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PRODUCT DESCRIPTION

This report describes the boiling water reactor (BWR) Integrated Surveillance Program (ISP).
Based on recommendations from BWR Vessel and Internals Project (BWRVIP) utilities, it

was concluded that combining all separate BWR surveillance programs into a single integrated
program would be beneficial. In the integrated program, representative materials chosen for a
specific reactor pressure vessel (RPV) can be materials from another plant surveillance program
or other source that better represents the target vessel materials. The basis for the integrated
program was established in BWRVIP-78 (EPRI report TR-114228), and the implementation
plan was given in BWRVIP-86 (1000888). Some aspects and details of the program as outlined
in both documents were subsequently modified during the regulatory review process, and
BWRVIP-86-A (1003346) incorporated those modifications into the implementation plan. Later,
BWRVIP-116 (1007824) proposed the extension of the ISP into the license renewal period. With
the license renewal ISP now approved by NRC, BWRVIP-86, Revision 1 (this report) merges
BWRVIP-86-A and BWRVIP-116 into a single, updated implementation plan for the ISP
covering plant operation to 60 years.

Results & Findings

Prior to the ISP, individual, 43 surveillance capsules remained to be tested through the end
of original plant license dates. Evaluations performed as part of the ISP demonstrated that-
representative materials could be consolidated into 15 remaining untested capsules plus 9
capsules from the Supplemental Surveillance Program (SSP). The ISP has been extended to
support surveillance during the license renewal period by the testing of an additional capsule
from each of the 13 ISP host plants later in life.

Challenges & Objectives

The objectives of this project were to define an integrated surveillance program that meets the
requirements of 10CFR50, Appendix H; to identify specific capsules to be tested for the ISP

and a schedule for testing; and, to define the plan for ISP test data sharing and utilization. The
integrated program improves the quality of BWR surveillance data and results in a significant
cost savings to the BWR fleet. Full participation by all U.S. BWRs ensures that the ISP provides
the necessary data to properly monitor changes in embrittlement of the RPVs.

Applications, Values & Use

Data obtained from future capsules, plus data from prior tested capsules, are shared collectively
to fulfill 10CFR50 Appendix H requirements for surveillance monitoring as an ISP for U.S.
BWRs.



EPRI Perspective

Neutron irradiation exposure reduces the toughness of reactor vessel welds and base metals.
Accurate methods for monitoring and predicting embrittlement are important for establishing
plant operating pressure-temperature limits and pressure test temperatures. They also are critical
for evaluating the remaining life of RPV materials. The ISP will result in significant cost savings
to the BWR fleet and will provide more representative monitoring of embrittlement in vessel-
limiting materials than current programs.

Approach

The project team collected available BWR reactor vessel fabrication records, surveillance
program results, and the current status of each BWR surveillance program. They updated the
ISP matrix presented in BWRVIP-78 and the previous edition of BWRVIP-86 to address NRC
Staff comments and recommendations. From the revised matrix, the team developed a detailed
ISP test plan, associating each plant’s limiting materials with representative materials in ISP
capsules. A withdrawal/testing schedule was developed for the ISP plant capsules to provide for
integration of SSP capsule test data within the next few years and optimal ISP capsule testing
thereafter. Researchers developed ISP project administration and management responsibilities
for capsule testing, reporting, data sharing, and utilization, along with a plan for incorporating
the ISP in each plant’s licensing basis. A plan to extend the ISP through the license renewal
period was developed.

Keywords

Reactor pressure vessel integrity
Reactor vessel surveillance program
Radiation embrittlement

Boiling water reactor

Charpy testing

Mechanical properties
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RECORD OF REVISIONS

Revision Revisions
Number
BWRVIP-86 Original Report (1000888)
BWRVIP-86-A | Report 1000888 was revised to incorporate changes proposed by the BWRVIP in
1003346 responses to NRC Requests for Additional Information, recommendations in the NRC
Safety Evaluation (SE), and other necessary revisions identified since the last issuance
of the report. All changes except corrections to typographical errors are marked with
margin bars. In accordance with a NRC request, the NRC SE is included here as an
appendix and the report number includes an “A” indicating the version of the report
accepted by the NRC Staff. Non-essential format changes were made to comply with
the current EPRI publication guidelines.
Appendix B added: NRC Final Safety Evaluation
Details of the revision can be found in Appendix D.
BWRVIP-86, Report 1003346 was revised by merging the content of BWRVIP-116 (Report 1007824)
Revision 1 into this document as a new Section 7. Browns Ferry 1 participation in the ISP was

added. In addition, typographical and printing errors were corrected. Fluence values and
chemistry estimates were also updated for the latest available data.

Due the extensive number of changes to this report revision bars that previouslty marked
changes have been removed.

A new Appendix C was added: NRC Final Safety Evaluation for the ISP Impiementation
for License Renewal. A new Appendix D was added: NRC Staff Review of BWRVIP-86-
A. The former Appendix C, Revision Details (to BWRVIP-86-A), was changed to
Appendix E, and the details of BWRVIP-86, Revision 1 were added in Appendix F.
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ABSTRACT

This report describes the Integrated Surveillance Program (ISP) for monitoring radiation
embrittlement of BWR reactor pressure vessels (RPVs).

Each U. S. BWR has a surveillance program for monitoring the changes in RPV material
properties due to neutron irradiation. These programs consist of surveillance capsules installed
inside the RPV that include specimens from RPV plate, weld and heat affected zone materials.
These specimens are removed at periodic intervals, tested and analyzed to monitor the radiation
embrittlement of the RPV. Each BWR has its own surveillance program and the specimen
selection, testing, analysis and monitoring is conducted on a plant-specific basis.

Because U. S. BWRs were licensed over a period of years, the requirements and content of the
individual surveillance programs vary. For example, as a result of changes to industry standards
and NRC regulatory guidance, some plants do not have surveillance specimens for the limiting
RPV plate or weld material. In 1998, the BWR Vessel and Internals Project (BWRVIP)
developed an Integrated Surveillance Program (ISP) using similar heats of materials in the
surveillance programs of BWRs to represent the limiting materials in other vessels and improve
the monitoring of embrittlement in BWR vessels. The ISP combines all the separate U. S.

BWR surveillance programs into a single integrated program and adds data from the ongoing
Supplemental Surveillance Program (SSP). The ISP has been designed to meet the criteria for
an integrated surveillance program in 10CFR50 Appendix H. The BWRVIP submitted a report
in 1999 (BWRVIP-78) to describe the technical basis of the ISP related to material selection and
the testing matrix. Then, BWRVIP-86 addressed the implementation plan for the ISP and testing
schedule, with additional revisions to the testing matrix. During the regulatory review process
some aspects of both documents (e.g., the test matrix and schedule) were modified to facilitate
regulatory approval, and all modifications were reflected in BWRVIP-86-A. Extension of the
ISP into the license renewal period was documented in BWRVIP-116.

The ISP replaces the individual plant surveillance monitoring programs with an integrated
program using host reactor capsules containing selected representative materials. A test matrix
was developed to identify those specimens that best meet the needs of each BWR. The materials
for the ISP were specifically chosen to best represent the limiting plate and weld materials for
each plant using specimens from the entire BWR fleet. Specimens that provide little or no added
value are not included and need not be tested because other materials in the integrated program
provide better quality and more representative data.

This report identifies the test matrix of capsules containing the representative weld and plate

materials and the planned schedule for withdrawal and testing. The content of BWRVIP-116
(ISP for the License Renewal Period) has been merged with BWRVIP-86-A (ISP
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Implementation Plan) to provide a single, comprehensive implementation plan for the ISP during
both the original and renewed license period.

This report also describes methods of data evaluation and utilization for implementation through
the BWRVIP. Under the ISP, fewer capsules will be tested but the quality of data gained from
those tests will provide greater understanding of BWR vessel embrittlement than do the existing
programs. The BWRVIP will share data from the host capsules with all participants. The greater
efficiency that is inherent in the ISP will result in significant cost savings to the BWR fleet.



ACRONYMS, ABBREVIATIONS, AND DEFINITIONS

10CFR50 Appendix H

Adjusted Reference Temperature

ASME Code

ASTM E-185

Associated Material

BWR
BWROG
BWRVIP
Capsule Set

EFPY
ESW
EOL
EOLE

Existing Surveillance Program

Appendix H to Part 50 of Title 10 of the Code of
Federal Regulations, “Reactor Vessel Material
Surveillance Program Requirements”

(ART) The reference temperature adjusted for
irradiation effects by adding to the initial RT,, the
transition temperature shift (due to irradiation) and
an appropriate margin

American Society of Mechanical Engineers Boiler
and Pressure Vessel Code

American Society for Testing and Materials E-185,
“Standard Practice for Conducting Surveillance
Tests for Light-Water Cooled Nuclear Power
Reactor Vessels”

An ISP candidate surveillance material which is
given consideration because it has a good fluence
match to a target vessel material, even though it
may have a less representative chemistry match.

Boiling Water Reactor
BWR Owners’ Group
BWR Vessel and Internals Project

A capsule set includes three or more capsules
installed in a plant

Effective full power year
Electroslag Weld
End-of-license
End-of-license, Extended

The set of surveillance capsules that were installed
when each BWR was licensed. The surveillance
capsules typically include specimens for plate,
weld, and heat affected zone (HAZ) materials. The
test results from the specimens are to be used for
monitoring radiation embrittlement for the plant.

X1



Full Charpy Curve

HAZ
ISP
IVE

Limiting material

MLE
Reg. Guide 1.99

Representative Material

Representative Data Set

RPV
SAW
SMAW
SRM

SSP

Target material

USE

X1i

A Charpy curve based on Charpy tests of 8§ or more
specimens that are tested over a broad range of
temperatures so that the shape of the curve can be
clearly defined.

Heat Affected Zone
BWR Integrated Surveillance Program
Individual Vessel Evaluation

The reactor vessel beltline material judged most
likely to be controlling with regard to radiation
embrittlement, based on calculation of the adjusted
reference temperature (ART) defined by Reg. Guide
1.99 using best estimate chemistries and projected
EOL and/or EOLE fluence estimates.

mils Lateral Expansion

U.S. NRC Regulatory Guide 1.99, Revision 2,
“Radiation Embrittlement of Reactor Vessel
Materials”

A plate or weld material that is selected from
among existing surveillance programs or the SSP
to represent the corresponding target plate or weld
material in a plant.

The data set from the Charpy Impact test of the
representative material that consists of three Charpy
curves: 1) unirradiated, 2) 1" irradiated, and 3) 2™
irradiated.

Reactor Pressure Vessel
Submerged Arc Weld
Shielded Metal Arc Weld

Standard Reference Material is a material used to
provide an independent check on the measurement
of irradiation conditions for the surveillance
materials.

BWR Supplemental Surveillance Program

A target weld or plate material is the specific vessel
material to which the ISP test matrix assigns a
representative surveillance material.

Upper Shelf Energy
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1

INTRODUCTION

Boiling water reactor (BWR) plants in the U.S. were built with at least three surveillance
capsules installed to monitor neutron radiation embrittlement of the reactor vessel during its
operating life. The capsules contain specimens representative of the vessel beltline materials.

By periodically withdrawing a surveillance capsule and testing its specimens, embrittlement of
the reactor vessel can be monitored. The irradiation-induced shift in the material properties of the
capsule test specimens is used as an indication of embrittlement in the reactor vessel itself, which
cannot be tested directly.

In the late 1990s, the BWR Vessel and Internals Project (BWRVIP) utilities concluded that

an integrated surveillance program would provide significant benefits over the individual plant
surveillance programs. Report BWRVIP-78 [Reference 1] provided the program plan for an
Integrated Surveillance Program (ISP) for the BWR fleet in the U.S. The two primary benefits of
the ISP are that the quality of BWR surveillance data is improved and overall costs to the BWR
fleet are reduced.

The U.S. NRC Staff reviewed BWRVIP-78 and issued a Request for Additional Information
(RAI) [2]). The BWRVIP provided a written response [3] and also issued Report BWRVIP-86 [4]
to address implementation details. BWRVIP-86 refined the Program Plan outlined in BWRVIP-
78, addressed NRC Staff comments from the first RAI, and presented the Implementation Plan
and testing schedule for the ISP. A second RAI [5], addressing additional NRC Staff questions
and recommendations regarding both reports, and the BWRVIP’s response [6] ultimately led to
the U.S. NRC issuance of a Safety Evaluation (SE) [7] regarding the BWR ISP in 2002. The
BWRVIP then issued BWRVIP-86-A [8], which updated the Implementation Plan (BWRVIP-
86) by incorporating all final changes to the ISP test matrix and test schedule to which the
BWRVIP had committed during the regulatory review and approval process.

The primary focus of the ISP through 2002 was to satisfy the requirements of 10CFR50
Appendix H for the BWR 40-year operating period. However, from the earliest stages of the

ISP design process, it was recognized that the ISP could be logically extended to meet the needs
of individual BWR utilities seeking plant license renewal. As soon as the NRC approved the
BWRVIP ISP for the original BWR operating license period, the BWRVIP began development
of a plan to extend the ISP into the license renewal period. BWRVIP-116, ISP Implementation
for License Renewal [9], presented that plan. The NRC Staff reviewed BWRVIP-116 and issued
a Request for Additional Information (RAI) [10, 11]. The BWRVIP provided a written response
[12] which revised some capsule withdrawal schedules and clarified some commitments, and the
NRC subsequently approved the revised plan in a Safety Evaluation (SE) [13] in 2006.
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This report combines BWRVIP-86-A and BWRVIP-116 to provide a comprehensive ISP
Implementation Plan for both the original and the renewed license periods. The content from
BWRVIP-116, which was added to this document as Section 7, was updated to reflect the
changes to which the BWRVIP committed during the regulatory review and approval process
[12].

Throughout this report, a capsule designated for withdrawal and testing during the extended
license period will be called an “ISP(E) capsule,” to differentiate it from ISP capsules withdrawn
during the original license period. i

1.1 Implementation Requirements

The results documented in this report will be utilized by the BWRVIP ISP and by individual
utilities to demonstrate compliance with 10CFRS0, Appendix H, Reactor Vessel Material
Surveillance Program Requirements. Therefore, the implementation requirements of 10CFRS50,
Appendix H govern and the implementation requirements of Nuclear Energy Institute (NEI) 03-
08, Guideline for the Management of Materials Issues, are not applicable.
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2

BACKGROUND

2.1 Historical Background

A reactor pressure vessel (RPV) surveillance program is intended to monitor the changes

in vessel material properties due to neutron irradiation. In July 1973, the Code of Federal
Regulations, 10CFR50, Appendix H [14], established the first legal requirements for
comprehensive surveillance programs in nuclear plants. Plants already licensed prior to that time
had installed irradiation test samples using the guidance of the 1961 (tentative), 1962, 1966,
1970 or the then-emerging 1973 version of ASTM E-185 [15]. Today, reactor pressure vessels
that exceed a peak neutron fluence of 10" n/cm’ at the end-of-license are required to have an
RPV material surveillance program that monitors radiation embrittlement in accordance with
10CFR50 Appendix H.

Each BWR plant was built with a surveillance program that included weld and plate materials.
However, many plants did not have surveillance materials that represented the limiting plate
and/or weld material of the RPV, and there are two reasons for this. First, many of the
surveillance programs were implemented prior to the establishment of 10CFR50 Appendix H,
and there were no specific requirements to choose materials that represent the limiting beltline
material for plants built prior to 1973. Second, for some plants, a revision to Reg. Guide 1.99
[16] resulted in a change in the limiting beltline material for that vessel.

In addition, some plants have limited or no unirradiated surveillance specimen data. For some
plants, the unirradiated specimens were misplaced. The unirradiated data is needed to measure
the irradiation shift of the tested surveillance materials.

Given the limitations in the individual plant surveillance programs, a program called the
Supplemental Surveillance Program (SSP) [17, 18] was introduced in the late 1980s to obtain
additional BWR surveillance data on well-characterized BWR vessel materials. The SSP was
designed to supplement the available vessel embrittlement database and to examine BWR
specific irradiation trends. Selecting materials that are suitable for a fleet-wide correlation

also resulted in a selection of materials representing a broad range of BWR fleet RPV materials
chemistry. The SSP filled in gaps in the existing plant surveillance programs to match the
BWR fleet limiting beltline materials. The scope of the SSP included 84 sets of BWR Charpy
specimens that represent both BWR plate and weld materials. In fact, most of the materials in the
SSP were actual BWR vessel archive materials. Each of the 84 sets also had an excellent set of
unirradiated data.



Background

2.2 Development of the ISP

Content Deleted -
EPRI Proprietary Information

2.3 Benefits of the ISP

The BWR ISP provides many advantages compared to the previous individual BWR capsule
programs. The integrated program is based on those capsules that best meet the needs of the
BWR fleet. The benefits of the ISP to the BWR fleet are as follows:

e Improve compliance for each plant with the current version of 10CFR50 Appendix H [14]
and ASTM E-185 [15].

e Better matching capsule data to the limiting materials for each plant

e Sharing BWR data within the BWR fleet
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Provide additional data for BWR vessels with missing or incomplete data from their plant-
specific surveillance programs

Improve the knowledge of embrittlement effects in BWR vessels
Support license renewal by identifying appropriate surveillance capsules

Reduce cost, exposure and outage time for the BWR fleet by eliminating testing of
surveillance capsule materials that have no direct bearing on the irradiation behavior of plant-
specific limiting beltline materials

Obtain SSP data that will improve the quality of materials used to assess embrittlement.
Consequently, the ISP not only provides data that is considerably more representative of
limiting materials, but the database will be larger and will be available well before actual
end-of-license for the plants in the fleet. The quality of the data will be consistent because of
the standard methods that will be used for subsequent testing and also improved because of
the high quality of the unirradiated and irradiated specimens.

Therefore, there are substantial benefits to integrating the existing surveillance programs and the

SSP for monitoring radiation embrittlement of BWR RPVs.

2.4 Review of Definitions Used in the ISP

Content Deleted -
EPRI Proprietary Information

2.4.1 Representative Materials

Content Deleted -
EPRI Proprietary Information
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2.4.2 A Representative Data Set for the Limiting Plate or Weld Material

Content Deleted -
EPRI Proprietary Information

Figure 2-1
Representative Data Set

2-4



3

BWR SURVEILLANCE PROGRAMS BEFORE THE ISP

3.1 Overview of BWR Surveillance Data

As part of the development of the ISP implementation plan, the BWRVIP conducted a survey of
U.S. BWRs. The purpose of the survey was to document the (pre-ISP) status of capsule testing,
i.e., number of capsules remaining, current withdrawal schedule, intentions to seek deferrals, and
related information. The survey was distributed to BWRVIP members in June 2000 requesting
verification of plant specific surveillance capsule information, confirmation of licensing
commitments in plant Technical Specifications or UFSARs, explanation of unique aspects of
surveillance monitoring to address issues other than reactor vessel integrity, determination of the
basis and EFPY for current pressure-temperature limit curves, and understanding the status of
vessel fluence calculations. The data gathered from this survey was used to substantiate or
update the plant data in the BWRVIP-78 report. Applicable results of the survey are presented
below.

3.1.1 BWR Capsules and Vessel Materials

For the individual (pre-ISP) surveillance programs, each plant had established a withdrawal
schedule for its capsules consistent with 10CFR50 Appendix H [14]. BWR vessels were built
with at least three capsules provided near the RPV wall. Several plants (e.g., Browns Ferry 2,
Dresden 2 and 3) were provided with a complement of more than three surveillance capsules.
Four plants (Dresden 2 and 3 and Quad Cities 1 and 2) have near-core capsules as well as wall
capsules. As discussed in the BWRVIP-78 report, near-core capsules are not included in the ISP.

In general, the first two capsules are scheduled for removal during the plant life and are used
for monitoring radiation embrittlement. The third capsule is scheduled for removal at End-of-
License (EOL) and may be held without testing or used for the purpose of license renewal.

In addition to the typical allotment of three surveillance capsules, at least ten plants have
reconstituted previously-tested surveillance specimens and reinserted the capsules: Cooper,
Duane Arnold, FitzPatrick, Hatch 1 and 2, Nine Mile Point 1, Perry, Susquehanna | and 2, and
Columbia Generating Station (formerly WNP-2). The ISP regards these reconstituted/reinserted
capsules as Standby capsules (except that, in the case of Cooper, it will be used as a license
renewal capsule).

The status of the individual (pre-ISP) surveillance programs at the time of ISP design (circa
2000) is summarized in Table 3-1. The purpose of Table 3-1 is to tally the total number of
capsule tests that would have been conducted under the individual plant surveillance programs
before adoption of the ISP; this will be later compared to the total number of capsules that will
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be tested under the ISP to demonstrate the savings provided by the ISP. For that reason, Browns
Ferry 1 is shown on this table even though it was not an operating member of the BWR fleet in
2000 and did not join the ISP until after the ISP was adopted in 2002.

Table 3-1 shows actual and planned withdrawal dates (in Effective Full Power Years [EFPY])
together with the fluence of the capsule withdrawn and planned EFPY for future capsule
withdrawals. In general, third (e.g., 32 EFPY), fourth and reconstituted/reinserted capsules
(where applicable) are shown as Standby (SB) capsules, unless the utility survey response
indicated a definitive intention or commitment to withdraw a third or fourth capsule at a specific
EFPY prior to 32 EFPY.

A total of 43 capsules were scheduled for future withdrawal and testing under the individual
surveillance programs. Thirty-seven capsules had been tested and 50 were available as Standby
capsules. Therefore, there was a total set of 130 tested, future and Standby capsules. The
identities of all surveillance materials contained in the capsules are provided in Table 3-2
(plate surveillance materials) and Table 3-3 (welds).

3.2 Supplemental Surveillance Program (SSP) Data

The Supplemental Surveillance Program (SSP) is an important source of high-quality
surveillance data for use in the ISP. Background information on the SSP and the reasons for
including its materials in the ISP are discussed below.

The BWR Owners’ Group (BWROG) initiated the Supplemental Surveillance Program (SSP)

in the late 1980s to obtain additional BWR surveillance data [17, 18]. The purpose of the
program was to supplement the available vessel embrittlement data so that an irradiation shift
correlation could be developed specifically for BWR vessels as an alternative to Reg. Guide
1.99. Selecting materials that are suitable for a fleet-wide correlation also results in a selection of
materials representing a broad range of BWR fleet chemistry. Although it was not the original
intention of the SSP, this selection of materials is exactly what was needed to complement the
existing plant surveillance programs to better match the BWR fleet limiting beltline materials.
The SSP specimens are superior to many of the individual surveillance program specimens for
several reasons:

1. Unirradiated data - Unirradiated Charpy specimens for each of the materials were fabricated
from the same plate and under the same conditions as the irradiated specimens. The
unirradiated specimens were tested at the initiation of the program.

2. Chemical composition - A broken unirradiated Charpy specimen half of each material was
tested for carbon, manganese, phosphorus, sulfur, silicon, nickel, molybdenum, and copper.

3. Dosimetry — Neutron fluence monitors were included in each capsule so that fast flux and
fast fluence of each specimen set could be individually determined. Each monitor is sensitive
to a specific neutron energy range and increased accuracy in a flux-spectrum is achieved by
the use of several monitors (up to eleven different types of flux wires).
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4. Temperature Monitors — The inherent operating nature of the BWR, with temperature related
directly to pressure according to the steam saturation relationship, makes the vessel wall
temperatures quite constant, even from plant to plant. The annulus between the vessel
wall and the core shroud in the region of the surveillance capsules contains a mix of water
returning from the core and feedwater. Depending on the feedwater temperature, this annulus
region is between 525°F and 535°F. Therefore, five (5) temperature monitors were designed
to melt at temperatures within the range of 504°F and 580°F.

5. Flux/Fluence — The capsules were irradiated to target the BWR fleet mid- to end-of-license
fluence ranges.

6. Standard Reference Material (SRM) — A SRM was added to the SSP to provide an
independent check of the measurement of irradiation conditions for the surveillance
materials. The material used in this program is HSST-02. This material could also be used
to validate the assumptions regarding flux and fluence.

Twenty-five materials were selected for the SSP: 13 plate materials and 12 weld materials.

A total of 84 sets of Charpy test specimens from these materials were inserted in nine capsules
for irradiation in two host BWR reactors (Cooper and Oyster Creek). The nine capsules are
identified as SSP-A through SSP-I. Table 3-6 provides an inventory of SSP materials by capsule.

Although the SSP had been initiated by the BWROG and the nine capsules had been inserted
into the two host reactors, by the late 1990’s there were no plans or ongoing programs for testing
the SSP capsules. Initiation of the ISP and inclusion of the SSP capsules in it provided the
mechanism for withdrawing and testing the capsules. All nine SSP capsules have now been
tested under the ISP.

Although all SSP materials were tested and added to the BWR material irradiation database,
only eleven of the 25 materials (4 plate heats and 7 weld heats) are formally used in the ISP test
matrix as representative materials. Table 3-7 lists the SSP materials used in the ISP matrix and
shows the specific SSP capsules in which they were located.
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Table 3-1

Schedule of Completed and Planned BWR Surveillance Capsule Testing Before Adoption of the ISP

1st Capsule Removal

2nd Capsule Removal

3rd or other Capsule Removal

Plant Name Total BWR Planned | Actual Fluence Planned | Actual Fluence Planned** Actual | Fluence (10"
Type (EFPY) | (EFPY) (1x10" n/em®) | * (EFPY) | (EFPY) | (1x10"” nicm?) (EFPY) (EFPY) n/cm’)
Browns Ferry 1 4 T8D TBD SB
Browns Ferry 2 4 8 8.2 1.52 14 20 & 26
Browns Ferry 3 4 18 TBD SB
Brunswick 1 4 8 8.67 3.2 TBD SB
Brunswick 2 4 10 10.9 4.06 TBD SB
Clinton 6 9 20 SB
Cooper 4 3 6.8 2.4 12 11.2 2.8 22 and SB
Dresden 2 3 1 0.7 0.1 6 6.23 0.52 17.8 & 3-SB
Dresden 3 3 3 2.65 0.3 6 °5.98 0.71 17.6 & 3-SB
Duane Amold 4 6 59 4.9 15 14.36 11 2-SB
Fermi 2 4 8 8 Not tested*** 24 SB
FitzPatrick 4 6 5.98 2.6 15 13.4 5 30 & 1-SB
Grand Gulf 6 24 TBD SB
Hatch 1 4 6 5.75 24 15 14.3 4.6 2-SB
Hatch 2 4 6 6.58 2.3 15 2-SB
Hope Creek 4 6 6.01 1.42 15 SB
LaSalle 1 5 6 6.5 0.9 15 SB
LaSalle 2 5 6 6.98 1.15 15 SB
Limerick 1 4 15 30 SB
Limerick 2 4 15 30 SB
Monticello 3 8 7.08 2.93 24 SB
Nine Mile Point 1 2 6 5.8 3.6 8 7.98 4.78 16,24,&2SB| 16.76 10.0
Nine Mile Point 2 5 8 8.72 0.849 20 SB
Oyster Creek 2 8 8.4 7.46 20 SB
Peach Bottom 2 4 8 7.53 1.8 20 SB
Peach Bottom 3 4 8 7.57 1.6 20 SB
Perry 6 8 55 3.53 15 2-SB
Pilgrim 3 5 4.17 2.3 18 SB
Quad Cities 1 3 1 1.2 0.10 6 6.64 0.55 19 & 3-SB
Quad Cities 2 3 1 1.6 0.17 6 5.63 0.66 18 & 3-SB
River Bend 6 10.4 10.08 Not tested*** 15 SB
Susquehanna 1 4 6 6.7 1.4 15 2-SB
Susquehanna 2 4 6 6.2 1.3 15 2-SB
Vermont Yankee 4 8 7.54 0.45 24 SB
Columbia GS (WNP-2) 5 8 7.2 1.55 24 2-SB
TOTAL PLANNED 43 8 26 9
TOTAL TESTED 37 27 9 1
TOTAL STANDBY (SB) 50 50
TOTAL 130 35 35 60

* TBD - To be determined

**¥ SB - Standby. End-of-License, 32 EFPY, or Reconstituted/Reinserted Capsule

***These capsules had been withdrawn but not yet tested prior to the adoption of the ISP; therefore, they are counted in the “Total Still Planned” tally. The River Bend capsule was tested by the ISP in 2002..
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Table 3-2
BWR Surveillance Capsule Plate Materials and Chemistry
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Table 3-3
BWR Surveillance Capsule Weld Materials and Chemistry
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Table 3-4
Supplemental Surveillance Program (SSP) Specimen Matrix
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Table 3-4
Supplemental Surveillance Program (SSP) Specimen Matrix (Continued)
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Table 3-4
Supplemental Surveillance Program (SSP) Specimen Matrix (Continued)
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Table 3-5
Capsule Locations of the SSP Materials Used in the ISP
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4

ISP CAPSULE IRRADIATION, WITHDRAWAL AND
TESTING

4.1 ISP Test Matrix

4.1.1 Development of the ISP Test Matrix
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Table 4-1
BWR Target Vessel Plate Materials
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Table 4-2
BWR Target Vessel Weld Materials
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Table 4-3
ISP Test Matrix
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Table 4-4
Summary of ISP Surveillance Material Assignments
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Table 4-4
Summary of ISP Surveillance Material Assignments (Continued)
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Table 4-4
Summary of ISP Surveillance Material Assignments (Continued)
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Table 4-4
Summary of ISP Surveillance Material Assignments (Continued)
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4.1.2 Changes to the ISP Test Matrix

The ISP test matrix will be re-evaluated periodically based on new information such as
premature shutdown of a host plant. Where changes to the matrix are warranted, they will be
submitted to the NRC for approval prior to implementation.

As discussed in the previous section, the ISP test matrix assigns representative surveillance
materials to target vessel materials which were - at the time the ISP was established - the vessel
limiting materials. If a representative surveillance material becomes unavailable in the future -
due to, for example, premature shutdown of a host plant — then another representative
surveillance material must be assigned. The IVEs in Appendix A provide a list of several
alternates for each vessel that the BWRVIP will consider when choosing a new representative
surveillance material.

Because the target vessel materials listed in the test matrix were based on the limiting vessel
materials, the BWRVIP has evaluated the effects of changes in vessel limiting materials.
Changes to the vessel limiting materials may occur when a vessel integrity evaluation updates
the Adjusted Reference Temperatures (ART) of the beltline materials as a result of updated
chemistry (Cu/Ni) or fluence information. Furthermore, changes to vessel limiting materials are
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expected as an occasional consequence of the successful application of ISP surveillance data.
After two or more capsules of a material have been tested, the fitted Chemistry Factor (CF) for

a surveillance material may be less than its CF from the Reg. Guide 1.99, Rev. 2 tables. At the
time of initial ISP test matrix development in 2000, few heats had 2 or more surveillance data
‘points available. Therefore, for most vessels, the limiting materials — and thus the vessel target
materials - were based on calculations using the chemistry factors from the Reg. Guide tables. As
additional capsules have been tested, the resulting surveillance-based CF for a material is often
less than its CF from the Reg. Guide 1.99 Rev. 2 tables; when that surveillance data may be used
directly (e.g., vessel and surveillance heat numbers match), the vessel heat will have a lower
ART, which in turn may make another heat the limiting material.

BWRVIP evaluation of the effects or consequences of changes in vessel limiting materials

has shown that the ISP test matrix does not need to be changed when vessel limiting materials
change. Therefore, the test matrix set of target vessel materials will remain “static” with regard
to future changes in vessel limiting materials. The reasons are discussed below.

ASTM E185-82, Section 5.1, Materials Selection, requires surveillance materials to be selected
from the vessel materials projected to be limiting at EOL, where that projection is made at the
time of surveillance test material selection; the ISP test matrix development process complied
with that requirement. ASTM E 185 does not require that different surveillance materials be
fabricated and substituted in a surveillance program if the vessel limiting material changes
later in life. A surveillance material, once selected, is the surveillance material for that vessel,
independent of future changes in vessel limiting material. Therefore, the guidelines do not
require that the ISP change the assigned representative surveillance material — or, the target
vessel material, since the two are paired — when the limiting material changes. The list of target
materials may remain static.

Because changes to the test matrix require significant resouces to implement (e.g., revising ISP
documentation and submitting for NRC review and approval), a change should be considered
only if it has consequence — e.g., if it changes the vessel integrity evaluation. For example,
changing the ISP test matrix by assigning a new limiting material as the revised target vessel
material might be desirable if the change resulted in the assignment of a new representative
surveillance material that provided new, valuable data for the vessel integrity evaluation.
Therefore, this possibility was evaluated.

New data for vessel integrity evaluations would become available only if the following
conditions are met: (1) the new representative surveillance material heat number exactly matches
the vessel material heat number, and (2) the surveillance data was not available before the test
matrix change was made. Unless both conditions are met, no new data (e.g., chemistry factor
data) would be available, and the ART calculated for each vessel material will be the exactly the
same as it was before the change. Without meeting these conditions, changing the assigned target
vessel material — and thus the test matrix — would be a costly administrative exercise with neither
benefit nor effect. i
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It is unlikely that both conditions necessary to provide useable new data would ever be met.

The BWRVIP ISP provides all ISP surveillance data to all vessels containing that heat in its
vessel, whether or not the heat is assigned to the vessel as its representative surveillance material.
Therefore, there is no need to change the ISP test matrix to ensure that each plant considers all
available data. For example, there are several materials in the SSP capsules which have been
tested and evaluated but are not assigned as representative surveillance materials. The BWRVIP
provides the surveillance data for those materials to all vessels containing the matching heats in
their beltlines, and ISP guidance on use of ISP surveillance data requires its consideration in
vessel integrity evaluations.
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Finally, the BWRVIP evaluated the adequacy of the existing set of ISP surveillance materials to
demonstrate, from a global viewpoint, that changes to the ISP test matrix are not required when
a limiting material changes. The current set of ISP surveillance materials provides bounding
coverage, from the standpoint of chemistry content, for all existing limiting materials and all
potential future limiting materials.

Figure 4-1 is a chemistry plot for the BWR vessel and surveillance welds. It shows all
ISP surveillance weld materials (both from ISP host plants and from welds tested in SSP
capsules); other available surveillance weld data — i.e., the surveillance welds in the
deferred capsules not being tested in the ISP (only those “useable” deferred welds which
have baseline data are shown); the limiting welds in all U.S. BWR vessels; and all BWR
vessel beltline welds that are not the current limiting welds (but which will be considered
as “potential limiting welds” for the purpose of this evaluation). Figure 4-1 demonstrates
the following:

o The current ISP/SSP surveillance welds provide excellent coverage in terms of
chemistry content for both the current limiting vessel welds and all potential
limiting vessel welds.

o The current limiting vessel welds bound the potential limiting welds. Therefore,
because the current set of ISP surveillance welds is adequately representative of
the current limiting welds, it is representative of any welds that may become
limiting in the future.

o There are no deferred surveillance welds that improve the chemistry coverage
beyond which is provided by the current ISP/SSP surveillance welds.

o No change to the ISP test matrix would achieve any better chemistry coverage of
the limiting welds or future limiting welds than does the existing ISP test matrix.

Figure 4-2 is a chemistry plot for the BWR vessel and surveillance plates. It shows: all
ISP surveillance plate materials (both from ISP host plants and from plates tested in SSP
capsules); the limiting plates in all U.S. BWR vessels; other available surveillance plate
data — i.e., the surveillance plates in the deferred capsules not being tested in the ISP
(only those “useable” deferred plates having baseline data are shown); and all BWR
vessel beltline plates that are not current limiting plates (once again, assumed to be
“potential limiting plates”). Figure 4-2 demonstrates the following:

o The current ISP/SSP surveillance plates provide excellent coverage in terms of
chemistry content for both the current limiting vessel plates and all potential
limiting vessel plates up to a Cu content of 0.22 wt.%

o There are three limiting vessel plates with Cu > 0.22 wt.%. The current ISP
surveillance plates were deemed adequate (at approval of the ISP program) to
represent those limiting plates.

o There are five non-limiting vessel plates (e.g., potential future limiting plates)
with Cu > 0.22 wt.%. All have a Cu less than (or, in | case, equal to) the existing
limiting plate at Cu = 0.27 wt.%. It is reasonable to conclude that, if the current
ISP surveillance plates adequately represent the limiting plate at Cu = 0.27 wt.%,
then the current set of ISP surveillance plates would adequately represent any of
those five non-limiting plates were they to become limiting, since they are all less
than or equal to an existing limiting plate.
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o There is no non-limiting vessel plate whose Cu or Ni is greater than the highest

Cu or Ni content of the original set of limiting plates upon which the ISP was
based. Therefore, all potential, future limiting plates are bounded in this regard by
the existing test matrix.

There is one deferred surveillance plate (at Cu = 0.24 wt.%, Ni = 0.5 wt.%) that
would appear to provide better Cu coverage for 4 of the 5 potential limiting plates
with Cu > 0.22 wt.%. However:

* Three capsules containing this heat were tested under the plant’s previous
individual surveillance program; therefore, surveillance data already exist
for this heat.

* This material was the subject of a well-documented material mix-up in its
surveillance program. It is not a good candidate for inclusion in the ISP.

Therefore, there are no deferred surveillance plates that improve the chemistry
coverage beyond that which is provided by the current ISP/SSP surveillance
plates.

No change in the set of ISP representative surveillance plates would achieve
better chemistry coverage of the limiting plates or future limiting plates than does
the existing ISP test matrix.
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Figure 4-1
Chemistry Plot for BWR Vessel and Surveillance Welds
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Figure 4-2
Chemistry Plot for BWR Vessel and Surveillance Plates
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4.2 ISP Test Schedule

This section discusses the ISP capsules to be tested, and the schedule for those tests, as approved
for the original plant license period. The capsule tests supporting the license renewal period are
discussed in Section 7 of this report.

The ISP capsule test schedule for the 13 ISP host plants and nine SSP capsules is illustrated in
Table 4-5. In order to accommodate plant operating schedules, capsules will be withdrawn in
the years indicated, plus or minus one year. This tolerance on testing does not materially affect
the objectives of the testing program. If the BWRVIP needs to schedule a test outside of this
tolerance, the NRC will be notified at least one year prior to either the year stated in Table 4-5
or the revised test year, whichever is earlier.
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4.3 Detailed ISP Test Plan

The previous sections have described the ISP matrix from the fleet perspective, which is useful
for describing the structure and organization of the program. ISP implementation is ultimately
performed at the plant level, however. Therefore, this section provides a detailed presentation
of the ISP from the perspective of the individual plant.
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Table 4-5
ISP Capsule Test Schedule for the Original License Period
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Table 4-6
Comparison of ISP Capsule Testing Schedule to Pre-ISP Schedule
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Table 4-7
Detailed Test Plan by Plant
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Table 4-7
Detailed Test Plan by Plant (Continued)
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Table 4-7
Detailed Test Plan by Plant {Continued)
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4.4 Results

The results of the ISP Test Plan discussed above are shown in Table 4-8. The table shows the
disposition of all BWR surveillance capsules under the ISP. Plants that are not selected as ISP
hosts are shaded.
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Table 4-8
ISP Test Matrix Results
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PROJECT ADMINISTRATION AND IMPLEMENTATION

The integrated surveillance program is more than just a compilation of data from separate
irradiation capsules and resultant sharing of the data. It is designed to address both the short-
and long-term requirements for acquiring irradiation data to support the continued operability
of the BWR vessels. This will be accomplished by systematically collecting the representative
materials data from the selected capsules, consistently evaluating the Charpy test results and
comparing the fitted test results to the predicted embrittlement behavior. The evaluated results
from the ISP will be used to evaluate embrittlement in the limiting materials for each of the
target BWR vessels.

5.1 Project Management Responsibilities

ISP project management responsibilities will be assigned to the BWRVIP. The BWRVIP will
manage capsule withdrawal and testing in accordance with the schedule contained in this plan.
Project management activities will include:

e Working with utilities to identify required capsule withdrawals so that the utility can make
necessary plans and arrangements.

e Shipping and testing of ISP capsules and associated dosimetry per applicable standards.

e Reporting the results of the surveillance specimen testing in a report as required by 10CFR50

Appendix H within one year of the capsule withdrawal date.
e Distributing capsule reports to all plants that have representative materials in the capsule.
e Planning for changes and contingencies in the ISP testing matrix.

e Consideration of surveillance needs for plant license renewal.

5.2 ISP Capsule Data Evaluation

The surveillance capsules in the ISP program will be withdrawn according to the designated
schedule. Testing will be performed in a timely manner to meet the requirements of 10CFR50,
Appendix H, and ASTM E-185 [15]. The data from the testing of individual capsules will be
summarized in a test report containing Charpy impact test results, tension test results (if
applicable), dosimetry data from various locations within the capsule and chemistries of
irradiated test specimens. An evaluation of the test data will be performed to determine the

applicability to the BWR vessels. In particular, fitted curves will be developed for the irradiated
transition temperature Charpy impact energy vs. temperature, lateral expansion vs. temperature,
and percent shear vs. temperature data.

5-1



Project Administration and Implementation

The method of Charpy curve-fitting to be employed will be the hyperbolic tangent (TANH)
function:

Y = A + B x TANH[(T-To)/C] §))]
where

Y = the toughness response measurement (i.e., energy, lateral expansion,
or percent shear) at a given temperature, T

A = the mid transition energy at a temperature To

B = the difference between the mid transition and the upper shelf energy
levels

(A-B) = the asymptotic lower shelf energy level

(A+B) = the asymptotic upper shelf energy level

To = the mid transition temp. corresponding to the value A

C = a measure of the slope of the transition region (B/C is the actual

slope)

These fitted Charpy curves will be evaluated together with the unirradiated data for the
corresponding surveillance weld and plate materials. For both the unirradiated and irradiated
transition temperature curves, the 30 ft-lb, 50 ft-1b and 35 mils lateral expansion values and
upper shelf energies will be determined. The 30 ft-1b shift values (AT, ) will be calculated from
the results of the fitted Charpy impact energy curves. The Charpy data from each capsule will be
evaluated along with the unirradiated baseline data and any prior capsule test results for the same
heats of weld or plate material. Data from both ISP and SSP capsules will be combined for the
purpose of evaluation when the same heat of material is contained in multiple surveillance
capsules. In particular, the surveillance data will be fitted as follows to obtain the best-fit
chemistry factor (CF) per Reg. Guide 1.99, Rev. 2 [16]:

(a) Calculate the fluence factors for each data point from the measured fluence values

f (0.28-0.101ogf )
1

fluence factor, = ;

(0.28-0.101ogf )}
2

fluence factor, = f,

where f = fluence in units of 10" n/cm’.
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(b) Calculate the best-fit CF from the least-squares fit equation

(AT, x fluence factor, + AT, x fluence factor, + ...)

best - fit CF = 2)

( fluence factor,2 + fluence factorg'7 +...)

The best fit CF is used to determine the measured RT, . shift in surveillance materials from the

equation

NDT

ART,

NDT —

CF xf(O.L’S'O.I log ) (3)

The evaluated test results will be compared to the predicted behavior from Regulatory Guide
1.99, Revision 2 for the CF values from the known chemistries of the surveillance materials.
The measured vs. predicted embrittlement response will be documented in the ISP surveillance
capsule report.

5.3 Fluence and Dosimetry

An evaluation of capsule fluences will be performed for each of the ISP capsules as part of

the testing and reporting of the capsule. The flux wires will be removed from each capsule

and analyzed for radioactivity content by gamma spectrometry. The analysis of dosimeters will
be performed using standard, benchmarked methods. ISP capsule fluence evaluations will be
performed in a consistent manner using a RPV neutron fluence calculational methodology that
will meet current NRC Staff guidance in U.S. NRC Regulatory Guide 1.190 [19].

BWR facilities that will not be required to remove additional surveillance capsules will
determine vessel fluences, when required, utilizing an NRC-approved neutron fluence
determination methodology.

BWR facilities, proposing to remove additional surveillance capsules for the purpose of
assessing RPV integrity (e.g., host plants), will use an NRC-approved methodology for
determining the fluence of the capsules and RPV. All ISP fluence evaluations will be performed
using a RPV neutron fluence calculation methodology that will be consistent with the guidance
in U.S. NRC Regulatory Guide 1.190 [19].

If a BWR facility proposes to change its neutron determination methodology, the methodology
must be consistent with the guidance of U.S. NRC Regulatory Guide 1.190 and approved by the
NRC.
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5.4 Plan for Ongoing Vessel Dosimetry

Under the ISP, capsules from some plants will be tested and capsules from some other plants will
not. For a plant that has one or more future capsules tested, dosimetry will be available from the
capsule as an updated basis for the projected vessel fluence. For a plant that does not have a
future capsule tested, there are several options:

I. If a plant has previously tested a capsule, the dosimetry from that capsule is generally the
basis for its current fluence projection. This plant’s fluence projection will continue to be
based on its capsule dosimetry unless a major change to the core design or management is
undertaken in the future.

2. If a plant has not previously tested a capsule, but has tested a first cycle dosimeter, the first
cycle dosimetry is generally the basis for its current fluence projection. Comparisons of first
cycle and first capsule dosimetry results have consistently shown that first cycle dosimetry
results are conservative. Therefore, this plant’s fluence projection will continue to be based
on its first cycle dosimetry unless a major change to the core design or management is
undertaken in the future.

3. Alternatively, if a plant has not had a previous capsule tested, a selective neutron transport
recalculation could be performed for this vessel using a benchmarked fluence methodology,
dosimetry data from plants with similar design and any related information (e.g., ex-vessel
dosimetry) that could improve the calculation of fluence in the vessel beltline region.

5.5 ISP Capsule Data Sharing

The data exchange and data sharing will be coordinated with all participants under the ISP. A
program plan to manage data sharing will be developed in the implementation phase of the ISP.

5.6 Data UtiIizatiQn

There are two options for applying the measured surveillance data:

1. Under option 1, if the heat of material does not specifically match the limiting heat of
beltline material for that vessel, the chemistry factor for the limiting beltline material will
be determined by the tables in Reg. Guide 1.99, Rev. 2. The corresponding margin term as
stated in Position C.1 will apply. Data from the representative material will be analyzed to
confirm that the measured Charpy AT, shift is within the normally expected scatter in the
predicted shift. The same method (i.e., Position C.1) will be applied to calculate adjusted
reference temperature (ART) for all weld and plate materials in the vessel beltline.

2. If two or more surveillance data sets with matching heat numbers are available for the
limiting beltline material, Option 2 may be used to calculate adjusted reference temperature
when the data has been determined to be credible. The chemistry factor and margin term
are calculated using Reg. Guide 1.99, Rev. 2, Position C.2. This data will only be used for
evaluating the ART for the limiting beltline materials in the vessel that is being represented.
The ART for all other materials in the beltline will be evaluated according to the ‘
requirements of Reg. Guide 1.99, Rev. 2, Position C.1.
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Credibility of the surveillance data will be judged by the following criteria:

a) Materials in the capsules should be those most likely to be controlling with regard to
radiation embrittlement.

b) Scatter in the plots of Charpy energy vs. temperature for the irradiated and unirradiated
conditions should be small enough to permit the determination of the 30 ft-1b
temperatures and upper shelf energies unambiguously.

¢) When there are two or more sets of surveillance data from one reactor, the scatter of
ART,,, values about a best-fit line (given by Eq. 3) normally should be less than 28°F
for welds and 17°F for base metal. Even if the fluence range is large (two or more orders
of magnitude), the scatter should not exceed twice those values.

d) The irradiation temperature of the Charpy specimens in the capsule(s) should match the
vessel wall temperature at the cladding/base metal interface within £25°F.

e) If correlation monitor material is available in the capsules, the surveillance data for the
correlation monitor material should fall within the scatter band of the data base for that
material,

Data points falling outside the normal 2-sigma scatter band for welds or plates will be evaluated
- in detail and compared to similar material test results to understand the embrittlement behavior.
Applicability to individual BWR vessels will be considered on a plant-specific basis.

5.7  Planning for ISP Changes

Throughout the term of the ISP, the BWRVIP will monitor the progress, coordinate future
actions such as withdrawal and testing of future capsules and reporting of surveillance capsule
test results, and identify additional program needs. A reevaluation of the ISP test matrix and
capsule withdrawal schedule will be performed on a periodic basis or when a significant event
occurs that may require special consideration. Contingency planning for the ISP will need to
address any major interruptions in plant operation such as early, permanent plant shutdown or an
extended outage of one of the host plants. As time progresses, actual plant operating experience
will provide more accurate data about each plant for predicting end-of-life vessel fluences and
target capsule fluence values. This information will be factored into the ISP planning and, if
necessary, adjustments will be made to the remaining capsule test matrix and withdrawal
schedule in order to maintain an optimized program. Minor reassessments in the ISP test
matrix will take into account plant-specific variations in scheduled withdrawal dates due to
modifications in fuel cycles, or changes in target fluences caused by power uprates or variation
in capacity factor.

Content Deleted -
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The BWRVIP will identify and implement changes to the program as the need arises. When
specific changes are identified to the ISP testing matrix, withdrawal schedule, or testing and
reporting of individual capsule results, these modifications will be submitted to the NRC in a
timely manner so that appropriate arrangements can be made for implementation.
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LICENSING ASPECTS OF ISP IMPLEMENTATION

The ISP is designed as a replacement for the existing individual BWR material surveillance
programs. From a licensing perspective, each utility will continue to demonstrate compliance
with 10CFR50 Appendix H by reference to the ISP in Plant Technical Specifications or Updated
Final Safety Analysis Reports. In the implementation phase, the program documents and capsule
test reports will be submitted to NRC through the BWRVIP. Throughout the program, the
BWRVIP will continue to review the ISP program and, if necessary, will implement revisions to
meet the licensing needs of utilities.

6.1 Implementation of ISP in Plant Technical Specifications or UFSAR

Upon receiving approval of the ISP program and implementation plans, individual BWR plant
owners will submit requests to NRC to replace their existing material surveillance monitoring
program with the ISP. This will require referencing the ISP program and implementation plans in
the individual plant Technical Specifications or Updated Final Safety Analysis Report (UFSAR),
as appropriate. Details of the ISP test matrix to be included in plant Technical Specifications or
UFSAR involve identifying the specific representative weld and plate materials from host reactor
capsules, and specifying the associated testing schedule for these replacement capsules. In many
cases the representative weld and plate materials may be contained in different reactors with
staggered test schedules. In some cases, one or more of the representative material surveillance
capsules may have already been tested, and the implementation will simply require adopting the
results from these capsule tests in lieu of their own capsule data.

A second step in the implementation process is the plant-specific review of existing plant
operating P-T limit curves. An initial review of the new/replacement surveillance data will
confirm that the projections of ART used in developing the present curves are still valid, or are
conservative, for each BWR vessel. The period of validity (EFPY) for the existing curves will be
evaluated based on the available information for each vessel, and a reassessment of the date for
revision will be determined if changes to the P-T curves are deemed to be necessary.

A reassessment of the validity of P-T limit curves will continue on an ongoing basis as new data

becomes available from the ISP Program and as the data is evaluated for embrittiement behavior
of the limiting weld and plate materials for specific BWR vessels.

6.2 Continuing Licensing Considerations

The BWRVIP will continue to monitor licensing needs of the BWR utilities related to
surveillance program requirements. As changes to the ISP are warranted due to unanticipated
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shutdowns or outages, the BWRVIP will develop the appropriate documentation for licensing
submittal. The affected utilities will submit corresponding requests to adopt the revised ISP
program as specified in the BWRVIP reports. It is anticipated that such requests would be
coordinated through the BWRVIP to maintain consistency in the submittals.
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ISP IMPLEMENTATION DURING THE LICENSE
RENEWAL PERIOD

Continuation of the ISP as BWR plants are granted renewed operating licenses was considered
during the initial design of the ISP. The ISP was fundamentally designed to continue to serve the
surveillance needs of the fleet as plants are licensed for extended operation. Capsules held in
reserve at the ISP host plants were intended to be used for surveillance monitoring beyond 32
EFPY of plant operation.

Throughout this discussion, a capsule designated for withdrawal and testing during the extended
license period is an “ISP(E) capsule,” to differentiate it from ISP capsules withdrawn during the
original license period.

7.1 Design

The ISP during the license renewal period - hereafter, the ISP(E) - is a continuation of the ISP as
described in the previous sections, with the testing program expanded to include the additional
withdrawal and testing of one ISP(E) capsule from each of the thirteen ISP host plants. This will
ensure that the requirements of Appendix H to 10 CFR 50 [14] continue to be met for BWR
licensees participating in the BWRVIP ISP.

The design of the ISP(E) is based on the assumption that all plants in the BWR fleet will seek
and be approved for license renewal. The possibility exists that some plants may not seek or be
granted extended operating licenses. The ISP test matrix would be affected only if the plants(s)
not approved for license renewal are ISP host plants. Still, the design of the ISP possesses the
inherent flexibility required to handle such a possibility, and the contingency plans for
addressing that issue are discussed later in this section.

7.1.1 Available Capsules

Content Deleted -
EPRI Proprietary Information

7-1



ISP Implementation During the License Renewal Period

7.1.2 Testing Schedule

Content Deleted -
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Some uncertainty exists in the projections of the exact year these plants will reach the target
EFPY; therefore, the BWRVIP will closely coordinate with the ISP plants and inform the NRC
Staff of any schedule changes that exceed 2 years of the date given in Table 7-1.

Table 7-1
ISP(E) Capsule Test Schedule
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This schedule is consistent with, and an extension of, the existing ISP test matrix. It incorporates
the schedule changes made by the BWRVIP in Reference [12] in response to the NRC RAI [10,
11] regarding BWRVIP-116.

Content Deleted -
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7.2 Evaluation of Testing Schedule

The effectiveness of the proposed ISP(E) capsule test schedule has been evaluated.
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It is further noted that the fluence data for several plants have been updated since similar tables/
information was provided in references [9] and [12]. Tables 7-2 and 7-3 reflect the updated plant
fluence data that has been provided to the BWRVIP through 2007.

Tables 7-2 and 7-3 demonstrate that testing the ISP(E) capsules at the planned withdrawal EFPY
will provide broad coverage of vessel limiting material EOLE 4T fluences. In most cases, more
than 100% of the EOLE %T fluence will be achieved by the ISP(E) capsule. On average, the
ISP(E) capsules will achieve more than twice the EOLE %T fluence of their target vessel
limiting materials.
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Table 7-2
Evaluation of ISP(E) Capsule Testing for BWR Target Plates
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Table 7-3
Evaluation of ISP(E) Capsule Testing for BWR Target Welds
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7.3 Program Management

Program management, data handling/sharing responsibilities, and data utilization will continue
under the ISP(E) in the same manner as under the ISP, addressed in Section 5.

7.4 Dosimetry and Fluence Calculations

The requirements of Section 5.3, Fluence and Dosimetry, apply for the extended license period.

7.5 Contingency Planning

The capsule test plan for the ISP(E) outlined above is based on the assumption that all thirteen
ISP host plants will seek and be approved for license renewal. At this time, that is a reasonable
assumption. However, the ISP(E) must be prepared to implement an alternative test plan, should
one or more ISP host plants not continue operation until their ISP(E) capsules are withdrawn.

Throughout the term of the ISP and ISP(E), the BWRVIP will monitor the progress, coordinate
future actions such as withdrawal and testing of future capsules and reporting of surveillance
capsule test results, and identify additional program needs. A reevaluation of the ISP test matrix
and capsule withdrawal schedule will be performed on a periodic basis or when a significant
event occurs that may require special consideration. Contingency planning for the ISP will need
to address any major interruptions in plant operation such as early, permanent plant shutdown or
an extended outage of one of the host plants.

The contingency plans under the ISP(E) are the same as under the ISP, should an ISP host plant
prematurely shut down. Consideration would be given to retrieving the ISP(E) capsule from the
facility prior to permanent shutdown if there were reasonable expectation that the target fluence
were achieved. If removal of the capsule is not a viable option, then a new best representative
material would be selected from the surveillance materials not currently being tested as part of
the ISP. The Individual Vessel Evaluations (IVEs) presented in Appendix A identify several
surveillance materials, other than the best representative material, that could represent a
particular RPV’s limiting plate or weld. One of these other candidates could be selected to be a
replacement representative material for the orphaned target vessel materials. Having these IVEs,
which constitute preestablished lists of available backup surveillance materials, the BWRVIP can
act in a timely and efficient manner to arrange for the appropriate acquisition and evaluation of
data from a backup material to support the goals of the ISP. Finally, should none of the IVE
candidates be a viable option, the target plant’s own capsules, which were deferred under the ISP
but remain in the reactor or the pool, will be available as the ultimate contingency.

In addition to reevaluations associated with significant events such as major interruptions in ISP
plant operations, the ISP test matrix will be reassessed when there are other changes that may
substantially affect an ISP(E) capsule withdrawal date or the target capsule fluence established
in this report. Plant-specific events or conditions to be evaluated include modifications in fuel
cycles, power uprates, or variation in the capacity factor assumed in the EOLE fluence
projections. Appropriate changes to the capsule withdrawal schedule in order to maintain the
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target fluences will be submitted to the NRC for approval prior to the capsule withdrawal dates.
If capsule withdrawal schedule changes are insufficient to ensure the timely availability of test
data to user plants, then appropriate changes to the ISP test matrix will be submitted to the NRC
for approval.

7.6 Results

A plan for the implementation of the Integrated Surveillance Program into the license renewal
period has been presented. The plan consists of (1) continuation of the existing design (e.g., test
matrix, implementation guidelines for data handling and data utilization, etc.) and (2) testing

of 13 additional ISP capsules during the license renewal period. An evaluation of the plan
demonstrates that the ISP will continue to provide high-quality surveillance data for the BWR
fleet representative of the vessel EOLE fluence exposures.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001
February 1, 2002

Carl Terry, BWRVIP Chairman
Niagara Mohawk Power Company
Post Office Box 63

Lycoming, NY 13093

SUBJECT:  SAFETY EVALUATION REGARDING EPR! PROPRIETARY REPORTS “BWR
VESSEL AND INTERNALS PROJECT, BWR INTEGRATED SURVEILLANCE
PROGRAM PLAN (BWRVIP-78)" AND “BWRVIP-86: BWR VESSEL AND
INTERNALS PROJECT, BWR INTEGRATED SURVEILLANCE PROGRAM
IMPLEMENTATION PLAN”

Dear Mr. Terry:

By letters dated December 22, 1999, and December 22, 2000, the Boiling Water Reactor
Vessel and Internals Project (BWRVIP) submitted for staff review and approval the EPRI
Proprietary Reports TR-114228, “BWR Vessel and Internals Project, BWR Integrated
Surveillance Program Pian (BWRVIP-78),” and 1000888, “BWRVIP-86: BWR Vessel and
Internals Project, BWR Integrated Surveiilance Program implementation Plan,” respectively.
These reports, along with BWRVIP responses (dated December 22, 2000, and May 30, 2001)
to NRC staff requests for additional information (RAls), described the technical basis for the
development and implementation of an integrated surveillance program (1SP) intended to
support operation of all U.S. BWR reactor pressure vessels (RPVs) through the completion of
each facility’s current 40-year operating license. The BWRVIP ISP was submitted under the
regulatory provisions given in Appendix H to Title 10 of the Code of Federal Regulations Part 50
(Appendix H to 10 CFR Part 50), Paragraph lil.C., “Requirements for an integrated Surveillance
Program.”

The BWRVIP-78 report described the technical basis related to material selection and testing
on which the proposed BWRVIP ISP was constructed. The report principally addressed the
methodology established to identify existing plant-specific surveillance capsules and
surveillance capsules from the Supplemental Surveillance Program initiated by the Boiling
Water Reactors Owners’ Group in the late 1980s, which contain important surveillance
materials for inclusion within the ISP. [n this case, “important” surveillance materials may be
understood to be those which best represent the actual fimiting (in terms of predicted fracture
behavior) plate and weld materials from which BWR RPVs were constructed. The report also
established the connection between the identified surveillance materials and the specific BWR
RPV plate or weld materials which they represent and provided a proposed test matrix for the
ISP. Proposed “surveillance material”-to-“limiting RPV material” relationships and the test
matrix were subsequentiy revised in response to NRC staff questions.

The BWRVIP-86 report was submitted to follow up on the material presented in the BWRVIP-
78 report by establishing specific guidelines for ISP implementation. The BWRVIP-86 report
addressed determination of ISP surveillance capsule withdrawal and testing dates, information
on ISP project administration, additional information on neutron fluence determination issues,
additional information on data utilization and sharing, and information on licensing aspects of
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Carl Terry -2-

ISP implementation. Information in this report, particularly that concerning determination of ISP
surveillance capsule withdrawal and testing dates, was subsequently revised in response to
NRC staff questions.

The NRC staff has completed its review of the BWRVIP-78 report, the BWRVIP-86 report, and
the associated RAIl responses. The staff finds that the final proposed BWRVIP ISP (as
addressed in the attached safety evaluation) is acceptable for BWR licensee implementation
provided that all licensees use one or more compatibte neutron fluence methodologies
acceptable to the NRC staff to determine surveillance capsule and RPV neutron fluences.
“Compatible” in this case may be understood to mean neutron fluence methodologies which
provide results that are within acceptable levels of uncertainty for each calculation. This
condition of ISP implementation is necessary to ensure that data from surveillance capsules
included in the ISP may be appropriately shared between BWR facilities and that the basis for
the neutron fluence determined for a specific capsule and the RPV which it is intended to
represent are comparable. This issue is related to the requirements for an ISP found in items
a., b., and c., of Appendix H to 10 CFR Part 50, Paragraph Ill.C.1.

Therefore, the proposed ISP, if implemented in accordance with the conditions in the -attached
safety evaluation, has been determined to be an acceptable alternative to all existing BWR
plant-specific RPV surveillance programs for the purpose of maintaining compliance with the
requirements of Appendix H to 10 CFR Part 50 through the end of current facility 40 year
operating licenses. However, since implementation of the ISP may directly affect the licensing
basis of every operating BWR in the U.S,, licensees who elect to participate in the program will
need to submit a license amendment to the NRC confirming their incorporation of the ISP into
the licensing basis for each BWR facility. in addition, when these plant-specific license
amendments are made, each licensee will be required to provide information regarding what
specific neutron fluence methodology they will be implementing as part of their participation in
the 1SP. Each licensee will also be required to address the neutron fluence methodology
compatibility issue as it applies to the comparison of neutron fluences calculated for its RPV
versus the neutron filuences calculated for surveillance capsules in the ISP which are
designated to represent its RPV,

Please contact Matthew A. Mitcheil of my staff at (301) 415-3303 if you have any further
questions regarding this subject,

Sincerely,

William H. Bateman, Chief

Materials and Chemical Engineering Branch
Division of Engineering

Office of Nuciear Reactor Regulation

Attachment: As stated

cc: See next page
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U.S. NUCLEAR REGULATORY COMMISSION
OFFICE OF NUCLEAR REACTOR REGULATION
SAFETY EVALUATION REGARDING EPRI PROPRIETARY REPORTS
“BWR VESSEL AND INTERNALS PROJECT, BWR INTEGRATED SURVEILLANCE
PROGRAM PLAN (BWRVIP-78)" AND “BWRVIP-86: BWR VESSEL AND INTERNALS
PROJECT, BWR INTEGRATED SURVEILLANCE PROGRAM IMPLEMENTATION PLAN"

1.0  INTRODUCTION

By letters dated December 22, 1999, and December 22, 2000, the Boiling Water Reactor
Vessel and Internals Project (BWRVIP) submitted for staff review and approval the EPRI
Proprietary Reports TR-114228, “BWR Vessel and Internals Project, BWR Intagrated
Surveillance Program Plan (BWRVIP-78),” and 1000888, “BWRVIP-86: BWR Vesse! and
internals Project, BWR Integrated Surveillance Program impiementation Plan,” respectively.!'?!
These reports, along with BWRVIP responses (dated December 22, 2000, and May 30, 2001)
to NRC staff requests for additional information (RAIs), described the technical basis for the
development and implementation of an integrated surveillance program (ISP) intended to
support operation of all U.S. BWR reactor pressure vessels (RPVs) through the completion of
each facility's current 40-year operating license.®* The BWRVIP ISP was submitted under the
regulatory provisions given in Appendix H to Titie 10 of the Code of Federal Regulations Part 50
(10 CFR Part 50), Paragraph lI1.C., “Requirements for an Integrated Surveillance Program.”

The BWRVIP-78 report described the technical basis related to material selection and testing
on which the proposed BWRVIP ISP was constructed. The report principally addressed the
methodology established to identify existing plant-specific surveillance capsules and
surveillance capsules from the Supplemental Surveillance Program {(SSP) initiated by the
Boiling Water Reactors Owners’ Group (BWROG) in the late 1980s which contain important
surveillance materials for inclusion within the ISP. In this case, “important” surveillance
materials may be understood to be those which best represent the actual limiting (in terms of
predicted fracture behavior) plate and weld materials from which BWR RPVs were constructed.
The report also established the connection between the identified surveillance materials and the
specific BWR RPV plate or weld materials which they represent and provided a proposed test
matrix for the ISP. Proposed surveillance material-to-limiting RPV material relationships and
the test matrix were subsequently revised in response to NRC staff questions.

The BWRVIP-86 report was submitted to follow up on the material presented in the
BWRVIP-78 report by establishing specific guidelines for ISP implementation. The BWRVIP-86
report addressed determination of ISP surveillance capsule withdrawal and testing dates,
information on ISP project administration, additional information on neutron fluence
determination issues, additional information on data utilization and sharing, and information on
licensing aspects of ISP implementation. Information in this report, particularly that concerning
determination of ISP surveillance capsule withdrawal and testing dates, was also subsequently
revised in response to NRC staff questions. :

ATTACHMENT
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2.0 REGULATORY REQUIREMENTS AND BACKGROUND INFORMATION
2.1 Regulatory Requirements

Appendix G to 10 CFR Part 50, which is invoked by 10 CFR 50.60, specifies fracture toughness
requirements for ferritic materials of pressure-retaining components of the reactor ccolant
pressure boundary, including reactor pressure vessels (RPVs), during any condition of normal
plant operation, including anticipated operational occurrences and system hydrostatic tests. In
order to support evaluations that demonstrate compliance with these requirements will be
maintained, information regarding irradiated RPV material properties and the neutron fluence
level of a licensee’s RPV is necessary. Therefore, 10 CFR 50.60 also invokes Appendix H to
10 CFR Part 50 (Appendix H), which requires licensees to implement a RPV material
surveillance program to “monitor changes in the fracture toughness properties of ferritic
materials in the reactor vessel beltline region...which result from exposure of these materials to
neutron irradiation and the thermal environment.” in compliance with the requirements of
Appendix H, licensees for all operating U.S. boiling water reactors (BWRs) have implemented
plant-specific RPV material surveillance programs as part of each facility’s licensing basis.

However, an alternative to individual plant-specific RPV surveillance programs is addressed in
paragraph !11.C. of Appendix H to 10 CFR Part 50. Pursuant to paragraph |I1.C. of Appendix H,
an RPV integrated surveillance program (ISP) may be implemented, with the approval of
Director of the Office of Nuclear Reactor Regulation, by two or more facilities with similar design
and operating features. Paragraph I11.C. of Appendix H also sets forth specific criteria upon
which approval of an ISP shall be based. The specified criteria inciude:

a. the reactor in which the materials will be irradiated and the reactor for which the
materials are being irradiated must have sufficiently similar design and operating
features to permit accurate comparisons of the predicted amount of radiation

damage,;
b. each reactor must have an adequate dosimetry program;
C. there must be adequate arrangement for data sharing between plants;
d. there must be a contingency plan to assure that the surveillance program for

each reactor will not be jeopardized by operation at reduced power level or by an
extended outage of another reactor from which data are expected; and,

e. there must be substantiai advantages to be gained, such as reduced power
outages or reduced personnel exposure to radiation, as a direct result of not
requiring surveillance capsules in all reactors in the set.

In addition, no reduction in the requirements for the number of materials to be irradiated,
specimen types, or number of specimens per reactor is permitted. Finally, no reduction in the
amount of testing is permitted uniess authorized by the Director of the Office of Nuclear
Reactor Regulation.
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2.2 Additional Background Information

In early 1997, the NRC stafi identified an issue with the existing Brunswick Unit 2 RPV
surveillance program.® Based on the staff's review of a 1997 Brunswick Unit 2 RPV
surveillance capsule report, it was noted that the licensee for Brunswick Unit 2 lacked adequate
unirradiated baseline Charpy V-notch (CVN) data for one of the materials in the Brunswick

Unit 2 RPV surveillance program. The NRC staff noted that this fack of baseline properties
would inhibit the licensee’s ability to effectively monitor changes in the fracture toughness
properties of RPV materials in accordance with Appendix H to 10 CFR Part 50. Subsequent
NRC staff discussions with the BWRVIP led to the identification of several plants (Browns Ferry
Unit 3, Brunswick Units 1 and 2, Dresden Unit 2, Fermi Unit 2, FitzPatrick, Hatch Unit 1, LaSalte
Unit 2, Limerick Units 1 and 2, Monticello, Nine Mile Point Unit 1, Oyster Creek, Quad Cities
Units 1 and 2) that potentially lacked adequate unirradiated baseline CVN data for at least one
material in their plant-specific RPV surveillance programs. In total, 14 BWR surveillance welds
and 7 BWR surveillance plates were identified as being potentially affected by this issue."!

The NRC staff met with BWRVIP representatives on November 7, 1997, to discuss this issue
and potential paths for its resolution. At that meeting, BWRVIP representatives indicated that
they had attempted to locate unirradiated archival material samples and/or additional sources of
baseline data for the potentially affected RPV surveillance program materials. This effort was
not successful with regard to resolving the issue. As a result, the BWRVIP representatives
indicated that they were pursuing the development of a BWR RPV ISP to address this issue
and meet the requirements of Appendix H to 10 CFR Part 50 for all BWR licensees. The NRC
staff agreed that such an approach, if appropriately developed, would be expected to resolve
any outstanding issues regarding BWR RPYV surveillance programs. The BWRVIP-78 and
BWRVIP-86 reports, as amended by BWRVIP responses tc NRC staff RAIs, which were
subsequently developed and submitted for NRC staff review and approval, were the result of
the BWRVIP efforts in this area.

3.0 INDUSTRY EVALUATION

The information discussed in this section of the safety evaluation (SE) will address the technical
and regulatory considerations addressed by the BWRVIP regarding the development of, and
proposed implementation plan for, their BWR {SP. In response to NRC staff questions,
substantial changes were made by the BWRVIP to the proposed ISP. Regarding specific
provisions of the ISP, the information addressed in this section will reflect the finai version of
the ISP as contained in both the BWRVIP-78 and BWRVIP-86 reports, as well as information
submitted in BWRVIP responses to NRC staff RAls.

It should be noted that in addition to addressing the issue raised by the NRC staff regarding the
lack of adequate unirradiated baseline CVN data, the BWRVIP proposed that their
implementation of an ISP would also have additional benefits. The BWRVIP stated that when
the original surveillance materials were selected for plant-specific surveillance programs, the
state of knowledge concerning RPV material response to irradiation and post-irradiation
fracture toughness was not the same as it is today. As a result, many facilities did not include
what would be identified today as the piant’s limiting RPV materials in their surveillance
programs. Hence, this effort to identify and evaluate materials from other BWRs which may
better represent a facility’s limiting materials should improve the overail evaluation of BWR RPV
embrittiement. Second, the inclusion of data from the testing of BWROG SSP capsuies
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(discussed further in Section 3.1) will improve overall quality of the data being used to evaluate
BWR RPV embrittlement. Finally, implementation of an ISP is also expected to reduce the cost
of surveillance testing and analysis for the BWR fieet since surveillance materials that are of
-little or no value (either because they lack adequate unirradiated baseline CVN data or because
they are not the best representative materiai for any U.S. BWR) will no longer be tested.

3.1 Surveillance Material Selection for the BWR ISP

The fundamental technical basis for the BWRVIP’s approach to developing an ISP involves the
BWRVIP’s process for the selection of surveillance materials for inclusion in the ISP. This
process was presented in the BWRVIP-78 report. First, the BWRVIP identified all available
surveillance plate and weld materials which could potentially be used within the BWR ISP. This
group of materials included all surveillance materials in existing U.S. BWR plant-specific
surveillance programs and materials included in the BWROG’s SSP.7® The BWROG SSP was
originally developed as an irradiation and testing program for acquiring additional surveillance
data with the intent of developing an irradiation shift corretation specifically for BWRs as an
alternative to NRC Regulatory Guide 1.99, Revision 2. The BWROG SSP was developed from
unirradiated, archival samples of BWR plate and weld materials related to several U.S. BWR
plant-specific surveillance programs along with additional material from U.S. RPV fabricators
and other sources. In total, 13 different plate and 12 different weld materials were included in
the BWROG SSP. Samples of these materials were fabricated into 84 sets of Charpy
specimens and placed into 9 SSP surveillance capsules. Three of the SSP surveillance
capsules were inserted into the Cooper RPV and six were inserted into the Oyster Creek RPV
tor irradiation. A complete listing of available U.S. BWR surveillance program and SSP
materials, along with their respective copper and nickel weight percents, was provided in
Tables 2-1 through 2-4 of the proprietary BWRVIP-78 report.

The next step in the BWRVIP process was to identify the limiting beltline materials (in most
cases, one plate and one weld) for each operating U.S. BWR RPV based on the materials’
projected level of embrittlement at the end of each facility’s current operating license. The end
of license (EOL) ernbrittiement projections were based on the available unirradiated material
properties of each material (initial reference temperature), each materials’ chemical composition
(weight percent copper and nickel), and the projected neutron fluence at the 1/4-T depth for the
highest fluence location for that material. Changes in material embrittlement as a result of
irradiation were evaluated using the correlations in NRC Regulatory Guide 1.99, Revision 2.
The limiting RPV materials were identified in Tables 2-5 and 2-6 of the BWRVIP-78 report for
each operating U.S. BWR.

Based on the information discussed above, the BWRVIP program then sought to identify and
associate available surveillance materials with RPV limiting materials. The concept employed
by the BWRVIP was to assume that a set of approximately six “candidate” surveillance
materials could be identified as matches for each BWR limiting material (also referredto as a
“target material” in the matching process). These lists of candidate surveillance materials were
provided in Appendix B, “Individual Vessel Evaluations,” of the BWRVIP-78 report. Candidate
materials were evaluated and identified based on a specific set of criteria which included:

a. How well does the copper content of the surveillance material match the copper
content of the target material?
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b. How well does the nickel content of the surveillance material match the nickel
content of the target material?

C. Does the heat number of the surveillance material match the heat number of the
target material?

d. Was the fabricator of the surveillance material the same as the fabricator of the
target material?

e. Does the available unirradiated, baseline data for the surveillance material
constitute a full CVN curve?

f. Is the candidate material a potential representative material for more than one
target material?

From the list of candidate materials, one was selected as the “best representative” for a specific
target material and inciuded in an initial material list for the ISP. Each best representative
material in this initial ISP material list was further required to have a full unirradiated baseline
CVN curve and to be included in a sufficient number of surveillance capsuies such that at least
two irradiated CVN curves could be produced.

Working from this initial material list, the BWRVIP then used an iterative process to review the
entire set of materials and make modifications to the ISP based on other considerations. The
BWRVIP considered whether a single surveillance material could be used as the best
representative material for a number of RPV limiting materiais, thereby aliowing for a reduction
in the overall number of surveillance materials included in the ISP. If a particular surveillance
material, which could serve as the best representative material for one or more RPV limiting
matenals, did not make the first draft of the ISP because of a lack of adequate unirradiated
baseline CVN data, the BWRVIP considered whether actions could be taken to acquire such
information. The BWRVIP also considered whether it was feasible to use both the surveillance
weld and surveillance plate from a particular plant-specific surveillance program within the ISP.
This was preferable since it reduced the overall number of surveillance capsuies which would
have to be removed and tested to support the ISP. Finally, although the ISP was not explicitly
designed to address license renewal, the BWRVIP aiso considered whether additional capsules
(beyond the minimum of two) were available for each material so that extension of the test
matrix to higher neutron fluences was possible to address future license renewal surveillance
program concerns.

Atfter the best representative materials were selected, the BWRVIP sought to determine the
specific time at which surveillance capsules incorporated within the ISP should be withdrawn
and tested to optimize the usefulness of the data acquired. In any surveillance program,
whether plant-specific or integrated, some degree of latitude exists in selecting the time when a
particular capsule will be removed for testing. Usually, the time at which a capsule is to be
withdrawn is selected based on comparing the neutron fluence level that the capsule is believed
to have achieved (later confirmed by dosimetry wire measurements) to a fluence level of
significance for the RPV material which it represents. For BWRs, the most significant issue
related to RPV integrity evaluations is the development of pressure-temperature (P-T) limit
curves in accordance with Appendix G to 10 CFR Part 50. P-T limit curves are indexed to the
embrittlement of a RPV'’s limiting material at the 1/4-T and 3/4-T throughwall depths because of
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the size of the postulated flaw used in the fracture evaluation associated with P-T limit curve
determination. P-T limits curves may be defined for any period -of operation (i.e., number of
effective full power years (EFPY) of operation), but are commonly indexed to end of license
(EOL) conditions and thereby bound operation of the vessel through EOL.

As a result of the BWRVIP 1SP development process and NRC staff questions, the BWRVIP
evaluated if it would be appropriate to acquire surveillance data points at or near the projected
EOL 1/4-T neutron fluence values for limiting materials from the BWR fleet. Although the
BWRVIP noted that no technical requirement exists for having capsules at the projected EOL
RPV 1/4-T fluence leve!, it was acknowledged that the proposed withdrawal dates in Reference
4 would achieve a better consistency between capsule fluences and EQL RPV 1/4-T fluences
than the withdrawal dates originally proposed in the BWRVIP-78 or BWRVIP-86 reports.

The information in Tables 4-1 through 4-5 of Reference 4 provided a complete overview of the
ISP. Table 4-1 graphically showed the relationship between surveillance capsules and the
target RPV welds or plates they are intended to represent. Table 4-2 provided similar
information, but inciuded details regarding the heat numbers for the ISP materials. Table 4-3
graphically showed the current projected withdrawal dates (years) for surveillance capsules
included within the ISP, and Table 4-4 added information on which plant-specific capsules were
associated with those withdrawal dates. Finally, Table 4-5 combined the information into a
detailed test plan, which added information regarding the projected fluences of RPV limiting
materials and the surveillance capsules that were intended to represent them.

3.2 Evaluation of ISP Cohpliance with Appendix H Criteria

After establishing a proposed set of surveillance materiais for the ISP, the BWRVIP’s
development process then continued with the evaluation of whether the ISP complied with the
requirements of Appendix H to 10 CFR Part 50. in order to assure that these requirements
would be met, the BWRVIP considered the need to demonstrate the similarity of plant operating
environments, the need for RPV neutron dosimetry program modifications or enhancements,
contingency plan development, and data sharing arrangements. These specific topics were also
considered to be directly related to the subject of ISP implementation, and information to
address them was included not only in the BWRVIP-78 report but also in the BWRVIP-86 report.

On the topic of similarity of plant operating environments, the BWRVIP evaluation focused on
consideration of operating temperatures and the neutron energy spectrums for the BWR fleet.
The BWRVIP noted that normal operating temperatures in the downcomer region of BWRs
range from 525 °F to 535 °F. The BWRVIP concluded that this temperature variation was minor
and would not be significant with regard to the ability to monitor embrittiement for the BWR fleet
through the use of the ISP. Regarding the neutron energy spectra issue, the BWRVIP cited the
fact that neutron energy spectra for BWRs have been determined by General Electric over the
years using neutron transport calculations. These determinations have been made for various
BWR models, at original and uprated power leveis, with original and new fuel designs, and with
original and revised core loading patterns. Although the magnitude of flux may vary from plant
to plant based on specific operating characteristics, the neutron energy spectrum was found to
be essentially the same at similar plant locations. Hence, the BWRVIP concluded that the
overall operating environments for all reactors in the U.S. BWR fleet were sufficiently similar to
support data sharing and the implementation of an ISP.
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Regarding the availability of dosimetry data and the ability to adequately determine both RPV
surveillance capsule and BWR RPV fluences, several potential options were noted depending
on what category a facility falls into. For the 13 BWRs that will continue to remove and test
surveillance capsules as pan of the ISP, there will be little or no change in the availability of
dosimetry data. For those facilities that will not be testing capsules as part of the ISP, two
current sources of dosimetry wire data may exist. First, a facility may have previously removed
and tested one or more surveillance capsuies, as would be the case for 15 BWRs, and have
dosimetry data available from that capsule. For the remaining 6 BWRs, at a minimum, first
cycle dosimetry data would exist. The BWRVIP concluded that, given the availability of an
acceptable, benchmarked fluence calculational methodology, these sources of data would
continue to provide an accurate estimate of the RPV neutron fiuence values unless a major
change in core design is undertaken in the future. The BWRVIP noted that facilities which
identify a need for additional dosimetry data to improve their RPV neutron fluence calculations
may also consider the installation of ex-vessel dosimetry for that purpose.

Regarding the criterion for adequate data sharing, the BWRVIP-78 and BWRVIP-86 reports
commit the BWRVIP to the development of a program plan to exchange surveillance data
(capsule reports) among BWR facilities as it becomes available. The ability to integrate and
distribute data to all BWR licensees through the BWRVIP is a common feature which has been
successfully implemented in many other BWRVIP programs. The BWRVIP-86 report, however,
also identifies that each BWR facility will continue to demonstrate compliance with the
requirements of Appendix H by reference to the ISP in facility Technical Specitications or
Updated Final Safety Analysis Reports. As such, the individual BWR licensees who comprise
the BWRVIP will continue to be subject to regulatory requirements that ensure that sharing of
surveillance data will be achieved in order to support their continued compliance with the
requirements of Appendices G and H to 10 CFR Part 50.

Regarding the need for contingency planning, the BWRVIP-78 report identifies several options
that may be undertaken by the BWRVIP to ensure that adequate surveillance data continues to
be obtained in the event of the indefinite shutdown of a facility that is supplying capsules for the
ISP. First, consideration would be given to retrieving the necessary surveillance capsules from
the facility prior to permanent shutdown. |f removal of the capsules is not a viable option, a new
best representative material wouid be selected from the surveillance materials not currently
being tested as part of the iISP. This option highlights the inherent contingency pian which is
available in the BWRVIP iSP. The work performed to develop the ISP has identified several
surveillance materials, other than the best representative material, that could represent a
particular RPV’s limiting plate or weld. Surveillance capsules containing the other potential
representative materiais will not be removed from their host reactors, but will instead continue
to be irradiated during the course of normal plant operation. As such, these otner surveillance
materials will continue to be available for removal and testing should the reactor which houses
the best representative surveillance material undergo an indefinite shutdown,

The final criterion regarding the identification of substantial advantages to be gained as a direct
result of implementation of the ISP, was addressed based on information previously noted in
this SE. The ISP would address the issue raised by the NRC staff regarding the lack of
adequate unirradiated baseline CVN data for some BWR surveillance materials by identifying
and substituting other materials as the method of monitoring changes in RPV material fracture
toughness for some BWRs. In addition, the BWRVIP proposed that the implementation of an
ISP would also have additional benefits. The BWRVIP stated that when the original
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surveillance materials were selected for plant-specific surveillance programs, the existing state
of knowledge about which RPV materials wouid be limiting with regard to fracture toughness
after irradiation was not the same as it is today. As a resuit, many facilities did not include what
would be identified today as the plant’s limiting RPV materials in their surveillance programs.
Hence, this effort to identify and evaluate materials from other BWRs, which may better
represent a facility’s limiting materials, should improve the overall evaluation of BWR RPV
embrittlement. The inclusion of data from the testing of BWROG SSP capsules will improve
overall quality of the data being used to evaluate BWR RPV embrittiement. Finally,
implementation of an ISP is also expected to reduce the cost of surveillance testing and
analysis for the BWR fieet since surveillance materials that are of little of no value (either
because they lack adequate unirradiated baseline CVN data or because they are not the best
representative material for any U.S. BWR) will no longer be tested.

The BWRVIP also submitted information to address the positions raised in Paragraph 11.C. of
Appendix H to 10 CFR Part 50 that state that an ISP shall entail no reduction in the number of
materials being irradiated, number of specimen types, or number of specimens per reactor and
no reduction in the amount of testing. Although some surveillance capsules will be deferred
and not tested as part of the ISP, all capsules that were previously credited as part of plant-
specific surveillance programs will continue to be irradiated in their host reactors. Therefore, ail
irradiated material samples continue to remain available to the ISP, if needed, and no overall
reduction in the number of materials being irradiated, number of specimen types, or number of
specimens per reactor occurs as a result of the ISP.

With regard to the number of specimens tested, the structure of all BWR plant-specific
surveiliance programs would have required, according tc Table 3-1 of the BWRVIP-86 report, a
totai of 78 surveillance capsules to be tested (not including capsules that could be held as
standby capsules per currently approved facility surveillance programs). With two applicable
CVN specimen sets per capsuie {one weld and one plate), this equates to a total of 156
irradiated CVN specimen sets to be tested under the current plant-specific programs. The ISP
will incorporate 51 capsules from plant-specific surveillance programs (36 already tested and 15
yet to be tested) and 84 sets of CVN specimens from the SSP capsules. This equates to a total
of 186 sets of irradiated CVN specimens to be tested under the ISP. Therefore, no reduction in
the required amount of CVN testing would resuit from the implementation of the proposed ISP.

Based on the consideration of these factors, the BWRVIP concluded that the regulatory criteria
in Paragraph 1.C. of Appendix H to 10 CFR Part 50 for the approval of an ISP had been met.

3.3 Additional Topics Regarding the ISP

Beyond the scope of the information discussed in Sections 3.1 and 3.2 of this SE, additional
topics related to the proposed ISP were presented in the BWRVIP-78 and BWRVIP-86 reports.
First, the topic of how the data acquired through the ISP would be utilized in plant-specific RPV
integrity evaluations was discussed. The BWRVIP proposed that two options existed for
facilities covered under the ISP. If the best representative surveillance material included in the
ISP has the same material heat number as a facility’s limiting RPV plate or weid, the data
acquired as part of the {SP could be used to directly predict the embrittiement of the RPV
material using the methodoltogy outlined in Position C.2 of NRC Regulatory Guide 1.99,
Revision 2. Any adjustments to the data required because of chemical compositional
differences could be resoived based on the use of adjustment methodologies that have been
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approved by the NRC staff. If the heat number of the best representative material does not
match the heat number of a facility’s limiting plate or weld, the licensee would utilize Position
C.1 and the chemistry factor tables in NRC Regulatory Guide 1.99, Revision 2 as the basis for
their RPV integrity evaluations. tn this case, the data from the ISP surveillance program serves
as a general method for monitoring RPV embrittlement for the facility, but does not provide the
level of data compatibility necessary to make plant-specific integrity evaluations based on the
use of Position C.2.

A second topic which was discussed involved plans for the overall administration of the ISP by
the BWRVIP. The BWRVIP-86 report identifies specific activities relating to the administration
of the ISP which will be performed by the BWRVIP, These activities include:

(1) Working with licensees to identify required capsule withdrawals so that the
licensee can make necessary plans and arrangements,

(2) Shipping and testing of ISP capsules and associated dosimetry per applicable
standards,

(3) Reporting the results of the surveillance specimen testing in a report as required
by Appendix H to 10 CFR Part 50 within one year of the capsule withdrawal date,

(4) Distributing capsule reports to ail licensees that have representative materials in
the capsule,

(5) Planning for changes and contingencies in the ISP testing matrix,
(6} Consideration of surveillance needs for piant license renewal.

Of these items, (1), (2), and (3) are straightforward. Items (4) and (5), as they relate to data
sharing and contingency planning, were discussed in Section 3.2. Planning changes to the ISP
based on new information and/or consideration of license renewal needs will 2lso be a significant
function for the BWRVIP. The BWRVIP noted that periodic re-evaiuvations of the ISP test matrix
will be performed based on new information such as updated fluence predictions for the BWR
RPVs or for the ISP surveillance capsuies. Minor changes may be required to surveillance
capsule withdrawal dates based on these changing fiuence predictions. When specific changes
are identified to the ISP testing matrix, withdrawa!l schedule, or testing and reporting of individual
capsule results, the BWRVIP committed to submitting these modifications to the NRC in a timely
manner so that appropriate arrangements can be made for implementation.

Although the version of the ISP which is described by the BWRVIP-78 report, the BWRVIP-86
report, and associated RAl responses was not intended to address BWR surveillance program
concerns through a period of extended operation, as noted in item (6) above, consideration has
been given to being able extend the ISP at a later date. Based on the materials and
surveillance capsules selected for inclusion in the ISP, a total of 13 additional surveillance
capsules containing materials already in the ISP were identified as being specifically considered
to address BWR license renewal concerns. In addition, 62 other deferred surveillance capsules
would also be available if needed. The staff understands that the BWRVIP is currently
engaged in developing a program plan for extending the ISP to cover license renewal issues
and that a submittal to the NRC on this topic may be expected in 2002.
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4.0 NRC STAFF EVALUATION

The NRC staff has reviewed the information submitted by the BWRVIP in References 1 through 4
against the criteria specified in Paragraph ill.C. of Appendix H to 10 CFR Part 50 for the
establishment of an ISP. The staff has also reviewed the technical basis for, and comprehensive
description of, the proposed ISP against the objectives of being able to monitor changes in the
fracture toughness properties of RPV materials due to irradiation and providing adequate
information for required RPV integrity evaluations. The staff has concluded that, subject to the
conditions discussed in this section and in Section 5.0 of this SE, the proposed BWR ISP is
acceptable. Additional details regarding the staff's evaluation of the ISP are provided below.

4.1 Surveillance Material Selection for the BWR ISP

The NRC staff has completed its review of the technical criteria used by the BWRVIP to select
the surveillance materials to be included within the ISP and the proposed ISP capsule withdrawal
schedule. The staff has concluded that the BWRVIP’s material selection process was adequate
to ensure that materials which effectively provide meaningful information to monitor changes in
fracture toughness for BWR RPV materials were included within the scope of the ISP. The
criteria used (chemical composition, material heat number, fabricator, etc.) were consistent with
the best available technical understanding of irradiation damage mechanics for identifying
surveillance materials that would best represent the limiting plate and weld materials in U.S.
BWR RPVs. The staff also found that the criteria for having adequate unirradiated baseline data
(or the ability to acquire such data) directly resulis in the ISP addressing the issue originally
raised by the NRC staff with regard to Brunswick Unit 2. Finally, the staff found that the
BWRVIP's consideration of test matrix minimization based on use of a single surveillance
material to represent more than one limiting BWR RPV material was also acceptable. Test
matrix minimization led, in some cases, to a material which was not the absolute “best”
representative surveillance material being used to represent a specific BWR RPV material. The
staff found this to be acceptable because it was not necessary in all cases to use the absolute
“best” representative material when a technically adequate material was already to be included
in the program to represent a different BWR RPV material.

It shouid, however, be noted that although a surveillance material may be determined to be the
“best” representative material for a specific RPV material, the similarity between the surveillance
material and the RPV material may not be sufficient to justify direct use (see Regulatory Guide
1.99, Revision 2, position C.2) of the surveiliance data in determining the behavior of the RPV
material. This topic is discussed further in Section 4.3 below. It is sufficient to mention at this
point that additional differences between surveillance materials and RPV materials (e.g., heat
treatment during fabrication) can compilicate the direct use of such surveillance data, particuiarly
if advanced fracture mechanics-based evaluations (i.e., the Master Curve methodology), which
are outside of the scope of this submittal, were to be empioyed.

The staff has also reviewed the outcome of the BWRVIP material selection and surveillance
capsule withdrawal date selection process. The outcome of this process was taken to be the
surveillance materials selected for the ISP, the assignment of specific surveillance materials to
represent specific BWR RPV limiting plates or welds, and the selection of surveillance capsule
withdrawal dates (years) in order to achieve meaningful projected surveillance capsule fiuence
levels. The final version of this information was submitted to the NRC in Tables 4-1 through 4-5
of Reference 4. Based on the above, the NRC staff concluded that the program described by
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these tables was acceptable to meet the objectives of being able to monitor changes in the
fracture toughness properties of RPV materials due to irradiation and providing adequate
information for required RPV integrity evaluations.

The staff did note, however, that one weakness existed regarding the proposed surveillance
capsule withdrawal dates. Significant questions have been raised recently concerning the
methodologies used to calculate BWR RPV neutron fluences. The staff is aware that the
methodologies which have been used for this purpose prior to September 2001 would not
conform to the recent NRC staff guidance published on this topic in NRC Regulatory Guide
1.190.” However, given that existing fluence predictions have been accepted in current facility
licensing bases, the available projected neutron fluence values for the capsuies and the BWR
RPV limiting materials have been determined by the statf to be adequate for the purpose of
establishing the initial withdrawal schedule for the ISP surveillance capsules. The staff expects
that the BWRVIP will evaluate the need to modify the ISP surveillance capsule withdrawal
schedule as it obtains additional results that may modify the information in Table 4-5 of
Reference 4. The NRC staff's evaluation of dosimetry and neutron fluence calculation issues is
addressed further in Section 4.2 below.

4.2 Evaluation of ISP Compliance with Appendix H Criteria

After concluding that an acceptable technical basis existed for the proposed ISP, the NRC staff
next evaluated the proposed ISP against the criteria for an ISP specified in Paragraph Iii.C. of
Appendix H to 10 CFR Part 50. Each of the criteria is addressed below.

First, the NRC staff conciuded that sufficient similarity exists regarding the design of U.S.
BWRs such that accurate comparisons of the predicted amount of radiation damage can be
made for the BWR fleet through an ISP. The staff accepts that no significant plant-to-plant
difference in neutron energy spectra should be expected at similar BWR RPV wall or
surveillance capsule locations based on current operating practice. The staff also accepts that
the range of operating temperatures for the BWR fleet (525 °F to 535 °F) cited by the BWRVIP
bounds the current operating characteristics of these units. Plant-to-plant temperature
differences of this magnitude are minor and may be corrected for, as necessary, to support
direct use of surveillance data (see Position C.2 of NRC Regulatory Guide 1.99, Revision 2)
based on the use of adjustment methodologies that have been approved by the NRC staff. In
addition, the staff accepts that no other effects that may contribute to plant-to-plant differences
in irradiation conditions (e.qg., significantly different gamma flux levels, etc.) are known to exist.

The next criteria the NRC staff considered was the need for an adequate dosimetry program for
each reactor participating in the ISP. The staff recognized that in order to define what an
“adequate” dosimetry program may be, it was necessary to examine the underlying purpose of
a RPV dosimetry program. RPV dosimetry programs were considered to be necessary to
support the determination of RPV neutron fluence values for limiting RPV materials through the
application of neutron fluence calculational methodologies. In addition, the dosimetry data
associated with each surveillance capsule directly provides information important for the
accurate determination of the surveillance capsule fluence. Therefore, the staff considered
whether the information provided by the ISP was sufficient to conclude that acceptable RPV
fluence and surveillance capsule fluence values could continue to be determined given
implementation of the ISP.
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Currently, a limited amount of dosimetry data exists from each operating BWR, eitheras a
result of the analysis of first cycle dosimetry capsules or as a result of previously tested
surveillance capsules. Implementation of the ISP would ensure that facilities which supply
surveillance capsules for the ISP will continue to obtain additional dosimetry data, while tacilities
which are not required to remove additional capsules may (e.g., through the installation and
testing of ex-vessel dosimetry) or may not acquire additional dosimetry data. For those facilities
which supply capsules to the ISP, the amount of dosimetry data which will be obtained through
participation in the ISP will be equal to or greater than the amount of data which would have
been acquired as a result of continuing with a plant-specific surveillance program. Therefore,
given that these facilities’ current surveillance programs have been determined to be adequate,
the NRC staff concluded that their access to dosimetry data will continue to be adequate
through implementation of the ISP. Finally, the dosimetry data from each surveillance capsule
included in the ISP ensures that adequate dosimetry data is available for the determination of
surveillance capsule fluences.

However, adequacy of dosimetry data for BWR facilities which will not be required to remove
additional surveillance capsules will be dependent upaon the methodology utilized by each
licensee to determine their RPV fluences. Currently, at least one NRC-approved neutron
fluence determination methodology exists for BWRs which provides adequate results with little
or no plant-specific dosimetry data.'" Additional neutron fluence determination methodologies
which may offer the same capability could be developed. Calculational methodologies have
been, or will be, benchmarked against existing dosimetry databases to demonstrate their
adequacy for determining BWR RPV fluences. Therefore, given the use of an acceptabie
methodology as described above, the NRC staff has concluded that the dosimetry data which
would be available for BWR facilities that will not be required to remove additionai surveitlance
capsules as part of the ISP will be sufficient to ensure that adequate RPV neutron fiuence
determinations continue to be performed.

Based on the information above, one condition of the NRC's approval of the ISP is that an
individual BWR licensee who wishes to participate in the BWR ISP shall provide, for NRC staff
approval, information that defines how it will determine RPV and/or surveillance capsule
fluences based on the dosimetry data which will become available for its facility. The staff will
require that this information be submitted concurrently with each licensee’s submittal to replace
their existing plant-specific surveiliance program with BWR ISP as part of their facility’s
licensing basis. The information submitted must be sufficient for the staff to determine that:

{1) RPV and surveillance capsule fluences will be established based on the use of an
NRC-approved fluence methodology that will provide acceptable results based on the
available dosimetry data, and

(2) if one “best estimate” methodology is used to determine the neutron fluence values
for a licensee’s RPV and one or more different methodologies are used to establish the
neutron fluence values for the ISP surveillance capsules which “represent” that RPV in
the ISP, the resulits of these differing methodologies are compatible (i.e, within
acceptable leveis of uncertainty for each calculation).

Regarding the criterion of adequate data sharing between plants, the NRC recognizes that
BWRVIP processes have been demonstrated in other programs to be sufficient for establishing
methods to share data between BWR facilities. The staff accepts the commitment by the
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BWRVIP in the BWRVIP-78 and BWRVIP-86 reports to develop a “program pian to manage
data sharing...in the implementation phase of the ISP.” The NRC staff, however, would also
note that by the incorporation of the ISP into the licensing basis for each participating BWR
facility, each licensee is further responsible for ensuring that they acquire and evaluate in a
timely manner all relevant ISP data which may affect RPV integrity evaluations for their facility.
Hence, after implementation of the ISP, a performance basis should become available from
NRC staff licensing reviews to evaluate whether acceptable data sharing is occurring as part of
the ISP.

Regarding the criterion for establishing a contingency plan to ensure that the ISP will not be
jeopardized by an extended outage of a reactor from which surveillance capsules are to be
obtained, the NRC staff concluded that the BWR ISP has inherently established an adequate
contingency plan. The evaluational work which was performed by the BWRVIP to select the
“best representative” materials for inclusion in the ISP also identified other surveiltance
materials in other BWR RPVs that could be used to monitor changes in fracture toughness
properties for the BWR fleet. These other, “backup” surveillance materials could be used by
the BWRVIP in the event that one or more facilities which are currently slated to provide
capsules to the ISP are forced to sustain an indefinite shutdown or unanticipated termination of
operations. By having this preestablished list of available backup surveillance materials, the
BWRVIP could act in a timely and efficient manner to arrange for the appropriate acquisition
and evaluation of data from a backup material to support the goals of the ISP. Based on the
availability of this information, and the periodic reviews to be conducted by the BWRVIP to
assess whether any changes to the ISP are necessary, the NRC staff has concluded that the
BWRVIP has adequately addressed the need to consider ISP contingency planning in its
submittals.

The NRC staff also concluded that there are substantial advantages to be gained by the
implementation of a BWR ISP. First, the proposed ISP program will address the concerns
raised by the staff regarding the current reliance by some BWR licensees on surveillance
materials that lack unirradiated baseline CVN data to meet the requirements of Appendix H.
Second, by not testing some existing plant-specific capsules as part of the ISP, significant
savings may be realized by the BWR fleet relating to the cost of capsule removal, shipping,
testing, time added to outage critical path schedules, etc. Third, the ISP will improve the overall
quality of data that will be obtained and reported based on the formal incorporation of the SSP
capsules in the ISP test matrix (without approval of the ISP, no requirement would exist for the
testing of the SSP capsules). Other advantages of the ISP may be identified, however, the
staff has found that those noted above are substantial.

Finally, regarding the positions raised in Paragraph l1l.C. of Appendix H to 10 CFR Part 50
which state that an ISP shall entail no reduction in the number of materials being irradiated,
number of specimen types, or number of specimens per reactor and no reduction in the amount
of testing, the NRC staff has concluded that the proposed ISP complies with these provisions.
The staff has concluded that the continued availability of ali capsules which were previously
credited as part of plant-specific surveillance programs supports the determination that no
overall reduction in the number of materials being irradiated, number of specimen types, or
number of specimens per reactor would result from ISP impiementation. Further, based on a
comparison of the number of irradiated CVN specimen sets which would be required under the
current plant-specific surveillance programs versus the number which would be required to be
tested under the ISP, the staff has concluded that no reduction in the required amount of CVN
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testing would result from the implementation of the proposed ISP (which, as noted previously,
includes the SSP capsule materials which were not incorporated into any plani-specific
surveillance program). '

Based on the consideration of these factors, the NRC staff conciudes that the regulatory criteria
in Paragraph 111.C. of Appendix H to 10 CFR Part 50 for the approval of an ISP have been met.

4.3 Additional Topics Regarding the ISP

The NRC staff also reviewed the other topics regarding the ISP which were addressed in the
BWRVIP-78 and BWRVIP-86 reports. The staff has concluded that the BWRVIP proposal for
how surveillance data resuiting from the ISP may be used to support BWR RPV fracture
toughness (integrity) evajuations was acceptable. Consistent with current practice based on
the use of data from plant-specific surveillance programs, data which is to be used directly (see
position C.2. of NRC Regulatory Guide 1.99, Revision 2) to modify BPV integrity evaluations
should come from surveillance material samples with the same heat number as the limiting
RPV material. If position C.2. is used, appropriate adjustments for chemistry and irradiation
temperature differences between the surveillance material and the RPV fimiting material must
be addressed. The NRC staff will review the direct utifization of surveiliance data resulting from
the ISP program as part of plant-specific RPV integrity evaluations. Surveillance materials
which do not share the same heat number with the limiting RPV material may be used for
general monitoring, but not for direct determination of RPV embrittlement. in such cases, the
chemistry factor table of position C.1. of NRC Regulatory Guide 1.99, Revision 2 should be
used. ’

Finally, regarding the objectives and actions submitted related to BWRVIP administration of the
ISP, the NRC staff agrees with the provisions set forth in the BWRVIP-78 and BWRVIP-86
reports. The staff has concluded that the BWRVIP should conduct periodic re-evaluations of
the ISP test matrix based on new information such as updated fluence predictions for the BWR
RPVs or for the ISP surveillance capsules. The BWRVIP shall submit any changes regarding
the ISP testing matrix, withdrawal schedule, or testing and reporting of individual capsule
results to the NRC for review and approva! prior to implementing these changes. Further, the
BWRVIP wiil perfarm testing and submit surveillance capsule reports to the NRC in accordance
with the provisions found in Appendix H to 10 CFR Part 50 on behalf of BWR licensees. This is
acceptable to the NRC staff. However, with regard to the application of test data acquired
though the ISP, individual BWR licensees must retain the responsibility for addressing the
implication of ISP surveillance capsule results to the RPV integrity evaluations for their RPVs.
These revised RPV evaluations must be conducted by individual BWR licensees in a timely
manner to ensure they maintain compliance with the requirements of Appendix G to

10 CFR Part 50.

5.0 CONCLUSIONS

The NRC staff has conctuded that the ISP proposed by the BWRVIP in the BWRVIP-78 report,
the BWRVIP-86 report, and as amended by responses dated December 22, 2000 and May 30,
2001, to NRC staff RAls, is acceptable, subject to the conditions discussed below. The
approved ISP adequately addresses the requirements of Appendix H to 10 CFR Part 50 for
BWR licensees through the end of current facility 40 year operating licenses. In particular, the
information contained in Tables 4-1 through 4-5 of Reference 4, was found by the staff to be
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acceptable for defining the ISP test matrix, surveillance capsule withdrawal dates, and material
associations for the BWR ISP. Other aspects of the ISP, in particular plant-specific data
utilization, were also found to be acceptable provided appropriate adjustments are made for
chemical composition and irradiation temperature differences when data is shared between
facilities.

The staff's approval of the ISP is further predicated on the adoption of the ISP by all BWR
facilities who are identified within the ISP test matrix as supplying surveillance capsules for the
ISP. If any BWR licensee which should be providing surveillance capsuies to the ISP elects not
to participate, the BWRVIP must submit, for NRC staff review and approval, changes to the ISP
that must be made to address this event.

Finally, in order to complete ISP implementation, individual BWR licensees who wish to
participate in the BWR ISP must provide, for NRC staff review and approval, information which
defines how they will determine RPV and/or surveillance capsule fluences based on the
dosimetry data which will be available for their facilities. This information must be submitted
concurrently with each licensee’s submittal to replace their existing plant-specific surveillance
program with the BWR ISP as part of their facility’s licensing basis. The information submitted
must be sufficient for the staff to determine that:

(1) RPV and surveillance capsule fluences will be established as based on the use of an
NRC-approved fluence methodology that will provide acceptabie results based on the
available dosimetry data,

(2) if one methodology is used to determine the neutron fluence values for a licensee’s
RPV and one or more different methodologies are used to establish the neutron fluence
values for the ISP surveillance capsules which “represent” that RPV in the ISP, the
results of these differing methodologies are compatibie (i.e, within acceptable levels of
uncertainty for each calculation).

6.0 REFERENCES

(11 C. Terry (BWRVIP) to U.S NRC Document Control Desk, “Project No. 704 - BWR
Vessel and Internals Project, BWR Integrated Surveillance Program Plan
(BWRVIP-78),” December 22, 1999,

(2] C. Terry (BWRVIP) to U.S NRC Document Control Desk, “Project No. 704 -
BWRVIP-86: BWR Vessel and Internals Project, BWR Integrated Surveillance Program
implementation Plan,” EPRI Technical Report 1000888, December 22, 2000.

[3] C. Terry (BWRVIP) to U.S. NRC Document Control Desk, “PROJECT NO. 704 -
BWRVIP Response to NRC Request for Additional Information Regarding BWRVIP-78.”
December 15, 2000.

[4] C. Terry (BWRVIP) to U.S. NRC Document Control Desk, “PROJECT NO. 704 -

BWRVIP Response to Second NRC Request for Additional Information on the BWR
Integrated Surveillance Program,” May 30, 2001.

-15-

B-18



(51

(6]

8}

(9]

[10]

NRC Final Safetv Evaluation for BWRVIP-86 (EPRI Report 1000888)

D.C. Trimble (USNRC) to C.S. Hinnant (Carolina Power and Light), “Request for
Additional Information Regarding the Reactor Vessel Material Surveillance Program -
Brunswick Steam Electric Plant (TAC No. M88710),” May 23, 1997.

C.E. Carpenter (USNRC) to E.J. Sullivan {(USNRC), “Meeting Summary for November 5
and 6, 1997, Meetings with Boiling Water Reactors Vessel and Internals Project
Technical Chairs, Regarding BWRVIP-07 Safety Evaluation Report and to Discuss
Issues Related to BWR Licensee Vessel Surveillance Programs, Reiative to Monitoring
Radiation Embrittiement at BWR Facilities,” December 9, 1997. [Attachments

proprietary.}

General Electric Nuclear Energy Report GE-NE-523-93-0732, “BWR Supplemental
Surveillance Program Phase 1 Report: Surveillance Data Coilection and Evaluation,”
March 1989.

General Electric Nuclear Energy Report GE-NE-523-99-0732, “Progress Report on
Phase 2 of the BWR Owners’ Group Supplemental Surveillance Program,” January,
1992.

USNRC Regulatory Guide 1.190, “Calculational and Dosimetry Methods for Determining
Pressure Vessel Neutron Fluence,” March 2001.

S.A. Richards (USNRC) to J.F. Klapproth (GE), “Safety Evaluation for NEDC-32983P,
‘General Electric Methodology for Reactor Pressure Vessel Fast Neutron Flux
Evaluation’ {TAC No. MAS891),” September 14, 2001.

-16-

B-19



C

NRC FINAL SAFETY EVALUATION FOR BWRVIP-116
(EPRI REPORT 1007824)

The Proprietary version of the NRC Safety Evaluation of BWRVIP-116 has been replaced here
with the non- proprietary version.



NRC Final Safety Evaluation for BWRVIP-116 (EPRI Report 1007824)

C-2

‘gw« ?b:g;;«
,y

UNITED. STATES

WASHINGTON, D.C. 20555:0051
Rarch™, 2006

Bl Eaton, BWRVIP Chairman
Ertergy Oparations, Ins.
Echelon One

1340 Echelon Parkway
Jackson, MS 30813-8202

SUBJECT ROM-PROPRIETARY SAFETY EVALUATION OF THE "BWRVIP VESSEL AND
INTERNALS PROJECT, INTEGRATED SURVEILLANCE PROGRAM (18P
APLEMENTATION FOR LICENSE RENEWAL (BWRVIP-118)

EPRIREPORT TR-1007824, JULY 20083

Disar My, Eatory

By lsttér dated July 28, 2003, the Boiling Water Reastor Vessel and Internals Project (BWRVIF)
submitted the Electrit Power Research rstituts (PRI Propristaty Report TRAID07ER4, "BWR
Vesse!land internais ?’{068«“2 integrated Survailiance Program (ISP} implemeritation for Ligense
Ranswal, {BYWRVIP-118),” for U. 8. Nusiear Regulatory Comymission (NRG; sialf review. It was
supplemenad by & BWERVIP jetier dated January 11, 2008, in response 10 the MRC's request
for addiional information (RATD radsed.in the NRO's a’r@rs dated Mafc:h 28, 2004, and Juna 23,
2004,

The BWHVIP-116 report, along with the BWRVIP responses dated January 11, 2003, provides
{ne lechnical basis for the develonment and implementation of the integrated surveiilance
program tor the extended perivd {ISP(E)) intended 1o support oneration ofal U.S. BWR reacter
pressure vessels {(RPVs) through the completion of sach-faclity’s proposed extended periad of
anaration {80 year operating lcense). The BWRVIP ISP(E} was submitted under the regulatory
provisiong given in Appendix H to Tile 10°¢f the Code of Federal Reguiations Part: 50 {Append %
H 1010 CFR Part 505, Paragraph 11LC., *Requiremants for an Integrated Surveillance Program.”

The NRC staff has compleled s review of the BWRVIP-118 report and the assoniated RAL
responses. The dtaff finds that the final proposed BWHVIP ISPE] (as addressed nvthe
a%tsc&*ac: safaty pvaluation) 15 dodeptabile for BWH licenseas m;}ismema&m provided that all
fieansess continue to use ong: o rore. compatible nedtron fludnce ma&s&s@gms goneplable o
the NRC siaf, Le., which comply with the guidance In Regulalory Guitle 1,180, “Caloulational
and Dosimstry Mathods ot Determinin g Pressure Vesse! Neutron Fluence,” to determine
surveiiianoe capstde and RPY neutron Hluences. Compatible inithis case may be undarsiond 1o
maarnautron Hfusnoe methamlsg*es which provide results that are within aucap?ate & lavals of
uncertainty for each calcuiation. This condition of ISP(E] implementation is ws:%sary o

ensurs that data from swrvelllance capsules included in the ISP{E} may be appragriaiely shared

betwesn BWE faciifies and that the basis for the neutron fluence determined fmm & Speciic
capsule.and the BPV which it is inlended to represent arg camparable. This issus is related to
the reguiremeanis tof an ISP found In ttems a., by, and ¢, of Appendix M 10 10 OFR Part 50,

Paragraph HL.C.1,

NUCLEAR REGULATORY COMMISSION BWRVIE 200608 1F
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N

The staff requssts that the BWRVIP submi the oropristary and non-proprigtary versions of the
-A document of the BWRVIP-118 report within 180 days of receipt of this letter, Please contact
WMeena Khanna of my staff.at 301-415-2150 if you have any further questions regarding this

subjact,

Maithew A, Milchell, Branch Chisf
\f’ébsezs :Internals Integrit ?ramh
2O a‘

t Component ntagin
{}ince of Nuclsar Reactor R=cu ation

Enclosure: As siated

ce: BWRYIP Service List
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U.S. NUCLEAR REGULATORY COMMISSION

OFFICE OF NUCLEAR REACTOR REGULATION

SAFETY EVALUATION REGARDING EPRI PROPRIETARY REPORT,

“BWR VESSEL AND INTERNALS PROJECT, INTEGRATED SURVEILLANGE

PROGHAM(ISPY IMPLEMENTATION FOR LICENSE RENEWAL {BWRVIP-118)"

1.0 INTRCDUCTION

1.9 Background

By letter dated July 29, 20037, the Bailing Water Reactor Vesseland Internals Project
(BWRVIP) submitted the Electric Powsr Research.Institute {EPRI) Proprietary Report
TR-1007824, "BWR Vesssl and Internals Profect, Integrated Surveillance Program {1SP)
(rmplementdtion for License Renawal, (BWH‘\;’IP 1118)" dated July 2003, for U. 8. Nuclear
Bagulatory Cammts&m ;NHC‘ staff raviow. Hwas supmamwm@d by a BWRVIF lstter dated
January 11, 2008%, in response to the NRC's request for additional information raised in the
NRC's le“ierb aﬁaged March 2920049, and June 23, 20047

In & -letter dated February 1, 2002, the NRC ‘approved BWRVIP-78, "BWR Integrated
Surveillance Program Plan,” and BWRVIP-86, “BWR integrated Surveilanos. Program
implementation Plan,” as supplementad by the BWRVIP (stters to the NRC dated
December 15, 2000%, and May 30, 20017 ,for use during each boiling water reactor (BWR)
tacility's original 40-year ogerating license. The recommendations provided in the
February 1, 2002, letter wers incorporated into the final approved version.of the raport,
BWRVIP- B6-A, “‘Updated BWR megrat@ﬂ Suwaﬂlame Program {ESP‘) implamentation Plan.”

The primary objective of BWRVIP-86-A was to satisfy the reguirements cf-Appandix H to Title
10 of the Code of Federal Reguiaﬁars Part 50 (Appendix H1o10 CFR Part 50) forthe origi inat
40-year operating licenses of the BWR fleet. Howsver, during the design of this program, it
was recognized that the'l SP could be exiended to meet the needs of individual BWH facilities
subrnitting license renswal applications. Therefore, BW RVIP-116 was devel oped io extend the
guidelines of BWRVIP-86-A for the extended peﬂocf of operation, by. gxpanding the capsule
withdrawal schedules to inciuts ths withidrawal and: testing of an additional survelllance capsule
from each ISP host plant based on the criteria approved in the NRC's February 1,2002, letter:
In addition, the ISP during the license renewal period (hereafter referred to as ISP(E} 1o
differentiata if fram the ISP for'the orsgmal 40-year license period) will continug 10 be designed,
implemented, and. managed 1o thesame réquirsments of the current ISP detailed in
BWRVIP-86-A.

The BWRVIP-116 report, along with the BWRVIP responses dated January 11, 2005, provides
thetechnical basis for the davalopment and lmpiementamn of the ISP(E) mem@s 1% supgor’t
operation of the reactor prassure: vessels (APVs) in all U.S. BWRs through the completion of
gach faciity's proposed extendsd period of operation {80 year operating licensa). The BWRVIP
[SP{E) was submitted under the regulatory provisions §iven in Appendix M 1o 10 CFR Part 50,
Paragraph 111.C., “Raquirements for an integrated Burveillahce Pragram.”
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1.2 Purpuse

The stalf reviewed the BWRVIP-118 report and the supplemental -infi_armaﬁon thatwas
submitted to the staff to determirie whether it will provide an acceptable RPV matarial
surveillance program in accormdance with Appmd X H o 10 CFR.Part 50 for ai. opﬂratmg U.s.
BWR plants for the extendad padiod of operation, The data from this ;)r%ram will be used 10
monitor changes in the fracture toughness properties of RPV materials dug io irradiation and
provide adeguate information | for réquitad RPV intagrity evalugtions, such as those required by
Appandix G 1o 10 CFR Part 50, “Fracture Toughness Requirements.”

1.3 Regulalory Requirsments

Appendix G 19 10 CFR Part 50, which is invoked by 10 CFR 50.60, “Acceptance Criteria for
Fracture Prevention Measures for Lightwater Nuclear Power Heattors for Normal Operation,”
specifies fracture toughness requiremeris s for ferritic materials-of pressure-retaining
cormponents of the reactor cooclant pressure boundary, mcludmg RPVs, during any condition of
normal plart operaticn, inclutling anticipatéd operational occurrances and system hydrestatic
tests. In order to support evaluations that demonstrate compliance with these requirements will
be maintained; information: regarding irradiated BPY material propettias and the nautron
fluence leval of a licensas's RPV i necessary. Therefors, 10 CFR 50,80 alsc invokes
Appendix H 1o 16 CFR Part 50, which requires licensees to implermernit a BPV material

survedl ancﬁ pr»gs‘am tey “msnuor changes in the fracture toughness properties of ferritic
materials in th~ reactor vessel beliline region.. which result from exposure of these materials 1o
neutron irradiation and the thermal environment” In camphmve with the requiremens of
Appendix H ia 20 CFR Part 50, licensees for ail operating U.S. BWRs had implemented
plant-specific RPY material surveil iance programs as part of sach facility’s censing basis.

However, in early 1997, the NRC staff identified an issue with the existing Brunswick Unit 2
RPV surveillance program™. Based onthe staff's review ot @ 1997 Brunswick Unit 2 RPV
surveiliance capsule report, it was noted that the licenses for Brunswick Unit 2 lacked adequats
unirradiated baseline Charpy V-not wh gSX‘N v data for one of the materals in the Bf'uﬂwaCK
Unit 2 RPY surveillance pmgram This NRC staff néted that this lack of baseima sropem@s
would inhibit ths licensse's ability 1o effectively monitor changes in the fracture toughnass
properties of RPY mate erials in accordance with Appendix H to 10 CFR Part 50. ‘Subsequent
NRC staff discussions with the BWRVIP lad to the-identification of several plants | 1
that potentially lackad arﬁeauaz& unirradiated baseling CVN data for at Jeast one- mataﬂal in thelr
plant-specific RPV surveiilance programs. In total, 14 BWR survei Ianc@ welms and 7 BWR
surveillance plates wara identifiad as being potentialiy affected by this issue™,

The NRC staff met with BWRVIP representatives on November 7, 1987, to discuss thig-issue
and potential paths for its resoiution”™™, ‘At that mesting, BWRV! P representatives indicated that
they had altempted to locate unirrad a%ed archival matsriai samples and/or additional sources. of
baseline deta for the potertially affacted BPV survaillance program materiais: This eifort was
not successful with regard to resolving theissue. As & result, the BWRVIP representatives
indicated that they wsere pursdingthe L:%avﬂlopmene of a BWR RPY ISP to atidress this issue
and meet the requirements of Apmr:ﬁx Ho 10.CFR Part.50 for all BWR licensees. The NRC
siaff agresd that such an approach, if apﬁmprza*aiy cﬁmfelop«»d, would be expected to resolve
any putstanding issuss regarding BWR RPV surveillance programs.
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This alternative to individua! plant-speciiic RPY surveillance programs is addressed ip

paragraph HLC, of Appendix H 10 13°CFR Part 50, qusuam to Paragraph HLC. of Appendix H
to 10 CFR Part50,.an RPV ISP may be lfnglemamer;i with.the approval of Director.of the Office
of Nucigar Reactor ﬁngu ation, by two-or more faciiities with simitar design and operating
features, Pq'a{:raph EC. of é%apef}d ix M aiso sets forth specific oriteria upon which approval of

an 1SP shall be based. The specifisd criteria include:

A the reacior in which the materials will be irradiated and the re% ,‘ ¢ for which the
“matefidis arg being irradiated must have sufficiently simdlar dasign and operating
foaturas 10 ;}&fmﬁ: acourats co*ﬂ;:aanaans of the pradicisd am‘»um of radiation
damags;
B. each reactor must have an adequate dosimetry program;

)

there must be adequate arrangement for data sharing betwesn plants;

d, there must bea’ contingensy plan to assurs that the survedlance program for
4;?* reactor will not be jeopardized by operation at raduced power lavel or by ¥ an
xtended outage of another reactor from which data are expected; and,

g. there must be subistantial advant tages tobe gained, such as reduced power
outages or reducad personnal exposure o radiation, as a direct result-of not
requiring surveillance capsules in all reactors in the set.

in addition, no reduction in the requiraments for the number of materials o be irradiated,
specimen typas; or number of specimens par reactor is permitted. Fis zﬁf%y‘ ng reduction in the
amount of testing is permitted uniess authorized by the Director of the Offics of Nuclear
Reactor Regulation,

2.0 SUMMARY BWRVIP-118 REPORT

The information provided by the BWRVIP for the ISP(E) expands on the currant {SP for the

40-year license period, while retaining the administrative and implemertation requirements,
previously approved in the BWRVIP-86-A raport;

2.1 Surveiliance Matsrial Selection-for the BWR ISP(E)

The cufrent ISP uses survelllance capsulssfrom | ]15P host plants and [ capsules from tha
Supplemental Bupvealilance. Frogram gSS?K to.provide surveiliance for the U S BWR llest
The SSP was originglly developed sy the SG!kng Water Reactors Dwners Gmup (BWROG) as

an irradiation and testing program for acquiring additional surveillance data with:the intent of
‘develgping an irradiation shift corfelation specificaly for BWRs as an alternative to Regulatory

Guide (RG) 1,29, Revision 2/% The BWROG SSP-was developed from unirradiated, archival
samples of BWR plate-and weld materiais related to several-U.S. BWR plant-specific
surveiliance pmyam& &Iong with additional materialfrom U.S. RPV iabricators and other
sources. Ififotal, [ diffarent plate and | | different weld materdals were inciuded in the
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BWROG 85P. Samples of these materials werg fabricated imo ] | 'seis of Charpy specimens

ang ;isssr:@ai’ inte] 188 veillance capsules. | ] of the 88P surveillance capsules were
inserted iriothe | ] RPV nnd 1wera insarted m{,::é?aa [ 1 BPV for irradiation,

The I8P in Tabis 4-6 of BWRVIP-85- A previously propesed [ ] surveilance capsisies, [ ]
surveillancs Ca?,zsui@ ?rsm gach ofthe [ 1ISP host plarts, for t%*»e propased 80-yvear operating
period. The ISR{E) will usethess | | survelllance capsuiss. :’mgmai ly proposed in
BWRVIF-88-A for *ha Sﬁ~year opsraling penod, The e are aist [ ] deferred survelliancs
capsules that will be avallable on va{wmgmmy basis. Tabie 3-1, "Detalied Test Plan by Plant,
Capsule Alrgady Tested,” and Table 3-2, “Detailed Tes% Pian by Plant, Future ISP and ISP(E}
Capsule Testing,” of BWRVIP-118 dix umnms the limiting maierial for each BWR plant andthe
representative surveillance material source capsules.

BWRVIP-116 also notes that [ ] BWR planis rely on representative materials that are only in
the 88P surveilance capsules. These S8P survelilance capsules arg being tested in the
current ISP and, therafore, no SSP suiveiliance capsules will be available for tésting under the
ISP(E). Howevar, the material in these SSP capsuiss will have accumulated neutron Hluence
values that represent the targe! vessel's estimated end-of-fite or the extand period {(EQLE}

1/4 thickness {1/4 T) flugnce values. Therelfore, the S8SP survsillance capsules tested under
the currant ISP will alsp provide the required surveililancs data for the BO- year operating ;zenozj
under the I1SP(E).

2.2 Surveiliancs Capsule Withdrawa! Schedule

The survelllance capsule withdrawa! schedule for the ISP{E)] was daveloped bassd on the
expectation that licensé renawal (80-year oparating pmrsom would increase the BWR faciities
sifective Tull power vears ;EFPY y.of operation fromy 32 EFPY io 48 EFPY. The BWRVIP
oroposes thatthe-additional | | ISP(E) surveillance capsules be tested at 40 EFPY, which iz'an
axtension of, and consistent with the methodology of the current ISP, except for the 1]
surveillancs capsule, The | |surveillancs tapsule was scheduled tor withdrawaiin | ] as part
of the current ISP, but the BWRVIP proposes to defer this capsule's withdrawa! until i L fz:af use
undef the ISP{E). The. ‘basis for determining that this capsulz be deferred and ussd in the
ISP(E) is providad balow,
* Thiz| |capsule would provide the [ Hrradiated data set for weld heat| jand the
[ }irradiated data setforplate heat| ] Only two iradiated data sets are required o
reaiize & represertative data setin accordance with R(G3-1,99, Revision.2

* Withdrawing this { ] surveillance capsule at | ] is unproductive from the viewpoint of
obtaining useful data, since the neutron fluence which was achieved by the | ' material
in 88P Capsule { ]is greater than what would be achieved by the [ ] aaps&la‘

* The only rémairing | | capsule available after the withdrawal of the{ |58
reconstituted capsule that was reinseried in the sarly 1980, Szrmﬁ the | |surveillance
capsule will have been expossd 10 a greater neulron fiuence; il will provids better
irratlisted data than *h~ seconstituted capsuls, '
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The survsiliance capsule test schadule was presented in. Table 2-2 of BWRVIP-1186.

This schedule was determined.by evaluating the projected neutron fluences of the ISP(E)
svrv-z-:k H&nm uaBQUI?Q at -fﬂ,f} EFP‘?’ aga*n:t the estmat-*—\ai 1 4 T ﬁeuiran # u»@ncé "&mns oz‘ fhe
T’abie 2-3 ar‘«:ﬁ 2+ 4 of 8W§%V Pe H=~“ fm the !rmstmc pimea and welda respecskve y Th;s
qaaiitaiwe evaluation was made using assumptions in estimating the EOLE neutron fluence.
values since most plants did not hava these neutron fluence calculations for the extended
period of oparation, Thess assumptions ncludedy o

» Lead factors of the ISP{E) capsules are unknown and are-assumed to be the same as
recent sirveiliance capsules tested,

. A nominal capacity factor of 80 parcent is assumed, and actual plant operation may vary
from this assurmed valug..

- Neutron fiuence values of each capsule at 40 EFP‘(v‘ase:assumecﬁ to be 1.25 times the
neutron Huence caleulations for 32 EFPY.

. Since the EOLE 1/4 T neutron fluence values of the target vessels fimiting materials are
not available from formal vasse! nautron Huence calculations, they are estimated by
multiplying the 32 EFPY 1/4 T flusnces by a factor of 1.5, except for{ ], which is based
on a recent nautron flugnse. calculation for48 EFPY. -

Since there are uncertaintiss in these astimates of the exact year that these plants will reach 40
EFPY, the BWRVIP will coardinate with these plants and inform the NRC staff of any scheduls
ahaﬂgeq that excesd 2 years of the date given in Tabie 2.2, In addition, the: BWRVIP will
continue 1o update the plants. EOLE nawtron fluence values as the neltron Huence
resvaluations are performed.

BWRVIP-118 stated that Tables 2-3 and 2-4 demonstrated that lesting the [SPIEY suwmxliance
capsiies at 40 EFPY will, in most cases, have flugnice levals graater than 100 percent of the
EOLE 1/4 T fluence of theirtarget vessel's limiting material, thereby meeting the TﬁQUfr‘“mmﬂ!S
of American Society for Testing and Materals (ASTMY Standard E185 and RG 3 89, Revision 2.
In the cases where the suiveillance capsule neutron flugnce values are lgss than 100 pereent.of
the target RPV 1/4 T fluence values and the capsules are not the same heat as the-target
vessel material, the targst plants wil utilize RG 1.99, R%zsmn 2, Tables 1 and 2 to determine g
chemigt ry f:amc;r for calculating pmd*rteci emibrittiement shifis. Since the representative
material’s Charpy shift data are hot used dirastly to praﬁ ict ambrrtﬂemant in thess cases, there
is'no-efiect on the surveillance capsules being less than 100 percent of the target RPV'S'EOLE
174 T fluence values, Forthe instantes where the surveiliance capsule neufron flugnce vailues
are less than 100 percent of the 1/4 T fluence values. and the capsulesis the sarme haat as the
target vessel maieral, the ISP{E) host reactor vessel is also the targst reactor vesssl.

The surveillance: sausuies in these plants lag the reactor vessel material in terms of neutron
flusnte exposure, and therefore it is not possible for these capsules to achieve 100 parcent of
the EOLE 1/4 T neutron fluefce. ‘However, three or more irradiated data points-will still be
obtained, and these plants will be able to calculate.a surveilance based chemistry factor for
saleulating predicied embritiiement shifts in accordance with BG '1.99, Revision 2.
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2.3 Evaluation of ISP-Compliance with Appendix-H Criteria

The ISPIE) is-an axtension of the-current ISP providing additional surveiliance data for the
extended pawﬁ of dperation and uses the same mat thodelogy in determining compliance with
Appendix Hio 10 CFR Part.50. The guidelines of de&fum"iu the ISP({E) are thersfore based on
the current ISP in BWRVIP-86-A which are discussed below

On the topic of simiarity of plant operating srvironments in Paragraph 11.C.a of Appendix Hio
10 OFR Part 50, the BWRV P rioted that normal operating temperatures in the downcormner
region of BWRs range from 525 *F to 538 °F. The BWRVIP "‘{‘}f‘i"‘ tided that this temperature’
variation was minor and would not be significant with regard io the ability 1o monitor
Smbrittement for the BWR fleel through the use of the 15P. Begarding the neutron energy
spectra issue, the BWRVIP cited the fact that neutron energy spectra for BWHRSs have been
determined by General Electric over the years using neutron transport calculatinns,

These determinations have been mads for various BWH maodeis, at original and uprated power
levels, with original and new fuel designs, and with original and revised core loading patterns:
Al*mugw the magnitude of neutron flux may vary from plant to plant based.on specific operating
characteristics, the neutron energy spectrum was found to be essentially the same-at similar
plant locations. Hence, the BWRVIP concluded that the overall operating environments for all
reactors in the U5, BWR Hieat were sufficiently similar to support data sharing and the
impiemanitation.of an 1SP.

Next, the BWRVIF considered the requirements in Paragraph 11.C.b of Appendix Hto 10 CFR
Part 50, pertaining 1o the availability of dc}smetry data and the ability to'adequitaly:determine
both RPY surveiliance capsule and BWR RPV fluences. The BWRVIP . conciuded that, given
the-avallabitity of an acceptable, benchmarked fluence calculational methodology, these
sources of data would conmue to provide an.accurate estimate of the RPV peutron fluence-
values unless a malor change i core design is undertakan in the’ futurg. The BWRVIP noted
that facifities which identify a need for additional dosimetry data to improve their RPY neutron
flushce calculations may also consider the installation of ax~v¢=ssel dosimstry for that purpose.
In addition, BWRVIP-116 stated that BWRs that will not be required to remove additional
surveiliance capsuies will determing vessat fluence during the extended period utitizing an NRC
approved neutron fluence determination methodology.

Regarding the oriterion for adeguats:data sharing in Paragraph LG of AppendixH to

10 CFR Part 50; BWRVIP-88-A committed the BW RVI? torthe development.of a program plan
to exchange surveillance data {capsile xapf:ms’n among BWR taciliies as #t bacomes available,
The ability to integrate and. distribute data 1o all BWR licensess ihrcmgh the BWRVIP isa.
commorn feature which has been sucoessfully implemented in many other BWRVIP programs.,
This commitment continugs 1o apply for the ISP(E} as stated in Section 2.4.of BWRVIP-1146.

In addition. since all ofthe BWR pnmcwam@ have refersnced the implementation of the current
ISP in their faciity’s Updated Final Safety Analysis Reporis [UFSARs), sach BWR acility .
demonstrates compliance with the requirements of App@”fdlx H10.10 CFR Pari 50.
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Regarding the need tor contingency planning in accordance.with Paragraph 11, Cdof
Appendix H 1o 10 CFR Part 50, Section'2.6 of BWRVIP-118, statss that the conti ingency plans
under the QSF‘{M arethe same as thesurent ISP, The first part of this plan would be to,
consider s *etrwvwg the necessary aurvezélanr*e capsules from the facility prior 1o perm arent
shiuidown. IFremoval of the capsules is not a viable option, a new best representative-material
would be sslected from the survelifance materials not currently being tested: as part of the
ISP(E). This option highlights the inherent contingency plan which is available in the BWRVIP
ISP(E). The work performed to develop the ISPIE) has ¥ dentified severdl surveillance mateﬂam,
ather than the best representative material, that could represent & particular BPV's limiting plate
or weld. Surveillance capsules containing the« other potential representative materials wili not
he removad from thelr host reactors, but will instead continue 1o be iradiated during the course
of normai plant operation. As such, these other surveillance mailerials will continug 15 be
available for rémoval and festing should the readtor which houses the best representative
surveillance material underge arvindsafinite shutdown. Finafly, if none of the potential
represeniaiive capsules are a-viabls option, the targst plant’s own capsules, which ware
deferred under the ISP{E) but remain in the reactor, will be available as tha last contingency.

The final criferion in Paragraph [1.C.e of Appendix M 1o 10 CFR Part 50, regarding the
identification of substantial advaniages o be gainetias a- direct result of implermentation of the
ISP{E), was addressad basad on information previously noted in this safety evaluation {SE),
The ISP(E} would address the issus taisad by the NRC staff regarding the lack of 3{:13%3&9
unirradiated bassline CVN datd for some BWR survaillance materials by ident afymg and
substituting other materials as the method of monitoring changes in RPV material fracture
toughness for some BWHs, In addition, the: BWRVIP proposed that the implementation of the
ISPIE) would also have additional bensfits. The BWRVIP siated that when the odginal
surveillante materials were saiac?eci for: glani-spec ific. wr\miiance programs, the gxisting state
of knowledge about which RPV materials would be limiling with regard to fracturs toughness
after irradiation was not the sarhe as it is foday. As a result, many facilities did not include what
would be identified loday as the a%ant’ Himiting BRPY materials in their survet llance programs.,

Hence, this effort to identify and evaluate materfals from other BWRs, which may better
represent a faciiity's limiting materials; should improve the overall evaluation of BWRRPY
embritiemant. The inclusion of data from the testing of BWROG SSP capsules will improve.
overall guality of the data being used to-evaluate BWR RPV embrittemeant. Finally,
ampiemnmmm ofthe ISP(E} iz al S0 expected (o reduce the cost of sumazlﬁanre testing and
analysis for the BWR flegt since surveilidnce materials that are of little of ng value {either
bacause they lack adeguate unirradiated baseline CVN dita or because they are fiot the best
representative material for any. U/S. BWRY) will nolonger be tested.

‘Table 3-3 of BWRVIP-116 provides information in regards to Paragragh H.C..of Appendix H 1o
10 CFA Part 50 that state that an ISP shall entall no reduction in the number of materials bei ing
irradigted; nurnber of specimen-types, or number of spacimens per reactor and no reductionin
the amount of testing. Although some surveiliance capsules will be deferred and not tested as
part of the ISP(EY, all capsules that were previously credited as part-of plant-s pacific
surveillance programs and carried forward under the current ISP will continue 1o be irradiated in
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their host reactors, Therefore, all iradiated material samples continue o remain available 1o
the ISP(E), if needed, and no-overall reduction inthe number of materials being iradiated,
namber of specimen types, o number of specimens perreactoronturs asa result ofthe
ISP{E).

With regard to the number of specimeans iested for the extended period; Tabie 3-3 shows that
the ! ]host plants that will be testing one survailianca capsule each under the current ISP will

also be 1est ting an addivional surveliance capsule for the 1SP(E} Therafors, there will ba no
reduc’icn in the required amount of specimens tested from the implementation of the proposed
ISPIES

Thergiore, based on the consideration of these factors, the ISP{E) mseets the regulatory criteria
irr Paragraph 1ILC. of Appendix- H to 10°CFR Part 50.

3.0 NRC STAFF EVALUATION

The NRC sta#f has reviewed the informaticn in'the BWRVIP-118 reportagainst the critéria
specified i Paragraph HL.C. of Appendix-H 1o 10 CFR Part'50 for the establisnment of an ISP,
The staff has also reviewed the technical basisfor, and comprehensive daescription of, me
proposed ISP{E) against the objectives of being able 1o monitor changes in the fracture
toughness properties of RPY matarials due to irradiation and providing adeguats information for
required APV integrity evaluations. The statf has concluded’ that, subject-to the conditions
discussed i this section and in Section 4.0 of this SE, the g:%mp*‘»sed BWR ISP({E} is accepiable.
Additional detaiis regarding the staif's evaluation of the ISP(E) are provided below.

31 Suwveillance Material Selection for the BWR 1SP{E)

The NRC staff has completad its review of the technical criteria used by the BWRVIP to seiact
the survaillanse materials to be included within the. IS?fE) for all U.S. BWRs for the license
renewal period. The NRC staft notes thatthe | 1application 1o renew their license is currently
being reviewed at'the NRC. Therefore, the NRC staff in a letter dated June 23,2004,
requested the BWRVIP 1o discuss how [ 1. which was hot included in BW RVIP-116, would be
incorporaiad into the ISP{E} m a BWRVIF letter dated January 11, 2005, an individua! vessal
gvaluation was provided for | | including the final selection of the bestrepresentative weid and
plate materials using the meihodcslsgy and oriteria prm@uusw éstablished in BWRVIP-86-A.
The individoal vessel evaiuation will be atdded to App«ardxx A of BWRVIP-88-A, 1o provide &
complate list of tha evaluations of all BWR vessels in the ISP and the src&es&d ISP(E).

The BWRVIP proposed that the best representative weld material for | | is $5P heat{ |,
whzsh i5 the:sams hedl as the vessa! lirfi tm@ material. The BWRVIP aiso siated that SSP heat
[ ] hes beer testad from SSP capsulgs { ], with capsuie | ] receiving the highest neutron
ﬂu&nce at{ ]atthe 1/4T location. The NRC staff notes. that'the [ |responseto a request for
additional information in regards (o the license renewal gpplication, the ficenses provided ina
letter datad January 31,2005, a fluence valus of- { J'at the 1/47 locationfor the vessel weld
heat| |forthe extended perzocﬁ of pperation. Tharsiore, the SSP capsule 1forthis heat still
bounds the fluence value of the [ 1 vessel for the extended period of time. Weld heat [ | will
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e a new addition 1o the list of 1SP(E) representative surveiliance materials, but will not require
additional capsuie testing since S8P GaQSJIG ! has been tesied ajready and- pro vides the
neceasary surveillanice data for the{ |limiting weld. The bast rasreseﬂfat*vr» plate material for

[ iplate hedt! i ] which is already prcamsed to be tested under the 1ISP(E

The staff has o wiuded that'the BZ’“RVEP 's'material selection process was adeguate 10 ensure
that materials which ef ac‘weiy provide meaningful information to monitor changes in fracturs
toughness for ali BWR RPV matarials, ing! wding [ Jwere inclutied within the stope of the
{SPIE). Thecriteria used: (c*\em;cai compogition,. material heat number, fabricator, etc:} wers
consistent with current ISP, which included the best available technical gnderstardmg of
irradiation damage mechanics for idertifying surveiliance materials that would best reprasent
the | lmmng p!a'e and weld ﬁ"‘a’m"ia 5in LS. BWR RPVs. The staff alsc found that the criteria
tor ﬁavmg adequale unirradiated. bmeéme data (o7 the ability to acquire suw rjxta} sontinuas 1o
be addressed under the | ISP (E). Final fy,the. staff fTound that the BWRVIP’s consideration of test.
matlrix minimization based on use of a single surveillance material to reprﬂsem more than ons
jhmgimg BWR RPV matarial was aiso acceptable. Test matrix minimization ied, in-some cases;
to'a material ‘which was not the absolute *best” reprassniative survsillance material being. used
to represent a. sseumc BWR RPVY material. The staff found this to be a&camablp because it
was hol necessary inall cases 1o use the absolute “pest” representative material whana
technically adthaaiﬂ material was already to be included in the program to represent a dﬁfaran*
BWR RBPV matsfiz

it should, howevar, be noted that akhough a surveillarice material may be determingd to be the
“hest” reprbs&ntat've material for & spacn‘zc RBPV material, the similarity b»-tweaﬂ the
surveillance matsrial and the APV material may not be. sm‘ftmsnt to justify direct use (see RG-
1,99, Revision 2, position C.2) of the surveillance data in determi ining the. hehavior of the RPY
matersﬁ! Theretora, i position C. 2.is used, apgrommaﬁe adjustments for qhew;«tq and
irradiation termperalure differences betwaen the surveillance material and the RPV limiting
mazmna! mast be'addressed. The NRC staff wili review the direct uiahz.ax&on of surveiliance data
‘r@saiiang from the- %SP{E} as pari of plant-specific RPV integrity evaluations. Surveillance
materials which do not'share thelsame heat number with the fimiting RPV material may be used
for-gensral mwsfamg, but not for diract determination.of RPY embritilement. In such-cases,
the chemistry factor table of position C.1. of RG'1:89, Revision 2 should be used.. It is sufficient
1o mention at this point that additional diffsrences between survelllance materials and RPYV
msterials [e.g., heat treatment duting fabrication) tan complicate the direct use of such
surveillance-data; par cslarly if advanced fracture mechanics-based. evalua tions {i.e., the:
Master Curve methodology), which are outside of the scope of this submitial, were: 1o be

-employed,
32 Surveidlance Capsule Withdrawal Schedule

“Fhe statt has also reviewed the BWRVIP's selection of surveillance capsule withdrawalitest
dates (years) in oz‘:ims‘ to-achigva meamngml projected survaillance capsule fluence levels.
The capsule test schedule'is presemed in Table 2-2, “!S?’;E} Capsulc Test Sc i‘edua«:« af
BWRVIP-118, and detailed in Table 2-3, “Evajuation of ISP{E) Capsule Testing for BWR
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Limiting Plates,” and Table 2-4, “Evaluation of ISP{E) Capsule Testing for BWR Limiting
Welds.” The NRC. requested in a tetter dated June 23, 2004, that the BWRVIP discuss how
they ensure that the objectives of being able to mamter “‘E*aﬂr:z& in the fracture toughhass
properties due to irradiation and being able to provide adequate information for raquired RPY
intagrity evaluations ars met, since soms of the test daies.of the surveillance capsules are
partormed after the end of the wrget plant's extended license. In a letter datad

January 11, 2005, the BWRVIP provided a wepased schedule consistent with tha method
suggasted by the NRC staff 1o withdraw the 1SP( E) capsules from the sffeciad plantsin the
approximats yvear when the I8P(E} capsule Huences gs.a percentags of EOLE 1/47 Buencs is
estimated to'be approximately equal to 100 percent of the EOLE /47 flusnce of the most
limiting plant. This restifed in a schedule that would allow the target plards 1o uge the
surveillance data in their mtmtwa APV integrity svaluations and.to monit or changss in fracture
toughness properties during their extended period-of cperation. The: BWRVIP noted.that the

[ 1ISP(E) capsule attained only { ] mrsﬁm of the plant's limiting weld BEQLE 1747 luence
instead of 100 percent, This, howsver, is:acceptable 1o the NRC staif since it is approximatsly
100 parcent while providing surveil anc::l data that can be used by the limiting plant prior to the
end of its extended period of operation. The NRC staff notes that the new capsuie test
schedule in Table 1 of the BWRVIP ietter dated January 11, 2005, should replace Table 2-2 of
BWRVIP-116. ’

Saction 2.6 of BWRVIP-118 provides contingency planning for the ISPIE} to address any majér
interruptions in.plant operation such as early, permanent plant shutdown or an extended outage
of one ofthe has‘ piants However, this section does not-address minor reassessrments that
take into account plant- specific variations in scheduled withdrawal datﬁs tue to modifications.in
fusl cycles, or “E’*anges intargst fluences caused by power apra%es oF vw:a%ams in capacity
tactors, In a letter dated January 11, 2005, the BWRVIP provided additional reguiremenis to be
added to-Section 2.6 of BWRW@ ﬂz:s o address thess situations. The NRC staff agrees with
the'information provided and the requirement that- rhaﬂg&*a to the capsule withdrawal schedules
will be submitted to the NRC for'approval. This is i addition 1o the BW BYIP commitment in
Section 3 of BWRVIP-118 o update the plant nesron ?igmnce valuea as the plants perform
fluence reevaluations for the extended peried.of’ operation. Since these- resvaluated fluance.
values can affect the withdrawal schedules, the BWRVIP will implement changes to the
withdrawal scheduls and submit them for NRC approval as required by Section 2.5 of .
BWRVIFP-118.

The staff aiso finds the BWRVIP's basis-or the deferral of the'withdrawal of the | 7 surveiliance
capsule ?rcm[ | {as part of the current [SP) until | ] {under the 1SP(E}} to'be acceptable.
Irradiated data corfently QX]%S ?or the same heatv of material inthe [ Tsurveillance capsuls
(weiti heat ] :md piaw neat { z;a%eci on prewms plam spamfm aﬂd pr teatmg Deferrmc;

w;th Ma %‘ luances mat will be seen in thn ta:ge* RP\J durfng the Sa-year exzanaad :cemsmg
period. Therefgrs, since the deferral of the [ ] survelilance capsule will provide bé?twr
irradiated data for the target plants tn utilize.for their RPVi mﬂgr;ty evaluations, the NRC staft
has.no objections to-deferring this capsule. However, daferfing this capsule fO' use under the,
ISP{E} will reduce the number of capsules tested under the-current ISP, The accegtability of
the number of t8st capsules in the.current ISP and |SP(E) is discussed in Section 3.3 of this
SE.
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Based on the above, the NRC staff concluded that the program described by these tables was
acceptable tv meat the objectives of b@mg able to monitor changesin the fracture toughness:
properies of RPV materials due't to irradiation and proviging adequats information for reguired
RPV integrity evaluations,

3.3 BEvaluation of 18P Compliance with Appendix. H Criteria

Afier conciuding that:an.accepiable technical basis existed for the propesed 1SPLE], the NRC
staff next evaluated the proposed ISP{E} against the critetia for an 1SP specified in ﬁ’aragra;zh
H.C. of Appendix H to 10 CFR Pan 50 as was done for.the current ISP. ‘Each of the criteria is

addressed balow,

First, concerning Paragraph 1.C.a of Appendix H th@ NRC giaff concluded that sufficient
similarity exists regarding the design of U.S, BW such that accurate! comparisons of the
gredicted amount of radiation damage can be mada for the BWR flest through-an ISP,

The staff continues to accept that no significant plant-to-plant differences in neutron energy
spectra should be expected at similar BWR RPY wall or surveillance capsule locations based
on-currant operating practice. This is based on the current’ 18P plant desighs, ;miudmg the
additon of [ ] which is of tha sama dasign and construction’as [ ] currantly inthe ISP,

The staff also. -accepts that the range of operating temperatures for the BWR fleat (525 °F to
535 *F) sited by-the BWRVIP bounds the-current operating Vha{amarsy cs of these units.
Plant-fo-plant tempsrature differances of this magnitude are minor antd may be torrected for, as
necessary, to.support direct use of survsillance data {see Position C: 2 of RG 1.99, Revision 2)
based on the use of adjustment methodo ngios that have besn approvad by the NRC staff. In
addstn}n tha stat accepts that no other effects that may contribute to plant-to-piant- differences
in irradiation conditions {e.q., significantly d:fferam gamma fux levels, sic.) ars known 1o exist.

The next erit ena the NRC staif considered was that spacified in Paragraah 1.C.b.of

Appendix H com;:mlng the nead for an adequate dosimatry program for sach reactor
participating in the 1ISP(E}. The staff recognized thal i order i define whatan “adequate”
dosimetry g}mgram may be, it was nmces:»ary 1o exarning the umariymg purpese of a RPV
dosimetry program.. BPV dosimetry programs wers considered 1o be necessafy to support the
determination of 8PV neutron fluence values for hmmng RPV materials through the application
of neutron fluence calculational methodologies. In addition, the'dosimstry data associated with
sach sutvaiiiance capsule directly provides information mponam forthe accurate determination
of the surveillance capsule fluence, Therefore, the staff considered whether the information
provided by the ISP{E} was sutticient 1o conclude that acceptable BPV flugnce and surveillance
capsulg flusnce valuss could continue tobe determined gwan empiememazmn of the ISP(E).

The proposed 1ISP(E) will continue to utilize s:fﬁmmetry as delineated under the current 18P,
Under the current ISP, a fimited. amount-of dosimetry data exists from each operating BWR,
gither as a result ot the anaiyms of first cycle dosimetry capsules of as a result of praviousty
tested surveillance capsules. The BWRVIP provided additional information in a letter dated
January 11, 2005, that. BWR plants removing additional- stirveillance capsules:for the purpose
of assessing APV integrity will also.use an NRC-approved. methodology for determining neutron
flusnces, The BWRVIP ur’ther clarified that alt ISP(E} fiuence evaiuations, whether host or
target-plant, will be pararmed in 8 consistent manner using a RPY nauiron fluence
calculatisnal mathotdology consistent with the guidance of ARG 1. 1908 As.a continuation of the
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currant ISP in BWRVIP-86-A, the implementation of the ISP(E} would ensurs that each facility
which supplies surveillance capsules for the ISP(E) will continue to obiain additional dosimetry
data. For those faciifies which supply capsules to the ISP{E), the amount of dasimairy data
which will ba obtained through _‘:.r‘tpatzcn in the ISP{E} wil ibe squal to or graater than the
amount of data whizch would have besn agquired 8s & result of continuing sither with the gurrens
I8P, or with & plant-specific survelllance program. Tharefore, given ihat the curr m 1SF has
heen determined (0 be adequats, the NRC staff concludsd that their aon 3y
will sontinue to be adequais through implemeniation of the ISPIE). Finally, the dosimetry dala
from each surveiilance capsule included in the ISP{E} ensures that adequate dosimetry data is
avaitable for the determination of surveilifance capsule fluences.

As z continuation of the current |SF in BWRVIP-88-4, facilities which ars not required to
emova additional sapsules may {e.g., through the instaliation and festing of ax-vessel
doskmetry} or may not acguire additivnal dosimetry data. Howsver, adsquacy of dosimetry data
for BWR facilities whish will not be required to remove additional survelilanss capsuiss will bs
dependent upon the methodology willized by sach licensse 1o detarming thelr RRPV fluencss,
Section 2.5 of BWRVIP-118 provides information about dosimetry for BWR hhﬂtﬁ that will not
be required to remove additional survailiance capsules. These BWR plants will delerming
vesssl fiuences during the extended license period uiliizing an NRC-approvs fron fluence
determination methodology. Currenily, at least ong NRC-approved nautron i
determination methodology in NEDC-32983F which was approved by | :-sC i2
September 14, 200159, in acoordance with RG 1.190 exisis for BWRs w
rasults with littie or no plant-speciiic dosimetry data. Qcid'r?i:mai neutron 4
metho:im!ogtes which may offer the sams capabx m' r*auhj bo deve:spc

Ades adenuate
e dstermination
ated that the

alculational
aigbazes to

mr-*hoziology m rts :;E dated May 13, 2005. HDWG jar, i shwéc‘ ba notea
methodologies have been, or will be, benchimarked agamst sxisting dosimetr
demonstrate thelr adsquacy for determining BWR RPV fluences.

Since all BWR piants nave %mpiemenlec’ the currant ISP and use neutro determination
methodologies that have been or will be benchmarket against existing d v data bases,
gxcept for Duane Amold and FitzPatrick which ars in- -process of implamen Lhe current ISP,
the NRC stalf concludes that the dosimetry data which would be availabie tor BWR faciities
thet will not be required to remove additiona! surveifiance capsules as par: of the ISPE) will be
sufficient to ansure thal adeguate RPV neutron fluence determinations continue 1o be
pariormed, However, if a BWR {aciity proposas 1o change its neutron flusnce detsrmination
methadaiogy, the facility must requsst approval from tha NRC staff to ue;erm'- s #s
accepianility, and whether the neutron fluence determination methodok baen or wiil
ke benchmarksd against existing dosimetry data bases. Ths information submittad o the NRC
staff must be sulficient for the stat? 16 determing that

{1 REY and surveillance capsule fluences will he ssiablished basad on the use of an
NRC-approved fluence methodolegy that will provide acceptabis results bassed on the
avalieble dosimetry data, and
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(2} f-one “*bestestimats” methodol ogy. is used to datermine the nsutron flugnes values
foradcensee’s -RPY and Bne or more dgﬁemm methodologies are used fo establish the
neutron fiuence values for i ISP(E) surveillancs capsules which* raprezam that REV
in the-ISP{E), the results of these differing methodologies are compatibie (i.e., within
acceptable levels of uncertainty for each caloulation),

Regarding the criterion of adequate data sharing batween plants I Parageaph .G .coof
Appendix M to-10 CFR Part 50, the NRC recognizes that BWRVIP processes have been
‘demonstrated in other programs to be sufficient for establishing methods 1o shars data betwasn.
BWR fagilt ies. The staff also notes that the data sharing will.continuie under the 1ISP(E) inthe
same manner as addrassed and committed 16 in the current ISP, Therefore, the NRC staff
af‘cepis the continued commitment by the BWRVIP in the aﬁvelo;mew and implermentation of
a ‘program plan o manage data siﬁarmg The NRC sta¥, however, would also note that by the
incorporation of the ISP(E] into the ficensing basis for each participating BWR faci iy sach
licenses is further responsible fof ensurihg that they acquire and svaluate in a | Hmely manner all
relevant ISP{E) dafa which may afféct RPY integrity evaluations for their facitity. Hence, after
implementation of the 1SP(E), a perfarmance basis should become available fromy NRC staff
licensing reviews o evaluate whether: ‘acceptable data sharing is ocoursing as part of the
ISPE).

Regarding the criterion in Paragraph H1.C.d of Appendix H1o 10 CFR Part 50 for establishing a
contingancy plan to ensure that the ISP{E) will not be jeopardized by an extended oulage of a
reactor from which surveillance capsules areto be obtainad, the NRC staff concluded that the
BWR lSPi } has inherantly establishad an adeguate contingeney plan, which {8 the same as
under the-current ISP, The evaluational work which was performed by the BWRVIP to salect
the "best representative” materials for inclusion in the” ISP(E) alsc identified other surveillance
materials in other BWR BPVs that could be used to monitor changes in fracture toughness
propertias for the BWR fleet, These other, “backup” survziliance materals could be used by
the BWRVIP in'the evert that one or-more faciiities which are currently slated fo Qrovncﬁe
capsules to.the ISP(E}. are forced 1o sustain an indefinite shutdown or unanticipated 1ermination
of operations. By having this preestablished list of available- backup survsillance materials, the.
BWRVIP couid-act in a timely and elficient manner to arrange for the appropriate acquisition
and evaluation of data from a backup matsrialto support the goals-of the ISP(E). Howaver, 1o
assure that thess backup material ars available for possibls future 188t ng, ¥h=s«:-2 ba**kup
material, which inclhudes any svmazilsm& material with unirradiated baseline data, mustbe kept
in-a-condition which aliows for testing. Therefore, the BWRVIP-116 report.should include the
necessary information io ensurs the contifigency plan car*tmue:-:» o-meetihe criterion in
Paragraph L.C.d of Appendm }-% 010 {EFR Part 50. This mmfmamn shﬁm i ensure:

» Al surveiliance material with unirradiated CVN baseiine data, which includes
iested/broken CVN specimens and partially and/or untested surveillance capsule
material, must be keptin a condition 1o allow for possible future testing.

. If these surveillance materials are rémoved from the' RPY, witholt the intent to test
them; these capsules must be stored in a manner which maintains them in a oondition
which would supper possible re-insertion into an BPY, if necessarny underthe
continggney plan.
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* Prior to any changes io the storages of these materials, the BWRV P.must be notified 1o
determine whetherthese changes are acceptable, The BWRVIP must obiain NRC
appfoval for any changss that would pravent the possible iesting of these surveillance
materials under the continganoy plan.

Based onthe inciusion of the above mentioned information in the BWRVIP-116 raport, the
availablity of these backup materials, and the periodic reviews 1o be conducted by the BWRVIF
10 assess whather any changes to the ISP{E} are necassary, the. NRC staff has conciu uged that
the BWRVIP has atdequately addressed the need o considar | SPiﬁ« contingency planning in its
submitial.

Tre NRC staff also concluded that there are substaritial advaniages o be gainad by the
implementation of the BWR ISP(E) in response to the criterion in Paragraph H1.C.e of
Appendix Hto 10 CFA Part 50, First, the proposed !SP’E} will address the concermns raised b
the staff regarding the current rellance by some BWR licensees on surveillance materials that
lack unirradiated bassling CVN date tomest the req,me"nnms of Appendix H 1o 10 CFR Pan

.58, ‘Sacond, by not testing some existing plant-specific capsuies as part of the {SP{E), ”
significant savings may be realizad by the BWR fleet relating tothe cost of capsuie removal,
shipping, testing, time added to outags critical path schedules, etc. Third, the IBP(E) will
improve the overall quality of data that will be obtained and reported based on the: formal
mucrpmauon of the SSP capsules-inthe ISP{E)-test matrix. Other atvantages of the [SP{E)
may bie identified. however, the steff has found that'those noted above are substantial,

Finally, regarding the positions raised in Paragraph HILC. of Appendix H 1 10.CFR Part 80
whicht state that an 1SP shall entail no reduction in the number of materials being irradiated,
nurmber of specirrien types, or number of specimens, per reastor and no reduction in the amount
of tasﬁrg, the NRC staff has concluded, based on the following, that the proposed IBP(E)
compiies with the following provisions:

» The staif has concluded that the continued availability of all capsules which were
prawmxly credited as part of cureent 18P whish includes all capsules in the previous
plant- spemf o survaillance programs, supports the determination that no ovarall
rez:ﬂu{:*;c*"s in the number of materials being irradiated, number of specimen fypes, or
nuvber of spacimens per rzastor would resuit from implementing the 1SP(E).

» As discussed above in Section 3.2 of this SER, the deferral of the | | surveillance
capsule from the current ISP to the pmposrati ISP( t will afect: the riumber of
surveillance capsules 1ested under the current ISP. To determing if the current ISP stli
meets the requirements of no redustion in the amount of testing, the NRC staft
avaluated this’ change i the current ISP using the criteria in‘the staff's letter dated
February 1,2002; that originally determined that the current ISP did net resuitina
reduction in the required amount of CVN testing from the piannsgemilc suwes‘lam&
programs. Smce the total number of CVN specimen setsto be tested: mdez the current

iISPwas| L as detsrmined in ;he February 1, 2002, letter, deferring the [ ] surveillance
capsule (gwa OVN spacimen sets par caasulﬁ} will bring the total number of CVN
spemmmn sets to{ | This still exceeds the total number of { | specimen seis that wers
approved under the previous plant-spacific programs.
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s With regard to the numbsrof spfac imens tested for the extended narfr:fi the NRC
-concludes that no reduction in the: required amount ot CYN. spacimen s ttesmg would
result from the implementation of the propotzed ISP(E) since each of the [ ] host plants
nurrantly’ testmg under the cursant ISP, will be testing an additicnal surveilance: capsule
undier the ISP(E). In addition, with these | 1 additional surveillance capsules {[ | CVn
specimen'sats), andthe [ JCVN pec‘;tmen sats in the current ISP which are
incorporated into the 1SH{E), a total of { ] CVN specimen sets will betested under the
ISPIEY. This is assentially equivalent 1o tm estimated [ 1 CVN spacimen sais that
would have been tested under plant-specific programs. The estimated number of CVN
specimen.sets for the plant-zpecific programs was basad on the EQLE operating pericd,
the projected EOLE neutron fluence valtes, and the guidelines of ASTM
Standard £E185;

Based onthe consideration of these factors, the NRC staff concludes that the reguiatory cmas‘za
iy Paragraph IH.C. of Appendix H to 10.CFR Part 50 for the approval of an ISP have begn me

40 CONGLUSIONS

The NRC staff has concluded that the ISP(E) proposed by the BWRVIP in the BWRVIP-11
report,‘and as amended by #s responses dated January 11, 2005, to NRC staff RAls, is
acceptable, subject o the conditions discussed in Sections 3 and 4 of this SE. The !SP(
adequately addresses the requirements of Appendix H to 10 CFR Part 50 for BWR licensees
through the end of facility's proposed 80 year operating license. In particular, the %nfmmaz;an
contained in Tables 2:2,.3-1.and 3-2 of BWRVIP-116 was found by the staff to be accepiable
for defining the ISP(E} test matrix, surveillance capsule withdrawal dates, and material
associations for the BWR {SP{E). Other aspects of the ISP(E), in particular plant-specific data
utilization, were also foundto be acceptable provided appropriate adjustments are made for
chemical composition and irradiation temperature differences when data is shared between
facilities.

The stalf's-approval of the IBP{E]} is further predicated on the adoption of the ISP{E) by all BWR
{acilities who.are identifled within the ISP(E} test. matrix as supplying surveiliance capsules for
the ISP{ E). Hany BWRI icensee which should be providing surveillance capsules tothe ISP{E}

siects not to participate, the. BWRVIP must submit, for NRC staff review and approval, changes
1o the ISP{E} that must be made o address this event,

st is the stalf's understanding that' the BWRVIP will produce & program dosument which will be

ail inclugive, i.e., the updated version of the BWRVIP-116 report will include the RPV '
survelllancs chram forall opérating U.5, BWR plants for the current 40-year term as well as
through the perind of extended operation and, therefore, will replace the BWRVIP-86-A report.
BWR licensges who wish to participate in'the iSF(E ) must-complete the ISP(E). mpf@msmai on
as follows, based on the status of its license renewal application:

A BWR ficenssas that have alrgady been approved for a 80 year licsrise by the NRC shall
implerment the ISF(E) as diciated in the SER that approved their z‘ﬂnewed licensa by
revising- t%sr %zcensmg oasis 10 replace the BWRVIP-86-A reference with the approved
version of the BWRVIP-118 report.
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b, BWR lizensees that hava } hesr license renewal apfwizcatnom currently being rswawed by
the NRC as of-the date of this SER shall sither:

{1) revise their proposed licensing. basis for the extended period by replacing the
BWRVIP-B8-A referance with the approved version of BWRVIP- 118, Hearly in
the license renewal process, or

{2} implement the ISP{E) of BWRVIP-116 as will be specified in the staf's.upcoming
license renewal SER.

BWR licensees that will submit a license renewal application shall implement the ISP(E)
by reazamg their licensing basis fo include the approved version of BWRVIP-118 in its
application and the proposed licensing basis forthe extended period of operation.

‘ﬁ

Mndmca?;ons to the facilities’ licensing bases; as discussed above, may be implemented
through the 10 CFR 50.50 process. The NRC staeff notes that by the i mcwpara‘em of the [SP{E)
into the licensing basis for sach participati ng BWR facility, each licensee is further responsible
for ensuring that they acquire and svaluate in a imely manner all relevant ISP(E)} data which
‘may affest RPV integrity evaluat long for thet r facility,

In addition 16 the information in the BWRVIP's letter dated January 11, 2003, which amends
BWRVIP- 118, the BWRVIP shatl ncluds in’ the approved version of BWRVIP- 118, the following
‘concerning the withdrawal scheduis and contingency plans as discussed in this SE

8. NRC siaff noles that the new capsule test schedule in Table 1 of the BWRVIP istter
dated January 14, 2008, should replace Table 2-2 of BWRVIP-118,

ks, The BWRVIP-116 report should include the nacessary information to ensurs the
ortingency plan continues to mest the criterion in Paragrapn 1. C dof An;)enfﬂx Hip
10 OFR Part ::G This informaiion shou o ensurs:

(1} Allsurveillance material with unirradiated CVN baseline data, which includes
tested/broken CVN specimans and partially and/or untested surveillanc g capsule
material, must be kept ina condition 1o aflow for possible future testing.

{2} if these surveillance material are removed from the RPV, without the intentto
1est'them, thess capsules must bé stored in a manner which maintains them in a
condition which would support possible re-insertion into an RPV, nacsssary
under the contingsncy plan,

(3 Frior toany changes-1o the-storage of these materials, the BWRVIP must-be-
notified to determine whether these changss-are acceptable. The BW RVIP must
obtain NRC approval for any:changes that would prévent the possible tasting :::f
these surveiliance material under the contingancy plan.
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Finally, if'a BWR faci ity pram}se< 1o change its neutron fluence determina tion methodology, the
facility must fequest approval from the NRC statf to-determine its acceptability, determine
whethet the neution fluence deterimination methodologies ara compatible for use in the ISP(E;
and determineif the methodologies have basn or will be benchmarked against existing.
dosimetry data bases. The mfsrmatmﬂ submitted to the NRC staff must be sutficient for the
staff to-determine that:

(1) RPV and surveillance capsule fluences will be established as based on the use
of an NRC-approved fluence methodology that will provide acceptable resulls
based on the available dosimstry data, and

if one methodology is used to determine the nautron fluence values for a
licensee’s RPY and one or mota different methodologies are used to establish
the nautron fluence values for the ISP(E) survaillance capsules which "represant
that RPV inthe ISP, the rasults of these differmg methodologies are compatible
{i.e, within-acceptable levels of uncertainty for each calculation).

@
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-D001

Decarmnber 16, 2002

Carl Terry, BWRVIP Chairman
Niagara Mohawk Power Company
Post Office Box 63

Lycoming, NY 13083

SUBSECT: NRC Staff Review of BWRVIP-88-A, “BWR Vessal and internals Project,
Updated BWR inlagrated Surveillance Rragram (1SP) Implersentation Plan”

Doar Mr. Tamy:

By letter dated Movernber 12, 2002, the Bailing Watsr Resctor Vessel and Internsls Project
{BWRVIP} submilted Proprietary Report BWRVIP-86-A, "BWR Vessel and Internals Project,
Updaled BWR ntegrated Surveifiance Program {({SF) Implementation Plan,” for information and
NRC staff review. The BWRVIP-86-4 report represents a compilation of information from
several seurces. Propristary Report TR-114228, "BWR Vessel and internals Project, BWE
integrated Survellance Program Plan (BWRVIP-T8),” Proprietary Report BWRVIF86, “BWR
Vessel and internals Project, BWR istegrated Survelilance Progtam Implementation Plan,”
BWRVIP rasponses (dated December 22, 2000, and May 30, 2001) to NRT staff requests for
additional information (RAIs) regarding BWRVIP-78 and BWRWVIP-86, and the NRC staff's
sately evaluation (SE), issued on February 1, 2002, which approved the BWRVIP ISP,

The NRC staff has reviewed the information in BWRVIP-86-A and has found that it accuraiely
incorporabes ait of the relevant information which was submittad by the BWRVIP inthe
documents notad above 10 sapport NRC staff approval of the BWRVIP ISP, Further, the staff
finds that Appendix B to BWRVIP-86-4 is a falihfid reproduction of the NRC staff's February 1,
2002, BE., the inclusion of which is consistent with, NRC staff expeciations regarding an *-A"
topical report. BWR licensees who wish 1o refarance in thelr facility’s final safety assessmaent
repart {(FSAR} or facility Technical Specifications the dosumentation which supporis thelr
adoption of the BWRVIP (S may, therefore, reference BWRVIF-88-A in fieu of refergncing the
separate source documents noted in the paragraph above.

The NRC staff's only comement regarding the BWRVIP-BE-A report is to suggest that you
consider, when a future revision of the report becomes necessary, adding 8 statement to
Section 5.4, *Fan for Ongoing Vessel Dosimetey,™ whish riodes that future BIWR RPV flusnce
caiculations should be performed using a fluence methodoiogy which is acceplable to the NRG
staff and consistent with the guidance found in NRC Regulatory Guide 1.180, “Calculational
Methods for Delomnining Pressure Vessel Neutron Fluence.” In the current revision of
BWRWVIP-86-A, the NRC stafl finds that the topic of what is expecied regarding future BWR
RPV fuance calculations is adequately addressed in Appendix B {the reproduction of the NRC
staff's SE). Dur comment regarding Section 5.4 is only inlended to support overall congistency
between the body of the report and the N&C stati’s S,
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Please contact Matthew A, Mitcheli of my staff at {301) 415-3303 #f you have any turther

guestions regarding this subject.

Attachment: As stated

ce: See next page

Smc eb,r,

Witiam H. Bamman Cm ;

Materals and Chemical Enginesting Branch
Division of Enginesting
Otfics of Nuclear Heartor Reguiation
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