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 10CFR50, tppendix G, ' Frac-
ture Toughness Requirements." Also included was a requirement for monitoring
the neutron embrittlement of the reactor vessel beltline region, which is
described in 10CFR50, 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 g
testing irradiated specimens from surveillance capsules and to standardize B,

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 g
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 " 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 10CFR50, Appendixes G and H, together with ASTM
Standard E 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 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

g|jreactor vessel may be operated to avoid nonductile failure within a prescribed B

I|
Itat> cock & Wilcom 3
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j margin of safety, irecture mechanics techniques are used to quantitatively
define plant operating conditions in terms of pressure-temperature (P-T)
limits.I 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 flawI size, and system operating considerations.

On July 26, 1983, a revision to 10CFR50, Appendixes G and H, became effec-
I 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-lb
level (this does not change the 50 ft-lb minimum upper-shelf energy crite-

| rion), (3) satisfy predicted end-of-life fracture toughness requirements
'

using radiation conditions at the " critical location on the crack front of

the assumed fl aw, " and (4) extend Appendix H rules to define the basic
requirements of an integrated surveillance program.

g The unirradiated Cv0SE 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
Cv SE levels. Even though these conditions existed before the currentu

- I 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.
10CFR50, Appendix G, requires that when significant radiation-induced

g~ 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 Cv SE is predicted to drop below 50 ft-lbs. Ifu

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.(12) Paragraph V.BI of 10CFR50, Appendix G, in part, states the following requirements:

Reactor vessels may continue to be operated only for that service
I period within which the requirements of Section IV of this Appendix

2-5
- Babcock & Wilcox
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I are satisfied using the predicted value of the adjusted reference
i

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
10CFR50, Appendix G, or by alternative procedures acceptable to the NRC, I

reactors may continue to operate provided all the following requirements of
;

'

10CFR50, 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 App.ppdix a'
is made and any flaws characterized according to Section XIU31 of g,
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. <

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 i

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. All nuclear plants,
regardless of the fabrication date, must meet the requirements stated above.

Since Appendix G also applies to the early fabrication period reactor g
vessels, continued operation must be justified by demonstrating that equiva-
lent margins of safety exist for any beltline material suspected to exhibit 1

lCyVSE less than 50 ft-lb. This requires obtaining fracture toughness data
for the affected materials and performing a fracture mechanics analysis using I
these data. |

As mentioned earlier, a revision in 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 B&W I

since 1976. For an integrated RVSP to be acceptable to the NRC, a number of

5,
2-6
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I
' criteria, as provided by 10CFR50, Appendix H, must be met. Paragrpah II. C
of Appendix H 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 chesen 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 nrmber 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 initialI 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 features of the reactors in the set must be
i sufficiently similar to permit accurate comparison of the predicted.

amount of radiation damage as a 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

I
program for each reactor will not be jeopardized by operation at
reduced power level or by an extended outage of another reactor from j
which data are expected. 1

I H. 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 considerations is given in Section
4 of this report.

8
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I
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3. MASTER INTEGRATED REACTOR VESSEL SURVEILLANCE PROGRAM

i

3.1. General Description i

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 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.

L 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

|g concerned with the power reactor program, which is comprised of three parts.
!5 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 vessel

| 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 '

|g sensitive to irradiation damage because of their chemichi composition and low

|W 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.

E .

3-1
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The' third part of the MIRVP consists of higher fluence supplementary weld
metal surveillance capsules (HVPCAPS) to obtain irradiated weld metal data
(primarily fracture toughness properties) to satisfy the requirements of |'10CFR50, 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- g'
ment; (2) provide irradiation of reconstituted specimens (to accelerate data 5
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., E0L 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 fluence data is not complete and g;
additional test reactcr irradiations may be necessary to fully evaluate the 5
effects of flux density and neutron energy spectrum on the irradiation damage
to these materials.

The surveillance materials in tne capsules of the plant-specific RVSP were
not selected in accordance with ASTM E 185-62. 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 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 g
values and predict the irradiation behavior of those welds for which there e
are no specific data. This. does not preclude a plant-specific materials
characterization should sufficient data be available.

I
I
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3.2. Plant-Soecific Surveillance Proarams

The plant-specific surveillance programs include Irradiation (1) in host
8 reactors of surveillance capsules that were removed from the .B&W 177-FA

reactors without capsule holder tubes, and (2) of capsules from those plants
, in which the irradhtions 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 typical withdrawal schedules from
ASTM E 185-82. The following sections describe the B&W 177-FA and Westing-I '

house-designed plant RVSPs.

3.2.1. Babcock and Wilcox-Desianed Reactor Vessel Surveillance Proarams

There are eight B&W-designed reactor vessels that contain high-copper, Linde
80 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

g " host" reactors, Crystal River-3 and Davis Besse. Originally, THI-2 was a:

3 host reactor for THI-1, however, the incident on March 29, 1979 at THI-2
terminated its use. The capsules in TMI-2 were requalifiedII4) for continued
irradiation (except for those which were destructively tested for requalifi-
cation).

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

Guest Reactor /0wner Host Reactor /0wner

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

1

,
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Table 3-1. Recommended Withdrawal Schedules th Accordance
with ASTM Specification E 185-82'

Seouence Time of Withdrawal

Six-Caosule Proaram
,

18First Earliest of 1.5 EFPY; capsule fluence >5 x 10 n/cm2; highest
ART of an encapsulated material equals 50F,

NDT

Second Earliest of 3 E7PY; 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 1/4T 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.

I

l.
I
I
5'

I
.

I

I

I
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Table 3-2. Conearison of Plant Parameters for the B&W 177-FA RVSPs .-

Davis-Besse- Rancho Seco Arkansas Nuclear Crystal River
. Three Nile

Plant Parameters Unit 1 Unit I _ One Unit i Unit 3 Oconee Unit i Oconee Unit 2 Oconee Unit 3 - Island unit I

Design heat output (core), 2112 2772 2568 2544 2568 2568 2568 2568'
MWt

Design overpower, % 112 112 112 172 112 112 112 112

System pressure (nom), psia 2200 2200 2200 2200 2200 2200 2200 2208 -

l Coolant flow rate, 106 tim /h; 143.8; 387,000 143.8; 387,000 139.7; 375,000 139.6; 375,000 139.7; 375,000 139.7; 375,000 139.T; 375,000 139.7; 375,000
9pm -

|
Coolant temperatures, F

i Nominal inlet 558 558 5% 556 556 556 5% 556
Avg rise in vessel 49 49 47 a6 41 47 47 47,

Av9 in vessel 582 582 579 579 $19 579 579 579,

No. of fuel assemblies 177 177 177 177 ITT ITT 171- IT7;

Type of fuel assembites Mark 8 (15x15) m rk 8 (15x15) brk 8 (I5x15) N rk 8 (15x15) k rk 8 (15x15) N rk 8 (15x15) krk 8 (15:15) Mark 8 (15:15)

Core barral 10/00, in. 141/145 141/145 I41/145 141/145 141/145 141/145 141/145 141/145.

* Thermal shield ID/00, in. 147/151 147/151 147/151 14T/151 147/I51 147/151 147/151 147/151

Core structural character-
istics

Core equiv dias, in. 128.9 IE8.9 120.9 128.9 128.9 128.9 128.9 128.9
; Core active fuel height, 143.2 14I.8 141.8 1411S 141.9 141.8 141.8 142.3

in.

|
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4 Table 3-2. Conearison of Plant Parameters for the B&W 177-FA RVSPs (Cont'd) 1

Davis-Besse Rancho seco Arkansas levelear Crystal River Three Mile
Plant Parameters Unit 1 Unit 1 One Unit 1 Unit 3 __0conee Unit i Ocone* (Mit 2. ~ Oche Unit 3 11Landjprit .I

Reactor vessel design
parameters

Principal materlal SA508, Cl.2 5A533 Tp 8 01.1 SA533 ip 8 C1.1 SA533 fp 8 C.I SA302 Gr8 C1.l(b)' 4508 01.2 SA508 C1.2 SA302 Gr8
Design pressure, psig 2500 2500 2500 2500 2500 2500 2500 2500

'

Design temperature, F 650 650 650 650 650 650 650 65n
Shell ID, in. 171 ITI IT! 171.375 171 171 111 ITI
Shell thickness, in.

8.4|CI
8.44 8.44 8.44 8.44 8.44 8.44 8.44

CD across eerzles, in. 261 2.49 2.49 249 249 249 249 249
Overall vesse losure 40' 8 7/8" 40' 8 T/8* 40' 8 7/8* 40' 8 7/8* 40' 8 7/8" 40' 8 7/8* 40' 8 7/8* 40' 8/78*
head height , it in.

Core barrel-thermal shield Type 304 SS Type 304 $5 Type 304 SS Type 304 55 Type 304 55 Type 304 55 Type 304 55 Type 304 55
j principal material

i I*IOver cladd8ng and instrumentatien norries.

As modified by Code Case 1339.

m (c)for Davis-Besse Unit I this is the nominal CD across the inlet nerzles. The CD across the cettet nozzles is 245 inches. :

i
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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 topical report, as follows:

Nuclear Plant * Acolicable 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-10100A06)

Arkansas Nuclear One, Unit 1 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 eachI plant are described in Appendix A.

Each plant-specific RVSP consists of six surveillanco 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 j
the data collected are for irradiation levels ranging from low fluence to
that equal to the vessel inner surface (IS) at end of life (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

I are 0.394 inch square, 2.165 inches long, and conform to ASTM E 23-72.07)
The tension test specimens are 4.25 inches long and conform to ASTM E 8-

- 69T.08) 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(19)
and E 813-81.(20) Specimen identity is maintained throughout the program by i

a die-stamped identification code (a combination of letters and numbers) on
the top and bottom of each specimen.

I
Babcock & Wilcox

a McDermott company
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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 t

helium filled.
.

The B&W 177-FA integrated RVSP organizes and evaluates the data from the g
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) i

are irradiated. Surveillance program A uses capsule types I and II; program
B uses types III and IV; and program C uses types V and VI.

I,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 g
monitors are discussed in paragraphs 3.2.1.2 and 3.2.1.3. The 3 separate 5
programs (A-C) and the capsule types (I-VI) are described in paragraph
3.2.1.4.

3.2.1.1. Structural, Hydraulic, and Thermal Characteristics
of Specimen Holder 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 g
approximately equal to that of the reactor vessel inside wall. This analysis 5
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 25F temperature criterion used for comparison to the 1/4-thick- I

ness vessel wall location.

I'
3-8 1
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Fioure 3-1 Surveillance Capsule Arrangement -- Tvoes I and II

i
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w
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Fiaure 3-2 Surveillance CaDSule Arrangement -- Type IV
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Fiqure 3-3 Surveillance Capsule Arranaement -- Tvoes III. V and VI
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Figure 3-4 Reactor Vessel Arrangement Showing Current !
Surveillance Caosule Holder Tube locations *
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Figure 3-5 Surveillance Capsule Holder Tube Location and
Identification for Crystal River Unit 3
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Figure 3-6. Surveillance Capsule Holder Tube Location
and Identification for Davis-Besse Unit 1 )
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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 1

within the capsule.) The perforated holder tube exposes the capsule to theI . 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 inside 4

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 vessel 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-I ferent cross section within the capsule and these were within the upper bound ;

25F of the vessel 1/4T temperature. The coolant temperature serves as the
'

lower bound and is also within 25F of the vessel temperature at 1/4T.(21)

The capsules are placed in the bolder 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
I- periodic adjustments of the pressure-temperature relationships for normal,

.

upset, and test conditions throughout the vessel service life.

I
I
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Figure 3-7 Reactor Vessel Wall Temperature Profile
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L2 1. 3. Themal Monitors

A number of low 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 the capsule are shown in Figures 3-1 through 3-3. t

3.2.1.4. Tvoes of Surveillance Proarams and Caost!1es

The basic surveillance programs and capsule types are briefly described-

below; more detailed infermation 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 Proaram A '

. Surveillance program A consists of capsule types I and II; it is described in
Topical Report BAW-10006A, Rev. 3. Types I and 11 were originally the upper i

g and lower capsules in the holder tubes, respectively.
'

Caosule Tyne 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

I 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.I j

Caosule Tvoe II -- Capsule type 11 contains 8 tension test specimens and 36 j
Charpy specimens. Tension test specimens were prepared from the HAZ of heatI B in the longitudinal direction and base metal heat B in the longitudinal

t
. direction. Charpy specimens were prepared from the HAZ of heat B in the

longitudinal direction, base metal heat B in both the longitudinal andp

transverse directions, and correlation monitor plate.

I '

*A detailed discussion of the conventi
.

tion of test specimens is given in BAW-1620.d2ysed in defining the orienta-

|

|

|

L
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Table 3-3. B&W 177-FA Plant-Soecific Surveillance Caosule Dosimeters .

Reaction

|Neutron-Sensitive Cross-Section
flement (13-15) Shield Threshold Enerov Product isotone

59
Co Cd-Ag I60>* 0.5 eV 5.3 yr Co 559
Co Cd-Foil

'237Np Cd-Ag 0.5 MeV Appropriate fission products
238

0 Cd-Ag- 1.1 MeV Appropriate fission products
58 58Ni Cd-Ag 2.3 MeV 71d 00

54 54Fe None 2.5 MeV 314d Mn

59 60Co None Thermal 5.3 yr Co

*Both shielding methods were used.

I
Table 3-4. B&W Caosule Thermal Monitor Wires

Approximate
Meltina Point. ' F* Reference Materials

558 90% Pb, 5.0% Ag, 5.0% Sn

94.5% Pb, 2.5% Ag, 3.0% Sn580 **
97.5% Pb, 2.5% Ag

588 97.5% Pb, 1.5% Ag, 1.0% Sn
1

||610 100% Cd

621 100% Pb

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

**Both alloy compositions were used. |

I,
1

,

i

I!
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fI Table 3 5, B&W 177-FA Plant-Specific Reactor Vessel
Surveillance Proaram - Detailed Summary

o ..

'3) Capsule Table of Table of Applicable
.W ID Tvoe Mat'l Snees Caosule Spf,n Reoort Date ReDort

1

, Oconee Unit 1 |

A I A-1 D1 Aug 84 BAW 1837(23)
B II A-1 D1 i---

C1 A-1 D-1 Oct 88 BAW-2050(24)I D II A-1 D-1
'

---

E I A-1 D1 Sept 77 BAW-1436(25)
F II A-1 0-1 Sept 75 421, Rev.,

'

Topical. Report BAW-10006A, Rev. 3>'

Oconee Unit 2 *

'

A I A-2 D2 Dec 81 BAW-1699(27)
'

B II A-2 D-2 ---

'E C I A-2 D-2 May 77 BAW-1437(28)
W D II A2 D2 ---

E I A-2 D2 Oct 8B BAW-2051(29)
.

F II A-2 0-2 ---

. Topical Report BAW-10006A, Rev. 3

'I' Oconee Unit 3

BAW-1438((30)_A V A-3 D-3 July 77
3IIB VI A-3 D-3 Oct 81 BAW-1697

I C V A-3 D3 ---

D VI A-3 D-3 ---

E V A-3 0-3 ---

F VI A-3 D-3

L I.
---

Topical Report BAW-10100A* <

Three Mile Island Unit 1I A I A-4 0-4 Untested BAW-2042(I4)
B II A-4 D-4 ---

C I A-4 D-4 March 86 BAW-1901(32)'I D II A-4 D4 ---

E I A-4 D-4 June 76 BAW-1439(33)"
,

L - F II A-4 D-4 ---

| Topicel Report BAW-10006A, Rev. 3

LE *The OC-3 capsules were fabricated before BAW-10100A was published; however,
t W. it was the 0C-3 program that was described in BAW-10100A.

I
|

E.
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Table 3-5. B&W 177 FA Plant-Specific Reactor Vessel
Surveillance Prooram - Detailed Summary (Cont'd)

i
t

Capsule Table of Table of ' Applicable ;
ID Tvoe Mat'l Specs Caosule Soecs Report Date Report

|
Crystal' River Unit 3

gi
A III A5 D-5 3---

BAW-1679 fandB IV A-5 D5 June 81 &
March 82 BAW-1718 m.'

'C 'III A-5 D-5 March 86 BAW-1898 5tD IV A5 D5 March 86 &
BAW-1899 30) and

'

April 86 BAW-1914 !

E III A-5 D-5 ---
)

F IV A-5 D-5 Sept 88 BAW-2049(39) '

Topical Report BAW-10100A
,

Arkansas Nuclear One Unit 1
.

'
A I A-6 D6 July 84 BAW-1836(4I)

40)
B II A-6 D6 Nov 81 BAW-1698l ,

CI A-6 D6 April 89 BAW-2075(42)
: D 'II A-6 D-6 !---

E I A-6 D-6 April 77 BAW-1440(43) 3;F II A-6 D-6 ---

Topical Report BAW-10006A, Rev. 3 5
Rancho'Seco Unit 1
A III A-7 D-7 ---

B IV. A-7 D-7 Feb 82 & BAW-1702 and '

March 82 BAW-1720
C III A-7 D-7 ---

D IV A-7 D7 Oct 83 BAW-1792(46) and
BAW-1793Pl47)

E III A-7 D-7 ---

F IV A-7 D-7 April 89 BAW-2074(48)
Topical Report BAW-10100A

(
Davis-Besse Unit 1 g'

BAW-1834(f49)
BAW-1882 E'A III. A-8 D-8 Sept 85

50)B IV A-8 D-8 May 84 &
51) andJune 85 gBAW-1867

C III A-8 D-8 m.---

L D IV A-8 D-8 ---
'

E III A-G D-8 --- a
BAW-1701(52).F IV A-8 D-8 Jan 82 &
BAW-1719(53) and

gi
March 82

Topical Report BAW-10100A

I
,

I
I
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Surveillance proaram B

Surveillunce program B consists of capsule types III and IV. The program is
I described in Topical Report BAW-10100A (referred to therein as the modified

program). In addition to tension test and Charpy specimens, compact fracture
i toughness specimens 0.5 inch thick (0.5T CT) are included in capsule type IV.

Types III and IV were originally the upper and lower capsules in the holder
tubes, respectively.<

.
Caosule Tvo'e III -- Capsule type III 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, j
'

base metals heats A and B in the transverse direction, and correlation

monitor plate.

Caosule Tvoe IV -- Capsule type IV contains 4 tension test specimens, 36
Charpy specimens, and 8 compact fracture specimens 0.5 inch thick. Tension

i 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. I

Surveillance Proaram C

Surveillance 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 VI were originally the upper and lower capsules in the
holder tubes, respectively.

Caosule Tvoe V -- Capsule type V 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 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.

| Caosule T,ype VI -- Capsule type VI contains 4 tension test specimens and 54
|

Charpy specimens. The tension test specimens were prepared from the weld

3-21
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metal and base metal A in the transverse direction. Charpy specimens were

prepared from the weld metal, the HAZ of heats A and B in the longitudinal g,
direction, base metal of heats A and B in the transverse direction, and 5
correlation monitor plate. '

3.2.2. Westinahouse-Desianed Reactor Vessel Surveillance Procrams

There are nine Westinghouse-designed, B&W-fabricated reactor vessels that g
contain high-copper, Linde 80 ASA weld seams. Plant parameters are compared B
in Table 3-6. Each of these plants has an RVSP that consists of either six

hor 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 C.

Each plant-specific RVSP was designed to 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:

* Wedge-Opening Loading fracture toughness specimen.

I

I
I
I
I.

I
F E.

3-22
| Babcock & Wilcor 3

a MADermott company 3
-, _ . , -- . _ . - _ - -_ . _ , . - _ . ..__._. - - - - - _ - - - -



W W W'.M' W W MW W 'M M M M M M M M M MS
- -

. ~.

g..

,>

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 I _ Unit 2 Unit 3 Unit 4 Eurry Unit i Surry Un_lLZ [[gn Unit I lion Un1LJ

Design heat output (core), MWt 1520 1518.5 ~1518.5 2200 2200 2241/2546 2241/2546 3250/3391 3250/3391 ;

(uprated) (uprated) (uprated) (uprated)

Design overpower, % 110 110 110 110 110 -110 110' 110 110 .

System pressure (nominal), psig 2235 2235/1985 2235/1985 2235 2235 2235 2235 2235 2235

6Coolant flow rate, 10 lb/h; gym 31.7:85,700 66.7;180,000 66.7;180,000 101.5;274,000 101.5;274,000 110.7;271,900 110.7:271,900 135;364.500 135;364,500
* Coolant temperatures, F

Nominal inlet 546.8 552.5 552.5 546.2 546.2 543 543 530.2 530.2.

Avg rise in vessel 54 57.6 57.6 55.9 55.9 62.8 62.8 64 64
i Avg in vessel 573.8 610.1 610.1 574.2 ~74.2 574.4 574.4 562.2 562.2t

] y No. of fuel assemblies 121 121 121 157 157 157 157 193 193

U Type of fuel assemblies 14x14 14x14 14:14 15x15 15:15 15x15 15xl5 15:15 15 15

A:sembly design OfA/V-5 OfA/V-5 OFA 0FA/LorAR OfA/Le*AR standard Standard OfA OFA

Core barrel ID/00, in. 109/112.5 109/112.5 109/112.5 133.9/137.9 133.9/137.9 133.9/137.9 133.9/137.9 148/152.5 148/152.5

themal shield ID/0D, 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

Core structural characteristics
Core equiv diameter, in. 96 9 96.1 96 I 119.7 119.7 119.7 119.7 132.7 132.74

Core active fuel height, in. 141.4 144 144 144 144 144 144 144 I44

I W.m
E O'
gn.

i 2
$W
= c,

b
s
x 0

N
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Table 3-6. Comparison of Plant Parameters for the Westinahouse RVSPs iCont'd)

-

Point Be xh Point 8each Turkey Point Ter6ey PointPlant Parameters R.E. Ginna_ Unit 1 J it 2. . thit 3_ JE 4 infrry (Mit 1 - 1e_rry Unit 2 - Lio's Mn_lL1 ZLon Unit 2
_

Reactor vessel des Qn parameters
i Principal material A-508 C12 SA-302 Gr8 A-508 C12 A-500Cl2 A-506C12 A-533 Gr8 . A-533 G.11 - A-533 Gr8 A-533 Gr5

CII Cll Cil CilDesign pressure, psig 2485 2485 2485 2485 2485 2485 2485 2485 2485Design temperature F 650 650 650 650 650 650 650 650 650Shell ID, in. 132 132 132 155.5 155.5 157 157 173 IT3Shell thickness, in. 6.50 6.50 6.50 7.75 7.75 7.75 7.75 8.44 8.44; 00 across inlet / outlet nozzles, in. 230/219 230/219 230/219 174 174 174 174 262/258 262/258-
'

Overall vessel-closure head height 39' l.3*- 37' 5" 37' $* 42' 7* 42' 7* 40* 5* 40' 5* - 43' 9.7* 43' 9.7*Core barrel-thernal shield principal A240 A240 A240 A240 A240 A240 A240 A240 A240
3

j material Type 304 Type 304 lype 304 Type 304 Type 304 Type 304 Type 304 Type 304 Type 304i
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; Nuclear Plant /0wner Aeolicable Report
,

Group 1 (2-looo.14 x 14 Fuel Array)

R. E. Ginna/ Rochester' Gas & Electric Corp. WCAP7254(54)

Point Beach Unit 1/ Wisconsin Electric Power Co. WCAP-7513(55) {
!

. Point Beach Unit 2/ Wisconsin Electric Power' Co. WCAP-7712(56) |

Group 2 (3-loon.15 x 15 Fuel Array 1

Surry Unit 1/ Virginia Electric & Power Co. WCAP-7723(57)

Surry Unit 2/ Virginia Electric & Power Co. WCAP-8085(58)

Turkey Point Unit 3/ Florida Powar & Light Co. WCAP-7656(59)

Turkey Point Unit 4/ Florida Power & Light Co. WCAP-7660(60)
-

'

Grouo 3 (4-looo.15 x 15 Fuel Array)

Zion Unit 1/ Commonwealth Edison Co. WCAP-8064(61) t

Zion Unit 2/ Commonwealth Edison Co. WCAP-8132(62)

The capsules are approximately 1-inch square and are fabricated from stain-
I .' 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 thermal 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

monitors.

The capsules are attached to the thermal shleid. The 1-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

I duplicate the reactor vessel neutron environmer,t 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

I . .

3-25
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Figure 3-8 Schematic Showing Specimens, thermal Monitors and Dosimeter Placement and Orientation with
Respect to the Core and Vess31 Wall for Westinahouse Capsule Types I. II. III. IV and Y
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Figure 3-9 Schematic Showir.g Specimens, Thermal Monitors and Dosimeter Placement and Orientation.

; with ResDeCt to the Core and Vessel Wall for Westinghouse Capsule Type VI
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Figure 3-10 Schematic Showing Specimens, Thermal Monitors and Dosimeter Placement and Orientation

with Respect to the Core and Yessel Wall for Westinghouse Capsule Type VII
4
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Figure 3-11 Schematic Showing Specimens, ineraal Monitors and Dosimeter Placement and Orientation
with Respect to the_C_ ore and Vessel Wall for Westinghouse Capsule TYD*$ VIII and IX
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figure 3 12 A.rrangement of Surveillance Capsules in the R. E. Ginna
Unit No. 1, and Point Beach Units No. I and 2 Reactor
Vessels (lead Factors for the Capsules Shown in
Parentheses are for the Oriainal Fuel Manaaement)
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Figure 3 13 Arran ement of Surveillance Capsules in the Surry Unit 1

Vesse (lead Factors for the Capsules Shown in Parentheses
ere for thr Oriainal Fuel Manaaement)I
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Figure 3-14 Arrangement of Surveillance Capsules in the Surry Unit 2
Reactor Vessel (Lead Factors for the Capsules Shown in |
Parentheses are for the Oriainal fuel M6nacement) {
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Figure 3 15 Arrangement of Surveillance Capsules in the Turkey Point Units
No. 3 and 4 Reactor Yessels (Lead f actors for the Capsules j
Shown in Parentheses are for the Oriainal Fuel Manacement) :
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Figure 3 16 Arrangement of Surveillance Capsules in the Zion Units

I and 2 Reactor Vessels (Lead factors for the Capsules i
$bown in Parentheses are for the Oriainel Fuel Manaaement) |
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smaller cross-section of the Westinghouse design capsules would have less
i

sensitivity to gamma heating and greater response to the reactor vessel inlet )
water tempersture. Because of basic differences in operating characteristics I

of the two designs, as shown in Figure 317, it is anticipated that a
difference in temperature environment may exist at levels of reduced power. ;

Relatively speaking, these periods of reduced power operation are small
j

compared to normal operation. The differences that can exist between the twoI 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. Neut ron Desimetry

Neutron dosimeters are placed in the specimen capsules to determine theI actue.1 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 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. Th rmal Monitorsi

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 8. The locations of the thermal
monitors within the capsules are shown in Figures 3-8 through 3 11. i

3.2.2.3. Tynes of Surveillance Proarams and Caosules

The nine Westinghouse-designed pit.nts have individually arranged surveillance
programs with regard to capsule type, specimen loading, and withdrawal
senedule. 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.I

I
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I" figure 3-17 Comparison of B&W and Typical Westinghouse Reactor Vessel
Steadv State Relationshios Between Temnerature and Power j

| IJ
i 1 i i i i i i i

602 F i
.

600 317 C)
(316) p' (599 F gj

W*p

$ ' 30' y (315 C) )_

/ |l-

_

$ Wh|
h ( $ $) ggg AVERAGE / 579 F

Ti |-

-

| g y (301 C)
'

E / 573 F m)-

m d (301 C) |1
/ COLD s'eY

y 560 #p
4

%f 556 F/
| 0 / p (291C) gj-

x / / E'
b 540 / igd, , "_" (N!C)Cp

h (282) p ,, , , # "
|;p

(278) -

i_

520
(271) I I I I | I i

0 10 20 30 40 50 60 70 80 90 100 |
NUCLEAR SYSTEM POWER, PERCENT

I-
I'
I:
I
I;

| 3-36
| Babcock & Wilcox E
| a McDermott company B
|

._ _ _ - . ._ _ _ . . _ _ _ _ . _ _ _ _.. _ . - . _ _ _ _ - . _ , . _ . . _ _ _ . _ _ , . _ . _ - _ . . _ . - - _ _ _ . . - . . . _ _ _ _ . . . . . . . _ .
.



--

i

Table 3-7. Westinchouse Plant Soecific Surveillance Caosule Dosimetry
f

Reaction ;

,I
,

Neutron-Sensitive Cross Section >

Element Shield Threshold Enerov Product isotone '

09 60Co Cd* 0.5 eV 5.3 yr C0 i

237
Np Cd 0.5 MeV Appropriate fission products

238
U Cd 1.1 MeV Appropriate fission products

58 68 INi None 2.3 MeV 71d Co

63 60,g Cu None 6.1 MeV 5.3 yr Co

59 600o None Thermal 5.3 yr Co

54 54'

Fe** None 2.5 MeV 314d Mn ,

_

* Cadmium metal used for shielding the cobalt. Cadmium oxide used for ,

shielding neptunium t.no uranium. '

t

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

.

hble 3 8. Westinchouse Caosule Thermal Monitors

| Pl ant Iqp_. Mid Too Middle Mid-Bottom Bottom

Ginna
3 Point Beach-1 579F 590F 579F 590F 579F 1

E Point Beach-2

Zion-1I Zion-2 590F 579F -

Surry-2

I Surry-1
Turkey Point-3 579F 590F 579F
Turkey Point-4

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

h 2. The 590F melting point alloy is 97.5 Pb-1.75 Ag-0.75 Sn.
.

I
I
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Ii!- Table 3-9. Westinghouse Plant Specific Reactor Vessel ;

Surveillance Procram Detailed Summar;< '
_,

Capsule Table of Table of Report Applicable |.

1D Tyne Material Snecification Censule Specification Date Recort
|

t R. E. Ginna Unit 1
N II A9 D9 |---

P II A9 D9 I--

R I A9 D9 Nov 74 WCAP 8421 I63)
'

S II A9 D9 ---

T I A9 D9 April 82 WCAP-100 64) t
,

V I A9 D9 March 73 W Report 5)

Point Beach Unit 1 '

||N IV A 10 0 10 ---

P IV A 10 0 10 - -

WCAP 9357(67)
66)R III A 10 0 10 Aug 78

WCAP 8739(I00)g;|
S IV A 10 D 10 Nov 76
T- III A 10 D-10 Dec 84 WCAP 10736 W
V III A 10 0 10 June 73 BCL ReportI69) l

|Peint Beach Unit 2
N IV A-Il D-11 |--

P IV A ll D-Il
R V A ll D Il Dec 79 WCAP-9635(70)

g---

,,
S V A ll D Il !--

III)T IV A-ll D 11 Aug 78
WCAP 9331 (72)V V A 11 0 11 June 75 BCL Report

Surry Unit 1

||S VI A 12 0 12 -

T VII A 12 D-12 June 75 BCL Report (73) :

U VI A 12 0 12
,

t---

V VII A-12 0-12 Feb 87 WCAPll415(74) |'W VI A-12 D-12 March 79 BCL 585 8R(75) m
X VII A 12 D 12 --

Y VI A-12 0 12 --

Z VII A-12 D 12

Surry Unit 2

S VIII A 13 D-13 ---

T VIII A-13 D-13 ---

U VIII A-13 D-13 -- E
V VIII A-13 D 13 June 87 WCAP-11499(76) g

BCL585 026(78)
77)W VIII A-13 0-13 Feb 81

BCL Report (X VIII A-13 0-13 Sept 75

|Y IX A 13 0 13 ---

Z IX A-13 0-13 --

,
.

3-38 E
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Table 3-9. Westinghouse Plant Specific Reector Vessel
Surveillance Proaram - Detailed Summary (Cont'd) '

. Capsule Table of Table of Report Applicable '!'
- ID Tvoe Material Scecification Caosule Scecification Date Reoort ;

Turkey Point Unit 3
'

S VI A 14 D 14 May 79 SWRIg-5131i )
T VII A 14 D 14 Sept 76 WCAP 8631(80) '

| U VI A-14 D-14 ---
;

V VII A-14 D 14 Aug 86 SWRI-
8575(gg-)

.
'

j W VI A 14 D 14 ---

X VII A 14 D-14 !---

f VI A 14 D-14 ---

g Z VI A 14 D 14
'

--

Igrkey Poisit Unj,t,4 i

S VI A-15 D 15 May 79
SWRI:g2) !S-

.| 5380\ !

T VII A 15 0-15 June 76
. SWRI-(gg.

4221 )
,

'

'I
.

U VI A-15 D 16 ---

V VII A 15 D-15 i

,

---

W VI A-15 0 15 '--

I X VII A-15 D 15 :---

Y VI A-15 D-15 '---

Z VI A-15 D-15 ;--

Zion Unit 1 I

~

S VIII A-16 D 16 '---

T VIII A-16 D-16 March 78 85-

I U VI!! A-16 D 16
March 81 WCAP-(85)9890

V VIII A 16 D 16I ---

W VIII A-16 D-16 ---
'

X VIII A 16 D 16
March 84 SWRI-06-(86)

,

7484-001i| Y IX A-16 0-16 !
---

Z IX A-16 D 16 ---

Zion Unit 2,I i

S VIII A-17 D 17 --

! T VIII A 17 D-17 July 83 SWRI
Report (87).m

1E o VIII A-17 D-17 March 78 BCL-585-4(88)
V VIII A 17 D-17 --

W VIII A 17 D 17 i---

I X VIII A 17 D 17 ---

Y IX A-17 D-17 ---

2 IX A 17 D-17 ---

I
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R.E. Ginna Unit 1

Two types of capsules, here designated as types I and II, are utilized in the g|
surveillance program of R.E. Ginna Vait 1. Capsule type I contains 9 tension E !

test specimens, 48 Charpy specimens, and 9 WOL specimens. Tension test i

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 metal, the HAZ of
the intermediate shell course in the longitudinal direction, base metal from ;

each of the shell courses in the longitudinal direction, base metal from each
,

of the shell courses in the longitudinal direction, and correlation monitor ;
plate. WOL frecture toughness specimens were prepared from weld Fetal and ;

base metal from each of the shell courses in the longitudinal direction.
t

Capsule type U contains 9 tension test specimens, 48 Charpy specimens, and 9 g
WOL specimens. Tension test specimens were prepared from weld metal and btse W|
metal from each of the intermediate and lower shell course forgings in the

,

longitudinal (or hoop) direction. Charpy V-r.otch spectnens were prepared from
'

: weld metel. the HAZ of the intermodlate shell ecurse in the longitudinal
direction, and base metal from each of the shell courses in the longitudinal
direction. WOL fracture toughness specimens were prepared from weld metal and

base metal from each of the shell courses in the longitudinal direction.

Point Beach Unit 1

Two types of capsules, here designated as types 111 and IV, are utilized in (
the surveillance program of Point Beach Unit 1. Capsule type Ill 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.

E
Charpy V-notch specimens were prepared from weld metal, the HAZ of the E
intermediate shell course in the longitudinal direction, base metal from each
of the shell courses in the longitudinal direction, and correlation monitor
pl ate. WOL fracture toughness specimens were prepared from weld metal and
base metal from each of the shell 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 |

I
3-40

Bat > cock & Wilcox
4 MCDermott company

_



n
,

.

'

!
'
.

of the intermadiate and lower shell course plates in the longitudinal direc-
tion. Charpy V notch specimens were prepared from weld metal, the HAZ of the

i

intermediate shell course in the longitudinal direction, base metal from each i

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.

Point Beach Unit 2,

Tuo types of capsules, here designated as types IV and V, are utilized in the '

j surveillance program of Point Beach Unit 2. Capsule type IV is the same as in .

'

Point Beach Unit 1. Capsule type V contains 9 tension test specimens, 43
Charpy specimens, and 9 WOL specimens. Tension f.est specimens ware prepared ;

from weld metal and base metal from each of the intermedi&to and lowar shell :

course hrgings in the longf tulihal (or hoop) dire: tion. Churpy V nctch ;I specimens were prepared from veld r.etal, the HAZ of the intermedicte shell
course. in the longitudinal direction, base metal from each of the shell !

. courses in the longitudinal direction, and correlation n.onitor plate. WOL

fracture toughness trecimens were prepared from weld metal and base metal from
each of the shell courses in the longitudinal direction.

;

Surry Unit 1

Two types of capsules, here designated as types VI and VII, are utilized in I

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 frca each of the intermediate and ;

g lower shell course plates in the longitudinal directior,. Charpy V notch
specimens were prepared from base metal from each of the shell courses in the
1ongitudinal direction and correlation monitor plate. WOL fracture toughnessI ,

specimens were prepared from base metal from each of the shell courses in the
longitudinal direction.

,

| Capsule ty>e VII contains 4 tension test specimens, 32 Charpy specimens, and 4
WOL speci aens. Tension test specimens were prepared from weld metal and baseII metal from the intermediate shell course plate in the longitudinal direction.

| Charpy V-notch specimens were prepared from weld met al , the HAZ of the
intermediate shell course in the longitudinal direction, base metal from the

I
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intermediate shell course in the longitudinal direction, and correlation
monitor plate. WOL fracture toughness specimens were prepared from weld metal
and base metal from the intermediate shell course in the longitudinal direc- |'
tion.

Surry Unit 2

Two types of capsules, here designated as types VIII and IX, are utilized in i

the surveillance program of Surry Unit 2. Capsule type VIII contains 4 '

tension test specimens, 44 Charpy specimens, and 4 WOL specimens. Tension i

test specimens were prepared from weld metal and base metal from the inter-
mediate shell cWrse plate in the longitudinal (or transverse) direction.
Charpy V-notch specimens are prepared from weld metal, the HAZ of the inter- ,

mediate shell cotarse in the longitudinal direction, base metal from the
,

intermediats shell course in the longitudinal and transverse directions, and
correlatior: ronitor plate. WOL fracture toughness specimens were prepared
frem base mett.1 from the intermediate shell course in tne longitudinal (or ;

transverse) direction. !
,

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 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 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 t

courses in the longitudinal direction and correlation monitor plate. WOL

I
I;
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- fracture toughness specimens were prepared from base metal from each of the
shell courses in the longitudinal direction.

Capsule type Vil contains 4 tension test specimens, 32 Charpy specimens, and 4
WOL specimens. Tension 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 nctch specimens were prepared from weld metal,
the HAZ of the intermediate shell course in the longitudinal direction, base
metal from the intermediate (or lower) shell course in the longitudinal
direction, and correlation monitor plate. WOL fracture toughness specimensI were prepared from weld metal and base metai from the intermediate (er lower)
shell course in the lengitudinal direction.

,

Turkey Pot,qi, Unit _4

i
Two types of capsules, here designated as typn VI and VII, are utilized in r

the surveillance program of Turkey Point Unit 4. Capsule loading for type VI '

is the satne as in Turkey Point Unit 3.I -

Capsule type VII contains 4 tension test specimens, 32 Charpy specimens, and 4
WOL specimens. Tension test specimens wete prepared from weld metal and base

8 metal from the lower st. ell 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 direction, and correlation monitor

g 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 Vlli and IX, are utilized in
'

the surveillance program of Zion Unit 1. Capsule type VI!! contains 4 tension
test specimens, 44 Charpy specimens, and 4 WOL specimens. Tension test

I 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 intermediateI shell course in the longitudinal direction, base metal from the intermediate
shell course in the longitudinal and transverse directions, and correlation

h monitor plate. WOL fracture toughness specimens were prepared from base metal

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

,

1

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 g|
metal from the intermediate shell course plate in the longitudinal direction. 5i

'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 g
from weld metal.

IiM l'Tdd-.1 '

Two types of capsules, here designated as types Vill and IX, are utilized in
,

the surttillar,ce program of Zion Unit 2. Capsule loading is the same as Zion
Unit 1..

L). -.bmalementarv Wald Metal Surveillance Op.ngin |
3.3.1. Introduction

The Supplementary Weld Metal Surveillance Capsules (SUPCAPS) are included in
the MIRVP for the irradiation and testing of 8 weld metals [SA ll35, SA-1526,

,

SA 1585. WF-25(6), WF 25(9), WF-67 WF-70(N), WF ll2) contained in 6 capsules.
,

The capsules are being irradiated in the two B&W 177-FA host reactors. The 6
SUPCAPS are labeled TM12 LG1, TMI2-LG2, CR3-LG1, CR3-LG2, dbl LG1, and dbl-
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 319. The type R 2 capsule 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 thermal
monitors and neutron dosimeters.

The TM12-LG1 and TM12-LG2 capsules are type R-1, and the CR3-LG1, CR3-LG2,
|

DB1-LG1, and DB1-LG2 capsules are type R-2. Table 310 identifies the weld
metals irradiated in each capsule as well as the distribution of specimens. >

The specimens listed as 0.394TCT, 0.500TCT, and 0.936TRCT are the compact

I
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Table 3 10. SUPCAPS -- Material and Specirnent, Per Caosule
!

'
.

specimensI ._

Weld Metal lensign Charov 0.394 TCT 0.500 TCT 0.936 TRCT f

Caosule TM12 lG1
,

'

WF-70(N)* 3 12 2 4 3
SA-1526 2 12 2 4 3 ,

WF 25(6)** 2 12 2 4 3 |

Capsult TM12 tG2
,

3A 1526 2 12 2 4 3 i

WF 25 2 12 2 4 3 .

WF-25 *** 3 12 2 4 3 '

(,aosule CR3 LG1

SA 1535 4 12 2 4 4
WF-67 4 12 2 4 4 !

WF 25(9) 4 12 2 4 4 ;

g Caosule CRI LQ1
'

WF70(N) 4 12 2 4 4

M SA 1585 4 12 2 4 4 i
j WF 67 4 12 2 4 4

Caosule DB1-tG1 .

I i
'4F 70(N) 4 12 2 4 4 ;

WF ll2 4 12 2 4 4
SA ll35 4 12 2 4 4 |
Caosule DB1-LG2

|,

WF-70(N) 4 12 2 4 4

WF-ll2 4 12 2 4 4
SA-ll35 4 12 2 4 4

*N - Weld material from a Midland l nozzle drop out. ;

**6 Weld material from a TMI-2 nozzle drop out,
:
'

***9 - Weld material from a 0C 3 nozzle drop out.

I
I |

.
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fracture toughness specimens of 0.394, 0.500, and 0.936 inch thickness,
respectively. The 0.394TCT and 0.500TCT specimens are rectangular, and the
0.936TRCT is round; they are modifications of ASTM E 399-81 and E 813 61 |
specimen geometry. The number of Charp) and tension test specimens per weld

,

per capsule is adequate to characterize the impact toughness and tensile
properties for each weld metal and irradiation condition. Other related
development programs are expected to gentrate sufficient information to g'
properly identify the methods (i.e., static versus dynamic) and test tempera- 5
tures at which these SUDCAP compart fracture specimens are tested. Theo

,

combination of compact fracture rpecimens is believed to be adequate to f
confirm the toughness curves.

ML SUPCAP Desian

The cylindrical SUPCAPS, like the B&W 177 FA plant-specific RYSP capsules g,
described previou ly, contain Charpy V notch, tension test, and compact 3
fracture specimens as well as neutron desirnetecs and thermal monitors. The

'

unique advantage of tne cylindrical capsule is that it allows for easy |
capsule replacement und for uniform specimen temperatures. Aluminum alloy ;

spacers hold the specimens, neutron dosimeters, and thermal monitors in place
and fill the 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 B&W 177 FA
RVSPs. When the R 2 SUPCAPS were designed, it was recognized that the
standard sized tension test specimens were not necetsary (see Figure C 1). g,
The use of subsize Charpy sized tension test specirrens (see Figure C 2) 5
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 310.
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 irradiation temperature. The

neutron dosimeters and thermal monitors are described below. The arrange-

E-
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ments of the specimens, dosimeters, and temperature monitors within the
capsules are illustrated in Figures 318 and 319. )

3.3.2.1. Physical Characteristics of the' SUPCAPS

I
The capsule is designed to maintain specimens at temperatures within d25F of
the reactor vessel temperature at the 1/4T vessel wall location. Figure 3 7 )
illustrates the calculated vessel wall temperature distribution for steady-
state normal operation. The capsule heat transfer analysis accounts for the
differences in thermal properties of the materials and the helium filled gaps

| between internal components of the capsule. Conservative maximum twnere
turos were esiculated for each different cross section within the capsule and
thes9 were within the upper bound 25F of the versol 1/4T temperature. Tao ,

coolant temperature serves as the lower bound and is alto within 25F of the
vessel temperature at 1/4T.52I)I '

3.3.2.2. SUPCAP 00simetry

Each capsule contains dosimeter tubes, which in turn contain neutron dosi-
i

meter wires of a sufficient variety to measure fast neutron fluence (time
integrated flux), fast neutron spectrum, and thermal neutron fluence. AI variety of neutron dosimeters were chosen in accordance with ASTM Standard

Recommended Practice E 419 73(89) and E 482 82.(90) The neutron dosimeters
are distributed throughout the capsule to measure the neutron fluence at
various locations.

Tatle 3-11 lists 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

I

I .
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Table 3 11. Sucolementary Weld Metal Surveillance Capsule Dosimetry
i Reaction

Neutron Sensitive Cross-Section
Element 1h_id Threshold Enerav Product Isotooeh

Lono Tube ITMI2-LG1.-LG2)(9I)
59 6000 Cd foil 0.5 eV 5.3 yr Co

237Np Gd 0.5 MeV Appropriate fission products
238

U Gd 1.1 MeV Appropriate fission products
58Hi Gd 2.3 HeV 71d 58 , gc

6'Fe Gd 2.5 Me'v 314d Mn '{54*

03 60Cu G(i ti.) MeV 5.3 yr Co

59 6000 Ncne Thermal 5.3 yr Co

Short Tube (TM 2_1GL dfl.),@ ) i

237

g{!
Np Gd 0.5 MeV Appropriate fission products

238
U Gd 1.1 MeV Appropriate fission products

|
54 54Fe Gd 2.5 MeV 314d Mn

Short Tube Tvoe DA (CR3-LG1.-LG2: DB1 LG1.-LG2)(92,93)
59 60

!00 Gd 0.5 eV 5.3 yr Co

237
Np Gd 0.5 MeV Appropriate fission products

238
U Gd 1.1 MeV Appropriate fission products

$8Ni Gd 2.3 MeV 71d 58 ,c

54 54
Fe None 2.5 MeV 314d Mn

59 6000 None Thermal 5.3 yr 00

Short Tube Tvoe DB (CR3-LG1.-LG2: DB1 LG1. LG2)(92'93)
237 Np Gd 0.5 MeV Appropriate fission products
238

U Gd 1.1 MeV Appropriate fission products
58 58Ni Gd 2 3 MeV 71d 00

54 54
gFe Gd 2.5 MeV 314d Mn

63 60
Cu Gd 6.1 MeV 5.3 yr 00

.

i
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Table 3-11. Sucolenntary Weld Metal Surveillance Caosule Dosimetry (Cont'd)

Reaction I

I Neutron-Sensitive Cross Section '

_ Element Shie'id Threshold Enerov Product Isotone '

Lono Tube Tvoe DC (CR3-LG1.-LG2: DB1-LG1.-LG2)(92,93) .

;

59 6000 Gd 0.5 eV 5.3 yr C0

237
Np Gd 0,5 MeV Appropriate fission products

230
0 Gd 1.1 MeV Appropriato fission products

33 58
. Ni Gd 2.3 MeV 71d Co {

5? e Gd 2.5 MeV 314d HnF 54

63 60Cu tid 6.1 MeV 5.3 yr C0

59
Co None Thermal 5.3 yr 60 ,c ,

I
.,

I :
i

:

I ;

:I

I
I t

.I

I
I.
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621F. By determining which monitors have melted, the peak temperature at
various locations within the capsule is determined. Table 312 lists the g
thermal monitors and their respective melting temperatures. m'

l.3.3. Unirradiated Baseline Data

The unirradiated baseline data needed to support the evaluation of the
irradiated capsule data from the SVPCAPS will be obtained from two sources, g
The primary source for tnese data are sets of specimens that have been W
prepared from the same weld metal used in the SUPCAPS. These sets of
:,pecimens are similar to those included in the capsules but of a larger
quantity to optimally expaid the data base. The type and number of specimens
of each mterial ere described in Tabic 313. ,

Some material in 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 data of the same type as needed by the SUFCAP
program, it was decided not to duplicate the efforts of the HSST program.
The sources of the baseline data for the eight welds in the SUPCAPS are
identified in Table 3-14.

3.4. Hicher Fluence Sucolementary Weld Metal Surveillance Caosules

3.4.1. Introduction

The Higher Fluence Supplementary Weld Metal Surveillance Capsules (HVPCAPS)
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 g
of irradiation data in the Westinghouse neutronic environment with the B&W 5i
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 B&W Owners Group inventory, reconstituted Charpy specimens
from Westinghouse RVSPs, and Linde 80 weld metals from other sources includ-

,

ing a Midland Unit I 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 HVPCAP program and they are designated
A1, A2, A3, A4, AS, L1, L2, and W1. Capsules Al through A4 add weld metal
high-fluence compact fracture data to the data base. The A5 capsule provides

I
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Table 312. SUPCaP Thermal Monitorj

Composition: 97.5% Pb l 97.5% Pb 98.8% Cd Pure Pure !

I
2.5% Ag 1.5% Ag 1.2% Cu Cd Pb i'

l.0% Sn >

f
Melting Point: 5800F 5880F 5980F 6100F 6210F

I
Caosule Thermal Monitor

|

I DB1-LG1 TSil-T91SI X X X X X
I

TL102 tX X X X X
-

t

'I DB1-LG2 TS21-TS15 X X X X ,, .

TL20 X X X X X |

CR3-LG1 TS11 TS15 X X X X XI TL10 r. X X X X |;

CR3 LG2 TS21-TS25 X X X X X !
TL20 X X X X X !

,

TMI2-LG1 ST1 ST6 X N/A3 X .% N/A i
LTl X X X X X

|
THI2-LG2 ST7 ST12 X N/A X X N/A [

LT2 X X X X XI :
i

I ST or TS - Short thermal monitor (3 fusible alloys)
|

2 LT or TL - Long thermal monitor (5 fusible alloys) '

3N/A - Not applicable

i I

I
I -

l

I 1
|

I !
l

I .
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5' ? , Table 3-13. Matrix of B&W Unirradiated Control Specimens i
'

'for Welds in the SUPCAP Proaram,

;

|';Tension 0.394 0.500 0.936 0.936 2.000
Weld ' Metal Test CharAy _TCT TCT 1801. TCT TCT

SA-1526 4 22 5 8 5
'

2--
,

2 ;WF-ll2 4 22 5 8 5 --

,

WF-67 4 22 5 8 6 2 --

WF-25(9) 8 44 10 16 10 4--

B+

I:
Table 3-14. Identification of Programs for the Unirradiated

Control Soecimens of the SUPCAP' Proaram Welds
g&..

Weld Metal Proaram

gWF-70(N) HSST Task 3

WF-112 SUPCAP
'

,

|tSA-1585 HSST Task 3

SA-152o SUPCAP .

"

WF-25(6) HSST Tasks 2 and 3

WF-67 SUPCAP

WF-25(9) SUPCAP

|SA-ll35 HSST Task 3

I' '

I'
E+

I'
I
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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 niaterials. Benchmalking data will be provided by irradiating capsule W1

'
in 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 B&W PWR.

The HUPCAPS are similar in design to the SVPCAPS with the exception of

.g capsule W1 which is of the Westinghouse design. ble 3-15 identifies the
:W 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 81 and E 813-81 specimen geometry.
,

3.4.2. HUPCAP Dosimetry '

Each capsule contains neutron dosimetry in accordance with ASTM Standard
E844-86.(94) 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 codipeting
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

I
measure the neutron flux gradient 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.*

I The Westinghouse-design HUPCAP will contain approximately 5 sets of flux

'g wires and one set of dosimetry identical to that in the gadolinium case in
a the center of the dosimeter block in the B&W-desigr HUPCAPS.

,g Figures 3-20 and 3-21 show the neutron dosimeter locations in the capsules.
ie

* Helium accumulation flux monitor.

I .
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Table 3-15. HUPCAPS -- Material and Snecimens Per Caosule f
-

I
Specimens

Tension 3-Point
Caosule Weld Metal Test Charov 0.936 TRCT 0.417 TCT Bend

.
Al WF-25(6)* 4 12 5 - -

t'-

WF-67 4 12 5 EL- -

WF-70(N)** 4 12 5 5;- -

F A2 SA-1101 3 9 3 ' a.- -

i. SA-1135 3 9 4 'g',
- -

SA-1526 3 9 4 - -

SA-1503 3 9 4 - -

A3 WF-70(B)*** 4 12 5 - -

WF-182-1 4 12 5 - -

SA-1484 4 12 5 - -

A4 WF-25(6) 4 12 5
'

- -
;

WF-67 4 12 5 gr- -

WF-70(N) 4 12 5 5'
- -

'

L1 WF-25(6) 4 12 5
'

- -

5.WF-67 4 12 5 - -

WF-70(N) 4 12 5 E'- -

L2 WF-25(6)- 4 12 5 a
WF-67 4 12 5 5- -

WF-70(N) 4 12 5 - - -

W1 WF-70(N) 3 10 4 3-

SA-1526 3 10 4 3-

SA-1585 3 10 4 3-

A5 WF-209-1(I)****
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-l nozzle drop-out. |'

l. ***B - Weld material from a Midland-1 vessel beltline.

g****I - Irradiated material,

i

.. I
|

I|
.

1.

I
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' Table 3-16. Higher Fluence Supplementary Weld Metal
.

|Surveillance Caosule Dosimetry

Reaction
. Neutron-Sensitive Cross-Section

, Element Shield Threshold _f,gergy Product Isotone
Short Tube Tvoe DA*

238
0 Gd 1.1 MeV Appropriate fission products

58 58Ni Gd 2.3 MeV 71d 00

.

63 60Cu Gd 6.1 MeV 5.3y 00
'

54 54Fe Gd 2.5 MeV 314d Mn

93 93Nb Gd 0.1 MeV 13.6y Nb

46 4611 Gd 3.9 MeV 85d Sc

Short Tube Type DB*

59 6000 None Thermal 5,3y C0 +

58 58Ni Gd 2.3 MeV 71d 00

63 60Cu Gd 6.1 MeV 5.3y 00

54 54Fe Gd 2.5 MeV 314d Mn

238
0 Gd 1.1 MeV Appropriate fission products

237
Np Gd 0.5 MeV Appropriate fission products

Lona Tube Tvoe DC* -

237
Np Gd 0.5 MeV Appropriate fission products

237
Np Gd 0.5 MeV Appropriate fission products '

54 54Fe Gd 2.5 MeV 314d Mn,.

58 58Hi Gd 2.3 MeV 71d 0o

63 60Cu Gd 6.1 MeV 5.3y Co

|
'

59 6000 Gd 0.5 eV 5.3y C0

| 59 6000 None Thermal 5.3y Co

, 238
0 Gd 1.1 MeV Appropriate fission products

238
0 Gd 1.1 MeV Appropriate fission products'

LI
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Table 3 16. Higher Fluence Supplementary Weld Metal
Surveillance Caosule Dosinietry (CogUg}'

R'eection
Neutron Sensitive Cross-Section

Element Shield Threshold Enerav Product Isotone-

E' '

Lono Tube Tvoe DD* 5
46 46Ti Gd 3.9 MeV 85d Sc

237
Np Gd 0.5 MeV Appropriate fission products

54 54
gFe Gd 2.5 MeV 314d Mn

58 58Ni Gd 2.3 MeV 71d 00

63 60
Cu Gd 6.1 MeV 5.3y Co

59 60C0 Gd 0.5 eV 5.3y C0

59 60
Co None Thermal 5.3y Co

239
U Gd 1.1 MeV Appropriate fission products

93
Nb Gd 0.1 MeV 13.6y 93*Nb

'

Full-Section Steel Block *
46 46Ti Gd 3.9 MeV 85d 3e

93
Nb Gd 0.1 MeV 13.6y 93*Nb

54 54Fe Gd 2.5 MeV 314d Mn !

58 58Ni Gd 2.3 MeV 71d C0

63 60
Cu Gd 6.1 MeV 5.3y C0

59 60
00 Gd 0.5 eV 5.3y C0

238
U Gd 1.1 MeV Appropriate fission products

237
Np Gd 0.5 MeV Appropriate fission products

9Be Gd 1.5 MeV Helium accumulation

It
i

I

I
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; Table 3-16. Migher Fluence Supplementary Weld Metal
Surveillance Caosule Dosimetry (Cont'd)

'

Reaction
' Neutron-Sensitive -Cross-Section '

Element Shield Threshold Enerav Product Isotones.

Wertinahouse Caosule (Radiometric)** - '

54 54
. Fe None 2.5 MeV 314d Mn

5B 58Ni None 2.3 MeV 71d 00
.

63 60Cu- None 6.1 MeV 5.3y Co

59 '60-
00 None Thermal 5.3y Co >

59 60C0 Cd 0.5 eV 5.3y Co .

93
Nb Cd 0.1 MeV 13.6y 93m b |N

Westinahouse Caosule (Block)**
54 54Fe Gd 2.5 MeV 314d Mn

63 60Cu Gd 6.1 MeV 5.3y Co

58 58Ni Gd 2.3 MeV 71d 00

59 6000 Gd 0.5 eV 5.3y Co |
93

Nb Gd 0.1 MeV 13.6y 93*Nb

46 46Ti Gd 3.9 MeV 85d Sc

237
,

Np Gd 0.5 MeV Appropriate fission products
j 238

U Gd 1.1 MeV Appropriate fission products
L

*For capsules A1, A2, A3, A4, A5, L1, and L2

**For capsule W1

LI

II
I |

|

.
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Fiqure 3-20a HUPCAP Capsules A1. A2. A3. A4. LI. and L2
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j Fiqure 3-21 Placement of Specimens. Neutron Dosimeters and Thermal Monitors in HUPCAP W1

;

LEGEND

; B - Slow-bend (3-point) Specimen'
C - Charpy V-notch Specimen

i
D - Dosimeter (Radiometric) Set

! DB - Dosimeter Block
F - 0.417T Compact Fracture Specimen

i T - Tension Test (Subsize) Specimen ,

[ TM - 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 melted,
the peak temperature at various locations within the capsule is determined.
Table 3-17 lists 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 iI HSST program.(9N These property values were compared to those obtained from

the first SVPCAP irradiations. The comparisons of the Charpy impact and
tension test data indicate that a difference exists between some test reactor
and power reactor date. 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 irradiation 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

I
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I?Table 3-17. HUPCAP Thermal Monitors J

.

IMelting Point, I|Allov (wtf.) F

I97.5 Pb-2.5 Ag 580

I'97.5 Pb-1.5 Ag-l'0 Sn 588.

'

98.8 Cd 1.2 Cu 598

Cd 610 i

Pb 621

'

,

i

II
I,

I.
I

.

I
Il
I
I-

1

l

I
l

Il
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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 *

The 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. Additional data has been obtained on
specimens from the weld metals used in the SUFCAPS. 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 hasI not been tested; specimens are being fabricated as part of the HUPCAP affort
for this purpose. Table 3-18 summarizes this information.

3.7. Comoarison of the B&W and Westinahouse Operatina Parameters

The integrated surveillance program approach is dependent on the similarity
of exposure conditions in order to compare the specific materials used in

ig each plant. Differences in plant characteristics and operating parameters
a will be considered and accounted for. to ensure the applicability of the data

j

generated.

As noted earlier, the relative neutron flux energy spectrum, the irradiation
dose rate, and the irradiation 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 is discussed in fuller detail in Section 4.
. 3.8. Caosule Irradiation

i 3.8.1. General Discussion -

Each of the vessel beltline regions in this MIRVP contain welds that were
fabricated using combinations of several ln-Mo-Ni filler wire heats and Linde
80 flux lots. All 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 believed to determine the effect of

I
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Table 3-18. Matrix ~of Unirradiated Control' Specimens for Welds -in the MIRVP-
,

Tension 'O.394 0.500 0.936 0.936' 2.000 '4.000-
Weld Metal Procram Test CVN _TCT TCT TRCT ~TCT TCT TCT

I -

| WF-209-1 Z1 RVSP 6 23 -- --- -- --- --- ---

Z2 RVSP -- -- -- --- -- --- --- ---

0C2 RVSP 6 15 -- --- -- --- --- ---.

j OC3 RVSP 6 21 -- --- -- --- --- ---

CR3 RVSP -- -- -- 8-9 -- 6 --- ---

, WF-70(N)* HSST Task 3 6 24 -- 3 -- 2 (.8TCT) 1 (1.6TCT) ---

WF-70(B)* WF-70** -- -- -- --- -- --- --- ---

SA-1526 S1 RYSP 6 23 -- --- -- --- --- ---
-

SUPCAP 4 22 5 8 5 --- 2 ---.

WF-25* TMII RVSP 6 18 -- --- -- --- --- ---
t

SUPCAP 8 44 10 16 10 --- 4 ---

HSST Tasks 2 & 3 15 50 -- 10 -- 8 (.8TCT) 8 (1.6TCT) 5

| SA-1263 PB1 RVSP 6 21 -- --- -- --- --- ---v

g SA-1585* HSST Task 3 9 32 -- 4 -- 4 (.8TCT) 4 (1.6TCT) 3

WF-193 PB2 RYSP 6 20 -- --- -- --- --- ---

AN01 RVSP 6 27 -- --- -- --- --- ---

RS1 RVSP 5 14 -- 8 -- --- ---- ---

WF-112* 001 RVSP 6 21 -- --- -- --- --- ---

i SUPCAP 4 22 5 8 5 --- 2 ---

. SA-1101 TP3 RVSP 6 21 -- --- -- --- --- ---

j HSST Task 2 -- -- -- --- -- --- --- ---

SA-1094* TP4 RYSP 6 18 -- --- -- --- --- ---.

- W
! *$ SA-1036 G RVSP -- -- -- --- -- --- --- ---

; gw SA-ll35* HSST Task 3 9 27 -- 4 -- 3-(.8TCT) 3 (1.6TCT) 2-94

i j g. WF-182-1 081 RVSP 5 19 -- 8 -- 4 --- ---

! 5O WF-67 SUPCAP 4 22 5 8 6 2 --- ---

j| SA-1484* HUPCAP 6 12 -- --- 5 --- --- ---

, 8K
*O
*

1 * Welds made from the same weld wire as the previous weld but using a different flux lot.
i
1 **Unirradiated data to be obtained from the "WF-70 Issue Resolution," Phase XIV,. Task.J of B&W Owners
i Group Reactor Vessel Integrity Program.

'
.
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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

I For example, weld material WF-209-1 can be considered as a surrogateother.

weld for WF-70 since both welds were fabricated with wire heat number
72105.(96) 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,

;g. 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, especially where a significant bocy of data;

.m exists.
I

The insertion and withdrawal schedules (that follow) for each of the B&W and
Westinghouse plant-specific RVSPs have been prepared in accordance with ASTMI E 185-82 and the criteria for integrated surveillance programs of 10CFR50,

' Appendix H, paragraph II.C. All 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.

' 3.8.2. B&W Plant-Soecific 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. OC3-D (0conee-3, IS-E0L), to be removed at CR-3, EOC 7;

2. TEl-D (Davis-Besse, IS-E0L), to be removed at DB, EOC 6

I
I .
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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. Westinchouse Plant-Soecific RVSPs

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 individual 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 g
seeking out this material is (1) plants in the same Westinghouse grouping, e
(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. Ginna Unit 1

All capsules in the R. E.~ Ginna RVSP contain SA-1036 weld material which is a g
surrogate for SA-847, a beltline material in R. E. Ginna and Point Beach Unit W
l. SA-1135 weld material is also a surrogate for SA-847 and will be irra- I

diated to an estimated fluence of 2.2E19 in the SUPCAPS. Capsule P will be |
irradiated to the estimated IS-E0L fluence of 4.1E19 to fulfill regulatory |
requirements. Capsules S and N are standbys and are scheduled to be with- |
drawn at one to two times the IS-E0L 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

I.
I-!

.
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in Point Beach Unit I are SA-1101 and SA-847. SA-847 material is " covered"*
by surrogate materials SA-1036 in Ginna and SA-ll35 in the SUPC%PS. SA-1101

material is in Turkey Point Unit 3 capsules and SA-1094, a surrogate material
for SA 1101, is in Turkey Point Unit 4. SA-1263 weld surveillance data
benefits Surry Units 1 and 2 and Oconee Unit 1. SA-1263 weld material isI covered in the SUPCAPS and HUPCAPS, therefore no additional data is required
for this weld material. Capsules P and N only coatain 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-E0L fluence and stored.

Point Beach Unit 2

Point Beach. Unit 2 RVSP capsules contain WF-193 weld material which is a
surrogate for WF-ll2 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
'I.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

I capsules are designated as standbys and are scheduled to be withdrawn at one ,

to two times the IS-E0L fluence and stored.

Surry Unit 1

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-E0L (or
as otherwise needed) and stored, i

Surry Unit _2

Surry Unit 2 RVSP capsules do not contain Linde 80 weld material. The RVSP

. weld material was fabricated by Rotterdam and is not believed to be as

*The term " covered" is here taken to denote that material properties

'I will be (or were) obtained by irradiation and test of another weld material
that s of the same wire heat and different flux lot (surrogate material).

I
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susceptible to irradiation damage as the Linde 80 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 1.9E19. The third capsule that was withdrawn, W, was
only evaluated for dosimetry at a fluence of 6.0E18. Capsules Y and Z
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 2.7E19 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 withdrawn

'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
Owners Group in Surry Unit 2 is SA-1585. This material is covered in the g4
SUPCAPS, HUPCAPS, and in Point Beach Unit I capsules.

Turkey Point Unit 3

Turkey Point Unit 3 RVSP capsules contain SA-Il01 weld traterial 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 j
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 provide data on SA-1101 ;

weld material with a fluence of 3.0E19. SA-1769 is a beltline material in |
lCrystal River-3 and Zion Unit 2. Capsule X contains weld metal 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- !.

E0L 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. l

Turkey Point Unit 4

Capsules in the Turkey Point Unit 4 RVSP contain SA-1094 wcld material which
is a surrogate for SA-Il01 and SA-1769. The Turkey Point Unit 3 discussion 1

is also applicable for this RVSP material. Capsules V and X contain weld

li
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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 I

'

Unit 3 and the HUPCAPS can be used to cover the T/4-E0L and IS E0L data
'

requirements for Turkey Point Unit 4. HUPCAP A2 will provide data on SA-1101

weld material with a fluence of 3.0 E19. Consideration will also be given to,

maximi::ing the fluence that can be achieved for capsules V and X. All other
.g capsules in this RVSP will be designated as standbys and irradiated to
5, satisfy regulatory requirements or for dosimetry and do not need to be

tested.

Zion Units 1 and 2
,

I 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-2091 weld material is well characterized in the

'

SUPCAPS, HUPCAPS, and the Crystal River Unit 3 and Oconee Dnits 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-1

capsule Z be irradiated to a fluence of 2.2E19 to fulfill regulatory require-
ments of the IS-E0L for these plants. All remaining capsules in Zion-1 and -

the Zion-2 capsules will be designated as 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. All the irradiations, with the exception of capsule
W1 and Westinghouse plant-specific capsules, are performed in the B&W hostI reactors, Crystal River 3 and Davis-Besse. Capsule Wl, an irradiation

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 Tables 3-19 through 3-21.

I
I
I
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Table 3 19. Capsule . Insertion and Withdrawal Schedule
'or Crystal River Unit 3

4
Holder ~ Location in Capsule 3

-

Tube Holder Tube Withdraw Insert Status 3]
installed at initial Fuel Load'

,

XW ' Top CR3-B (WC .

XW Bottom CR3-D (WC

End of First Fuel Cvele (I A) i

WZ Top CR3-LGl'(WC) ;
WZ Bottom CR3-LG2 (WC) ;

ZY Top CR3-C (W) i
ZY . Bottom CR3-A (W
.YZ Top OC2-A.(W

,

YZ Bottom OCl-A (W
,

<

YX Top OC2-E -(W)
YX Bottom OC3-D (W) :.
XW Top CR3-B (WC) CR3-E (W) Tested
WX Top OC3-B (W) ;,

WX Bottom CR3-F (WC)
-

.

End of First Fuel Cycle (1B)

No changes :

End of Second Fuel Cycle

YZ Top OC2-A (W) OCl-C (W) Tested'
WX Top OC3-B (W) THIl-C (W) Tested

-

End of Third Fuel Cycle
.

No changes

', End of Fourth Fuel Cycle
;

YZ Rottom OCl-A (W) OCl-B Tested
WZ Top CR3-LG1 (WC) Nore Tested
WZ Bottom CR3-LG2 (WC) None Stored

.

'

End of Fifth Fuel Cycle

WX Top TMll-C (W) OC3-C (W) Tested
XW Bottom CR3-D (WC) TMll-B Tested

'

ZY Top CR3-C (W) OC3-F (W) Tested
WZ Top None OC2-B
WZ Bottom None CR3-LG2 (WC)

(WZ no longer empty)

I
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Table 3-19. Capsule Insertion and Withdrawal Schedule
D for Crystal River Unit 3 (Cont'd)

;9 Holder Location in Capsule
-5 Tube Holder Tube Withdiaw Insert Status

r End of Sixth Fuel Cvele

YX Top OC2-E (W) THI2-D* Tested
WX Bottom CR3 F (WC) TMll-F TestedI YZ Top OCl-C (W) THI2-LG1 (WC) Tested
YZ Bottom 001-B TMI2 LG2 (WC) Stored

End of Seventh Fuel Cvele

XW Bottom TMll-B TMI2-D* from YX top 2

'
YX Top THI2-D* to XW top A2 (WC)
YX Bottom OC3-D (W) A4'(WC) 1

WZ Top OC2-B OC3-E (W) 2

End of Eiahth Fuel Cvele

ZY Bottom CR3-A (W) OCl-D 2

XW Top CR3 E (W) None 2

XW Bottom THI2-D None 2
'

WX Top OC3-C (W) OC2-F 2

WX Bottom TMll-F TMll-D 2

|-| (XW now empty) (
End of Ninth Fuel Cycle

YZ Top TMI2-LG1 (WC) OC2-D 1

L WZ Bottom CR3-LG2 (WC) THI2-D* 1
|

End of Tenth Fuel Cycle

1I
L

No changes

End of Eleventh Fuel Cvele

| WX Top OC2-F None 2

WX Bottom TMll-D None 2

| (WX now empty)
.
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Table 3-19. Capsule Insertion and Withdrawal Schedule !
for Crystal River Unit 3 (Cont'd)

.

Holder- Location in Capsule 3Tube Holder Tube Withdraw Insert Status gj
-

.

End of Twelfth Fuel Cvele liYZ . Top 0C2 D None' 2

YZ Bottom- TM12-LG2 (WC) None 1

WZ Top OC3-E.(W) None 2
'

WZ Bottom TM12-D* None 2
(YZ and WZ now empty)

:

End of Thirteenth Fuel Cycle
,

ZY Top OC3-F (W) None 2 -

ZY. Bottom OCl-D None 2
(ZY now empty)

End of Fourteenth throuah Sixteenth Fuel Cycle

No changes-

Eni of Seventeenth Fuel Cvelg W

YX Top A2 (WC) None 1

YX Bottom A4 (WC) None 1 ;

(All locations now empty) '

I
. (W) - Capsule contains weld metal specimens. '

i

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

* - Dummy capsule. i

L 1 Capsule to be removed, specimens will be tested, dosimetry evaluated,
and thermal monitors evaluated.

2 - Capsule to be removed and placrd in storage. Dosimetry may be
evaluated at this time.

I
L I
H I

3-74,

I Babcock &Wilcox
,

a McDermott company,

. . - . . . - . . . - . , - - . . . . . - - .. . , , ~ . . . , - - . . - - . . . - - .



[.'
- m-

IL
- ' Table 3-20. Capsule Insertion and Withdrawal Schedule

for Davis-Besse Unit 1

Holder Location in Capsule
'

Tube Holder Tube Withdraw Insert Status

Installed at Initial Fuel load -

WZ Top AN1-B s
~WZ Bottom RSl B (WC) |

I' ZY Top TEl-B (WC) !-

ZY Bottom TEl-F(WC)
'

YZ Top AN1-A (W)-B; YZ Bottem AN1-C (W) i
'W YX Top RSI-D (WC)

-

YX Bottom TEl C (W)
g XW Top
,5 XW Bottom .

TEl-D(WC) ,

! RSI-C (W) ,

WX Top TEl-A (W)
'

WX Bottom RSI F (WC)

End of First Fuel Cycle

WZ Top AN1-B DB1-LG1 (WC) Tested !I WZ Bottom 'RSI-B (WC) RSI-E (W) Tested !

ZY Bottom TEl-F (WC) DB1-LG2 (WC) Tested '

End of Second Fuel Cvele f

YX Top RSI-D (WC) RS1-A (W) Tested ,

End of Third Fuel Cycle

. YZ Top AN1-A (W) AN1-D Tested t

ZY Top TEl-B (WC) TEl-E(W) Tested !

"
End of Fourth Fuel Cycle ;

: 'YX Top RSI-A (W) AN1-F Stored I
WZ Top DB1-LG1 (WC) RSI-F from WX bottom Tested '

WX Top TEl-A (W) None TestedI WX Bottom RSI-F to WZ top None
(WX now empty) -

End of Fifth Fuel Cycle

WZ. Top RS1-F (WC) None Tested
WZ Bottom RSI-E (W) None StoredI- YZ Top AN1-D to XW bottom None
YZ Bottom AN1-C (W) None Tested
XW Bottom RSI-C (W) AN1-D from YZ top Stored

: (YZ and WZ now empty)
s

I
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Table 3 20. Capsule Insertion and Withdrawal Schedule [for Davis-Besse Unit 1 (Cont'd)
;

i . Holder Location in Capsule
T.uhe_ Holder Tube Withdraw Insert Status

'

End of Sixth Fuel Cvele

XW Top TEl-D (WC) None 1 ,

XW Bottom- AN1-D None 2
'

- YX . Bottom TEl-C (W) A5 2 .

Y2 Top A3 (WC 4

YZ Bottom Al
WZ Top L2 n'

WZ Bottom L1 E-(XW now empty) g*<

End of Seventh Fuel Cvele
!IYX Top- AN1-F~ Dummy 2

' End of Eiahth throuah Tenth Fuel Cvele
,

No changes

End of Eleventh Fuel Cycle

ZY Top TEl-E (W) None 2

'ZY Bottom DB1-LG2 (WC) None 1
(ZY now empty) '

End of Twelfth Fuel Cvele
,

YX Top Dummy None
YX Bottom A5 (WC) None 1 .

_

YZ Top A3 (WC) L2 (WC) from WZ top 1

WZ Top L2 (WC) to YZ top * None
WZ Bottom L1 (WC) None 1

(YX and WZ now empty)

End of Thirteenth throuah Fourteenth Fuel Cycle

'

No changes g
r

I-

E
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Table 3-20. Capsule Insertion and Withdrawal Schedule '1'

for Davis-Besse Unit 1 (Cont'd)

I.| 'Holder Location in Capsule '

Tube Holder Tube Withdraw Insert Status,.

End of. Fifteenth Fuel Cvele

YZ Top L2.(WC) Dummy- 1

'

End of Sixteenth Fuel Cycle

No changes

End of Seventeenth Fuel Cvele |
'

YZ Top Dummy
YZ Bottom A1 (WC) .

None.I None 1

(All locations now empty):
,

:I <

(W) - Capsule contains weld metal specimens.

(WC). - Capsule contains weld metal compact fracture toughness specimens.
3

*'- L2 to be annealed before reinsertion.
,

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

.

'E' 2 - Capsule' to be removed and placed in storage. Dosimetry may be
E evaluated at this time.

.I
I

I
I
I

I

|

LI-
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Table 3-21. Capsule Insertion and Withdrawal Schedule for
the Westinahouse Plant-Soecific RVSPs

Nuclear ; Cap:;ule Capsule Capsule
Pl ant Location * Identific411RD )[ithdraw Insert Status

,

R. E. Ginna 130 V (WC) E0C-1 Tested R
130 R (WC) EOC-4 Tested W.,

230 T (WC) E00-7 Tested
'

230 P (WC) EOC-26 1c

330 S (WC) 2,5

330- N (WC) E0C-20 3 '

130 N (WC) EOC-20 '1,5 ;

Point Beach 130 V (WC) EOC-1 Tested
Unit 1 130 R (WC) E0C-5 Tested ;

230 T (WC) E0C-11 Tested .

.

220 P (W) EOC-22 2

330 S (W) EOC 3 Tested
330 N (W) 2,5

Point Beach 130 V (WC) E00-1 Tested g
Unit 2 130 R (WC) EOC-5 Tested 3

230- T.(W) E0C-3 Tested
230 P (W) E0C-23 2 >

Il330 S (WC) LOC-16 2

.330 N (W) 2,5 '

; Surry Unit 1 150 T (WC) EOC-1 Tested
150 V (WC) E0C-8 Tested. m

'

250 S 2,5 g
250 X (WC) 2,5

250 Z (WC) 2,5

1 350 W E0C 4 Tested ** 3i'

350 Y E0C-20 3 5
| 150 Y E0C-20 2,5

|
'

450 U E0C-20 3
150 U EOC-20 2,5

L
,
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!I Table 3 21. Capsule Insertion and Withdrawal Schedule for l

the Westinahouse Plant-Soecific RVSPs (Cont'd) |

I Nuclear Capsule Capsule Capsule :
Pl ant location * Identification Withdraw Insert Status !

Surry Unit 2 150 X (W) E0C-1 TestedI 150 V (W) EOC-8 Tested
250 Y (WC) 2,5-

'

I 250 W (W) E0C-4 Tested **
250 V (W) 2,5

,

350 Z (WC) E0C-20 3
150 2 (WC) E00-20 1,5 .

g. 350 T (W) E0C-20 . 3 ,

j- 150 T (W) E0C-20 2,5

450 S (W) 4
150 W1 (WC)*** E0C-17 E0C-10 1 :

Turkey Point 00 T (WC) EOC-1 Tested
'

Unit 3 100 S E0C-4 Tested
200 V (WC) Tested '

300 V 4 ,

. 300 Y 4
-

'

400 W 4-

400 X (WC) E0C-12 3,6
00 X (WC) EOC-24 E0C-12 1

400 Z 4
,

. Turkey Point 00 T (WC) EOC-1 Tested
,

Unit 4 100 S E0C-3 Tested 1
200 V (WC) EOC-12 3,6
100 V (WC) EOC-17 E0C-12 1 3

300 V 4
300 Y 4

-I 400 W 4 r
'

400 X (WC) EOC-12 3,6
00 X (WC) E0C-12 1,5

_

400 Z 4

I
I
I
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Table 3-21. Capsule Insertion and Withdrawal Schedule for .

the Westinahouse Plant-Soecific RVSPs (Cont'd) )
,

Nuclear Capsule , Capsule Capsule EIPl ant Location Identification . Withdraw Insert- Status 5{
Zion Unit 1 40 S (W) 2,5 g

3140 V (W) 2,5 )

40 W (W) E00-11 3
400 W (W) EOC-11 2,5''

i

.

5|
40 Z (WC) E0C-11 3 3

400 Z (WC) E00-22 E0C-111 1
'

400 T (W) E0C-1 Tested
|,400 U (W) EOC-4 Tested

400 -X (W) E00-6 Tested
400 Y'(WC) E0C-10 Tested

Zion Unit 2 40 S (W) 2,5 .

40 V (W) 2,5 -

[40 W (W) 2,5

40 Z (WC) E0C-11 3
400 Z (WC) E0C-11 2,5

'400 T (W) E0C-4 Tested E
400 V (W) E0C-1 Tested 5
400 X (W) 2,5

|400 Y (WC) E0C-10 Tested

W - Capsule contains weld metal specimens

WC - Capsule contains weld metal WOL specimens

* - Capsule locations are relative symmetrical positions and not absolute,
e.g. 00 is equivalent to 900, 1800, or 2700

** - Only the dosimetry was evaluated.
,

*** - HUPCAP
,

'

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

I
I.
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II Table 3-21. Capsule Insertion and Withdrawal Schedule for i

the Westinchouse Plant-Soecific RVSPs (Cont'd) '

I 2 - Capsule to be removed and placed in storage. Dosimetry may be
eve.luated at this time.

3 - Capsule recommended to be reinserted in higher lead factor location.

4 - Capsule to be maintained in location to E0L. '

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

6 - Current cycle for transfer and reinsertion is estimated.
;

I -

.

~

1I

I

I
y

I
,

I
I
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| 4. BASIS FOR INTEGRATED PROG'(AM CONCEPT

The Master Integrated Reactor Vessel Surveillance Program (MIRVP) is an
extension of the B&W Owners Group 1RVSP to encompass all operating PWR 1

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 (RVI) Program.(98) The principal objective of the RV1g
Program is to assure the continued licensability of all eleven participants
and their seventeen reactor vessels. The MIRVP provides the data required ofI Appendix G to 10CFR50 to accomplish this objective. Details of the MIRYP 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 i
existing RVSPs already in place and additional capsules that have been added,
through shared resources, to expand the data base for Linde 80 weld material.

'

I The term * integrated" in this case refers primarily to the concept of unified
data sharing among all participants. The RVSPs in place 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 on 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 continuation of the plant specific surveillance progri.ms that|

| monitor the irradiation damage to selected materialt, as appropriate. The
;

capsules contain samples of weld metal, plate or forging material, arid heat-

affected zone (HAZ) material from the vessel beltline. This part of the

|I
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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 secad part of the program consists of a series of supplemen- i

tary capsules to study the effects of irradiation on a number of Linde 80
4

|!
reactor vessel weld metais. These capsules contain specimens primarily for
obtaining fracture toughness properties of individual weld metals, and are
located in the same irradiation 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 20CFR50, Appendix H, must be met. Paragraph !!.C of Appendix H ?

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- a'
mitted, but the amount of testing may be reduced if the initial 5'results agree with predictions.

;

D. Integrated surveillance programs must be approved by the Director, EI
Office of Nuclear Reactor Regulation, on a case by-case basis. 5,
Criteria for approval include the following considerations. |

E. The design and operating features of the reactors in the set must be |-sufficiently similar to peruit accurate comparison of the predicted
amount of radiation damage u a function of total power output.

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

G. There must be a contingency plan to assure that the surveillance g'
program for each reactor will not be jeopardized by operation at 5'reduced power level or by an extended optage of another reactor from
which data are expected.

1

H. 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.

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. *

E
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I !
A. Seventeen reactor vessels are included in this integrated program. Eight i

II are B&W 177 FA design having very similar operating and design features
and nine are of Westinghouse design. All 17 reactors are of the same j

basic design concept: pressurized water reactor, operating at 550F and |

2250 psi nominal inlet temperature and pressure, and with ' low 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. gamma heating *

.The relative neutron enerov soectrum 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, tat 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 withI ,

'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 differen:e in spectra between the Westing- !
house and B&W reactors is no larger than that already encountered in non-
integrated programs. The difference in spectra could be ignored if a
perfect damage exposure index existed. Since this is not the case, it is

desirable to hold the difference in spectra to a minimum and correlate ;

damage in a specimen with different points in the reactor vessel wall
I 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

'I
4-3,

I Babcock & Wilcox
'

-_- - - .



l-

!

spectrum at the reactor vessel for a typical Westinghouse system design,
;

is compared with a typical B&W system design and is shown in Figure 4 1. |

Irradiation temnerature is controlled by the reactor vessel inlet
temperature. Referring to Figure 317, it is seen that the cold Itg
(inlet temperature) for the B&W and Westinghouse reactors are within |approximately 10F of each other during full power operation and ap-
proximately 25F when operating at partial powers of 70% and above; 25F r

is stated in Regulatory Guide 1.99, Revision 2,N) Section B, Paragraph !

I['
4, 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 a significant effect. It is recognized j
that these differences in temperature exist among the various reactors in (
the MIRVP and, therefore, surveillance data will periodically be evalua- I

ted for the possible influence of operating temperature en irradiation !
damage. In addition, other programs will be monitored for potential data :

|related to this matter.

Fluence rate (neutron flux) for all these reactor designs is less than
one order of magnitude (E10). |
Gamma heatino affects the 1/4T environment of all 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- -

|relationships of these variables. In particular, as part of this

program, capsule W1 is designed specifically to benchmark data from the
two reactor designs.

B. The B&W Owners Group is engaged in a program to provide the 177-FA
reactor vessels with cavity dosimeters. A development and benchnarking
effort is in progress to be followed by the necessary modifications for
the acceptance of removable dosimeters. This is particularly important g
for " guest" 177 FA reactor vessels. The dosimeters available in the RVSP W
capsules at Crystal River-3 and Davis-Besse (host reactors) and the ;

Westinghouse-design reactors will continue to provide the required

!

I
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information, in addition, several utilities with Westinghouse design
reactors have completed or are conducting cavity dosimetry programs.

C. All of the irradiation capsules originally prepared for all of the
reactors in the program are scheduled to be irradiated. However, as

stated in this report, it is planned that some of the capsules will |
not be testede 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 additional 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.

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

E. The similarity of the 17 reactors with regard to design and operating g
features as they affect data utilization with regard to neutron radiation 5
damage is 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 g
IRVSP will be irradiated in a Westinghouse plant (HUPCAP Wl). Also a
study of the correlation monitor material from each of the plants will be
performed. Some environmental differences that may exist between each of
the reactor vessels are temperature, capsule design and azimuthal
location, fuel assembly design, plant power levul, 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.

F. Through the B&W Owners Group Materials Committee, Reactor Vessel Working
Group, to which all the Owners of B&W-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.

I
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G. Operation of a B&W ' host" reactor at reduced power level or ex9eriencing
an extended outage is not expected to jeopardize the program since the
lead factors are sufficient to provide enough time for the arsule to
recover their lead. If an outage is extended beyond the margin provided
by the lead factor, it is reasonable to shuffle capsules between reactors
to maintain the program. B&W has demonstrated the feasibilit of
shuffling irradiated capsules. The Westinghouse plant specific capsulesI will remain in their original irradiation sites.

I
The B&W 177-FA integrated program was instituted as a result of problemsH.

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 operhting reactors would have
subjected personnel to substantial radiation exposure. The integrated
program was extended to include additional capsules to irradiate weld
materials that are actually in the beltlines of B&W fabricated vessels
and to provide irradiated specimens for fracture toughness testing.
Owners of Westinghouse designed. B&W fabricated reactor vessels recentlyI joined the program to benefit from this information. Additional irradia-
tion capsules are being fabricated to provide extended fluence data,
which may also be useful for life extension.

|I|

i.
'

1

I
|

|
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5. CERTIFICATION |I |
|

IThis report is an accurate description of the master integrated reactor

vessel surveillance program prepared in accordance with the requirements of
|

10CFR50, Appendixes G and H, and revised to include PWR vessels not of B&W f
t

design. !I 1 % tt %In i
S. Fyfitefi/ Engineer IV Date |
Materials and Structural Analysis Unit !

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

master integrated reactor vessel surveillance program.

k &OLA /C S F9
,

"K. E. Moore, Lead Engineer Date
Reactor Vessel Integrity Program ,

,

Verification of independent review. !

C |Ofilff9
'

. .

'| A. D. McKim, Manager Date i

Materials and Structural Analysis Unit

This report has been approved for release.
l

,

lo//3 /89
D. L. Howell Date
Program Manager i

i
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This appendix compiles the plant specific reactor vessel surveillance program
(RVSP) materials data for each of the seventeen reactor vessels included in !
the B&W Owners Group MIRVP. The sources of these data are indicated in each |table. However, the weld metal chemical compositions are of particular i

importance and their basis is explained here.

Basis for Weld Metal Chemical Composition '

:

The sources of the listed chemical compositions include the B&W Owners Group
weld metal chemical composition characterization (BAW 1500)p6) and the data !

provided in plant specific RVSPs where chemical analyses were performed on
|actual RVSP specimens. All of these data have been evaluated and will be '

reported in a revision to BAW 1803, " Correlation for Predicting the Effects g|
of Neutron Radiation on Linde 80 Submerged Arc Welds..,(100) The most ,

representative chemical composition' was established for the particular weld !
metal subjected to irradiation and testing in each RVSP. This approach is

|
essential in the ongoing testing and evaluations being performed on the Linde !
80 class of materials. The general approach used in establishing each
chemical composition is: I

|Cateoorv Basis

Multiple analglocks,ses performed Mean value from results of multiple
on RVSP test analyses. '

Analysis of RVSP test speci- Preference given to actual analysis per- |mens. Multiple analyses per- formed on RVSP specimens. The copper
and nickel (Ni) values were also compar(Cu) '

t

formed on welds made with the ed
same filler wire heat; not the to the results obtained from multiple '

specific weld in the RVSP. analyses performed on welds made with the i

same filler wire heat. The RVSP specimen 3'analysis was considered credible if the Cu 5
and Ni values were within the total pop-
pulation. This was generally the case. 3The exceptions involved Cu concentrations gwhich appeared to be too low and were
adjusted accordingly.

I
:

I
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I:
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Table A 1. Oconee Unit 1 Description and Properties of Reactor Vessel Surveillance Program Materials *)I

Impact Proe-rttes

T,f.I'I RT,,,f.I'I c,05t. vis.I'I v5.I*3[h a kal_foapos._!1t n 3t

Material ID_ C _._. fte P 5 St Ni Jr_ J_ Je_ Mb_ _kst_ .ist
IUBase metal A 0.21 1.42 0.015 0.015 0.23 0.50 0.1/ 0.49 0.10 0 20 141 96.1 64.3 1
III0 20 108 86.5 65.I I

Base metal B 0.20 I.40 0.012 0.011 0.20 0.63 0.13 0.50 0.11 ?? 20 II8 'I 89.6 68.1 1I
20 20 IIS 'I 39.5 68.3 iI

Weld metal 0.08(b) y,,7(b) 0.016(b) 0.015(b) 0.54(b) g,39(b) 0.07 IDI 0.40(b) g,3;(b) -50IN IN 64(b) 80.5 63.3-10

| IC'Heat Ireatment
Mateli31 J L (i a.1_Ro hilo M ilit Aw11tnitizine Temy_e_rine $}rg3rp g gft m u

Base metal A C3265-1 SA 302 Gr 8 tukens 1600-1650F for 9.75 h brine 1200-1220t for 9.5 h, tartne ownch II00-II50F for 31 or 40 h, for-
quench nace-toeled to 600F

Base metal B C2800-2 SA 302 Gr 5 takens 1600-1650F for 9.5 h. brine quench 1200-1225T for 9.5 h b-ine w h IlOO-IIS0F for 31 er 40 h. for.p esce-teeled to 600F
"

] Weld metal WF-Il2 N/A(d) N/A N/A N/A Il00-Il50F for 31 er 40 h for-
nace-cooled

(a)BAW-1820IIII.

(b)p g g g,,,,, ,g(100)
ICI

} stress relief conditions for base metals are those taken from mill certifications. The weld matal stress relief tenditions are those actually given te
' the surveillance meld metal.

(d)M/A - Not Applicable.

I'IBAW-1421. Revision 1.(26)

IIIBAW-2050.IDIg
., et

e
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Table A-2. Oconee Unit 2 Description and Properties of Reactor Yessel Surveillance Program Materials ")I

I= pad frertrE t> _

7*(.I'I ND|* g

I'I

tet5{I*I
I'IChemitgL(_eapositionm% RT C v5Natertal ID C - Mn P 5 51 _nj _ Cr * Ce

v4

i Base metal A 0.24 G.63 0.006 0.012 0.25 0.75 0.36 ?.57 0.04 20 20 III

-15? 'I 89.2 68.0 tI20 20 833 89.6 68.1 i

Base metal B 0.21 0.62 0.080 0.0IO 0.23 0.JO 0.39 0.58 0.02 -10 -10 160 'I 89.9 69.5 1I
-30 -10 138 *I 87.8 67.1 II

Weld metal 0.II(b) 1.55(b) 0.022(b) 0.010(b) 0.65(b) 0.58NI 0.09(b) 0.39(b) 0.36 IN III III 6T(b) 95.2 81.4-20 4

ICIMeat Treatment
Balertal ID_ (kaUto, _$cet no. $_uppligt Aus_ttaty ttne leuygt}tne $s,rg35 aggggg

Base metal A 3P-2359; SA 508 Cl.2 &adish 1640F i 20F held at color 4 h. 1260F f 20F h*Id at color 10 h. 18258 ; 258 held at toler 22 or'
AAW 163 cold water quenched at 1590t told water guenched 33 h formate-teeled to t-low20F held at color eh, told water 600F

Base metal B 4P-1885; 5A 506 Cl.2 tadish Same as above Sa== as above same as above
,

y AWG 164

Weld metal WF-209-I N/A(d) N/A N/A N/A Il00-Il50F for 27 er 33 h. for.
**(e-teeled

(a)SAW-1820 (22)

(b)g3 , igg 3, ,,,,,,,,y,(100)
! ICI

5 tress relief condittens for base setals are these taken from mil certifications. The wald metal stress relief conditions are these acteally given to
the surveillance weld metal.

(d)M/A - Not Applicable.

I I'IsAv.le37 (28)

IIIRAW-2051.(29)g
|, =D
; CF

68<

22sw
D -

SE2
4$.

M

,
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Table A-3. Oconee Unit 3 Description and Properties of Reactor Vessel Surveillance Prograss Materials *)I

loyacLr_reperties,

7 ,f.I'I al,f, I(' t,eSt. el5.I'3 v5 I'I(h einilpepts_ilipn st
Material ID_ C Mn P _) _ 58 Ill tr 19e Ju_ f t ilt . JsL JL
Base metal A 0.24 0.72 0.014 0.012 0.21 0.76 0.34 0.62 0.02 FC 20 190 'I 94.0 59.1 tI

20 20 198 " I 85.4 63.I I

I
16c *'I

Base metal B 0.2I 0.58 0.011 0.015 0.24 0.73 0.30 0.60 0.01 20 20 84.6 59.6 i
II+

20 20 II2 83.1 58.2 I
II IDI III IDI 0.El(b) g,3g(b) 0.10(b) g,39(b) 0.30(b) 20 25 661.63 0.017 0.012 IIIWeld metal 0.08 e0.5 15.0

ICINeat treatment
flaterial jp_ IgaLNo, _Spft No. _ Supplier AustenititJng temper.ina $1rgss_ Relief

Base metalA 522194; 5A SOS ti.2 tadish 1640F t 20F held at toler 4 h. 1250F i 20F held at toler for 10 1125i i 25T held at toler 30 h.
AMEI91 cold water quew hed 1590F t 20F h, told water quenthed furnate<eeled to belem 6005

) held at (eler for 4 h, cold wat*r
quenched

'f Base metal B $22314; 5A 508 (1.2 tadish same as above *ame as above Same as ateve
-

,

v. AW5 192

Weld metal WF-209-I N/A(d) M/A N/A N/A Il00 II50s for 30 h. fuemate.
tetled

| (*IBAW-1820.I II

(b)I%W-1803. Revissen I.I
ICI Stress relief tenditlens for base metals are these taken free mill t+rtifications. The weld metal stress relief tendit6 ens are these attnally given to

the serveillante weld metal.
M/A . Not Applicable.

| I'IRAW.1438.( 0)
! IIIBAW-1697.I'II

.I' p
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Table A-4.
Three Mile Island Unit 1 Description and gialsgiesof'Reactor Vessel Surveillance Program Mater

iWatl_P.Drerties

r,nf. I(' C,s . el5.('I v5.I'IN.I'I
Chmisaue pnitieo_3, er

Halit14LJL C Mn P 5 Si __ N t __ Cr Mo Jy_ f t lb_ _.ksi 111

IIIBase metal A 0.24 I.36 0.030 0.011 0.23 0.57 0.19 0.51 0.09 10 to 131 94.0 13.1 L
III10 30 98 92.2 68.4 i

II
182 'I

Base metal 8 0.21 1.24 0.0I0 0.016 0.27 0.55 0.12 0.4T 0.32 -30 -10 83.2 60.4 L
IIIZ ' S2.4 59.4 i-10 20

Weld metal 0.09(b) 1.62(b) 0.083 0.015IbI II 0.46(b) 0.66II NI 0.40(b) ,,33(b) -20 -200.10 III IIsl 86.2 69.2

eleat Treata==tICI
'

EilfIlal lL !kai_Ng hies,_ lappligt Au1Lenttizine leupgrine str;11._ Relief

Base metal A C2189-2 5A 302 Gr 8 tekens 1600-1650F for 9.5 h. brine geench Il00-II50F for 22.5 er 27.5 h.
1200-IZ25F for 9.5 h brine guem h fornace-cooled
1600-1650F for 9.5 h. brine guanthy ,

1600-1650F for 9.5 h. brine geparh
<> 1510-1535I for 5 h. brine guanch

I200-IZ25F for 5 h brine go ach

Base metal B C3301-1 54 302 Gr 8 lekens 1600-1650F for 9.5 h brine quam h Sa=* as above
1200-1225F for 9.5 h brine geenth
IZ25-1250F for 9.5 h. brine guanch

IIWeld metal WF-25 N/A N/A N/A E/A Il00-Il50F rer 22.5 or 21.5 h.
fornece-teeled,

. BAW-i820.(22)(*I

(b)BAW-1803. R% M 1.(100),

' ICI$ tress relief conditions for base metals are those tahan free alli certifications. Tha meld metal stress relief tenditions are these actually 9 ven tot

the serveillam e weld metal.
(d)M/A - Not Applicable.

,

I'ISAW-1439.I33I
'

e,

$( II)gAw.3903.I32I
'

k
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Table A-5. CrystalRiverUnit3DescriptionandPropertigofReactor Vessel Surveillance Program Materials

leqpact Properties

N.III
t,vu . vis.III v5.I'IN.I'I

themical composition._% T af
!!altri_al_1Q_ t_ m P 5 _,,,) { Ni __,[L % e [Ll!L ksi tst,

I9IBase metal A 0.23 1.30 0.006 0.036 0.22 0.5e 0.31 0.55 0.20 -10 -10 IF4 98.9 69.8 t03-10 I 94 92 3 69.4 I

Base metal 8 0.23 1.30 0.008 0.016 0.22 0.54 0.11 0.55 0.20 --- --- --- ---- ----

I ICI ICI ICI 1.00 'I 0.10 *I 0.STWeld metal A 0.08 'I I.65 I I ICI 0.45 *I 0.41 ---NI NII ICI 19 'I 93.9 77.II 0I NIO.021 0.013 SO
III III 0.018 'I 0.009 'I 0.54I I III III III III 0.35 'I --- --- --- ---- ----

Iweld metal 8 0.10 I.5T 0.60 0.094 0.43

Heat Treatment
!?1grial_lQ. tigal_3t, _5pec he, $appligt Austenitittas feuyerieu StresL g,llef4 P

,

Base metal A (4343-I 5A 533 Gr 8 teens 1650-IT00f held I h/im. sater Il80F, held 0.5 h/is. a6r cool.d 1100-1850f 6 14 21 6 forax e-
Cl.I germ hed to 400F teeled to 1*lem 600F

Base metal 8 C4344-2 54 533 Gr 8 teens Same as above 1100F. held 0.5 fi/la. air teeled same as abase
(1.1

Weld metal A Atypical N/A 'I 91/A N/A N/A 1100-11505 for FT h. fornace.I'

" cooled
Wald metal 8 WF-209-1 N/A N/A N/A ft/A Il00-IIS0F for 2T h. fornw e.

teeled
(a)BAW-1820.(22)
(b)gggggggg(101)

(NBAW-1803. Revision 1.II W
Stress relief conditions for base metals are these ta6en free alli certificattens. The *dd estal stress r=Ilef towfitions a" 'bese actually given to<

the serveillance sold metal.
I'IN/A - Not Applicable.

BAW-16T9. Revision I.II*I
(9) gag.gggg,{36)

OlgAg.go49,(39)

m % .,500.( m
o"
s

h o

I5h
*O
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_ . _ .- - . , _ ~.-. ,._- _ . . . - _ . . - , _ _ - . - _ -.,.---_._-.--,.__-..._.-.___---__._______.,_c~



.. . - - - _ _ _ - . - _

_ _

_

J
.

Table A-6.
Arkansas Nuclear One Unit I Description and Prgls ies
of Reactor Vessel Surveillance Program Materia

leyn t _Preparties

7 ,f.I'I ar,f.I*) bit _ ksL J3L ~
c tm. vis.('I v5.I'IchseAallowitite

!!aterial ID_ _.__C _Mn P 5 J J___ Ni Jr_ sk Ce

Base metal A 0.21 I.32 0.010 0.016 0.20 0.52 0.19 0.51 0.15 le le 132 94.9 12.0 t
10 30 96 94.6 71.8 i

NBase metal B 0.21 1.32 0.010 0.016 0.20 0.s2 0.19 0.5T 0.15 20 20 147 90.1 6T.T tIII20 le IST 90.3 67.8 T

| Weld matal 0.09(b) y,,9(b) 0.016(b) 0.016(b) 0.51(b) ,,$9(b) ,,,g(b) ,,3,(b) 0.28(b) -20 30 73(b) 84.6 67.6

Ilmat Treatment (c)
Battd_aj_Ip_ lhal.J% _5fet fle. $#Pflitt AallenitlE ng 1*grerine 5t_ress_se_Ligf

Base metal A C5114-1 SA 533 Gr B tokens 1650-1700F. held I h/le. and mater 1200f. held I h/6e. and air cooled Il00-IISOF. held 29 h. and for.
C3.I quan(hed to 400F mate-teeled within a rate of

35F/h to belee 600F

Y Base metal 8 C5114-2 SA 533 Gr 8 tekees Same as above 1700F, held 0.5 h/fs. and air ceeled Same as abe,*
* Cl.1

I#IWald metal W-193 IE/A N/A N/A N/A II00-II50r for 29 h. Fernace.
teeled

.

I'Isaw 1820.I22I
IN8AW-1803. Revision I.I
ICI $ tress relief tenditions for base omtals are timese taken from elli certificattens. The ==14 ental stress relief tendittens are these attoally given to

the surveillante weld metal.
(d)M/A - Not Applicable.
I'IgAW.ge40,(83I

IIIgAu.2075.I II

E 59IRAW-1698.I*II
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Table A-7. RanchosecoUnitiDescriptionandPropertiesgReactor Vessel Surveillance Program Materials

laract Properties

_
i ,f.I'I af ,f.I'Ithenjisalj; pans _ition s t,vw, als.I'I vs.I'IMaferial ID C _- ft P 5 __$i Ni Jr 14e J q._.,_ fMb_ ks! .kL

Base metal A 0.20 1.33 0.010 0.015 0.19 0.58 0.20 0.52 0.10 --- --- --- ---- ----

IIIBase metal 8 0.20 1.26 C 013 0.017 0.15 0.60 w.14 0.55 0.12 -10 -10 90 83.8 63.9

Weld ental (b) 0.09 1.49 0.016 0.016 0.51 0.59 0.06 0.39 0.28 90 -14 68III 83.5 6T.5

ITIIkat Treatment
Male _r141__ID_ !!c.at No. $pec Mo. luppli r Atqtenitizino lesorrine Stress __elieft P

Base metal A C5070-1 SA 533 Gr 5 tekens 1650-IT00F, held I h/in. and 1200f, held 0.5 h/in. and air 28 h at Il00-IISOF and formate.
CI.I water tieas. chad to 400f cooled cooled below 600F

i

Base metal 8 05062-1 5A 533 Gr 8 tekens 5ame as above Sane as above Sama as above> Cl.1
e

Weld metal WF-893 8VA(d) N/A N/A n/A IIDO IISOF for 23 t formace.
' *

o,

cooled

(8)BAW-IB20.(22)
(b)BAW-1803, Revision I.II

ICI
5 tress relief condittens for base metals are these taken from mill certifications. The meld metal stress relief condittens are these actually given to
the surveillav e weld metal.

i
i

(d)M/A - Not Applicable.

(e)SAW-1702.I"'I

(II gg.2074.I"8Ig

i e9
k
?
s=R

i
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Table A-8. Davis-Besse Ufitt 1 Descriptiofi and Propertiesg-

,

Reactor Vessel Surveillance Program Materials'

leract Frorgrties

Matertal in C nn P 5 51 Ni Cr tw _ Cs . 7,I.I'I at"I,I'IC ksica) Compo31tip s _t C,v4, 015,I'I v5,I'I
e ft-Ib __kil._ .bl .

IIIBase metal A 0.22 0.63 0.011 J.011 0.21 0.81 0.32 0.63 0.02 50 50 IFF 90.T T2.3

III II III ---- ----Base metal 8t 0.26 0.68 0.904 0.006 0.30 0.77 0.38 9.64 20 140e.04 ZOa

Wld metal *I 0.09 1.69 0.014 0.013 0.41 0.63 0.15 0.4? 9.21 -20 5 12
I III 85.6 70.2

ICIW at treatmant

Material _lQ_ &a m hL $apall_er Avitenttizine Tempertne Stress Relief

Base metal A SP4006; SA 508 C1.2 tadish 1640F i 10F beld at toler a h. 1240F a 10F held at toler 5 h, air II25F i 25F held at celer 15.5
BCC24I told water quawchad cooled h, formate-<eeled in low 600F

Reacstenittied 1590F t 10F held
at color 4 h. cold water quenchedi

> Base metal B 123I244; SA 508 Cl.2 ladish Same as above 1240F a 10F held at celer 6 *., Same as above
b AKJ233 air toeled
o

Wald metal W - 182 5 N/A(d) Iq/A N/A Iq/A 1103-1350r for 15.5 h, formace-
teeled

(*IBAW-iS20.I22I

j (b)BAW-1803 Revision 1.I # I

ICI5 tress relief condittens for base metals are these ta&+= free elli certif ttations. The meld ental stress relief conditlens are these a(tsally 9tven to the
' surveillance weld metal.

INN/A - Not Applicable.

I'IgAW. 3;og ,IMI

k III ,g I882.I"IIrf,

5Y
e
5
e
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Table A-9. R.E. Ginna Unit 1 Description and Properties of Reactor Vessel Surveillance Proaram Materials

Impact Properties
,

Chemical Composition. % T RT C USE, UTS, YS,
Material ID C Mn P S St Ni Cr _ Mo Cu Tp FT, f t-ib -- tsi usi

y

gymetal 0.19 0.67 0.010 0.011 0.20 0.69 0.37 0.57 0.05 --- -- 183 83.6 62.7

i
'

gymetal 0.18 0.66 0.010 0.007 0.23 0.69 0.33 0.58 0.07 --- -- 140 97.2 78.2

IDIWeld metal 0.08 1.41 0.012 0.016 0.59 0.56 0.09 0.36 0.23 --- -- 80 87.4 73.5

ICI
; Heat Treatment
'

Material 10 Heat No. Spec No. Supplier Austenitizina Temperina Stress Relief
>

h Base metal A 125P666 SA508, C1.2 Beth. 1550F for 9 h, 1220F for 12 h, 1100F for 11-1/2 h,
,

water quenched air cooled furnace-cooled
,

,

| Base metal B 1255255 SA508, C1.2 Beth. 1550F for 15-1/2 h, 1220F for 18 h, Same as above
water quenched air cooled

[ Weld metal SA-1036 N/A(d) N/A N/A N/A Same as above
i

I")WCAP-7254(54) and WCAP-Il026.(102)

; (b)BAW-1803, Revision 1.II I

i 3g (c)WCAP-10086.(64)
*

?2jg (d)N/A - Not Applicable.i

'5D
$5
:r

; -0
N'
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Table A-10. Point Beach Unit-I Description and Properties of Reactor Vessel Surveillance Program Materials

Irvact Properties
Chemical Composition. % T RT C USE, UTS, YS,

Material 10 C Mn P S Si Ni Cr - Mo Cu NT, IT, ft-lb ksi ksi
y

gymetal 0.19 1.42 0.010 0.020 0.25 0.056(b) ---- 0.48 0.20S) -305CI - 2(d) 107 85.1 65.2

gymetal 0.21 1.37 0.014 0.019 0.25 0.065(b) ---- 0.46 0.12(b) -20ICI -20(d) 119 76.2 53.6

:

Weld metal *) 0.09 1.47 0.019 0.024 0.49 0.57 0.13 0.39 0.22 0(d) O(d) 65 86.3 69.9I

IHeat Treatment *I
i Material ID Heat No. Spec No. Supplier Austenitizine Tempering Stress Relief

$ Base metal A A9811 SA302 Gr.B Lukens 1650F for 7 h, water 1225F, 7 h, air 1125F for 11-1/4 h,
quenched cooled furnace-cooled"

Base metal B Cl423 SA302 Gr.B Lukens Same as above Same as above ll25F for 10-1/2 h,
,

j furnace-cooled

II)Weld metal SA-1263 N/A N/A N/A N/A ll25F for 11-1/4 h,
I furnace-coo?ed

I*IWCAP-7513(55) and WCAP-8739.(67)
'

IIDocket No. 50-266, response to 10CFR50.61, January 20,1986.(103)*
;

h ICIWCAP-8743.(104)
3 sr,

f9 (d) Estimated by the methods of the U.S. MRC Standard Review Plan, Section 5.3.2, Pressare Temperature Limits.
I*IBAW-1803, Revision 1.(100)

IIN/A - Not Applicable.

M M M M M M M M M MM M M M M M M M M
__._. . . - _ _ _ _ _ _ _ . . _ .-- _ _ ~ . - _ ' _ . _ _ _ . _ _ _ . _ _ _ _ _ _ _ . _ . . . . _ _ _ . _ _
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Table A-ll. Point Beach Unit 2 Description and Properties of
Reactor Vessel Surveillance Program Materials

Impact Properties
Chemical Composition. % TY , RTb , C,USE, UTS, YS,i

Material ID C Mn P S Si Ni Cr - Mo Cu ft-lb ksi ksi

ICI ICIgymetal 0.20 0.65 0.009 0.009 0.24 0.71 0.35 0.59 0.088 40 40 180 80.2 55.4

ICI ICIgymetal 0.22 0.59 0.010 0.008 0.23 0.70 0.33 0.60 0.051 40 40 145 92.0 70.8

Weld metal (b) 0.08 1.40 0.014 0.013 0.55 0.59 0.07 0.39 0.25 25(d) 27(d) 66 87.0 71.9

Heat Treatment *)I

Haterial ID 11 eat No. Spec No. Supplier Austenitizina Temperina Stress Relief
"

Base metal A 123V500 A508 C1.2 Beth. 1550F for 9-1/2 h, 1200F for 12 h, ll25F for 12 h,
val water quenched air cooled furnace-cooled

Base metal B 122W195 A508 C1.2 Beth. 1550F for 8 h, Same as above Same as above
VAI water quenched

Weld metal WF-193 N/A 'I N/A N/A N/A Il25F for 11-1/2 h,I.

furnace-cooled

(a)WCAP-7712(56) and WCAP-9331.I70.I
,

, -

{E IU)BAW-1803, Revision 1.II I

f (c)WCAP-8738.(105)
'

:D

]y{ Id) Estimated by the methods of the U.S. NRC Standard Review Plan, Section 5.3.2, Pressure Temperature$
' Limits.
~o,

i " I"IN/A - Not Applicable.

.- -. - . .. -- -. . -.. . . _ . - - . . . - - _ . . - . . . - - - - - _ - - - - .-.. - . . - _ .
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Table A-12. Surry Unit 1 Description and Properties of Reactor Vessel Surveillance Program Materials

impact Properties
Chemical Composition. % T RT C USE, UTS, YS,

Material ID_ C Mn P S Si Ni Cr Mo Cu $T, bT, ft-lb ksi ksi
y.

metal 0.23 1.35 0.008 0.015 0.23 0.55 0.069 0.55 0.11 --- -- 142 90.5 68.1

metal 0.22 1.33 0.014 0.014 0.23 0.50 0.078 0.55 0.11 --- -- 125 93.8 71.8

.

Weld metal (b) 0.09 1.53 0.013 0.017 0.53 0.68 0.08 0.42 0.35 --- -- 70 83.2 69.7

IHeat Treatment *I
Material ID Heat No. _ Spec No. 5_upplier Austenitizing Temperina Stress Relief

>
' Base metal A C4326-1 SA 533 Gr.B Lukens 1650-1700F, for 9 1210F for 9 h, ll25F for 15-1/2 h,..
*

C1.1 h, water quenched air cooled furnace-cooled to
600F

Base metal B C4415-1 SA 533 Gr.B Lukens Same as above 1200F for 9 h, same as above
Cl.1 air cooled

IC)Weld metal SA-1526 N/A N/A N/A N/A Same as above

I*IWCAP-7723(57) and WCAP-Il415.II4)

IIBAW-1803, Revision 1.(100)*

ICIN/A - Not Applicable.
!3r
=D

E .
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Table A-13. Surry Unit 2 DescriDtion and Properties of Reactor Vessel Surveillance Procram Materials

Impact Properties
Chemical Composition. % TP , RTFT, fi-ib ksi is,

C USE, UTS, YS,
Naterial ID C Mn P S Si - Ni - Cr - Mo - Cu

gymetal 0.23 1.30 0.012 0.014 0.25 0.54 0.075 0.54 0.11 --- -- 125 91.3 68.2

b)Weld metal 0.09 1.51 0.017 0.016 0.46 0.56 0.10 0.41 0.19 --- -- 90 86.5 70.8
:

HeatTreatment(*)
Material ID - Heat No. _ Spec No. Supplier Austenitizine Tempering Stress Relief

Base metal A C4339-1 SA 533 Gr.B Lukens 1625F for 9 h, 1212F for 9 h, ll40F, for 15-1/4
; Cl.1 brine quenched brine quenched h, furnace-cooled *

IDIi Weld metal A R3008 N/A N/A N/A N/A Same as above

;

I*IWCAP-8085(58) and WCAP-II499.(76)
IN/A - Not Applicable.

.

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

Impact Properties

Chemical ComDosition. % ThT,~RTkT, ft-lb ksi ksi
CyUSE, UTS, YS,

Material ID C Mn P S Si Ni Cr - Mo_ . Cu

gymetal 0.20 0.64 0.010 0.010 0.26 0.70 0.395 0.62 0.058 --- 40 145 86.2 64.4

gymetal U.20 0.615 0.010 0.003 0.155 0.67 0.38 0.585 0.079 --- 30 154 82.6 57.4

IDI ICI .16 0.37 0.26ICI--- 10 65 ') 92.8 76.3IC) IWeld metal 0.08 1.51 0.020 0.013 0.57 0.60 O

Heat Treatment (a)
Material ID Heat No. Spec No. Supplier Austenitizina Temperina Stress Relief

* Base metal A 123P461 SA508 Cl.2 Beth. 1550F for 13 h, 1210F for 8 h, ll25F for 10-1/2 h,
VA-1 water quenched air cooled furnace-cooled to

600F

Base metal B 1235266 SA508 C1.2 Beth. Same as above Same as above Sasse as above
VA-1

Id)Weld metal SA-IIGI N/A N/A N/A N/A II25F for 10-1/4 h,

furnace-cooled to
600F

~$
I*)WCAP-7656(59) and Final Report SWRI Project No. 02-5131.579)

jar (b)BAW-1500.(96)
'

IC) Safety Evaluation Report, Memorandum, S. Varga to J. W. Williams, April 26,1984(106)

$ (d)N/A - Not Applicable.

m W W W M M W W W M M M M M W W W W W
_
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Table A-15. Turkey Point Unit 4 Description and Properties of
Reactor Vessel Surveillance Progran Materials

Impact Properties
Chemical Composition. % T RT CyUSE, UTS, YS,

Material ID C Mn P S Si Ni Cr Mo Cu $T, bT, ft-lb isj _ ksi

'

Bggymetal 0.22 0.67 0.010 0.009 0.20 0.71 0.33 0.56 0.054 --- 50 135 90.1 63.6

B{gymetal 0.21 0.67 0.011 0.009 0.23 0.70 0.31 0.56 0.056 --- 40 132 91.5 70.8

Weld metal (a) 0.10 1.44 0.014 0.011 0.50 0. G 0.14 0.36 0.26(CI--- -- 66 *I 90.8 70.2I

IHeat Treatment *I
! y Material ID Heat No. Spec No, SupDlier Austenitizing Temperina Stress Relief

"
Base metal A 123P481 A508 C1.2 Lukens 1550F for 10-1/2 h, 1200F for 18 h, ll25F for 10-1/2 h,

VA-1 water quenched air cooled furnace-cooled to
600F,

Base metal B 122S180 A508 C1.2 Lukens 1550F for 10-1/4 h, 1210F for 18 h, Same as above
VA-1 water quenched air cooled

! Weld metal A SA-1094 N/A(b) N/A N/A N/A ll25F for 10-1/4 h,
I furnace-cooled to
'

600F

!
g{ (a)WCAP-766 (60) and Final Report SWRI Project No. 02-4221,(83) and Final Report SWRI Project No.j

2R 02-5380. 82);

.b (b)N/A - Not Applicable.,

h{
i4
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Table A-16. Zion Unit:1 Description and Properties of Reactor Vessel Surveillance Program Materials t

- Impact Pro 9erties
Chemical Composition. % T RT C USE, UTS, YS,

Naterial ID C Mn P S 1 Ni Cr - Mo x iT, FT, tt.ib xsi xsi
y'

metal 0.20 1.30 0.010 0.011 0.20 0.49 --- 0.47 0.11 --- -- 140 83.8 63.0

Weld metal (b) 0.09 1.51 0.020 0.013 0.68' O.57 0.06 0.39 0.35 --- -- 64 39.4 72.7

IHeat Treatment *),

Material 10 Heat No. Spec No. Supplier Austenitizina Temperina Stress Relief

Base metal A B7835-1 SA533, Gr.B Lukens 1625F for 9-3/4 h, 1212F for 9-3/4 Il25F for 25 h,
C1.1 brine quenched brine quenched furnace-cooled

ICI$ Weld metal WF-209-1 N/A N/A N/A N/A 1125F for 23 hours,
e furnace-cooled

,

I*IWCAP-8064(61) and WCAP-9890.(85)

j - (b)BAW-1803, Revision 1.I # 3

(CIN/A - Not Applicable.

; .t
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Table A-17. Zion Unit 2 Description and Properties of Reactor Vessel Surveillance Program Materials

Ireact Properties _
Chemical Composition. % T RT C USE, UTS, YS,y

Naterial 10 C Mn P S Si Ni Cr Ma _OL_ $T, kT, ft-lb ksi ksi_'

metal 0.23 1.39 0.010 0.016 0.22 0.53 0.065 0.54 0.12 --- -- 128 92.4 69.9

Weld metal (b) 0.08 1.51 0.017 0.013 0.68 0.57 0.06 0.39 0.30 --- -- 70 88.8 73.6

Heat Treatment *)I

Material 10 Heat No. Spec No. Supplier Austenitizina Temperino Stress Relief

Base metal A C4007-1 SA533 Gr.B Lukens 1600/1650F for 1200/1225F for 1100/ll50F for 30
Cl.1 9-3/4 h, brine 9-3/4 h, brine h, furnace-cooled

,

y quanched quenched
,

5 IC)Weld metal WF-209-1 N/A N/A N/A N/A Same as above

(*IWCAP-8132.(62);

! (b)BAW-1803, Revision 1.I )
!

(c)N/A - Not Applicable.

i
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5 APPENDIX B

3
Description and Properties of

the SUPCAP and HUPCAP Materials

8

I
I
I
I
I
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I
*

B-1

I Babcock & Wilcom
a McDermotI company
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-Table B-1. ChemicalCompositionandUnirradiatedMechanicai. Properties. -

of the SUPCAP and HUPCAP Surveillance Weld Metals
_~

Chemical Composition, % Impact Properties

T@T, fT, ft-lb ksi ksi
RT C USE, UTS, YS,y

Ident. No. C Mn P S Si Ni Cr Mo Cu
-

WF-70(N)I 0.09 1.63 0.018 0.009 0.54 0.59 0.11 0.40 0.42 -50 20 66 85.5 '69.0
WF-ll2 0.08 1.47 0.016 0.015 0.54 0.59 0.07' O.39 0.32 -50 0 ~ 65 83.0 66.0

' SA-1585 0.08 1.45 0.016 0.016 0.51 0.59 0.09 0.38 0.21 -50 -8 78 81.0 --

SA-1526 0.09 1.53 0.013 0.017 0.53 0.70 0.08 0.42 0.37- -40 -20 74 88.0 --.

WF-25(6)2 0.09 1.58 0.015 0.016 0.54 0.67 0.09 0.42 0.35 -10 40 73~ 80.7 66.5

WF-67 0 98 1.55 0.021 0.016 0.58 0.60 0.10 0.40 0.22 -20 8 70 81s5 64.0
WF-25(9)3 0.09 1.55 0.014 0.015 0.55 0.70 0.08 0.41 0.35 -40 10 71 80.7 66.5,

? SA-Il35 0.08 1.45 0.011 0.013 0.49 0.59 0.08 0.38 0.27 -- -- -- .81.5 67.03

ro.

SA-Il01 0.08 1.56 0.019 0.008 0.59 0.54 0.16 0.38 0.18 -70 10 75 89.3 72.8

WF-70(B)4 0.09 1.62 0.018 0.011 0.59 0.59 0.10 0.40 0.35 To be determined. ''

,

i WF-182-1 0.09 I.69 0.014 0.013 0.41 0.63 0.15 0.40 0.21 -20 5 70 85.6 70.2

i SA-1484 0.08 1.56 0.016 0.020 0.47 0.59 0.09 0.39 0.26 -- -- -- --- --

| WF-209-1 0.09 1.62 0.018 0.011 0.59 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 -- -- 65 76.2 53.5

| gs 1: N = Material from tha nozzle drop-out (weld)
=m

i E' E
I 2: 6 = Material from the TMI-2 mzzle drop-out (weld)
R!3r 3: 9 = Material from the OC-3 nozzle drop-out (weld);

i5D

|1.
3 4: B = Material from the Midland vessel beltline weld

i. x d
=

.,

a
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'

.

. . . . . -.. . . - . . . - - _ _ _ _ - - - ..



i

I !
'

Table P,-2. DescriDtion of the SUPCAP and HUPCAP Surveillance Weld Metals

Filler Flux Welding Test Qualification
Ident No. Metal Tvoe 'Tvoe Process Post Weld Heat Treatment

WF-70(N)I -Mn,Mo,Ni Linde 80 Sub, are 48 h at 1100 1150F -

g WF 112: Mn,Mo,Ni Linde 80 Sub, are 48 h at 1100-1150F

SA-1585 Mn,Mo,Ni Linde 80 Sub, arc 80 h at 1100 ll50F

SA-1526 Mn,Mo,Ni Liride 80 Sub, are 48 h at 1100 Il50F

WF-25(6) Mn,Mo,Ni Linde 80 Sub. arc 48 h at 1100-1150F
' WF-67 Mn,Mo,Ni Linde 80 Sub, are 48 h at 1100 1150F

P

WF-25(9)2 Mn,Mo,Ni Linde 80 Sub, arc 48 h at Il00-1150F

SA-1135 Mn,Mo,Ni Linde 80 Sub, arc Eight 6 h cycles at 1100-1150F

SA-1101 Mn,Mo,Ni Linde 80 Sub. arc 25 h at 1100-1150F

WF-70(B)3 Mn,Mo,Ni Linde 80 Sub. arc 30 h at 1100-1150F -

WF-182-1 Mn,Mo,Ni Linde 80 Sub, are 15-1/2 h at 1100 1150F

SA-1484 Mn,Mo,Ni Linde 80 Sub. arc 48 h at 1100-1150F

WF-209-1 Mn,Mo,Ni Linde 80 Sub. arc 23 h at 1100-1150F !

h SA-1263 Mn,Mo,Ni Linde 80 Sub, arc 11-1/4 h at 1100 1150F t

.
1: N - Material from the nozzle drop-out (weld)

2: 6 - Material from the TMI-2 nozzle drop-out (weld),

3: 9 - Material from the OC-3 nozzle drop-out (weld),-

1

L 4: B - Material from the Midland vessel beltline weldiI
LI .

I '
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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.

C.1. Tension Test Specimens ,

The tension test specimens used in the reactor vessel surveillance capsules -

conform to the requirements of ASTM E 8-69T.(18) There are three different
sizes of tension test specimens among the various capst.le designs. In the
B&W plant specific and SUPCAP Type R1 designs standard size specimens with a

|,"gage length of 1.428 inches are used. The tension test specimens in the
SUPCAP Type R2 and HUPCAP designs are smaller and fit in a Charpy specimen- .

envelope. The gage length for the subsize tension test specimen 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 g
contain standard size tension test specimens with a gage length of 1.00 inch 5,
and are shown in Figure C-3. !

C.2. Charov V-Notch Soe lmens

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 g
the B&W plant-specific and SUPCAP design and Figure C-5 shows the Westing- 5
house plant-specific design. The HUPCAPs contain Charpy V-nctch specimens
designed to ASTM E 23-86 which modified the allowable tolerances on the depth hof the notch. This design is given in Figure C-6.

C.3. Comoact Fracture Touchness Specimens

There are 4 configurations of compact fracture toughness specimens: rectan-
gular, round, slow bend, and wedge-opening-1.oading (WOL) geometries. T1e

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

C.3.1. Rectanaular Compact Fracture Touahness Specime.ns

The rectangular compact fracture toughness specimens are modifications of
those in ASTM E 399-81(19) and E 813-81.(20) The specimen geometry is 11-
lustrated in Figure C-7. As shown in the figure, the specimens were modified g

E
C-2

Babcock & Wilcox
a McDermott company
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|
for measurement of load versus load line displacement. Five sizes of this j
type of specimen are included. The specimen sizes (in terms cf thickness)

l' 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
L 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.

C.3.2. Round Comoact Fracture Touchness 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 399-81. Figure C-8 illustrates this specimen,
with its corresponding dimensions. These specimens as.e used in the SUPCAPs

,

. and HVPCAPs.

C.3.3. Wedae-Ocenina-Loadino Fracture Touchness.Soecime n

Fracture toughness specimens of the IXWOL configuration have been utilized in
the Westinghouse plarJ -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 is not well suited for more recently developed techniques
involving elastic, slastic fracture mechanics. A method for modifying and
testing the IXWOL fracture toughness specimens has been developed to closely ,

conform to the regrirements of ASTM E813-87. The specimen geometry, prior to
modification, is illustrated in Figure C-9.

C.3.4. Slow-Bend Fracture Touenness Soecimens

The HVPCAP capsule of the Westinghouse design, WI, 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

.I dimensions.

C.3.5. Side-Grooved Soecimens

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-II.

C-3
Babcock & Wilcox

a McDermott company
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!

,

The depth of the grooves is 10% of specimen Bickness, with a total reduction
of 20%. The angle and radius of t h grooves are the same as for the notch of 1

,

the Charpy specimens. !

The decision to side groove the speciraen ras made based on the information.

generated by Shih, et al .(108) 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 non-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 higber stable

g]crack growth extension near the tip of the side-grooves than at the center of a
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, et al..(108) in their studies. Side-grooving is also
expected to affect the slope of the J versus Aa R curves because of the
straightening of the crack front, which affects the determination of Aa. The

J- Aa curves determined with side-grooved specimens are believed to be more g
representative of the extension of a crack on a thick-walled component. The a
side-grooves affect neither the determination of JIC nor the slope of the J Aa '

curve at very small Aa.

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

I'

| I

|
'

.

l
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Table C-1. Dimensions of Compact Fracture Toughness Specimens ")I

Dimensions, in.

'I Load Load
Line to Line Notch

Specimen Back Thickness, Length. Width, Opening, Opening,
ID Face. W B = W/2 1.25 W 1.2 W D Ng ;

0.394 TCT 0.788 0.394 0.985 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 0.150 0.064

0.936 TCT 1.872 0.936 2.340 2.246 0.150 0.127
f

2.000 TCT 4.00 rm 2.000 5.000 4.800 0.150 0.127

(a)The round compact fracture toughness specimen is illustrated in Figure
C-8.

I
I

,

I
|

|I
|I
I
I
I
I
|I
| C-5
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i Fiaure C-1 Standard Size Tension Test Specimen -- Used in P&W Plant-SDecific and SUPCAP Type R1 Capsules
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Fiqure C-2 Subsize Tension Test Specimens -- Used in SUPCAF Type R2 and HUPCAP Capsules
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i Fiqure C-4 Charoy V-Notch Specimens Used in B&W Plant-Scecific and SUPCAP Capsules
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| Fiaure C-5 Charov V-Notch Specimen Used in Westinahouse Plant-Soecific Capsules
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Fiqure C-6 Charcy V-Notch SpecimensJ sad in HUPCAPS;
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: Figure C 7 Rer' angular Compact Fracture Toughness Specimens -- E:
Sta ,'ard Proportions and Modifications for 5;
Measurement of Disolacement at load Line || .-
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i Figure C-8 Round Compact Fracture Toughness Specimens -- Dimensions and
Modification for Measurement of DisDlacement at load I.ine
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Fiqure C-9 Wedoe.-Openino-L0adino SDecimens4
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I Fiaure C-10 Slow Bend (Three Point Loadina) Fracture Touahness Specimen
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MIRVP Plant-Specific Capsule Type Designations and Contents !

..

LI
i

'

-

.

I. :

LI

II
1-

!

i
*

'

.

|
|

|

1

I?

1E
0-1

5 Babcock &Wilcom :
a McDermott company,

. . . . - . . . - . . . . -



. _ _ . - - . _ - _ - .

.

1

,

!

Table D-1.
..

Materials and Soecimens in Surveillance Caosules of Oconee Unit 1

No. of Specimens |
Material Description Tension Charov J

|Tvoe I - Caosules OCI-A. -C. -E 1

Wold metal, WF 112 4 8

Heat C3265-1, longitudinal 0 8

Beltline base metal, plate |
Heat C3265-1, longitudinal 4 8 1

transverse 0 4

Correlation, HSST plate 02 9 _R

Total per capsule 8 36

Tvoe II - Caosules 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 2 _A

Total per capsule 8 36 i

I:
,

l
~

j

c I
1
1

I
1 |
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* Table D-2. Materials and Specimens in Surveillance Caosules of Oconee Unit 2

No. of Soecimens
Material Descriotion Tension Charov

Tvoe 1 - Caosules OCil-A. -C. -E
,,

Weld metal WF-209-1 4- 8

"
HAZ

'

IHeat AAW163, longitudinal 0 8

| Beltline base metal, forging
,

Heat AAW163, longitudinal 4 8
.

transverse 0 4

Correlation, HSST plate 02 0 .3 i

Total per capsule 8 36'

- Tvoe 11 - Caosules 0011-B. -D. -F

HAZ
[

.

Heat AWG164, longitudinal 4 10

Beltline base metal, forging

. Heat AWG164, longitudinal 4 10
'

transverse 0 8

m Correlation, HSST plate 02 0 _a.j
Total per capsule 8 36

I ;

g

I
I '

|
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Table D-3. Materials and Soecimens in Surveillance Caosules of Oconee Unit 3

No. of Soecimens i

,

Material Descriotion Tension Charov
|

Tvoe V - Caosules OC111- A. -C. -E :

Weld metal, WF-209-1 2 12 i
,

HAZ m
gi

Heat A ANK191, longitudinal 0 12

Beltline base metal, forging [

Heat A ANKl91, longitudinal 0 9 !,

transverse 2 12
|
'Heat B AWS192, transverse Q _2

|.Total per capsule 4 54

Tvoe VI - Caosules OC111-B. -D. -F

Weld metal WF-209-1 2 12 -

HAZ

Heat A ANKl91, longitudinal 0 12
I Heat B AWS192, longitudinal 0 6 m'
1

|Beltline base metal, forgings

. Heat A ANK191, longitudin61 0 0
' transverse 2 12

Heat B AWS192, longitudinal 0 0
transverse 0 6

Correlation, HSST plate 02 D 1

| Total per capsule 4 54
'

I,
I
I-

D-4
Babcock & Wilcox

a McDerinott company
. ,, . . .- - _ - - . . . - . _ . . _ . - - . , . . - - - - -- .
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I Table D-4. Mat sials and Specimens in Surveillance ;

Caosules of Three Mile Island Unit 1

No, of SpecimensI Material Descriotion Tension Charov

Tvoe I - Caosules TMil- A. C. EI ;

Weld metal, WF-25 4 8
.

HAZ :

Heat C2789-2, longitudinal 0 8

Beltline base metal, plate

Heat C2789-2, longitudinal 4 8
- transverse 0 4

Correlation, HSST plate 02 Q J ,

Total per capsule 8 36

Tvoe II - Caosules TMil-B. -0.- F

HAZ

Heat C3307-1, longitudinal 4 10

Beltline base metal, plate -

Heat C3307-1, longitudinal 4 10
transverse 0 8

Correlation, HSST plate 02 Q J
Total per capsule 8 36

|

i

|

.

i

1

.

| D-5
j. Babcock & WHcom
I a McDermott company

l, ...c.__. . _ _ . . . - , _ . _ _ _ _ . _ , _ _ _ . _ . _ . _ . . _ . - _ _ - . _ . . . _ . . . _ . . _ _ _ , - - _ . - - - - - - - . _ _- _
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|i; Table D 5. Materials and Specimens in Surveillance
, . Capsules of Crystal River Unit 3,.

+ .. ,
\

''

No. of Soegimens
._ |')Matarial Descriotion Tension Coarov 0,5 TCT m,

'
c ,

'
Tvoe III - Caosules CR3- A.' -0. -E

Weld metal, WF-209-1 2 12 i

|'HAZ

Heat C4344-1, transverse 0 12
Heat C4344-2, transverse 0 6

Beltline base metal, plate

Heat C4344-1, transverse 2 12
'

Heat C4344-2, transverse 0 6 -
'

Correlation, HSST pinte 02 Q _f
Total per capsule 4 S4

'

Tvoe IV - Caosules CR3-B. -D. -F

Weld metal, WF-209-1 2 12 8 '

HAZ

Heat C4344-1, transverse 0 12 0

Beltline base metal, plate

Heat C4344-1, transverse 2 ll Q

Total per capsule 4 36 8

.

| I

I I

1
,

1
1.

D-6
Babcock & Wilcom

a McDermott company

r.- - . +wa - - - . , - y ,,.w. .,, _.-e < . _ , e
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'i Table D' 6. Materials and Specimens in Surveillance
'

Caosules of Arkansas Nuclear One. Unit 1 i

I No. of Soecimens
Material Descriotion Tension Charov

'

. Tvoe I - Caosules AN1-A -C. -E
.

Weld metal, WF-193 4 8

| HAZ

Heat C5114-1, longitudinal 0 8

Beltline base metal, plate

Heat C5114-1, longitudinal 4 8I transverse 0 4

.

Correlation HSST plate 02 0 __Q ,
'

Total per capsule 8 36

Tvoe II - Caosules AN1-B. -D. -F

HAZ

> Heat C5114-2, longitudinal 4 10

Beltline base metal, plate

Heat C5114-2, longitudinal 4 10
transverse 0 8

Correlation, HSST plate 02 2 Q .,

Total per capsule 8 36

. I-
|

I
(

i
-

|

l- D-7 I
Babcock & Wilcox ;

a McDermott company |

, .. . __ _ . _ . . . _ _ _ . _ _ _ _ . _ . . _ _. _ _ _ _ _ . . _
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Table D 7 i Materials and Specimens in Surveillance Elam Caosules of Rancho Seco Unit 1 El

e m
,

< No. of Soecimens g"
Material Descriotion' Tension Charov 0.5 TCT. 34

'
Tvoe III - Ca'osules RS1-A. -C. -E

Weld metal, WF 193 2 12 *

HAZ i

Heat C5062-1, transverse 0 12 i
Heat C5070-1, transverse 0 6 l

,

Beltline. base metal, plates
,

|iHeat C5062-1, transverse 2 12
Heat C5070-1, transverse 0 6

Correlation, HSST plate 02 2 6

Total per capsule 4 54 t

C

Tvoe IV - Caosules RS1-B. -D. -F >

Weld metal, WF-193 2 12 8
>

.

HAZ
r

Heat C5062-1, transverse 0 12 0 m
g1

Beltline base metal, plate

|Heat C5062-1, transverse 2 .11 Q

Total per capsule 4 36 8.-

I
;

I'
( ,

L

'
i

|

|

1.

|, D-8
|- Babcock & Wilcom E

.

. ucoermoir company E
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- Table D-8. Materials and Specimens in Surveillance i
Caosules of Davis Besse Unit 1

;

No. of Soecimens
Material Dascription Tension ,Charov 0.5 TCT

. Tvoe III - Caosules TEl- A. C. E

Weld metal, WF-182-1 2 12

HAZ

Heat BCC241, transverse 0 12
- Heat AKJ233, transverse 0 6;

Beltline base metal, forgings
,

' Heat BCC241, transverse 2 12
Heat AKJ233, transverse 0 6

Correlation, HSST plate 02 9 1

Total per capsule 4 54
:

Tvoe IV - Caosules TEl-B. -D. -F !

'

Weld metal, WF-182-1 2 12 8
'

HAZ

Heat BCC241, transverse 0 12 0
'

Beltline base metal, forging

Heat BCC241, transverse 2 12 9
.

Total per capsule 4 36 8

I
LI
.

,

I

D-9

I. Babcock &Wilcox
a McDermott company

- - - , , . _ . - . . ..,_... - --- _ .. - . _ . . _ - -. __ - - . - - - . --
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'ii Table D-9. Materials and Specimens in SurveillanceL' '

O Caosules of R. E. Ginna Unit 1 |
'

|

.
.

No. of Specimens

f Material'Descriotion Tensiort Charov @.L
,

i l

'a Tvoe I - Caosules V. R. T ;

Weld metal, SA-1036 3 10 3 ,

;

'HAZ, Heat 125P666 0 10 0
.

Beltline base metal, forgingt

|!Heat 125P666,' longitudinal 3 10 3
Heat 125S255, longitudinal 3 10 3

Correlation,-

!SA 302 Gr. B Q B .Q

Total per capsule 9 48 9 |

Tvoe II - Caosules N. P. S

IWeld metal, SA-1036 3 12 3 -

HAZ, Heat 125P666 0 12 0 :

Beltline base metal, forgings '

Heat 125P666, longitudinal 3 12 3
Heat 125S255, longitudinal 1 .12 1

|Total per capsule 9 48 9

I
II

I
I>

I

D-10
Babcock &Wilcox

a McDermott company ,.

.. . , . _. ._ __ . _ - _ _ _ . . . _ . . . . ._ _._ __ . .__ . - _ . . . _ _ . . _ _ _ _ _ . _ _ _ _ _ _ _ .
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Table D-10. Materials and Specimens in Surveillance,

Caosules of Point Beach Unit 1
|

No. cf Specirnens !
Material Descriotion Tension Charov M [

~

Tvoe til Capsules T & V

Weld metal, SA 1263 2 8 2 :

HAZ, Heat A9811 0 8 0

Beltline base metal, plates

!I Heat A981), longitudinal 3 12 3 !

Heat C1423, longitudinal 4 12 4 i

Correlation.

SA 302 Gr. B Q 8 QI Total per captule 9 48 9

g Tvoe IV - Caosules P 8,J |

Weld metal, SA 1263 0 8 0 |

HAZ, heat A9811 0 8 0

Beltline base metal, plates !

Heat A9811, longitudinal 5 12 5 i

Heat C1423, longitudinal 4 12 4 |

|E |

Correlation. :

SA 302, Gr.B Q S Q

Total per capsule 9 48 9

I :
1

.

t

i

1 !
,

,

| !

;

I. ;

D-IlI Babcock &Wilcon
a MCDetmott company

- .-.. . ._. _ .- , .. . _ . . ~ _ . - -
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Table D 10. Materials and Specimens in Surveillance
Capsulvs of Point Beach Unit 1,{Q,n.j M |

I
No. of Soecimens.

Material Description Tension Charny g |
;

gTvoe IV - Caosule N

Weld metal SA-1263 0 8 0 j

fHAZ, heat A9811 0 8 0
t

Beltline base metal, plates !

Heat A9811, longitudinal 4 12 4 i

Heat C1423, longitudinal 5 12 5
|

Correlation, W '-
t

SA 302, Gr. B Q B D |
Total per capsule 9 48 9 i

t

T,oe 111 - Caosule R

Weld metal, SA 1263 2 8 2 :

HAZ, heat A9811 0 8 0

Beltline base metal, plates ,I
Heat A9811, longitudinal 4 12 4 ,

Heat C1423, longitudinal 3 12 3 !

Correlation. >

|5A 302, Gr. B Q B Q

Total per capsule 9 48 9 i

I.
i

I:
I!

. .

'

0 12 E'
Babcock & Wilcom E,

a McDermott cc,mpany
,

.- . . . . . . - . _ . -. .. - -- . . - . . -
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I Table D 11. Materials and Specimens in Surveillance i
Caosules of Point Beach Unit 2

i

i
No. of Specimens i

Material Description Tension Charov n !

Tvoe V - Capsules R. S & V

I i
Weld metal, WF 193 3 8 3 i

HAZ, Heat 122W195 val 0 8 0

Beltline base metal, forgings ~

| Heat 122W195 val, longitudinal 3 12 3
Heat 123V500VA1, longitudinal 3 12 3 ;

y

| Correlation HSST plate 02 0 B Q

Total per capsule 9 48 9 !
Tvoe IV Caosules N. P. & T !

Weld metal, WF 193 0 8 0 i

HAZ, heat 122W195 val 0 8 0

.g Beltline base metal, forgings

Heat 122W195 val 5 12 5 !
Heat 123V500 val 4 12 4

Correlation HSST plate 02 Q S Q !

| Total per capsule S 48 9

.

{
i

| !
!

I
3 :

'

I i
.

I
0-13

I Babcock & Wilcon
a MCDermott (Ompany

- . _ . . . _ . . , . ,. _ _ _ . . _ .__ ..- _. . . _ . . . . _ _ _ _ . -
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Table D-12. Materials and Specimens in Surveillance Caosules of Surry Unit 1

No. of Specimens
Material Description Tension Charov . QLW

Tvoe VI Caosules S. U. W. & Y
,

|
Weld metal, SA 1526 0 0 0

HAZ, Heat C4415-1 0 0 0

Beltline base metal. plates

Heat C4326 1, longitudial 2 10 3 m
Heat C4415 1, longitudinal 2 10 3 g

'

Correlation HSST plate 02 Q J Q

Total per capsule 4 28 6

Tvoe VII Caosules T. V u . &ZX

Weld metal, SA-1526 2 8 2

|HAZ, Heat C4415-1, longitudinal 0 8 0

Beltline base metal, plate

Heat C44151, longitudinal 2 8 2 W!
Corro1ation, HSST plate 02 Q J Q

Total per capsule 4 32 4
.

I!
:

I!
|

I
.

I!
:

|

Ii
1

Il
D-14 ,

Babcock & Wilcom 3{
a woermoit company 3)

_ . _ . __ . _ - . _ - _ - _ - _ _ __ . - -. - - -
1
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Table D-13. Materials and Specimens in Surveillance Caosules of Surry Unit 2

No. of Specimens
'

. Material Description Tension Charov g
~

Tvoe VIII - Caosules X. W. V. & S

| Weld metal, (Rotterdam) 2 8 0

HAZ, Heat C4339 1 0 8 0

Beltline base metal, plates

Heat C4339 1, longitudinal 0 10 0

I transverse 2 10 4

Correlation, HSST plate 02 9 J Q

Total per capsule 4 44 4

Tvoe VIII - Caosules T & V

Weld metal, (Rotterdam) 2 8 0

HAZ, Heat C4339-1 0 8 0

Beltline base metal, plates

Heat C4339-1, longitudinal 2 10 4
transverse 0 10 0

Correlation HSST plate 02 9 J Q

Total per capsule 4 44 4I i

Tvoe IX - Caosules Y & 2 ;',

'g Weld metal, (Rotterdam) 2 8 4

HAZ, Heat C4339 1 0 8 0
'

Beltline base metal, plates'

Heat C43391, longitudinal 2 10 0 ;

transverse 0 10 0

Correlation, HSST plate 02 9 .3 2 ;

Total per capsule 4 44 4
t

I '

:g
0 15

I Bat > cock & WHcos
A McDermott company

'
_ ._ -.. , _ . _ . . _ _ _ _ .
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Table D 14. Materials and Specimens in Surveillance
Caosules of Turkev Ppint Unit 3 |

No. of Snecimens
Material Descriotion Tension Charov k'QL !_ ,

Tvoe VI - Caosules S. U. W. Y. & 2

Weld matal, $A 1101 0 0 0
'

HAZ, Heat 123P461VA 1 0 0 0 i
!

Beltline base metal, forgings l|'
Heat, 123P461VA 1, longitudinal 2 10 3 !
Heat,1235266VA 1, longitudinal 2 10 3 :

iCorrelation, SA 302, Gr.B Q _A Q

Total per capsule 4 28 6

Tvoe vil - Caosules V & X

|
Weld metal, SA-1101 2 8 2

HAZ, Heat 123P461VA-1 0 8 0

Beltline base metal, forgings
7

Heat 123P461VA 1, longitudinal 0 0 0 g!
Heat 1235266VA 1, longiduainal 2 8 2 3|

Correlation, SA 302, Gr.B Q S Q

5:Total per capsule 4 32 4 !

Tvoe VII - Caosule T f

Weld metal, SA-1101 2 8 2 i

HAZ, Heat 123P461VA 1 0 8 0

Beltline base metal, forgings t

Heat 123P461VA 1, longitudinal 2 8 2

Heat 123S266VA 1, longitudinal 0 0 0
'

Correlation, SA 302, Gr.B D _A Q

fTotal per capsule 4 32 4

;

l'
D-16 E

Babcock & Wilcos E
A McDermott company i

_ _ . _ _ . _ _ _ __ . _ . _ _ _ .- ,
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Table D 15. Materials and Specimens in Surveillance
Caosules of Turkey Point Unit 4

No. of Specimens
Material Descriotion Tension Qgrpy &_

Tvoe VI - Caosules S. U. W, Y. & 2

Weld metal, SA 1094 0 0 0

HAZ, Heat 123P481VA 1 0 0 0

Beltline base metal, forgings

Heat 123P481VA 1, longitudinal 2 10 3
Heat 1225180VA 1, longitudinal 2 10 3;

Correlation, HSST plate 02 0 a 9

Total per capsule 4 28 6

Tvoe VII - Caosules V. X. &_,,1

!| Weld metal, SA 1094 2 8 2

HAZ, Heat 123P481VA 1 0 8 0

Beltline base metal, forgings

Heat 123P481VA 1, longitudinal 0 0 0

I Heat 1225180VA 1, longitudinal 2 8 2

Correlation. HSST plate 02 2 _B 9

Total per capsule 4 32 4.

.

I
'I
I
I
I
I

D-17I Babcock & Wilcox
a McDermott t'ompany,

._. _ , . . - . ._ _ . . . _ - - .-. - -- - - -
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Table D-16. Materials and Specimens in Survie11ance Caosules of Zion Unit 1

e No. of Soecimens
e Material Descriotion Tension Charov WQL

'

Tvoe VIII - Caosules S. V. W. & X

Weld metal, WF 209 1 2 8 0

HAZ, Heat B7835-1 0 8 0

Beltline base metal, plates

Heat B7835-1, longitudinal 0 10 0 E
transverse 2 10 4 5

Correlation, HSST plate OE D .J Q

Total per capsule 4 44 4

Tvoe Vill Caosules T & U

Weld metal, WF-209 1 2 8 0

MAZ, Heat B7835-1 0 8 0

Beltline base metal, plates

Heat B7835 1, longitudinal 2 10 4
transverse 0 10 0

Correlation, HSST plate 02 2 .3 Q

Total per capsule 4 44 4

Tvoe IX - Caosules Y & Z

(Weld metal, WF-2091 2 8 4

HAZ, Heat 87835-1 0 8 0 .

Beltline base metal, plates

Heat B7835 1, longitudinal 2 10 0
transverse 0 10 0

Correlation, HSST plate 02 Q _6 9

; Total per capsule 4 44 4

I
! I
| D 18

|Babcock & Wilcox
a McDermott company

t._
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I Table D 17. Materials and Soecimens in Surviellance Capsules of Zion Unit 2
1

No. of Specimens !
Material Descriotion Tension Charov y.QL

Tvoe Vill Caosules S. V. W. & X j

Weld metal, WF 209-1 2 8 0t

)
HAZ, Heat C4007 1 0 8 0 !

iBeltline base metal, plate

f$ Heat C40071, longitudinal 0 10 0
's transverse 2 10 4 $

'

Correlation. HSST plate 02 9 _A Q j
'

Total per capsule 4 44 4 ,

Tvoe Vill - Caosules T. & V

Weld metal, WF-209-1 2 8 0 t

HAZ, Heat C4007-1 0 8 0

Beltline base metal, p' late

Heat C4007-1, longitudinal 2 10 4 ;

transverse 0 10 0 ;

- Correlation, HSST plate 02 9 A Q !

Total per capsule 4 44 4
,

Tvoe IX - Caosules Y. & Z |

| Weld metal, WF-209-1 2 8 4

HAZ, Heat C4007-1 0 8 0

!Beltline base metal, plate
|

'

Heat C4007-1, longitudinal 2 10 0 f

l .
transverse 0 10 0

Correlation, HSST plate 02 0 _A Q
*

. .

Total per capsule 4 44 4

I

| .

I Babcock & Wilcox
* a McDermott company

. _ _ _ _ - ._ _ . , _ _ .. . . _ _ . . . - . _ . . . . . . .
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APPENDIX E
,

!

Status of Surveillance Capsules
i
,
,

.I :
>
I
t

,

g
.

.

!
.

'

. t
'
,
t

i

i

!.

f'
'

i

,

I !

!
:I .

E-1 !Babcock & Wilcom
j I A MCDermott company
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Iable E-1. Summary Status of the B&W Surveillance Capsules

Weld Fluence
Capsule Metal / Status / Expected / Estimated

ID Compacts location Target Received Time of Removal Comments

0Cl-F No/No Tested -- 5.7E17 -- Reported in BAW-1421, Rev. 1;
corrected in BAW-1436

0Cl-E Yes/No Tested -- 1.5E18 -- Reported in BAW-1436
0Cl-B No/No Removed 4.4E18 7.0E18 -- Held in storage
OCl-A Yes/No Tested -- 9.0E18 -- Reported in BAW-1837
001-C Yes/No Tested -- 9.9E18 -- Reported in BAW-2059
001-0 No/No Holding 1.0E19 1.lE19 CR3-cycle 13 ---

OC2-C Yes/No Tested -- 9.4E17 -- Reported in BAW-1437
OC2-A Yes/No Tested -- 3.4E18 -- Reported in BAW-1699
OC2-B No/No CR3-WZ 5.8E18 5.8E18 CR3-cycle 7 ---

'

OC2-E Yes/No Tested -- 1.2E19 -- Reported in BAW-2051
OC2-D No/No Holding 9.6E18 1.0E19 CR3-cycle 12 ---

OC2-F No/No Holding 9.6E18 1.0E19 CR3-cycle 11 ---

OC3-A Yes/No Tested -- 7.4EI7 -- Reported in BAW-1438
,

OC3-B Yes/No Tested -- 3.IE18 -- Reported in BAW-1697
0C3-0 Yes/No CR3-WX 9.6E18 8.6E18 CR3-cycle 8 ---

. OC3-D Yes/No CR3-YX 1.6E19 1.5E19 CR3-cycle 7 ---

OC3-E Yes/No Holding 1.6E19 1.6E19 CR3-cycle 12 ---

OC3-F Yes/No CR3-ZY 1.6EI9 1.6E19 CR3-cycle 13 ---

TMll-E Yes/No Tested -- 1.0E18 Reported in BAW-1439--

TMll-B No/No CR3-XW 4.0E18 4.2E18 CR3-cycle 7 ---

| TMll-C Yes/No Tested -- 8.7E18
,

Reported in BAW-1901--,,

y{ TMll-A Yes/No Removed 8.0E18 1.6E18 Held in storage - reported in--

gg BAW-2042
j g. TMIl-D No/No Holding 8.0E18 1.0EI9 CR3-cycle 11< ---

p TMll-F No/No Holding 8.0E18 7.IE18 CR3-cycle 8 ---

jO

jg CR3-8 Yes/Yes Tested -- 1.0E18 Reported in BAW-1679 and BAW-1718--

ag CR3-C Yes/No Tested -- 6.6E18 -- Reported in BAW-189G
: CR3-D Yes/Yes Tested -- 7.5E18 -- Reported in BAW-1899 and BAW-1914

,

CR3-F Yes/Yes Tested -- 1.lE19 Reported in BAW-2049 t--

CR3-A Yes/No CR3-ZY 1.lE19 1.lE19 CR3-cycle 8 ---

i CR3-E Yes/No CR3-XW l.lE19 1. LEI 9 CR3-cycle 8 ---

- _- _- -- _ __ - _. .. . . . _ -. . .. - -_ _ -
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Table E-1. Summary Status of the B&W Surveillance Capsules (Cont'd)
,

Weld Fluence
Capsule Metal / Status / Expected / Estimated

ID Compacts location Target Received Time of Removal Comments

AN1-E Yes/No Tested -- 7.3E17 -- Reported in BAW-1440
AN1-8 No/No Tested -- 4.3E18 -- Reported in BAW-1698
ANI-A Yes/No Tested -- 1.0E19 -- Reported in BAW-18363

AN1-C Yes/No Tested -- 1.5E19 -- Reported in BAW-2075
; AN1-D No/No DBI-YZ 9.8E18 9.5E18 DBI-cycle 6 ---

/Jil-F No/No DBI-YX 9.8E18 9.9E18 DBI-cycle 7 ---

RSI-B Yes/Yes Tested -- 4.0E18 -- Reported in BAW-1702 and BAW-1720
RSI-A Yes/No Removed 5.3E18 7.2E18 -- Held in storage
RSI-D Yes/Yes Tested -- 6.6E18 -- Reported in BAW-1792 and BAW-1793P
RSI-F Yes/Yes Tested -- 1.4E19 -- Reported in BAW-2074
RSI-C Yes/No Removed 8.9E18 1.lE19 -- Held in storage
RSI-E Yes/No Removed 8.9E18 1.3E19 -- Held in storage

lo TEl-F Yes/Yes Tested -- 2.0E18 -- Reported in BAW-1701 and BAW-1719
TEl-B Yes/Yes Tested -- 5.9E18 -- Reported in BAW-1834 and BAW-1867
TEl-A Yes/No Tested -- 1.3E19 -- Reported in BAW-1882
TEl-D Yes/Yes DBI-XW l.1E19 1.3E19 DB1-cycle 6 ---

- TEl-C Yes/No DBI-YX 1.1E19 1.9E19 DB1-cycle 6 ---

TEl-E Yes/No DBI-ZY 1.IEI9 1.7E19 DB1-cycle 11 ---

1

CR3-LG1 -- Tested -- 6. LEI 8 -- Reported in BAW-1910P.

CR3-LG2 -- CR3-WZ l.7E19 1.7EI9 CR3-cycle 9 ---
.

*

; I DBI-LG1 -- Tested -- 8.3E18 -- Reported in BAW-1920P
5{ DBI-LG2 -- DBI-ZY 2.2E19 2.lE19 DBI-cycle 11 ---

?g TM12-LG1 -- CR3-YZ 8.0E18 9.8E18 CR3-cycle 12 ---

jg IMI2-LG2 -- CR3-YZ l.7E19 1.9E19 CR3-cycle 9 ---

:Djg Al -- DBI-YZ 3.0E19 3.2E19 DBI-cycle 17 ---

t A2 -- CR3-YX 3.0E19 3.0E19 CR3-cycle 18 ---

4$ A3 -- DBI-YZ l.7E19 1.7EI9 DB1-cycle 12 ---

M A4 -- CR3-YX 3.0E19 3.0E19 CR3-cycle 18 ---

AS -- DBI-YX 1.7E19 1.7E19 DBI-cycle 12 ---

L1 -- DBI-WZ l.7E19 1.7EI9 DBI-cycle 12 ---

L2 -- DBI-WZ l.7E19 1.7E19 DB1-cycle 12 - - -

.
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Table E-2. Summary Status of the Westinghouse Surveillance CaDsules

Weld Fluence
Capsule Metal / Current Expected / Estimated

ID _ OL's i.ocation Target Received Time of Removal CommentsW'

REG-N Yes/Yes 330* -- Standby -- Transfer
possible10newpositionwhen

REG-P Yes/Yes 230 4.lE19 4.1E19 Cycle 26 ---

REG-R Yes/Yes Tested -- 1.2E19 -- Reported in WCAP-8421
REG-S Yes/Yes 330 -- Standby -- ---

REG-T Yes/Yes Tested -- 1.8E19 -- Reported in WCAP-10086<

REG-V Yes/Yes Tested -- 6.0E18 -- Reported in W report dated 3/73

PB1-N Yes/Yes 330 -- Standby -- ---
-

PBI-P Yes/No 230 3.9E19 3.9E19 Cycle 22 ---

PB1-R Yes/Yes Tested -- 2.2E19 -- Reported in WCAP-9357
PB1-S Yes/No Tested 7.6E18 -- Reported in WCAP-8739--

7 PBI-T Yes/Yes Tested -- 2. LEI 9 -- Reported in WCAP-10736* PBl-V Yes/Yes Tested -- 5.4E18 -- Reported in BCL report dated 6/73,

PB2-N Yes/No 330 -- Standby -- --
*

PB2-P Yes/No 230 4.0E19 4.IE19 Cycle 23 ---

- PB2-R Yes/Yes Tested -- 2.4E19 -- Reported in WCAP-9635
PB2-S Yes/Yes 330 2.9E19 3.lE19 Cycle 16 ---

r PB2-T Yes/No Tested -- 9.2EI8 -- Reported in WCAP-9331
! PB2-V Yes/Yes Tested -- 6.8E18 --- Reported in BCL report dated 6/75

SI-S No/No 250 4.0E19 Standby -- ---

SI-T Yes/Yes Tested -- 2.8E18 -- Reported in BCL report dated 6/75,
.I includes WOL,

jg SI-U No/No 450 4.0EI9 Standby
V{ possible,{onewpositionwhen

Transfer--

-

g
ir SI-V Yes/Yes Tested -- 1.9EI9 -- Reported in WCAP-11415
Eo SI-W No/No lested -- 4.0E18 -- Reported in BCL-585-8R, only,

Bg dosimetry evaluated
j= SI-X Yes/Yes 250 2.8EI9 Standby -- ---

ag SI-Y No/No 350, 4.0E19 standby --

'

Transfer
possible,{onewpositionwhena

SI-Z Yes/Yes 250 3.9E19 standby -- ---

;

1
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Table E-2. Summary Status of the Westinghouse Surveillance CaDsules (Cont'dl

Weld Fluence
Capsule Metal / Current Expected / Estimated

ID _ OL's location Target Received - Time of Removal CommentsW

52-S Yes/No 450 3.4E19 Standby -- Transfer to new position when
possible**

S2-T Yes/No 350 3.4E19 Standby --

possible,}onewpositionwhen
Transfer

S2-U Yes/No 250 3.4E19 Standby -- ---

S2-V Yes/No Tested -- 1.9E19 -- Reported in WCAP-Il499
S2-W Yes/No Tested -- 6.0E18 -- Reported in BCL-585-026, only

dosimetry evaluated
,

52-X Yes/No Tested -- 3.0E18 -- Reported in BCL report dated
September, 1975

52-Y Yes/Yes 250F 2.7E19 Standby -- ---

m -
Yes/Yes 350F 3.4E19 Standby --52-Z

possible,}onewpositionwhen
Transfer

,u,

TP3-S No/No Tested -- 1.4E19 -- Reported in SWRI-02-5131
TP3-T Yes/Yes Tested -- 5.7E18 -- Reported in WCAP-8531
TP3-U No/No 300 -- Standby -- ---

TP3-Y Yes/Yes Tested -- 1.2E19 -- Reported in SWRI-06-8575
TP3-W No/No 400 -- Standby -- ---

TP3-X Yes/Yes 400 2.8E19 2.8E19 Cycle 24
possible,}onewpositionwhen
Transfer

TP3-Y No/No 300 -- Standby -- ---

TP3-Z No/No 400 -- Standby -- ---

,, I TP4-5 No/No Tested -- 1.2E19 -- Reported in SWRI-02-5380 ,

: cF TP4-T Yes/Yes Tes{ed -- 6.0E18 -- Reported in SWRI-02-4221 |

5{ TP4-U No/No 300 -- Standby -- ---

g, TP4-V Yes/Yes 200 2.3E19 2.5E19 Cycle 17 Transfer,{onewpositionwhen
=g possible
8 5 TP4-W No/No 400 -- Standby -- ---

j3 TP4-X Yes/Yes 400 -- Standby --

ag possible,{onewpositionwhen
Transfer

m TP4-Y No/No 300 -- Standby -- ---

TP4-Z No/No 400 -- Standby -- ---

. . . . ,. _ _.- . . _ - . . ~ - . _ _ -. _ _ - _ _ _ _ _ _ _ _ _ _ . _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _



Table E-2. Summary Status of the WestinQhouse Surveillance CaDsules (Cont'd)

Weld Fluence
Capsule Metal / Current Expected / Estimated

ID WOL's Location Target Received Time of Removal Comments
.

Zl-S Yes/No 40 1.5E19 standby -- ---

Zl-T Yes/No Tested -- 2.8E18 -- Reported in BCL-585-4
ZI-U Yes/No Tested -- 8.9E18 -- Reported in WCAP-9890
Zl-V Yes/No 40 1.5E19 standby -- ---

Zl-W Yes/No 40 1.5E19 standby -- Transfer,{onewpositionwhen
possible

Zl-X Yes/No Tested -- 1.4E19 -- Reported in SWRI-06-7484-001
Zl-Y Yes/Yes Tested -- 1.8E19 -- Report to be published
Zl-Z Yes/Yes 40 2.2E19 2.2E19 Cycle 21 !ransfer,}onewpositionwhen

possible

Z2-5 Yes/No 40 1.5E19 Standby -- ---

[ Z2-T Yes/No Tested -- 9.8E18 -- Reported in SWR 1 report dated 7/83
Z2-U Yes/No Tested -- 2.0E18 -- Reported in BCL-585-4
Z2-V Yes/No 40 1.5E19 Standby -- ---

Z2-W Yes/No 40 1.5E19 Standby -- ---

Z2-X Yes/No 40 2.2E19 Sttndby -- Transfer
possible,{onewposistionwhen

Z2-Y Yes/Yes Tested -- 1.8E19 -- Report to be published
Z2-Z Yes/Yes 40 1.5E19 Standby -- Transfer

possible,}onewpositionwhen

S2-WI -- 150 1.0E19 1.lE19 Cycle 17 HUPCAP installed in 52 at E0C-10

W
gg *All location are shp as" relative,syneetrical positions and are not always absolute, eg. 0*
gn is equivalent to 90 ,180 , or 270
Rj3r ** Fluence values indicated are projected to end of license. Shuffling may be necessary to maintain the

:D lead factor.

i =E3
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The estimated end of-life reference temperature and Charpy upper shelf energy
information is provided for plant-to plant comparisons and to evaluate the
surveillance needs for each plant. All specific information and calcula-
tional 'results are presented on Tables F1 F17. The bases for the tabular
information are presented below.

Material Identification All weld numbers and locations were verified by
reviewing B&W Mt. Vernon QA records. The materials included conform to the-

beltline definition of 10CFR50, Appendix G.I2) Those welds in Westinghouse-
design vessels that were not fabricated by B&W are so noted.

Chemical Comoosition The listed weld metal compositions were obtained from
BAW-150006) 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 BAW 1500.(II3) 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
Evaluation Report (106) This value agrees closely with the 0.61 wt. % value.

reported in BAW-1500 and therefore has been adopted in the following tables. 3
The atypical weld composition was obtained from BAW-10144A.(101) 5

Inside Surface Neutron Fluence - The peak end of-life IS fluences are listed
bel ow. For the B&W-design vessels, the fluences were obtained from plant
specific reactor vessel fluence analysis reports compiled in B&W document 51-

E
1174025 00.(109) For the Westinghouse-design vessels, the fluences were 5
obtained from applicable Westinghouse reactor vessel fluence reports or
determinations by the Owner; this is footnoted in the tables,

I
!

Il
Il

l

li
I

I!
F-2
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Date Construction Date operating License Peak EOL (3 ffPV) [Plant Permit issued License issued [apiration 15 fluence, n/cm ([ > 1 Mev) !

t

oconte 1 hovember 6, 1967 February 6, 1973 havember 6, 2007 1.Cil19

Oconee 2 November 6, 1967 Octobet 6, 1973 November 6, 2007 9.57tl8 ;

-

Oconee 3 hovember 6, 1967 July 19, 1974 November 6, 2007 1.56[19
* TMI ) May 18, 1968 Aprtl 19, 1974 May 18, 2006 7.98[18

Crystal River 3 september 25, 1968 December 3, 1976 september 25, 2008 1.06(19 '!

ANO-l December 6, 1968 May 21, 1974 December 6, 2008 9.75(18 6

Rancho seco october 11, 1968 August 16, 1974 october ll, 2008 8.87tle

Davis Besse March 24,1971 Aprli it, 1977 March 24, 7011 1.10[19 ;

R. I. Ginna Apris 25, 1966 september 19, 1969 April 25, 2006 4.10(19 i

, Point Beach 1 July 19, 1967 october 5, 1970 July 19, 2007' 2.45[19

Point Beach t Jul/ 25, 1968 May 25,1972 July 25, 2008' 2.55t19

I surry 1 June 25, 1968 May 25, 1972 June !$ 2008 3.96(19 " i

surry t June 25, 1968 January 29, 1973 June !$, 2008 3.43(19 " [
Turkey Point 3 April 27, 1967 July 19, 1972 April 27, 2007 2.79[19

'

lurkey Point 4 April 27,1967 April 10, 1973 April 27, 2007 2.70[19 I

tion 1 December 26, 1968 April 6, 1973 December 26, 2006 1.70(19

tion 2 December 26, 1968 November 14, 1973 December 26, 2008 1.80(19

' License expiration dates are now october 5, 2010 and March 8, 2013 for Point Beach Units 1 and to
respectively as License Amendment No. 107 has been approved.

"surry Unit I fluence is calculated at 20.8 [f PV and surry Unit 2 is calculated at 29.4 (FPY.

I !

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 theI spatial fluence factors given in BAW-1485, Revision 1.(110) For the Westing-
house-design plants (Tables F 9 through F-17), the spatial fluence factors,

were determined from the plant specific fluence evaluation reports. Fluence

ettenuation to the quarter thickness location was performed in accordance i

- with the rules of Regulatory Guide 1.99, Revision 2.(III) Table F 18 shows j
the fuel management schemes that were utilized in the fluence projection
calculations.

!

I F-3
Bat > cock & WIfcom

I a McDermott company
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Initial RT and Margin !NDT

The initial RTNDT values were obtained from BAW 1803(100) and the margins
were calculated in accordance with the rules of Regulatory Guide 1.99, {
Revision 2. '

>Adjusted RT
NDT

In accordance with the rules of Regulatory Guide 1.99, Revision 2, the f

estimates of end of life adjusted RT were obtained by taking the sum of fNDT
the initial RT the delta RT and the me.rgin. The delta RT is jNDT, NDT, NDT
calculated by multiplying the fluence factor (a function of the fluence) by |
the chemistry factor (a function of the copper and nickel contents).

Atvoical Weld
,

In the in' stance of the atypical weld, the adjusted RT was determined in (NDT
accordance with an NRC recommendation which is preser.ted in BAW 10144A.

Utoer Shelf Enerov
i

The estimated end of-life quarter thickness upper shelf energy was calculated
in accordance with the rules of Regulatory Guide 1.99, Revision 2, and the i

method of BAW 1803. Initial upper-shelf energy is estimated in accordance f
with BAW 1803.

I
I:

!

I!
I;
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I
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Table F-1. Reactor Vessel Weld End-of-Life (32 EFPY) Fracture IToughness Evaluation Data Susu8ary for Oconee Unit I *)

M)ested
Initial Reference (OL RT

NOTChemical feaetrte fluence foughness

Compos |Cgen (n/cd) leuperatere ('T)IbI Estlested T/4 (CL-U5tt
(et%) la al (ft lb)

Weld inside 81Di MI" Inside IT5t
Nweber Weld location Ce #4 Surface T/4 (*F)(d) jkg(b) Serface T/4 (ft-lb) RG I.99. R2 8 m -1803

- - -._

SA-1135 M8/IS 0.25 0.54 1.6(18 9.6tlT -6 68 149 130 To $3 56

SA-1229 15/US (laside 61%) 0.26 0.61 T.8tI8 4.1118 -6 68 231 205 20 46 tt

W -25 15/US (Detside 395) 0.35 0.68 -- -- -- -- --- -- -- -- --

SA-1585 U5/ts 0.21 0.59 1.0(19 6.0018 -6 68 224 20I TO 49 54

W-9 LS/ Dutchmen 0.21 0.59 5.7116 3.4(16 6 68 --- --- TO -- --

m 5A-1073 IS-tongitudinal (both) 0.21 0.64 6.1118 3.Ttl8 -6 68 209 185 TO SI 63
9
*

SA-1493 US-tongitudinal (both) 0.20 0.55 T.4tl8 4.4118 -6 68 201 ISO TO 58 62

5A-1430 LS-tongitedsnal (both) 0.20 0.55 9.lfl8 5.5t18 -6 68 219 188 'O 50 63

5A-1426 ts.lengitudinal 0.20 0.55 9.1118 5.5(18 -6 68 210 188 TO 50 63

BAW-20$0, October 1988.(24)I*I

(b) Regulatory Ceide 1.99, Revis6en I, May 1988.IIIII

Id II I and 84W IT99. July 1983(112), and 8 M-1500. Revision I.III3I8AW-1820. December 1984

(d)BAW-1803, Revision I.II

I
sr
?g
!3r
5D
E52-
*8

M

- . - - - . - - . _ . . _ _ - - - - - - - _ . - . - .-
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Table F-2. Reactor Vessel Weld End-of-Life (32 EFPY) Fracture
Toughness Evaluation Data Swwary for Oconee Unit 2 *)I

Adjested
lettial Pefere w e EOL RiEICheetcal feestronFluence 1-wss

t =a (n/ d ) Teeperature (8f)(b) Estimated f/4 tot-USECompos |C
(wt%) In al (ft-ib),,EI D"Wald inside leside USE

(O )(d) ('t)(b) surface T/4 (ft-Ib) 3G I.99. R2 8mW-1803Number Weld location Ce NI Surface T/4 T

+

- WF-154 IIB /U5 0.31 0.59 7.3 tit 4.4tl8 -6 68 241 214 70 44 54

WF-25 US/15 0.35 0.68 9.6EIS 's.8E18 -6 68 283 251 70 a3 54

WF-ill L5/ Dutchman 0.31 0.59 5.4[16 3.2116 -6 68 76 T2 10 -- --

(*IBAW-2051. October 19es.(28)
*

d 'M- Regulatory c ide 1.99, nevision 2 nay 19es.(333I

[
sAW-Is20. December 1984(22) and anW-IT99, July 1963.(I12)ki

(dIBAW-lao), ae tsien 1.(308)

i

a

F
| EK

?2|

8w
| 5O
i E$R=

4O
DE

E U E E O E E NO N E O E E O N U E E
__

_
_ _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ __ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ ~ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ - . _ _ _ _ . _ - -
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' Table F-3. Reactor Vessel Weld End-of-1.ife (32 EFPV) Fracture I- Toughness Evaluation Data Sumary for Oconee Unit 3 *)

Mjusted
Initial Reference EOL RT"Ithamical hestron fleen(e les

(S )I'I Estimated T/4 fol-tf5E' C88'P'5 gen (a/(32) Temperature F

(wt%) in al (ft Ib),

,,EI "*'9'"Weld Inside Inside USE
Number Weld to(ation Cu Ni Surface 1/4 (*F)(() (*F)(a) Serface T/4 (ft-1b) RG I.99, R2 smf.Is03

- - _
. - _ _

WF-290 NB/tf5 0.24 0.63 I.29El? 2.Ill8 -6 68 249 223 30 45 SF

WF-67 US/L5 (Inside 75%) 0.24 0.60 1.6119 9.4E18 -6 68 256 737 TO 44 52
~

WF-TO US/ts (Outside 25%) 0.35 0.59 -- -- -- -- --- --- -- -- --

WT-169-1 L5/Dutthman 0.I8 0.63 8.Fils 5.2(16 -- -- --- --- -- -- --

I*IRegulatory Guide 1.99, Revision 2 May 1988.IIIII

[ INBAW-1820, Da(ember 1984(22) ane 8Mf-1500, September 1978. N I
^

ICISAW 1803, Revision I.I I

'

310it: Values presented in this chart are extremely conservative twasse of high fluences. TImances will be retaltelated at nest 00-3 tapsele
withdrawal and are espected to be reduced by 30%.

i
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Table F-4. Reactor Vessel Weld 'End-of-Life (32 EFPY) Fractu
Toughness Evaluation Data Summary for TMI Unit 1g) .

,

Adjusted
Initial Reference [0L Riggg

Cheelcal
IIeutron }uence fou9 nessh

(n/t_.. ) Temperature ('F)(b) Estiested T/4 (OL-USE. Courosition
(wt%)l(3

US[ gal
In (ft 'b)

Weld Inside NDy h@e Inside
slumber Weld location Cu NI Surface T/4 ('F)IdI ('T)(b) 5,, race T/4 (It-ib) NG 1.99, R2 BAW-1803

, _ _ -

W -70 MB/US 0.35 0.59 6.1[18 3.7118 -6 68 244 214 TO 44 53

W -25 US/L5 0.35 0.68 8.0(18 4.8118 -6 68 272 240 TO 43 54

W- 70 L5/ Dutchman (Outside Set) 0.35 0.59 -- -- -- -- --- --- -- - --

W-67 (5/ Dutchman (Inside 50%) 0.24 0.60 4.5T16 2.7116 -6 68 T3 69 70 -- --

W -8 US-tongttadinal (both) 0.20 0.55 8.0118 4 8118 -6 68 205 183 70 50 58

5A-1494 LS-tongitudinal (Outside 63%) 0.18 0.63 -- -- -- -- --- -- -- -- --

M 5A-1526 LS-tongitudinal (Inside 37%) 0.35 0.68 6.T[18 4.0(18 -6 68 260 229 70 44 55

I90 'II 28 'I 224 201 79 50 72Atypical US/L5 0.41 0.10 6.!!!8 3.T118'

I*IBAW-1901, Ptarch 1986.I II

l IIRegulatory Guide 1.99, Revision 2 N y 1988.IIIII

ICI I I and BAW-IT99, July 1983,IIIII and BAW-1500 Revision I.III3IBAW-1820, Decestw 1984

(d)BAW-1803, Revision I.II " I

I'IBAW 101444 February 1980.(101)
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Table F-7. Reactor Vessel Weld End-of-Life (32 EFPY) Fracgye ToughnessEvaluation Data Summary for Rancho Seco Unit 1

Adjested
Initial Reference (OL Rigg

Cheelcal flestron fluence foughness
Composjtjen (n/ W ) Temperature ('F)IbI (stimated T/4 tot-U5t

(wt%)tC#
-- In al (ft-It)

Ec!d Inside IWI I" Inside U51
Isunber Wald tocation to Ill Surface T/4 (CT)(d) goggtb) Serface T/4 (ft-le) RG I.99 R2 8AW-1803

--- - _ _._

W-233 les/US 0.29 0.68 6.7t18 4.0(18 -6 68 243 214 70 45 59

W -154 US/ts 0.31 0.59 8.9118 5.3tI8 -6 68 252 224 70 43 53

W -233 L5/Dutthr.an 0.29 0.68 5.0(16 3.0(16 -- -- -- --- -- -- --

WF-29 US-tongGudinal (both) 0.23 0.63 7.9(18 4.7(18 -6 66 225 200 TO 48 56

W-29 LS-tongitudinal (1001) 0.23 0.63 8.8(18 5.3(18 -6 68 2M 205 70 48 56

W -70 LS-tongitudinal (Inside 73%) 0.35 0.59 8.8(18 5.3118 -6 68 265 235 70 43 53

H W -29 LS-tongitudinal (Outside 27%) 0.23 0.63 8.8t18 5.3(18 6 68 230 205 TO 48 56

I90 'I 28 'I 237 219 79 48 72IAtypl(al LS-tongitedinal (Inside 73%) 0.41 0.10 8.8118 5.3(18

I*IBAW-2074 N rth 1989.I OI

I Regulatory Guide 1.99, Revision 2, m y 1988.IIIII

ICIBAW-1820. December 1984(22) and BAW-1500. September 1978.I I *

(d)p W-1803, Ro is h I.(100)

I'IBAW-10144A. February 1960.(101)
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Table F-8. Reactor Vessel Weld End-of-Life (32 EFPY) Frac}'ure Toughness..

'

Evaluation Data Sunnary for Davis-Besse Unit 1 'l

5 m

Adjusted
initial Reference FOL RTE-Ch-mical Neutron F]qence Toughness -

Co*Posgon (n/ce2)(W Temperature (OF)I*I . Estimated T/4 EDL-USE
'

(wtt) - Intjal (ft-Ib)
Weld Inside NDI DI" Inside USENumber Weld location Cu Ni . Surface T/4 (OF)(C) (8F)(*I Surface T/4 (ft-Ib) RG 1.99, R2 8mf-1883 .

,

WF-232 M8/US (Inside 91) 0.14 0.69 1.8E18 -- -6 68 ' 143 70 ~57* 36*
WF-233 NS/US (Outside 91%) 0.29 . 0.68 -- 1.lE18 -6 68 --- 150 TO 52 60

i

WF-182-1 US/tS 0.24 0.63 1.1E19 6.6E18 -6 68 245 219 81(b) 53 68

WF-232 LS/Dutchmait (Inside 12%) 0.14 0.69 6.2EI6 -- -- -- --- --- -- -- --

WF-233 LS/ Dutchman (Outside 88%) 0.29 0.68 -- 3.70E16 -- -- --- --- -- -- --

I'Iy Regulatory Guide 1.99 Revision 2. May 1988.I NII

(b)BAW-1820 December 1984(22) and 8 5-1500, September 1978.IM I

I'IBAW-1803, Revision I.II" I
;

(d)B&W Document 32-Il50627-01.I" 'I
1
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' Reactor Vessel Weld End-of-Life (32 EFPY) Fracge ToughnessTable F-9.
Evaluation Data Suassary for R. E. Ginna Unit 1

.

Adjested --*

Initial Reference EOL RI
NDTChemical Heutron F Toughness

Composjt[on (n/cm ) .Temperatore (T)ggg Estimated T/410L tfSE2

(wit)t8i in al (ft-lb)
Weld Inside NDI Wa Inside USE

Number Weld location to Ni Serface T/4 (OT)(') ('T)(II Surface T/4 (ft-1b) RG 1.99, RZ BAW-1803,

SA-Il01 NS/LS 0.26(b)0.H(b)4.5E18 3.0El8 10(b) 28(b) 394 172 55(b) 45 50
4

SA-847 IS/LS 0.25 0.54 4.lF19 2.8E19 -6 68 ' 290 275 70 36 51

; SA-1779 LS/ Dutchman 0.25 0.54 I.6E16 -- -6 68 .--- --- 70 -- --

1

I*IBAW-1500 September 1978.I I

(b) Refer to Terkey Point Unit 3, Table F-14..

ICIy Axial flux ratio: WCAP-il026 December 1985.(102)

[ (d) Peak fluence: Private communication, W. S. Galloway, Jr., RG&E. to A. L. Lowe, Jr., August 3, 1988.I" I
'

! I'IBAW-1803, Revision 1.I # I
i

IIIRegulatory Guide 1.99, Revision 2, May 1988.II U Ij
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Table F-10. Reactor Vessel Weld End-of-Life (32 EFPY) Fracture
'

Toughness Evaluation Data Summary for Point Beach Unit 1(a)

Adjusted.

Initial Reference EOL RT
NOTChemical Neutron Tl n Toughness

(a/cm)(Eche Temperature ('F)I'I Estimated T/4 EOL-USE
2Compositign-

. (wt%)taf Int I (ft-lb)
Weld inside MDT W" Inside if5E

i Number Weld location tu Ni Sarface T/4 ('F)(d) ('F)('I Serface T/4 (ft-1b) RG 1.99, R2 BAW-1803
. - -

i SA-1426 N8/IS 0.20 0.55 2.7E18 1.8E18 -6 68 160 145 (0 54 65

SA-812 IS-tongitudinal (Inside 27%) 0.17 0.52 1.8E19 1.2E19 -6 68 222 208 10 48 60

t SA-775 IS-tongitudinal (Outside 73%) 0.19 0.63 -- -- -- -- --- --- -- --

SA-Il01 IS/LS 0.26(II 0.60(II 2.4E19 1.6E19 10(II 28III 286 264 65(II 36 48

SA-847 LS-tongitudinal 0.25 0.54 1.6El9 1.IEl9 -6 68 251 233 70 42 52

SA-Il0! LS/ Dutchman 0.26(II 0.60(II 9.8El5 -- -- -- --- --- --

?
--

g (a)8AW-1500, September 1978,I%I ard BAW-1500, Revision I.I'I I

(b) Axial and asyneetrical flux ratios: WCAP-10638, Decenter 1984.(116)

ICIPcak fluence: Private communication, M. F. Moylan, WEPE0 to C. J. Hudson, B&W, Januaiy 16,198?.IIIII

MIBAW-1803, Revision I.I I

I I'IRegulatory Guide 1.99, Revision 2 May 1988.IIIII'

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

.
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i Table F-11. Reactor Vessel Weld End-of-Life (32 EFPY) Fracture -
Toughness Evaluation Data Summary for Point Beach Unit 2 *)5

.

'

Ejusted
4

; initial Reference EOL RT
Ithemical Neutrog (d)(nce Toughnesslue

(n/ W )t e) Temperature (cy)(9) Estimated T/4 E0t-USECompos)gJjon
(ut%)s In al '(ft-lb)

Weld Inside EI -~ N'9 "I Inside USE

(O )(I) (OT)(9) Surface T/4 (ft-lb) RG I.99, R2 BAW-1803Mumter Weld location Cu Ni Surface T/4 T

ICI .90([(a) NB/IS 0.27 ICI .6E18 2.4E18 -563 ICI ICIO 68 IT9 156 100 10 --

SA-1484 IS/LS 0.24 0.60 2.6E19 1.8E19 -6 68 279 262 70 40 53

-- LS/ Dutchman -- -- I.0EI6 -- -- -- --- --- --- -- --

I*I
,

Weld fabricated at Coa 6ustion Engineering, Chattanooga, TN.
'

(b)BAW-1500, September 1978.(%)
, m

ICI'

[ Estimated on basis of reactor vessels fabricated by Combustion Engineering at about the same time.
*

(d) Axial flux ratios: IE.AP-10638, December 1984.(116)

I'I
| Peak fluence: Private comoucication, M. F. Moylan WEPC0 to C. J. Hudson, B&W, January 16, 1989.III I

IIIBAW-1803, January 1983.II"I

I9IRegulatory Guide 1.99 Revision 2 May 1988.IIIII
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Table F-12. Reactor Vessel Weld End-of-Life -(32 EFPY) Fracture

Toughness Evaluation Data Susunary for Surry Unit 1(*)--
i

Adjusted
Initial Reference EOL RimiChemical Neutron vence Tooghness

Coa 9nsi (n/c ) Temperature ('f)g,y Estimated T/4 EOL-USE
(wt%) Inigi (ft-lb)

Weld Inside HDT Margin Inside tiSE
Number Weld Location Cu Ni Surface T/4 ('F)(') ('F)I9I Surface T/4 (ft-Ib) RG 1.99, R2 BMi.1803

!

I ICI 0.10(C) 4.8E18 , 3.0EIS OJ726 *I NB/IS 0.33 III ICII 69 190 171 90 59 --

SA-1494 15-Longitudinal (both) 0.18 0.63 6.4E18 4.0EIS -6 68 201 181 70 52" 57 -i

SA-1585 IS/LS (Inside 40%) 0.21 0.59 4.0E19 2.5E19 -6 68 282 265 70 40 52

SA-1650 IS/LS (Outside 60%) 0.21 0.59 --- -- -- -- --- --- -- , --
,

SA-1494 LS-Longitudinal 0.18 0.63 6.4E18 4.0E18 -6 68 203 181 70 52 57

.y SA-1526 85-Longitudinal 0.35 0.68 6.4EI8 4.0E18 -6 68 258 229 70 44 SS

$
I*IWeld fabricated by De Rotterdamsche Drogdek, Rotterdam, Netherlands.

(b)BAW-1909 Ravision I, August 1986.(118),
;

ICIEstimated value.

(d)WCAP-ll415. Febiiary 1987.IIN

I'IBAW-1803, Revision I.II

NISECY 82-465, November 23,1982.IIIII -

I9IRegulatory Guide 1.99, Revision 2. May 1988.IIIII,

F
: ?gs
.

5
o4

iE3.

a8
M

i

!

E N _W M -W WM M W W ' W M W W W W WWM;

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . .- . _ . . . .-- - . . . .- . . - . . . . . - . . -.- . _ . = . . . - . . .



~8 M M'M M ~M .M M- M M M M M M M M M M
.

_

.

Table F-13. Reactor Vessel Weld End-of-Life (32 EFPY) Fracture
- Toughness Evaluation Data Summary for Surry Unit 2 *)I

Adjusted
,

Initial Reference EDL RTNDi
Chemical Meutron f e ,foughness

Composi len (n/(m ) ) lesperature ('F)ggy Estimated T/4 tal-tfit
=-,

2

(wt%) bl Int 1 (ft-Ib)
I~

Weld inside NOT N3F9 " Inside USE

Number Weld Location Cu Ni Surface T/4 ('F)(') ('T)(9) Surface . T/4 (ft-lb) .RG 1.99, R2 BAW-1803

ICIL737 *I NB/15 0.35(C) 0.10(C) 4.1118 2.6tIB OI III 69 190 170 90 59 --

SA-1585 15-Longitudinal 0.21 0.59 7.1[18 4.5E18 -6 68 209 188 70 .$G $4

SA-1585 IS-Longitudinal (Inside 50%) 0.21 0.59 7.lE18 4.5t18 6 68 209 188 70 50 54

WT-4 15-Longitudinal (Outside 50%) 0.20 0.55 -- -- -- -- --- --- -- -- --

90 'I 55 --II IIIR3008 *I 15/L5 0.19 0.56 3.4[19 2. LEI 9 O 69 268 251

WT-4 LS-tongitudinal 0.20 0.55 7.lE18 4.5518 -6 68 200 180 70 51 59

WT-4 LS-tongitudinal (Inside 63%) 0.20 0.55 7.lE18 4.5E18 -6 68 200 180 70 51 59

| WF-8 LS-tongitudinal (Outside 37%) 0.20 0.55 -- -- -- -- --- --- -- -- --

(a) Weld fabricated by De Rotterdaelsche Drogdek, Rotterdas, Netherlands.

DIBAW-1909, Revision 1. August 1986.I U 0I;

ICI
. Estimated Value.

(d;WCAP-Il499, June 1987.(76)

II'IBAW-1803 Revision 1.

SICT 82-465, November 23,1982.IU'Ii IU

E9) Regulatory Guide 1.99, Revision 2, May 1988.I' II

E
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Table F-14. - Reactor Vessel Weld End-of-Life (32 EFPY) Fracture>

Toughness Evaluation Data Summary for Turkey Point Unit 3(a);

-

4 Mjusted
| Initial Reference EOL RT

I.!- ' Chemical peutron F] h Toughness
(n/ce ;t Temperature ('F)ICI tstleated T/4 EOL-USE2

; Compostlign
< (wt%)ga, Int al (ft-1b)
1 Weld Inside NDI " #

Inside USE

| flumber Weld Location Cu Ni Surface T/4 ('F)(d) ger)(e) Surface T/4 (ft-Ib) aG 1.99. R2 Baar.1803
,

SA-1484 IIB /IS 0.24 0.60 3.3E18 2.lE18 -6 68 182 162 70 51 56
,

f SA-1101 IS/LS 0.26(II 0.60III 2.8El9 1.8El9 10III 28III 293 271 65I9) 35 48

SA-ll35 LS/ Dutchman 0.25 0.54 2.8EIS -- .-- -- --- --- -- -- --

'

I*IBAW-1500 Septeeber 1978.I"I

(b) Axial flux ratios determined free Surry information (both plants beleg Westinghouse 3-loop PWRs): WCAP-Il415, February. 1987.II'I

Peak fluence: Private communication, R. 5. Boggs FP&L te C. J. Hudson, 88W July 28. 1998.II I* ICI

(d)SAW-1803, Revision I.II" I

I'IRegulatory Guide 1.99, Revision 2, May 1988.IIIII
,

IIISafety Evaluation Report, memorandum, S. Varga to J. W. Williams, April 28,1994.II"I '

(9)WCAP-7657.(59)
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Table F-15. Reactor Vessel Weld End-of-l_ife (32 EFPY) Fracture IToughness Evaluation Data Summary for Turkey Point Unit 4 ,I

Adjusted
initial Reference EOL RT

DT-Chemical Neutron Tj y Tempness
(n/cm )Wnts Temperature ('F)I'I ~ Estimated T/4 EOL-USE_

2Composilign
(wt%)ga, ini 1 (ft-Ib)

1

held !nside WT h@n ~,

Inside USE . -Number Weld tecation Cu NI Surface T/4 ('F)(d) ('F)(') Surface T/4 (ft-Ib) RG 1.99, R2 SAW-1993

WF-70 NB/IS (Outside 33%) 0.35 0.59 -~ -- -- -- --- --- -- -- --

WF-67 NB/IS (Inside 67%) 0.24 0.60 3.2E18 2.0E18 -6 68 181 161 70 51 54

SA-Ilot IS/LS 0.26(I) 0.60II) 2.7E19 I.7E19 10(I) 28(I) 292 268 66I9I 36 48 -

SA-Il35 LS/ Dutchman 0.25 0.54 2.7El5 -- - - - -- --- --- -- -- --

I*I8AW-IS00, September 1978. N I

(b) Axial finn raties determined free Surry information (both plants being Westinghouse 3-loop PWRs): WCAP-I!415, February,1987.II'I
ICIPeak fluence: Private communication, R. S. Boggs, TP&L to C. J. Hudson, B&W, July 28,1988.IINI

(d)BAW-1803, Revis h I.(100)

I'IRegulatory Guide 1.99, Revision 2 m y 1982.I"II
,

I Isafety Evaluation Report, memorandum, S. Varga to J. W. Williams, April 26,1984.(106)

I9IWCAP-7660.(60)
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Table F-16. Reactor Vessel Weld End-of-Life (32 EFPY) Fractur
Toughness Evaluation Data Summary for Zion Unit 1 *)

i -

Adjusted
Initial Reference EOL RT '

NDi ~
,

' Chemical NeutrenF] nce -Toughness
Ceeposjtjon (n/cm2)t Temperature ('f)I'I ~ Estimated T/4 EOL-USE

,

'

(wt%)tal In al (ft-lb)
Weld inside NDy - %in inside USE

Number Weld location tu Ni Surfar.e T/4 (CT)(C) ('F)I'I Surface T/4 (ft-Ib) RG 1.99, R2 BAW-1803

WF-154 M8/IS (Inside 82%) 0.31 0.59 3.1E17 2.2E17 -6 68 Ill 98 10 ~ 56 57

SA-1769 N8/15 (Outside 18%) 0.26 0.61 -- -- -- -- --- --- -- -- --

WF-4 IS-tengitudinal 0.20 0.55 8.9E18 5.3E18 -6 68 209 188 70 50 59
i

WF-4 IS-tongitudinal (Outside 61%) 0.20 0.55 -- -- -- -- --- --- -- -- --

I

~

WF-8 IS-Longitu. final (Inside 39%) 0.20 0.55 8.9E18 5.3E18 -6 68 209 188 70 50 58

WT-70 IS/ts 0.35 0.59 1.7EI9 1.0E19 -6 68 304 274 TO 40 52
< m

b WF-8 LS-tongitudinal (both) 0.20 0.55 8.9E18 5.3E18 -6 68 209 188 70 50 58'

Atypical IS/ts 0.41 0.10 1.7E19 I.0El9 9L,(d) 28(d) 259 241 79 45 fi

I'I I I and BAW-1500, Revision I.III3I'

BAW-1500, Septe:aber 1978

(b)WCAP-10%2. December 1985.(121)
'

ICIBAW-1803, Revision 1.(100)
,

(d)BAW-10144A,Tebruary 1980.(101)
_

I'IRegulatory Guide 1.99, Revision 2, May 1988.IIIII
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Table F-17. Reactor Vessel Weld End-of-Life (32 EFPY) Fractur
Toughness Evaluation Data Sununary for Zion Unit 2gI

~

Adjusted
Initial Reference tot RT DiChemical Neutron fIptnce foughness

Compo lon (n/cm2)to; Temperature (OT j 'I (stimated 1/4 EOL-U5EI
(uti) in al (ft-Ib)

! Weld Inside NOT Ma m,n '

Inside USE
Number Weld location Cu Ni Surface. T/4 (OT)(C). (of)(e) Surface T/4 (ft-lb) AG I.99, R2 BAW-1803

Wi-200 MB/IS 0.24 0.63 4.0tIF 2.4[17 -6 68 -108 % ' 70 58 62

Wi-70 15-tongitudinal* 0.35 0.59 8.4tI8 5.0[18 -6 68 262 232 10 43 53

5A-1769 15/L5 0.26 0.61 1.8tl9 1.l(19 -6 68 273 248 70 41 53
,

Wf-29 LS-tongitudinal* 0.23 0.63 8.4E18 5.0E18 -6 68 228 203 10 49 56

Atypical 15-tongitudinal 0.41 0.10 8.4t18 5.0[18 90(d) 28(d) 209 263 79 49 12

7 I'IBAW-1500, September 1978.I I

U (b)WCAP- 107.' December 1985.(121)
'

ICIBAW-1803, Revision I.II
|

(d)BAW-10144A, february 1980.(101),

! I'IRegulatory Guide 1.99, Revision 2, May 1988.IIIII

*WCAP-10962 shows WF-29 weid material for IS-longitudinal and WF-10 for LS-longitudinal. Review of production records from Mount Vernon plant
shows that the welds are properly represeited is this table.
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Table F-18. Reactor Core loadina Schemes Used for Fluence Estimates

fuel Manaaement Scheme (Cycles Used) $
Plant Name Out-In Low Leakaae Other ]

Oconee 1 1-5 6 E0L ---

Oconee 2 14 5-EOL ---

Oconee 3 1-5 6-EOL

THI-l 1-5 6-7 8 E0L (very low-leakage)

Crystal River 3 1-3 4-f0L ---

ANO-1 1-3 4 E0L '
---

Rancho Seco 1-3 4-7 e E0L (very low leakage)
~

Davis-Besse 1-4 5-E0L ---
.

R. E. Ginne 1-12 13-EOL i---

Point Seach 1 1-7 8-16 17-E0L (low leakage plus
.

modified peripheral assemblies) :
!

Point Beach 2 1-5 6-15 16-EOL (low leakage plus
,

modified peripheral assemblies)

|. Surry 1 1-7 8-EOL* i---
1

|

Surry 2 1-7 8-E0L* ---

Turkey Point 3 1-6 7-8 9-EOL (low leakage plus
modified peripheral assemblies),

f
'

L Turkey Point 4 1-4 5-8 9-EOL (low leakage plus
I modified peripheral assemblies)

Zion 1 1-6 7-EOL ---
;

Zion 2 1-5 6-EOL ---

* Includes assumption that core will be uprated from 2441 MWt to 2546 MWt at
the beginning of cycle 11.
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G.I. Descriotion of the Dosimetry Portion of the RVSP

The two prir.cipal objectives of the Master Integrated RVSP are (1) to deter- i

mine the changes in the mechanical properties of RV steel resulting from |
long-term neutron irradiation, and (2) to monitor the vessel fluence. To l

accomplish the first objective, it is necessary to know, as accurately as i

practicable, the neutron fluence that the surveillance specimens were exposed
to over their irradiation history. Specimen fluence is determined using a 1
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 mechanical

,

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 oeriod: Reactor startup to removal of last capsule in reactor
vessel.

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

Final period: Installation of cavity dosimetry to the end of plant
life. Note that some of the reactors will obtain their cavity dosimetry |.capability before completion of their RVSP. In such cases, it is
possible that those reactors could skip the intermediate period alto-

,

gether and move directly from in-vessel monitoring to ex-vessel monitor-
ing.

LLI . Initial Period (Startuo to last Caosule Removal) I

I.The reactor pressure vessel fluence is determined by the semi-empirical j

method described below. !IiThe time weighted average power distrioution is calculated and is used as !
I

input to the 00T-4 neutron transport code, which calculates the saturated 4

activity for each dosimeter and the space dependent fast flux in the reactor
vessel. The power history is used to adjust the saturated activities to !

account for those long half-life 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-I lated ratio at the capsule location.

The calculated dosimeter activities are usually within 10% of the measuredI activities. The projected end of life fluence of the reactor pressuro vessel
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 uncertain due to additional

uncertainty associated with future cycle designs, and ranges from 20 to 35%.

G.1.2. Intermediate Period (Caosule Removal to Cavity Dosimetry Installation)

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

i

The DOT code is used to calculate the reactor pressure vessel fluence for |
each vessel using the time weighted average power di::tribution 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 j
method is any different than that estimated for the initial period. The

,

analytical procedure is identical and the power distributions are handled inI the same way.,

G.1.3. Final Period (Cavity Dosimetry Installation to End of Plant life) !

|

The final period vessel fluence will be determined using the process describ-

I ed in detail in BAW-1875A(122) which differs from the methodology described
in Paragraph G.I.l. in the following ways:

|g 1. Activity measurements will be taken in the cavity rather than in
|3 vessel, using " state of the art" dosimetry.

2. Axial flux variations will be explicitly included in the analyticalI -

process.

3. Due to improved methodology and due to knowledge gained in the
,

benchmark experiment, the uncertainty in final period calculations '

|

||
EB G-3

i Babcock & Wilcox

.
__ _ _ _ _ . . _ _ - . _



- _ -.

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

G.2. Summary

Discussed in Section G.I. 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 wili be accomplished by the completion of each plant-
specific RVSP. The.second objective is accomplished by the dosimetry program ,

described in Sections G.I.l., G.I.2., and G.I.3., which provides a knowledge
of the vessel fluence within a determinable uncertainty range for the past,
present, and future. The B&W 177-FA plants have determined that vessel
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 '

compliance with 10CFR50, Appendix H.

| I
I

1 I
I

| I
I
I
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