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NRC SAFETY EVALUATION

In accordance with an NRC request, the NRC Safety Evaluation immediately follows this page.
Other pertinent NRC and BWRVIP correspondence is included in Appendices B through D.

Note: Proprietary information in this Safety Evaluation is indicated by [highlighted, bracketed
text].
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BWRVIP 2020-098A

From: Holonich, Joseph <Joseph.Holonich@nrc.gov>

Sent: Friday, November 20, 2020 6:41 AM

To: McGruder, Wynter <WMcGruder@epri.com>; Rouse, Deborah <drouse @epri.com>

Cc: Morey, Dennis <Dennis.Morey@nrc.gov>; Gonzalez, Hipo <Hipolito.Gonzalez@nrc.gov>; Yee, On <On.Yee@nrc.gov>;
Medoff, James <James.Medoff@nrc.gov>

Subject: [EXTERNAL] BWRVIP-321 Final Safety Evaluation

*** Exercise caution. This is an EXTERNAL email. DO NOT open attachments or click links from unknown senders or
unexpected email. ***.

*** Email is from prvs=5865ef698=Joseph.Holonich@nrc.qov ***.

Mr. Tim Hanley, Chairman

ATTN: Debbie Rouse

BWR Vessel and Internals Project

1300 West W.T. Harris Boulevard (Building 1)
Charlotte, NC 28262

Dear Mr. Hanley,

By letter dated March 8, 2019 (Agencywide Documents Access and Management System (ADAMS) Accession

No. ML19071A234), the Electric Power Research Institute (EPRI) submitted for U.S. Nuclear Regulatory

Commission (NRC) staff review the Topical Report (TR) TR- 3002013097, “BWR [Boiling Water Reactor] j

Vessel and Internals Project, Plan for Extension of the BWR Integrated Surveillance Program (ISP) Through i

the Second License Renewal (SLR), (BWRVIP-321)." By email dated October 21, 2020 the NRC staff issued |

its draft safety evaluations (SEs) (ADAMS Accession No. ML20280A318). |
|

EPRI provided comments on the draft SE by letter dated November 5, 2020 (ADAMS Accession No.
ML20318A165). The comments identified proprietary information, made editorial changes, and provided
recommendations for clarification of the SE.

The NRC staff has found the TR acceptable for referencing in licensing applications for nuclear power plants to
the extent specified and under the limitations delineated in the TR and in the enclosed SE. The final SE
defines the basis for our acceptance of the TR. A copy of the final SE, which contains proprietary information,
was provided to Ms. Wynter McGruder via the NRC box.com folder.

Our acceptance applies only to material provided in the subject TR. We do not intend to repeat our review of
the accepted material described in the TR. When the TR appears as a reference in license applications, our
review will ensure that the material presented applies to the specific plant involved. License amendment
requests that deviate from this TR will be subject to a plant-specific review in accordance with applicable
review standards.

In accordance with the guidance provided on the NRC website, we request that EPRI publish accepted
versions of the proprietary and nonproprietary TR within six months of the date of the date of this email. The
accepted versions shall incorporate this email and the enclosed SE after the title page.

For the nonproprietary version, EPRI shall redact the proprietary information in the final SE and strike the
header and footer to create the nonproprietary version of the SE.

Both this email and the SE have been placed in ADAMS and made Official Agency Records. The SE is
declared as nonpublic because it may contain proprietary information. This email is declared public.

Also, the accepted versions must contain historical review information, including NRC requests for additional

information (RAIs) and responses. The accepted versions shall include a “-A” (designating approved) following
the TR identification symbol.
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As an alternative to including the RAIls and RAI responses behind the title page, if changes to the TRs provided
to the NRC staff to support the resolution of RAI responses, and the NRC staff reviewed and approved those

changes as described in the RAI responses, there are two ways that the accepted version can capture the
RAls:

1. The RAls and RAIl responses can be included as an Appendix to the accepted version.

2. The RAls and RAI responses can be captured in the form of a table (inserted after the final SE) which
summarizes the changes as shown in the accepted version of the TR. The table should reference the specific
RAIls and RAI responses which resulted in any changes, as shown in the accepted version of the TR.

If future changes to the NRC's regulatory requirements affect the acceptability of this TR, EPRI will be
expected to revise the TR appropriately. Licensees referencing this TR would be expected to justify its
continued applicability or evaluate their plant using the revised TR.

If you have any questions, please contact the Project Manager for the review, Joseph J. Holonich at

jihi@nrc.gov.

Dennis Morey, Chief

Licensing Processes Branch

Division of Operating Reactor Licensing
Office of Nuclear Reactor Regulation

Docket No.: 9902016
EPID: L-2019-TOP-0007




BWRVIP 2020-098A, Attachment 1

FINAL SAFETY EVALUATION
BY THE OFFICE OF NUCLEAR REACTOR REGULATION

ELECTRIC POWER RESEARCH INSTITUTE TOPICAL REPORT

BWRVIP-321: BOILING WATER REACTOR VESSEL AND INTERNALS PROJECT

“PLAN FOR EXTENSION OF THE BWR INTEGRATED SURVEILLANCE PROGRAM (ISP)
THROUGH THE SECOND LICENSE RENEWAL (SLR)

1.0 INTRODUCTION

11 Background

By letter dated March 8, 2019 (Ref. 1), the Boiling Water Reactor (BWR) Vessel and Intemals
Project (BWRVIP) submitted the Electric Power Research Institute (EPRI) Proprietary Report
TR-3002013097, “BWR Vessel and Internals Project, Plan for Extension of the BWR Integrated
Surveillance Program (ISP) Through the Second License Renewal (SLR), (BWRVIP-321)" dated
December 2018, for U. S. Nuclear Regulatory Commission (NRC) staff review. EPRI
supplemented the report in letters dated June 8, 2020, July 9, 2020, and July 15, 2020

(Refs. 2 - 4), in response to the NRC staff request for additional information documented in the
NRC letter dated October 23, 2019 (Ref. 5).

12  Purpose

The staff reviewed the BWRVIP-321 report, including the supplemental information in

References 2 through 4, to determine whether it will provide an acceptable reactor pressure
vessel (RPV) material surveillance program in accordance with Appendix H to Title 10 of the Code
of Federal Reguilations (10 CFR). The regulation at 10 CFR Part 50, Appendix H, is to support all
operating U.S. BWR plants participating in the current ISP for the subsequent period of extended
operation (i.e., 60 to 80 years of plant operation). The data from this program will be used to
monitor changes in the fracture toughness properties of RPV materials due to irradiation and
provide adequate information for required RPV integrity evaluations.

1.3 Regulatory Requirements

The regulation at 10 CFR 50.60 invokes Appendix H that requires licensees to implement an RPV
material surveillance program. The purpose of the program is to monitor changes in the fracture
toughness properties of ferritic materials in the reactor vessel beltline region, which results 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. BWRs have implemented
plant specific RPV material surveillance programs as part of each facility’s licensing basis.
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However, an alternative to individual plant-specific RPV surveillance programs is addressed in
Paragraph 111.C of Appendix H. Pursuant to Paragraph 111.C. of Appendix H, an RPV 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 111.C of Appendix H also sets forth specific criteria upon which approval of an ISP shall
be based. The specified criteria in Paragraph 1ll.C.1 of Appendix H include the following:

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 substantial 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, Paragraphs 11.C.2 and I1l.C 3 of Appendix H specify the following, respectively:

1. No reduction in the requirements for number of materials to be irradiated, specimen
types, or number of specimens per reactor is permitted.

2. Atter (the effective date of this section), no reduction in the amount of testing is permitted
unless previously approved by the Director, Office of Nuclear Reactor Regulation, or
Director, Office of New Reactors, as appropriate.

14  Applicability

This safety evaluation is applicable to all U.S. BWRs participating in the approved BWRVIP ISP
that intend to pursue a renewed operating license to 80-years of operation pursuant to 10 CFR
Part 54, and reference BWRVIP-321 in its License Renewal Application.

20 SUMMARY

BWRVIP-86, Revision 1-A, “BWR Vessel and Internals Project, Integrated Surveillance Program
(ISP) Implementation Plan” (Ref. 6), is the current program plan document for the ISP, which was
issued in 2012. This report covers the original license and renewed license periods of BWR
participants in the ISP. Plants are currently evaluating the possibility for subsequent license
renewal, which would allow for operation to 80 years of plant life. The BWRVIP, in coordination
with the EPRI Long Term Operation Program, initiated efforts to address limitations of the current
ISP for SLR.

Considerations for extending the current ISP to provide data for 80 years of operation include:
0 The total number of plants and which plants will pursue SLR are currently uncertain
O Some current ISP host plants may not pursue SLR
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O Plants pursuing SLR may have surveillance materials not representative of other plants
and, therefore, are not suitable as host plants

O Current host plants will likely not have additional capsules available for testing following
the completion of the current ISP

O Some representative surveillance materials were in the BWR Supplemental Surveillance
Program (SSP) capsules only, and no further capsules containing those materials are
available to be tested

0 Many BWRs, as well as ISP host plants, have lag factors as opposed to lead factors
(i.e., capsules are exposed to lower fluence than the peak RPV inside surface fluence)

Given these considerations, EPRI's approach for satisfying the requirements of Appendix H in the
SLR period and the Generic Aging Lessons Learmned (GALL)-SLR report involves maintaining the
existing structure of the BWRVIP ISP. Although some plants (including current host plants) may
not pursue SLR, the ideal approach is to ensure that all ISP representative materials have
specimens that are iradiated to a fluence that bounds the SLR fluences of all target materials
represented by that surveillance material. EPRI explained that this will be accomplished by
irradiating, reconstituting, and testing previously tested ISP capsule materials, as necessary, to
ensure that any plant which pursues SLR will have appropriate data available for its representative
materials. This approach maintains the critical elements of the ISP, particularly the current ISP
test matrix, and existing data will be utilized to the extent possible. Where gaps in data exist

(i.e., 80-year surveillance data does not exist), previously tested specimens will be reconstituted to
generate additional surveillance data.

EPRI explained that this approach has the following advantages:

O This approach is consistent with the current BWRVIP ISP program. The implementation
of this approach at individual BWR plant sites would be consistent with the current ISP.
There would be no changes to the existing ISP test schedule in BWRVIP-86,

Revision 1-A. The responsibilities of utilities to implement ISP data remain unchanged.
The only change with respect to the ISP is the addition of 80-year data where such data
does not currently exist.

O The representative and target materials, as defined in the approved ISP test matrix,
remain unchanged. The program will continue to generate additional surveillance data
for the previously tested capsule materials to achieve fluence levels representative of the
projected 80-year target vessel fluences. As such, this approach provides an excellent
opportunity to trend embrittiement data over time and maintains the philosophy of an ISP
as described in Appendix H.

O The reconstitution approach is technically feasible since the methods and
techniques for reconstitution are currently available and have been used
successfully. American Society for Testing and Materials International (ASTM)
E1253-13, “Standard Guide for Reconstitution of Irradiated Charpy-Sized
Specimens,” addresses procedures for reconstitution of ferritic pressure vessel
steels used in nuclear power plant applications, and there is a significant amount of
experience with reconstituted specimens to show that the data is reproducible.

O This approach can be implemented in a timeframe that supports all possible
applicants for SLR by providing 80-year surveillance data for all ISP maternials. As
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such, this approach reduces uncertainty associated with not knowing which plants
may pursue SLR.

21 “Data Investigations™ (Section 4 of BWRVIP-321)

Section 4 of BWRVIP-321 evaluated the data needs for SLR by examining the available data from
the current BWRVIP ISP program. Extension of the ISP into the SLR period is based on
evaluating the extent to which available surveillance specimens can provide additional data to
bound 80 years of plant operation. Fluences for 80 years are projected for reactor vessel target
materials, and target fluences are compared with fluences of tested capsules. The gaps and
additional data requirements to monitor embrittiement to 80 years are identified. The feasibility of
planning and implementing SSLR (Supplemental Second License Renewal) capsules is also
addressed in Section 4. These investigations include the most recent surveillance capsule and
reactor vessel fluence data.

Based on its comparison of fluence values and fluence ratios between the tested/near-term ISP
capsules (Table 4-3, “ISP capsule fluence as a % of SLR 1/4T fluence for target plates,” and
Table 44, “ISP capsule fluence as a % of SLR 1/4T fluence for target welds”) and yet to be tested
ISP(E)" capsules (Table 4-6, “Projected ISP(E) capsule fluence as a % of SLR 1/4T fluence for target
plates,” and Table 4-7, “Projected ISP(E) capsule fluence as a % of SLR 1/4T fluence for target
welds”), EPRI determined that many of the capsule fluence as a percentage of 72-Effective Full
Power Years (EFPY) fluence ratios increase from less than 100% to greater than 100%.

Specifically, the previously tested ISP surveillance capsules and near-term planned ISP capsules
(i.e., information in Section 4 of BWRVIP-321), bound the projected 72-EFPY 1/4T fluences of
nine of the 33 target plate heats and eight of the 33 target weld heats. When ISP(E) capsules are
considered (Table 4-6 and Table 4-7), surveillance data are expected to bound the 72-EFPY 1/4T
fluences of five additional target plates and eight additional target welds beyond those capsules
that are bounded by the capsules that will be tested by the end of the original license period.

EPRI explained that when considering the data from ISP(E) capsules, additional surveillance data
is needed for 13 of 15 representative plate heats and 10 of 15 representative weld heats. Thus,
EPRI proposed reconstitution, further irradiation, and testing of previously tested Charpy
specimens to attain the needed surveillance data. Three groupings of specimens are proposed
based on the additional fluence exposure that would be required to catch-up to or bound the
corresponding target heats for 80 years of operation.

22  “Reconstitution Approach” (Section 5 of BWRVIP-321)
Section 5 of BWRVIP-321 discusses the procedures that will be used in the specimen

reconstitution process. As discussed in BWRVIP-321, the proposed approach in obtaining
additional surveillance data to bound 80 years of plant operation is to further irradiate material

' An ISP capsule designated for withdrawal and testing during the first extended license period (i.e., 40-
60 years of plant operation), to differentiate from the ISP capsules withdrawn during the original license
period.
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from previously tested Charpy specimens and subsequently use that material to reconstitute
Charpy specimens. EPRI explained that broken Charpy halves will be retrieved from the ISP
repository and machined to remove plastically deformed material or base metal from weld
specimens. The resulting material comprises the central portion, or “insert,” of the reconstituted
Charpy specimen. Inserts from a total of 23 material heats will be placed in 3 newly fabricated
SSLR capsules for further irradiation. The capsules will be installed in a host plant reactor vessel
using a specially designed holder. After irradiation is complete, reconstituted Charpy specimens
will be fabricated by welding end-tabs to the irradiated inserts. The specific representative heats
of material identified for reconstitution is dependent on the surveillance data needs for those
plants that pursue SLR. The reconstituted specimens will then be subjected to impact testing.

The Charpy specimen reconstitution will be delayed until after irradiation of the inserts is complete.

EPRI performed evaluations to confirm that the objectives of the ISP for SLR program can be
accomplished with the materials available in the ISP repository. EPRI proposed that its approach
for reconstitution and testing of SSLR capsule materials meets ASTM E 1253-13 and ASTME
185-82, “Standard Practice for Conducting Surveillance Tests for Light-Water Cooled Nuclear
Power Reactor Vessels.”

23 “Fluence and Flux Considerations” and “Schedule for SSLR Capsule Insertion, Withdrawal,
and Testing” (Sections 6 and 8 of BWRVIP-321, respectively)

Section 6 of BWRVIP-321 states that the primary objective for obtaining additional surveillance
data is to achieve a fluence exposure for representative heats that meets or exceeds target
reactor vessel fluence for 80 years of plant operation. These needed catch-up fluences cannot be

attained prior to the end of 80 years of operation using typical BWR surveillance capsule flux rates.

Given that it is desirable to achieve the required fluences in a reasonable timeframe (~10 years),
an accelerated flux rate is needed. EPRI explained that the target flux range for the proposed
SSLR capsules has a minimum of 2.4x10' n/cm?-s and maximum of 4. 39x10" n/cm?-s.

The minimum flux is determined based on the need to attain the maximum catch-up fluence of
I 1l in a reasonable time, approximately 10 years. The maximum flux is based on
a “breakpoint value™ for flux of 4.39x10" n/cm?-s for the embrittiement trend curve in

10 CFR 50.61a. The evaluations performed by EPRI demonstrate that the target flux can be
attained for the proposed SSLR capsules at several possible installation locations within the
reactor vessel at one of the four candidate host plants in order to obtain the target flux.

Section 8 of BWRVIP-321 assesses the anticipated timeframe for SSLR capsule insertion and
withdrawal and compares those times with license periods for BWRs for the three SSLR capsule
groupings. As supplemented by letter dated June 8, 2020, EPRI developed three capsule
insertion and withdrawal scenarios that consider the minimum, intermediate, and maximum flux
values that are expected for the potential host plants, and insertion dates ranging from 2022 to
2024. EPRI included these scenarios in BWRVIP-321 to provide flexibility in the selection of
insertion and withdrawal dates. EPRI showed that irradiation of all three SSLR capsules is
expected to be complete well before the end of the second period of extended operation (PEO) for
all BWRs (i.e., 80-years of operation), and before the end of the first PEO for most BWRs

(i.e., 60-years of operation).
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24  “Conceptual Design for SSLR Capsules” (Section 7 of BWRVIP-321)

Section 7 of BWRVIP-321 provides the conceptual design features of the SSLR capsules, capsule
contents, and capsule holders. EPRI explained that the Charpy inserts for each surveillance
material will be contained in a packet, with one packet per material, and that these packets will be
contained in three separate SSLR capsules. The SSLR capsules will be contained in a single
capsule holder that attaches to the outside surface of the core shroud of the host plant.

25  “Administration and Implementation” and “Licensing Aspects of Implementation”
(Sections 9 and 10 of BWRVIP-321, respectively)

Section 9 of BWRVIP-321 provides the administration and implementation aspects of the program.
Specifically, the project management respons bilities and licensee responsibilities are outlined,
and the process for evaluation of capsule data, fluence, and dosimetry. In addition, the details
regarding plans for ongoing vessel dosimetry and potential ISP changes, data sharing, and data
utilization.

Section 10 of BWRVIP-321 provides the details for implementation of the ISP for SLR program in
Plant Technical Specifications or Updated Final Safety Analysis Report, an assessment of the ISP
for SLR program’s compliance with Appendix H, and NUREG-2191, “Generic Aging Lessons
Learned for Subsequent License Renewal (GALL-SLR) Report.”

30 NRC STAFF EVALUATION

The NRC staff has reviewed the information in the BWRVIP-321 report against the criteria
specified in Paragraph I11.C. of Appendix H for the establishment of an ISP.

The staff has also reviewed the technical basis for, and comprehensive description of, the
proposed program 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. Additional details regarding the staff's evaluation of the ISP(E)
are provided below.

31 Material Selection and Data Investigations (Section 4 of BWRVIP-321)

Section 4 of BWRVIP-321 describes the data investigation performed to determine the data needs
for SLR, which involved evaluating available data from the BWRVIP ISP program. EPRI initially
projected the neutron fluence at 80 years for the reactor vessel target materials and these target
fluences were compared with fluences of tested capsules to identify gaps and additional
surveillance data needs to monitor embrittiement to 80 years of plant operation.

The representative surveillance materials and the corresponding target materials in each U.S.
BWR reactor vessel, as defined in the ISP test matrix in BWRVIP-86, Revision 1-A, remain
unchanged. Using this ISP test matrix, EPRI determined the projected 72-EFPY 1/4T fluences for
the target plate and target weld heats in each U.S. BWR reactor vessel. EPRI explained that
fluence values were taken from the most recently docketed P-T curve reports or ART tables in the
NRC Agencywide Documents Access Management System (ADAMS). However, in some
instances where more up-to-date fluence values were available that differed from the latest
docketed fluences, the more up-to-date fluences were used. For some plants, more up-to-date
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fluences were available in fluence evaluations prepared in conjunction with recently removed ISP
capsules. The staff finds the use of the most up-to-date fluences values appropriate because this
information is only used by EPRI for planning purposes within BWRVIP-321 to identify the
materials that need higher-fluence surveillance data to support 80-year of plant operation for the
BWR licensees.

EPRI explained that the neutron fluence at the location of the target heat and corresponding to the
40-years or 60-years of plant operation was utilized (i.e., best available information) and projected
for SLR (assumed to be 80 years or 72 EFPY) by extrapolating linearly from fluences provided in
source documents for the plant-specific EFPY (typically 32 or 54 EFPY). The staff finds the
determination of the projected neutron fluence for SLR (i.e., 72 EFPY) by linear extrapolation to be
conservative for determining the needed catch-up fluences of the representative surveillance
materials because it is based on the assumption plants will have operated at 90 percent capacity
the entire life of the plant (i.e., 80-years of operation).

EPRI explained that projected 1/4T SLR target vessel neutron fluences were then compared to
tested and planned surveillance capsule fluence, which shows that some materials are already
bounded by existing ISP or projected ISP(E) data. The remaining materials that are not bounded
require additional data. EPRI explained that the list of representative material heats that require
additional surveillance data, as well as materials for which no additional surveillance data is
required, is summarized in Table 4-8, “Summary of representative materials for which additional
surveillance data is required,” of BWRVIP-321. The NRC staff reviewed Table 4-8 of
BWRVIP-321 specifically those materials in which EPRI identified not needing additional
surveillance data for the SLR period. The staff reviewed these materials and its evaluation of
each material in which no additional surveillance data is required for the SLR period is
documented below.

The staff reviewed Tables 4-3 and 4-6 of BWRVIP-321 and noted that for plate material

1 1I” the neutron fluence of the tested ISP capsule and the to be tested ISP(E) capsule is
greater than the estimated 72-EFPY 1/4T target fluence for the target vessel (i.e., [[ 1.
Thus, the staff finds it acceptable that plate material, “[[ 11,” is not included in
BWRVIP-321 and the SSLR capsules.

The staff reviewed Tables 4-3 and 4-6 of BWRVIP-321and noted that plate material “[| I
the neutron fluence of the tested ISP capsule is greater than the estimated 72-EFPY 1/4T target
fluence for the target vessels (i.e., [| 1). Thus, the staff
finds it acceptable that the plate material, “[[ 11,” is not included in BWRVIP-321 and the
SSLR capsules.

The staff reviewed Table 4-7 of BWRVIP-321 and noted that for weld material “[[ I" the
projected neutron fluence of the to be tested ISP(E) capsule is greater than the estimated
72-EFPY 1/4T target fluence for the target vessel (i.e., [[ 1. Thus, the staff finds it
acceptable that no additional surveillance data is necessary for the weld material, “[ I, to
support the ISP for 60 to 80 years of plant operation. In addition, since [[ 11 is the only
target vessel for weld material “[[ 11,” the staff finds that an early (potential) shutdown of

I 11 (i.e., host plant for the ISP(E) capsule) and the corresponding reduced capsule fluence
would have no impact on the ability of any other ISP participant to attain 80-year surveillance data.

The staff reviewed Table 4-7 of BWRVIP-321 and noted that for weld material “[[ 1" the
projected neutron fluence of the to be tested ISP(E) capsule is greater than the estimated
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72-EFPY 1/4T target fluence for the target vessel (i.e., [[ 1). Thus, the staff finds it
acceptable that no additional surveillance data is necessary for the weld material, “[[ 1" to
support the ISP for 60 to 80 years of plant operation. In addition, since [[ ) 11 is the only
target vessel for weld material “[[ 11,” the staff finds that an early (potential) shutdown of

[ ] (i.e., host plant for the ISP(E) capsule) and the corresponding reduced capsule
fluence would have no impact on the ability of any other ISP participant to attain 80-year
surveillance data.

The staff reviewed Tables 4-3 and 4-6 of BWRVIP-321 and noted that weld materials “[

1I" the neutron fluence of their respective
tested ISP capsules are greater than the estimated 72-EFPY 1/4T target fluence for the target
vessels (ie., [ ]], respectively). Thus, the staff
finds it acceptable that the weld materials, “[[ L

1" are not included in BWRVIP-321 and the SSLR capsules.

For the representative surveillance materials that require additional surveillance data to support
SLR, EPRI determined the necessary catch-up fluence (i.e., difference between projected
72-EFPY fluence and the fluence from previous capsules). The determination of the necessary
catch-up fluence for each representative surveillance material needing additional surveillance data
allowed EPRI to categorize the materials into three SSLR capsule groupings. The staff finds this
approach to be reasonable because it allows the staggered withdrawal of the SSLR capsules and
ensures that these surveillance materials are not irradiated beyond the recommendations in
GALL-SLR (i.e., neutron fluence of the capsule between one and two times the peak neutron
fluence of interest at the end of the 80-years of plant operation).

The staff reviewed Table 4-13, “Proposed Group 3 reconstituted and irradiated surveillance test
specimens,” of BWRVIP-321 and noted that the final fluence exposure of plate material

I 11 under the minimum flux will be slightly less than 72-EFPY projected fluence for one
targetplant (ie,[[  ]I). The staff noted that this SSLR capsule will need an irradiation time of
10 or 6 years, under the minimum and maximum neutron flux, respectively. The staff finds it
reasonable that the final fluence exposure of plate matenial [[ 11 will exceed the neutron
fluence exposure of the reactor vessel for this target plant because (1) the 72-EFPY projected
fluences are a conservative estimate, as discussed above, (2) the neutron flux exposure of the
SSLR capsule is expected to be between minimum and maximum values (i.e., not exactly at the
minimum flux), and (3) there is a window of three refueling outages for this SSLR capsule to be
withdrawn.

As supplemented by letter dated June 8, 2020 (Ref. 2), EPRI explained the plate material

I ]1 will be included in the SSLR capsules, independent of the ISP(E) capsule fluence,
because at least one target plant requires additional surveillance data for this material and would
not have been bounded by the original projected ISP(E) capsule fluence. Thus, the staff finds the
early withdrawal of the Duane Amold ISP(E) capsule does not impact the other target plants

relying on the additional surveillance data for plate material [[ 11. Further, EPRI explained
that the weld heat “[ 1II" has only one target plant, [[ 1 which has shut down
in 2020. Thus, the staff finds the inclusion of the weld heat “[[ 11" is not required to

support other BWRVIP ISP participants planning to pursue SLR.

As supplemented by letter dated June 8, 2020 (Ref. 2), EPRI explained the tables in Section 4 of
BWRVIP-321 were reviewed and discrepancies were identified in Tables 4-3, 44, 4-6, and 4-7
(discrepancies were provided in the marked-up pages of BWRVIP-321 in its RAIl response). The
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fluence and percentage values in the other Section 4 tables are correct. EPRI explained that
these discrepancies were due to errors in transcr bing values from calculation worksheets into
BWRVIP-321. However, the discrepancies in these report tables did not propagate into
subsequent calculations. Consequently, there is no impact to the SSLR capsule projections;
therefore, the overall impact of these discrepancies in BWRVIP-321 is minimal. EPRI also
confirmed that the ISP(E) data bounds eight additional target welds and that the discrepancy
identified by the NRC staff was due to errors in transcribing values from calculation worksheets
into BWRVIP-321.

Based on its review, as described above, the NRC staff finds EPRI’s determination of the
materials that require additional surveillance data for the SLR period, as outlined in Table 4-8 of
BWRVIP-321, to be acceptable and will ensure that surveillance data will be obtained for the
necessary materials to support all operating U.S. BWR plants participating in the current ISP that
chose to pursue SLR.

3.2 Specimen Reconstitution Approach (Section 5 of BWRVIP-321)

EPRI’'s proposed approach to obtaining additional surveillance data to bound 80 years of plant
operation is to further irradiate material from previously tested Charpy specimens and
subsequently use that material to reconstitute Charpy specimens. Broken Charpy halves will be
retrieved from the ISP repository and machined to remove plastically deformed material or base
metal from weld specimens. The resulting material comprises the central portion, or “insert,” of
the reconstituted Charpy specimen. Inserts from a total of 23 material heats will be placed in three
newly fabricated SSLR capsules for further irradiation.

EPRI explained that ASTM E 1253-13 contains procedures for reconstitution of irradiated Charpy
specimens and includes requirements on insert size and weld heat input to ensure that
reconstituted specimens produce test results equivalent to those of virgin material. The staff
noted that ASTM E 1253-13 specifies the use of an insert with a minimum length of 18mm, which
is to be welded between two end-tabs (same or similar material). This minimum insert length is
based on Charpy-impact specimen testing where the plastic zone is largest and fabricated with a
technique where heat input and HAZ sizes are largest.

ASTM E 1253-13 indicates that this dimensional requirement may be relaxed, if it can be shown
that the plastic deformation zone in subsequent testing will not extend into the heat affected zones
produced by reconstitution and the heat input during welding shall be controlled such that no part
of the volume of the central 10mm portion of the reconstituted Charpy-sized specimen exceeds
the prior metal irradiation temperature at any time during welding. The staff noted that it is
necessary to control the heat input, as described in ASTM E 1253-13, to preclude irradiation
damage annealing in the insert; however, this requirement can be relaxed if it can be shown that
the plastic deformation zone in subsequent testing will not extend past the zone where irradiation
temperature is exceeded.

EPRI investigated the use of smaller insert lengths to determine whether the conditions from
ASTM E 1253-13 on insert dimensions and heat input due to the reconstitution process would be
fulfilled from the previously tested Charpy specimens in the “ISP Repository.” Section 5.2.1 of
BWRVIP-321 states that several studies have examined the lengths of inserts that provide
acceptable results for reconstituted Charpy specimens. Specifically, an effort in Europe

(i.e., RESQUE) as reported in ASTM STP1418, “Small Specimen Test Techniques: Fourth
Volume,” that provided results for various insert lengths (i.e., 10mm to 20mm) that were
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reconstituted used an optimized stud weld process. The results from the RESQUE study
indicated that (1) the 12mm inserts were found to lie within standard scatter for Charpy energy in
the transition region but differed by 10-15 percent in upper shelf energy and (2) the results for
15mm inserts were found to be within normal scatter in both the transition region and upper shelf
region.

In addition, the results of a round robin study on reconstitution as reported in NUREG/CR-6777,
“Results and Analysis of The ASTM Round Robin On Reconstitution” (ADAMS Accession

No. ML022540225) and ASTM STP-1329, “Small Specimen Test Techniques,” indicate that 10mm
inserts could be used on the lower shelf or lower transition region of Charpy curves, and there is
generally little effect on the use of 14mm inserts for all Charpy energy levels except at high upper
shelf energy using a certain load cell geometry. The staff noted that these studies referenced by
EPRI support the use of specimen insert lengths less than 18mm, provided that the smaller inserts
are tested at the appropriate Charpy energy levels to ensure results equivalent to those of virgin
material are produced. The staff noted that the ability to use specimen insert lengths less than
18mm is permitted by ASTM E 1253 and may be necessary due to the availability of specimen
inserts for certain materials.

Section 5.2.2 of BWRVIP-321 states that arc stud welding is commonly used for reconstitution of
Charpy specimens to meet the heat input requirements of ASTM E 1253 that were discussed
previously. EPRI cited work performed by Battelle, in which Argon gas was used with 10mm
square end-tabs to potentially eliminate the need for post-weld machining. EPRI also referenced a
study documented in ASTM STP 1418 that was performed to determine the risk of annealing the
radiation damage during specimen reconstitution. It was noted in this study that annealing is not
likely to occur at temperatures of 450°C for a few minutes or 500°C for approximately one minute
for irradiated RPV steels. Based on the welding method used in this study (i.e., arc stud welding),
the temperature 1.8mm from the weld never exceeded 500°C, and after 5 seconds the specimen
had been cooled by over 100°C. The staff noted that this study indicates that that there is little risk
of annealing so long as the exposure time at high temperatures is kept to a minimum

(i.e., consistent with arc stud welding) and supports the use of specimen insert lengths less than
18mm.

Section 5.4.2 of BWRVIP-321 states that arc stud welding will be used for reconstitution of the
SSLR capsule inserts in accordance with the requirements of ASTM E 1253, which permit the use
of any welding process provided that the specified heat input and dimensional requirements can
be achieved. EPRI explained that the end-tabs will be oversized so that they can be machined via
electric discharge machining in plane with the irradiated insert. Further, in accordance with ASTM
E 1253 (i.e., requires measurements to demonstrate that the reactor irradiation temperature is not
exceeded for a given selection of welding parameters), EPRI indicated that temperature records
will be taken using thermocouples during welding of a set of Charpy-sized reconstitution
specimens.

The staff finds the use of arc stud welding for joining the end-tabs and the irradiated specimen
insert acceptable because (1) the use of this welding process has been demonstrated in studies to
be capable of reconstituting irradiated specimen inserts and is consistent with a method used in
the development of ASTM E 1253-13, and (2) EPRI will record temperature measurements during
the arc stud welding process to preclude irradiation damage annealing. In addition, EPRI
confirmed that finite element calculations and testing of arc stud welded specimens will be
conducted on representative materials to qualify the methods that will eventually be used on
specimens in the SSLR capsules.

XV
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Based on its review of these studies, the staff finds the use of specimen insert lengths less than
18mm reconstituted by arc stud welding to be acceptable and capable of producing results
equivalent to those of virgin material, provided that the smaller inserts lengths are tested at the
appropriate Charpy energy levels in order (i.e., inserts at least 12mm can be tested in the lower
shelf to transition region, and inserts at least 15mm can be tested at any region on the transition
curve).

As supplemented by letter dated June 8, 2020 (Ref. 2), EPRI explained that the testing of the
Peach Bottom Unit 2 30° capsule was completed and the calculated neutron fluence is
9.13x10" n/cm? (E>1.0 MeV). Since the Peach Bottom Unit 2 capsule received a higher fluence
than originally predicted (i.e., Table 4-7 of BWRVIP-86, Revision 1-Ais [[ 1), which
was used in the assessment performed in BWRVIP-321, the staff notes there is no impact to any
of the calculations performed to determine the materials selected for the SSLR capsules, as well
as their corresponding catch-up fluences. EPRI explained that following completion of the Peach
Bottom Unit 2 capsule testing, the broken Charpy specimens of the weld metal and HAZ were
etched and it has determined that there are a sufficient number of 18mm inserts for the weld
material. Therefore, as supplemented by letter dated June 8, 2020, EPRI revised to Tables 5-1
and 5-2 of BWRVIP-321.

Section 5.3 of BWRVIP-321 states that the materials that will be included in the SSLR capsules
are the same materials used in the existing ISP program, but in order to include the existing weld
materials, a study was conducted to determine the population of previously tested specimens with
adequate weld material to satisfy the recommended insert length in ASTM E 1253-13. EPRI
explained that for weld materials, inserts can be fabricated from previously tested weld or heat-
affected zone (HAZ) specimens, provided the portion of the specimen consisting of weld material
would yield an insert of adequate length. For plate materials, EPRI confirmed that all the needed
specimens are available in the ISP repository; thus, no issues were identified in obtaining an
adequate number of inserts with the 18mm length.

The staff reviewed the revised Table 5-1, “Summary of weld etch study results,” and Table 5-2,
“Number of usable weld specimens as a function of insert length,” of BWRVIP-321, which contains
the summary of weld etch study results and number of usable weld specimens as a function of
insert length, respectively. [[

1

The staff noted that consistent with ASTM E 1253 and the primary focus to have 10mm of weld in
the center of the insert that never exceeded maximum irradiation temperatures during welding,
which will allow for a total of 8 mm of length that will potentially be annealed. Therefore, the staff
noted that up to 4mm of base metal or HAZ can be used for the weld interface material of the
specimen insert during the reconstitution process. EPRI explained that this may increase the
number of usable inserts to slightly above the current lengths provided in Table 5-2 of
BWRVIP-321, as supplemented by letter dated June 8, 2020. In particular, the staff noted
surveillance capsules in current BWRs capsules often contain as few as eight specimens since
many existing capsules were designed to earlier versions of ASTM E 185 (i.e., required less than
the target of 14 specimens) and high-quality Charpy curves can be developed. As previously
discussed, the staff finds the use of specimen insert lengths less than 18mm reconstituted by arc
stud welding to be acceptable and capable of producing resuits equivalent to those of virgin
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material, provided that inserts at least 12mm can be tested in the lower shelf to transition region,
and inserts at least 15mm can be tested at any region on the transition curve.

Thus, for these three weld materials the staff finds it reasonable that adequate surveillance data
will be available to support 80-years of operation for the target plants because (1) up to 4mm of
base metal or HAZ can be used for the weld interface material of the specimen insert during the
reconstitution process, which may increase the number of usable insert lengths, (2) adequate
results can be achieved to characterize the Charpy transition curve with less than the target of
14 specimens when proper experimental and curve fitting techniques are employed, and

(3) embrittlement models and data from previously tested surveillance materials will be used to
inform the appropriate test temperatures, and the suitable insert specimen sizes will be selected
for testing in the regions that will produce resuits equivalent to those of virgin material.

Section 5.4 of BWRVIP-321 describes the details of the proposed approach for specimen insert
fabrication and arc stud welding to ensure that the requirements of ASTM E 1253 are met for
reconstituting irradiated Charpy-sized specimens. Section 5.4.1 of BWRVIP-321 states that to
meet the condition in ASTM E 1253 that plastic zone size does not extend into the reconstitution

weld HAZ, the following approach is being proposed:

O The fracture surface and plastically deformed material from the broken Charpy halves
will be machined off to produce the weld reconstitution insert

For the weld and HAZ specimens, it will also be necessary to machine base metal from
the end opposite of the fracture surface for some specimens

Electric discharge machining will be used to prepare inserts

Anvil indentations; engraving marks, and other blemishes will be oriented so that they
are on the notch surface of the reconstituted specimen

[ I I o |

The staff finds that the use of electric discharge machining appropriate because this machining
process is precise and does not produce cold worked material, which occurs with the use of
conventional milling process. In addition, the staff finds that orienting existing indentations,
markings and blemishes such that they are on the notch surface of the reconstituted specimen is
appropriate because this practice would minimize adverse effects, if any, on the quality of the
surveillance data obtained from Charpy energy measurements and helps ensure that reconstituted
specimens produce test results equivalent to those of virgin material.

Section 5.4.3 of BWRVIP-321 indicates that the Charpy-impact tests will be conducted in
accordance with ASTM E 185-82. Furthermore, EPRI explained that prior to any testing, the
Charpy energy-temperature curve will be predicted using embrittiement models and previous test
data. The first test will then be conducted near the middle of the transition region using an 18mm
or 15mm insert specimen, and the remaining test temperature decisions will then made based on
the test results. Overall, the goal will be to perform two or three tests on the upper shelf, and to
use the remaining specimens to characterize the 30 ft-Ib (41J) index temperature. For the
remaining test temperature selections, the 15mm insert specimens will be tested in the mid and
upper transition region, and the 12mm insert specimens will be tested only in the lower shelf
region.

The staff finds BWRVIP’s approach to conduct Charpy-impact tests in accordance with
ASTM E 185-82 to be acceptable and consistent with Section B.1lI.1 of Appendix H. In addition,
the staff finds BWRVIP’s approach to determine the appropriate use of the available inserts to be
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reasonable because it is based on available embrittiement models and data from previously tested
surveillance materials to inform the appropriate test temperatures, and the suitable insert
specimen sizes will be selected for testing in the regions that will produce results equivalent to
those of virgin material.

33 Fluence and Flux Considerations and Schedule for SSLR Capsule Insertion, Withdrawal,
and Testing” (Sections 6 and 8 of BWRVIP-321)

EPRI explained the following considerations were taken into account when selecting candidate
host plants and to address the contingency planning requirements of Appendix H for cases of
plant shutdown and provide flexibility for changes that may occur between the time of program
plan development and capsule insertion (i.e., Paragraph I1l.C.1.d of Appendix H):

Similarity to Other Plant Designs
End of 60-year License Dates
Existing Quality Fluence Model
Existing ISP Host Plant

oot e v

Based on its review, the staff finds these considerations for selecting potential candidate host
plants to be reasonable and appropriate because (1), if it became necessary, there would be
flexibility to transfer the SSLR capsules to another SLR host plant with minimal impact to the
program, (2) ensure some level of certainty that SSLR capsules can be installed and obtain the
needed fluence levels regardless if the host plant decides to pursue SLR, (3) existing high- quality
and up-to-date fluence model facilitates the selected SSLR capsule installation locations will
provide the necessary surveillance data in the desired timeframe of approximately 10 years, and
(4) the use of an existing ISP host plant ensures there is familiarity with the process and

respons bilities of a “host plant.”

Section 6.1 of BWRVIP-321 states that the target flux range for the proposed SSLR capsules has
a minimum of 2.4x10'° n/cm?-s and maximum of 4.39x10" n/cm?-s. The minimum flux is
determined based on the need to attain the maximum catch-up fluence of [[ Ilina
reasonable time, approximately 10 years. Whereas the maximum flux is based on a “breakpoint
value” for flux of 4.39x10' n/cm?-s for the embrittiement trend curves in 10 CFR 50.61a. EPRI
explained that the proposed SSLR capsule flux range is higher than typical BWR capsule flux,
which are on the order of 108to 10° n/cm?s; however, they are on a similar order of magnitude to
the flux for some SSP capsules (i.e., flux in the range 8.3x10°to 1.9x10"n/cm?s). The staff finds
that that the target range of fluxes identified by EPRI (i.e., 2.4x10' n/cm?-s and maximum of
4.39x10" n/cm?-s) are acceptable for determining the optimal mounting location of the SSLR
capsules in the host plant’s vessel because the minimum value is representative of previously
irradiated SSP capsules used in the development of the BWRVIP ISP, and the maximum value is
less than a value at which flux effects may be a concern on irradiation embrittiement.

Section 6.3 of BWRVIP-321 explains that the flux values and flux spectra are based on transport
models built for the four plants using the Radiation Analysis Modeling Application (RAMA) fluence
methodology. EPRI explained that these calculations were performed using the RAMA, RAFTER,
and RAFFLE software packages.

The staff noted that the neutron fluence projections presented by EPRI are not directly used to
support a specific plant operating into the SLR period, rather the neutron fluence predictions are
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only used to identify candidate locations for the SSLR capsules so the neutron fluence for the
specimens will reach the target value within 10 years. The staff noted that an evaluation of
capsule fluences will be performed for each of the SSLR capsules as part of the testing and
reporting of the capsule. Specifically, the flux wires will be removed from each capsule and
analyzed for radioactivity content by gamma spectroscopy. The analysis of dosimeters will be
performed using standard, benchmarked methods.

SSLR capsule fluence evaluations will be performed in a consistent manner using an RPV neutron
fluence calculational methodology that will meet current NRC staff guidance in NRC Regulatory
Guide (RG) 1.190, “Calculational And Dosimetry Methods for Determining Pressure Vessel
Neutron Fluence” (ADAMS Accession No. ML010890301). The staff reviewed BWRVIP’s
analytical methodology for selecting the optimal SSLR capsule installation locations in each of the
candidate host plants and determined that the approach used to calculate the neutron fluences is
reasonable and consistent with current practices for the RAMA methodology. The staff noted that
the neutron fluence methods approved by the NRC staff are unique to the individual licensee’s
current licensing basis and that any proposal by a BWR facility to change its neutron
determination methodology is the responsibility of the individual licensee to meeting all applicable
licensing requirements.

Based on this neutron fluence analytical methodology, it was demonstrated by EPRI that the
target flux can be attained for the proposed SSLR capsules in four candidate host plants with
several possible installation locations to yield the target flux. EPRI stated that the optimal
installation locations for the SSLR capsules are found to be (1) several inches radially from the
core shroud toward the RPV inside surface, (2) within £5° of the 0° and 180° positions, which are
low flux locations free from jet pump obstructions, and (3) between 60-100" from the bottom of
active fuel (BOAF), where the flux profile will be relatively uniform over the height of the capsule.

As supplemented by letter dated June 8, 2020 (Ref. 2), EPRI explained that the proposed
mounting location of the SSLR capsules will be several inches (radially) away from the outside
diameter core shroud surface (exact dimensions will be determined for the selected host plant to
achieve the desired flux and fluence for the three capsule groupings). Irrespective of the exact
radial location relative to the shroud outside diameter, EPRI confirmed that the capsules will be
exposed to the fluid temperature in the reactor annulus which is typically 525°F to 535°F,
depending on the feedwater temperature.

Additionally, the fast flux spectra between the original and proposed locations are comparable;
thus, any differences/variations in fast flux and the effect on irradiation temperature are expected
to be minor. As such, the SSLR capsules will be exposed to an irradiation temperature that is
consistent with original BWR surveillance capsules at the inner diameter surface of the reactor
vessel. The design of the SSLR capsules will be similar to those of the original design of BWR
surveillance capsules (e.g., overall dimensions, materials of construction, flux wires, etc.)
therefore, the current methods to determine surveillance capsule irradiation temperature history
will be used.

The staff finds the optimal locations for the SSLR capsules to be reasonable because the SSLR
capsules will be exposed to the necessary flux to attain the needed catch-up fluence in a
reasonable amount of time to best support any BWR that decides to pursue a SLR. Furthermore,
the staff finds that design of the SSLR capsules, including their proposed mounting locations, will
be exposed to an irradiation and fluid temperature consistent with original BWR surveillance
capsules at the inner diameter surface of the reactor vessel; thus, it is not expected that the SSLR
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capsules will produce non-conservative estimates of embrittlement for the materials to be
irradiated. As discussed in Section 3.4 of this SE, it is incumbent on host plant that is selected (or
the alternate host plant, if needed) to comply and fulfill all design and licensing requirements for
implementing the installation of the SSLR capsule holder in accordance with the plant's current
licensing basis.

EPRI reiterated in its letter dated June 8, 2020 (Ref. 2), the evaluation in BWRVIP-321 was
intended to demonstrate that multiple plants could serve as host plants for the SSLR capsules.
The staff finds that regardless of the selected host plant several actions that include but are not
limited to (1) determining the radial offset from the core shroud and azimuthal position to achieve
the target flux and fluence, (2) verifying projected fluence values, and (3) selecting the withdrawal
schedule. In its review of BWRVIP-321, the staff has determined that EPRI has demonstrated the
proposed host plants are of similar design and operating features, in accordance with Appendix H
and capable of supporting the implementation of the ISP SLR program, such that the SSLR
capsules can achieve the target catch-up fluences in a reasonable timeframe.

Section 8 of BWRVIP-321 provides a potential schedule for capsule insertion and withdrawal.
These schedules are based on the assessment of flux maps for the four candidate host plants.
The flux maps indicate that the target range of 2.4x10'°to 4.39x10'° n/cm?-s can be attained if the
capsule is located in the annulus region in selected ranges of azimuthal, axial, and radial
locations. EPRI further stated that capsules will be irradiated in increments corresponding to 2-
year refueling cycles, so the needed irradiation time at the maximum and minimum flux is rounded
up to the nearest even whole number. As summarized in Table 4-14, the SSLR capsule irradiation
can be completed in 2 years for Group 1, 2-4 years for Group 2, and 6-10 years for Group 3. |
Based on an assumed installation date of SSLR capsules in the host plant in 2022, EPRI |
constructed schedules with the anticipated timeframe for SSLR capsule insertion and withdrawal |
compared with licensed periods of operation and expected subsequent license renewal periods |
(60 to 80 years of operation) for BWRs for the three SSLR capsule groupings. |

As supplemented by letter dated June 8, 2020 (Ref. 2), EPRI developed 3 capsule insertion and
withdrawal scenarios that consider the minimum, intermediate, and maximum flux values that are
expected for the potential host plants, and insertion dates ranging from 2022 to 2024. EPRI
proposed to include these scenarios in BWRVIP-321 to provide flex bility in the selection of
insertion and withdrawal dates.

Based on its review of the figures and tables in Section 8 of BWRVIP-321, as supplemented by
letter dated June 8, 2020 (Ref. 2), the staff noted that irradiation of all 3 SSLR capsules

(i.e., Groups 1 through 3) will be completed well before the end of the second PEO (i.e., 60 to

80 years of operation) for all BWRs, and for nearly all BWRs before the end of the first PEO

(i.e., 40 to 60 years of operation) for all scenarios with insertion dates ranging from 2022 to 2024.

The staff noted that there is the possibility that irradiation of the Group 3 SSLR capsule may not
be complete before the end of the first PEO for four plants based on the insertion dates ranging
from 2022 to 2024. However, this is based on the Group 3 SSLR capsule being irradiated at the
minimum target neutron flux (i.e., 2.4x10'°n/cm?-s). The staff noted that if the Group 3 SSLR
capsule is exposed to the maximum neutron target flux range, the irradiation of all three SSLR
capsules (i.e., Group 1s through 3) will be completed roughly at the end of the first PEO (i.e., 40 to
60 years of operation) for the US BWR fleet.
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The staff finds the proposed withdrawal schedules (i.e., insertion dates ranging from 2022 to 2024)
for the SSLR capsules in Groups 1, 2, and 3 acceptable because the necessary surveillance data
to assess reactor vessel integrity for plant operation through 80-years will available for the majority
of ISP participants well in advance of entering the subsequent PEO. Furthermore, for the four
plants in Group 3 identified above, the staff finds the proposed withdrawal schedules

(i.e., insertion dates ranging from 2022 to 2024) reasonable because the necessary surveillance
data to assess reactor vessel integrity for plant operation through 80-years will available to the
applicable target plants at the onset of the subsequent PEO period.

Therefore, based on the target range of fluxes (i.e., 2.4x10™to 4.39x10"° n/cm?-s) and installation
date of the SSLR capsules in the host plant, based refueling outage schedule, ranging from 2022
to 2024, the staff finds the proposed withdrawal schedule for the SSLR capsules (Groups 1, 2, and
3) in BWRVIP-321, as supplemented by letter dated June 8, 2020 (Ref. 2), to be acceptable. The
staff noted that any withdrawal schedule beyond those proposed in BWRVIP-321, as
supplemented by letter dated June 8, 2020 (Ref. 2) (i.e., Table 8-1, “Scenario 1: Insertion and
Withdrawal Dates for Minimum Flux of 2.4E10 n/cm?s,” Table 8-2, “Scenario 2: Insertion and
Withdrawal Dates for Minimum Flux of 3 4E10 n/cm?-s,” and Table 8-3, “Scenario 3: Insertion and
Withdrawal Dates for Minimum Flux of 4.39E 10 n/cm?-s), must be submitted with a technical
justification and approved by the NRC staff prior to implementation, in accordance with
Paragraph 111.B.3 of Appendix H.

34  SSLR Capsule Design (Section 7 of BWRVIP-321)

Section 7.1.1 of BWRVIP-321 states that positive identification of the materials must be
maintained throughout the insert preparation, encapsulation, irradiation, weld reconstitution, and
post-irradiation testing. EPRI explained that all previously tested ISP and SSP Charpy specimens
are currently in the EPRI specimen repository in individual containers that are marked with the
plant and capsule identification. This inventory list is carefully maintained and reviewed annually
so that every broken Charpy specimen is known and easily retrievable. Based on BWRVIP’s
current practices for accounting of previously tested ISP and SSP Charpy specimens, the staff
finds it reasonable that the appropriate materials, including number of specimens, will be installed
in the proper SSLR capsule (i.e., Groups 1, 2, or 3); thus, ensuring the proper materials
accumulate the necessary catch-up fluence to support plant operation to 80 years.

EPRI stated that positive identification of the reconstitution inserts will be maintained during the
irradiation period by only including one material in each packet. Positive identification during
packet fabrication will be ensured by only having one material worked on at a time during the
machining, packet loading, and packet weld closure operation and each packet will be marked on
the end-tab with both lettering and with a binary code. EPRI indicated that it is possible to mark
each insert; however, the staff finds that creating any marking on the specimen inserts is not
desirable because it would adversely affect the post-irradiation reconstitution and testing, and the
quality of surveillance data obtained. The staff noted that positive identification will be maintained
by only opening one Charpy packet at a time. The staff finds this practice of only opening one
Charpy packet at a time after irradiation ensures that the unmarked reconstitution inserts are
accurately identifiable so that the correct surveillance data is available to a BWR ISP participant
pursuing SLR and avoids any possible confusion with different surveillance materials.
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1l The staff noted that the selection of dosimeter wires is generally
mshtwﬁﬂmewwmemmmmmmms
demonstrated experience in obtaining the necessary dosimetry measurements. The staff finds
that these conceptual design features for the SSLR capsules are reasonable and ensure that
EPRI will be capable of identifying, testing, and obtaining the proper dosimetry measurements and
surveillance data for a BWR ISP participant when it is determined to be necessary to support plant
operation in the subsequent PEO.

Section 7.2 of BWRVIP-321 provides the following characteristics for the specialized holder for the
SSLR capsule so that the materials can achieve the necessary range of fluence needed to catch-
up to the target reactor vessel fluence (i.e., 72-EFPY) in a reasonable amount of time

(i.e., approximately 10 years):

Single holder capable of containing three SSLR capsules (i.e., Groups 1, 2, and 3)
Allows for the removal of a single capsule from the holder i

Allows for the removal and transfer of the capsules to an alternate host plant, if needed
Attaches to the outside surface of the core shroud to enable capsules to achieve target
flux range

Does not restrict access to in-vessel visual inspections, or if so, is able to easily be
relocated and reinstalled to allow for these activities

Requires minimal modification to the host plant

Withstands host plant seismic conditions (and for the alterate host plant, should the
capsule need to be moved)

Not susceptible to flow-induced vibration

EPRI also states that the following conceptual capsule holder designs have been developed and
evaluated for the candidate host plants that will be mounted to the shroud outside surface using
mechanical methods so that weldability of irradiated materials is not an issue. A detailed capsule
holder design effort will be conducted after NRC approval of the ISP for SLR program plan.
Ammmdsmaﬂlmmmummlmdm holder will

0 a8 O SRR

The staff finds the considerations identified by EPRI to be reasonable and appropriate because
(1) the proposed conceptual design would cause minimal modification and disruption to the host
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plant meeting its existing current licensing basis requirements (e.g., inspections), (2) there is
flexibility to ensure the continuation of this program with an alternate host plant, and (3) withstands
applicable loads of the host plant (e.g., seismic and flow-induced vibration loads). Nevertheless,
the staff finds that it is incumbent on the host plant that is selected (or the alternate host plant, if
needed) to comply and fulfill all design and licensing requirements for implementing the installation
of the SSLR capsule holder in accordance with the plant’s current licensing basis. Therefore, the
NRC staff's review and approval of BWRVIP-321 is not associated with the approval of the design
of the SSLR capsule holder and does not obviate the host plant’s responsibility for design and
licensing requirements of the SSLR capsule holder.

3.5 Administration and Implementation (Section 9 of BWRVIP-321)

Section 9.1 of BWRVIP-321, defines EPRI’s responsibilities as the program manager for
implementing the ISP for SLR program on behalf of the industry licensees that may adopt it into
their licensing bases. With the exception of the submittal of capsule reports, the staff finds these
responsibilities/activities for EPRI to be acceptable because they are consistent to those defined
for the currently approved version of the ISP in Chapter 5.1 of BWRVIP-86, Revision 1-A report.
The staff's evaluation related to the submittal of capsule reports for BWRVIP-321 is discussed in
Section 3.5 of this SE.

Section 9.2 of BWRVIP-321 defines the activities and responsibilities of licensees that plan to
implement the ISP for SLR program. Specifically, it indicates that it is the licensee’s responsibility
to update the fluences values and percentages reported in Tables 4-3, 4-4, 4-6, and 4-7 of
BWRVIP-321 using the latest fluence projections for its plant(s) at the time that the Subsequent
License Renewal Application is submitted. The staff noted that the process for performing these
activities is given in Figure 9-1 of BWRVIP-321.

As supplemented by letter dated June 8, 2020 (Ref. 2), EPRI stated that Figure 9-1 of
BWRVIP-321 has been amended to include an additional verification step “to ensure that the
actual tested capsule fluence has been accounted for in determining if additional surveillance data
is needed for SLR.” The staff finds the revision to Figure 9-1 of BWRVIP-321 establishes an
acceptable process for licensees to verify whether additional surveillance data from the SSLR
capsules will be needed for the RPV target materials during a proposed PEO, based on the actual
capsule fluence from the ISP for License Renewal (i.e., BWRVIP-86, Revision 1-A). Thus, the
staff finds that the methodology in Figure 9-1 of BWRVIP-321, as supplemented by letter dated
June 8, 2020 (Ref. 2), to be an acceptable methodology for performing this confirmatory activity
because it adequately addresses the licensee responsibilities for updating relevant fluences and
percentages in BWRVIP-321 for SLR (e.g., 72 EFPY), and includes necessary steps to confirm
the as-tested capsule fluence from the ISP for License Renewal (i.e., BWRVIP-86, Revision 1-A).

Section 9.3 of BWRVIP-321 provides the methodology that will be used to perform evaluations of
capsule specimen Charpy-impact test results. The staff finds the methods described in

Section 9.3 of BWRVIP-321 acceptable because they are either consistent with those approved in
BWRVIP-86, Revision 1-A, or those defined in RG 1.99, Revision 2, “Radiation Embrittiement of
Reactor Vessel Materials” (ADAMS Accession No. ML031430205).

Sections 9.4 and 9.5 of BWRVIP-321 provides the methodology that will be used to perform
capsule neutron fluence and dosimetry assessments using benchmarked standards and
calculational methods that will conform to the guidance for neutron fluence calculations in

RG 1.190. Section 9.6 of BWRVIP-321 provides the criteria that will be used by EPRI for data
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sharing, which states that EPRI will coordinate, exchange, and share the applicable surveillance
data with all BWR utilities participating in the ISP for SLR program. The staff finds these criteria in
these Sections 9.4 and 9.6 of BWRVIP-321 to be acceptable because they are consistent with
those previously approved in BWRVIP-86, Revision 1-A. The staff finds the options for non-host
plant dosimetry and fluence assessments in Section 9.5 of the BWRVIP-321 report to be
acceptable because they are consistent with those approved for non-host plant facilities in
Section 5.4 of BWRVIP-86, Revision 1-A, and with RG 1.190.

Section 9.7 of BWRVIP-321 provides the criteria that will be used by EPRI for data utilization.
EPRI stated that Option 1 is used for situations when the heat of material does not specifically
match the limiting heat of beltline material for that vessel, and Option 2 is used when two or more
surveillance data sets with matching heat numbers are available for the limiting beltline material.
As supplemented by letter dated June 8, 2020 (Ref. 2), EPRI indicated that the evaluation and
application of surveillance data will continue to follow the established methodology documented in
RG 1.99, Revision 2, and BWRVIP-86, Revision 1-A. EPRI also explained that if (1) there are not
two or more credible data points per RG 1.99, Revision 2, Position 2.1 or (2) the surveillance
material is not a heat match to the vessel, the surveillance data will only be used for assessment
of embrittiement trend correlations. The staff finds that EPRI's response provides a sufficient
demonstration that its methodology for data utilization described in Section 9.7 of BWRVIP-321 is
consistent with the guidance in RG 1.99, Revision 2.

Section 9.8 of BWRVIP-321 discusses EPRI's contingency plan for the ISP for SLR program and
the potential situations that may arise when implementing this program. EPRI stated that it will
monitor the progress of the ISP for SLR program, coordinate future actions (such as withdrawals
and testing of SSLR capsules), and identify additional programmatic needs. EPRI also stated that
it will identify and implement minor changes to the program as the need arises, such as changes
to the insertion location, withdrawal, and testing schedule of the SSLR capsule. The staff noted
that it is incumbent on EPRI to assess these potential changes to determine whether it deviates
from what is approved in this SE or warrants prior approval in accordance with Appendix H.

36 Licensing Aspects of Implementation (Section 10 of BWRVIP-321)

The staff's evaluation of compliance of the ISP for SLR program in accordance with
Paragraph I11.C.1 of Appendix H is documented below:

For th|s nequnrement, the staff ﬁnds that the ISP for SLR program will meet Criterion 1 for
ISPs in Paragraph I11.C.1 of Appendix H, even if a BWR facility’s site-specific basis for
implementing the ISP is updated to include the ISP for SLR for its BWR RPV target plate
and weld materials.

(2) ISP Uss i i am Requil

For this requuement, thestaﬁﬁndsthatthe lSPforSt_Rproglarn has been updated to
adequately address neutron fluence calculation and dosimetry needs for both host plant
facilities or non-host plant facilities during the SLR period and that the BWRVIP ISP will
meet Criterion 2 for ISPs in Paragraph 111.C.1 of Appendix H, even if a BWR facility’s site-
specific basis for implementing the ISP is updated to include the ISP for SLR.
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(3) ISP Data Sharing Requirement.
For this requirement, the staff noted that the data sharing basis for the host plants and
non-host plants participating in the ISP for SLR program is the same as that developed
and approved for the ISP in the BWRVIP-86, Revision 1-A. Therefore, the staff also finds
that the BWRVIP ISP will meet Criterion 3 for ISPs in Paragraph I11.C.1 of Appendix H,
even if a BWR facility’s site-specific basis for implementing the ISP is updated to include
the ISP for SLR.

Fot this requmenent, EPRI stated that the ISP in BWRVIP—86 Revision 1-A already
includes appropriate contingency options to account for changes in power or prolonged
shutdowns of the host reactor facilities. EPRI also states that the existing ISP already
includes several options that may be taken in the event of capsule damage or loss or
indefinite shutdowns of a host reactor facility, and that the contingency plans for the ISP in
BWRVIP-86, Revision 1-A carry over into the ISP for SLR program.

The staff has evaluated the potential contingencies that may result as a resuit of
BWRVIP’s implementation of the ISP for SLR program in the staff's evaluation of

Section 9.8 of BWRVIP-321, as given in Section 3.5 of this SE. The staff evaluates how
potential contingencies may impact compliance with other requirement provisions in
Paragraph IIl.C of Appendix H, later in this SE section. However, the staff finds that the
ISP for SLR program meets the criterion Paragraph 111.C.1 of Appendix H, for inclusion of a
programmatic contingency plan because the plan is provided and has been adequately
defined in Section 9.8 of BWRVIP-321.

I tati ISP.

For this requirement, the staff noted that the advantages to be gained by implementing the
ISP for SLR program are the same as those for implementing the ISP in accordance with
BWRVIP-86, Revision 1-A. Therefore, the staff finds that the BWRVIP ISP will meet
Criterion 5 for ISPs in Paragraph IIl.C_1 of Appendix H, even if a BWR facility’s site-
specific basis for implementing the ISP is updated to include the ISP for SLR.

Section 10.2.1 of BWRVIP-321discusses how the ISP for SLR program is consistent with the
guidance in GALL-SLR AMP X1.31, “Reactor Vessel Materials Surveillance.” Section 10.2.2 of
BWRVIP-321 discusses how the ISP for SLR program may create the alternative criteria to the
requirements for ISPs in Appendix H, or alternative criteria to the program elements for ISPs in
GALL-SLR AMP X1.M31. The staff evaluates BWRVIP’s alternate criteria in the following
subsections:

EPRI stated that, when a SSLR capsule |swnhdrawn under me ISP for SLR, aII RPV
surveillance specimens from the capsule will be placed into storage until it is determined
that data for a given material are needed. The staff's evaluation of this alternate criteria is
documented in its assessment of Sections 10.3.1 and 10.3.2 of BWRVIP-321.
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3

EPRI slated that estabhshment of the ISP does not result in a reduction i ln the number of
material being irradiated, number of specimen types, or number of specimens per reactor
being tested. Furthermore, all capsules credited under the current ISP will be withdrawn
and tested according to the schedule established in BWRVIP-86, Revision1-A and that no
ISP capsules will be deferred to the SLR period. However, EPRI stated that it is unknown
whether there will be a reduction in the number of specimens being tested in the ISP for
SLR program because, at this time, it is unknown which plants will pursue SLR and which
material specimens will need to be tested.

Paragraph 111.C_3 to Appendix H states that, “no reduction in the amount of testing is
permitted unless previously authorized by the Director, Office of Nuclear Reactor
Regulation.” As such, once it is known which plants will pursue SLR and whether there is
a reduction in the number of specimens, it is incumbent upon the licensee, if necessary, to
request authorization for a reduction in the amount of testing as part of the ISP for SLR
program.

= le Fl 1a.
EPRI indicated that GALL-SLR recommends the withdrawal and testing of at least one
capsule addressing the subsequent POE with a neutron fluence of one and two times the
peak neutron fluence of interest at the end of the subsequent PEO. EPRI indicated that
this criterion is met for the target plant that is the host plant for the SSLR capsule and is
generally met for the target plant that has the highest 72-EFPY fluence needs for a given
representative material. However, for other target plants, the SSLR capsule will generally
exceed this fluence criterion, which is an inherent part of data sharing in an ISP and is
relevant to some materials in the approved ISP.

Since it is unknown which plants will pursue SLR and which material specimens will need
to be tested, the staff noted that it is unknown how many and which plants will exceed this
fluence criterion described in GALL-SLR. As such, it is incumbent upon the licensee
submitting an SLRA, if necessary, to identify and justify an exception to the guidance in
the GALL-SLR, if it chooses to reference this document. The staff noted that its review
and acceptance of BWRVIP-321 may serve as a basis for an exception to this fluence
criterion described in GALL-SLR.

Section 10.3.1 of BWRVIP-321 states that the following information will need to be forwarded to
the NRC when the following ISP for SLR program details have been confirmed:

FaWN -

Notification of the final host plant for SLR selection

Notification of the planned SSLR capsule insertion and withdrawal schedule

Notification of any changes to the SSLR capsule withdrawal schedule

Notification of SSLR capsule withdrawals

Notification of materials to be reconstituted and tested, and the timeline for reporting test
results

With respect to Notification #1, #2, #3 and #4, the staff's review documented in Section 3.3. of this
SE identified 4 host plants, and a range of insertion and withdrawal dates for the SSLR capsules
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that provides EPRI flexibility in implementing the ISP for SLR program. Thus, as long as the final
host plant, and planned SSLR capsule location, and insertion and withdrawal schedule are
consistent with BWRVIP-321, the staff finds Nofifications #1 through #4, are for informational
purposes only. However, if EPRI changes the SSLR capsule location, and insertion and
withdrawal schedule beyond what is identified in BWRVIP-321, the staff noted that prior approval
in accordance with Paragraph 111.B.3 of Appendix H to 10 CFR Part 50 is required.

Notification #5, as discussed in Section 10.3.2 of BWRVIP-321, addresses the timing of needed
SSLR capsule report submittals. Since it is unknown which plants will pursue SLR, the staff noted
that the following situations could occur if a licensee needs additional surveillance data to support
SLR and decides to adopt BWRVIP-321 in its current licensing basis:

1. SSLR capsule is withdrawn before a plant is approved for SLR
2. SSLR capsule is withdrawn after a plant is approved for SLR

As supplemented by July 15, 2020 (Ref. 4), EPRI stated that the timing for the reporting of the
SSLR capsule test report would commence “at the time of SLR application approval for capsules
withdrawn prior to the approval” or “immediately following withdrawal of the capsule when the SLR
applicant has already been approved.” EPRI confirmed that the capsule reports would be
submitted in accordance with the timeframe required by Paragraph IV of Appendix H and that the
reports would include all data required by ASTM E 185-82 to the extent practicable for the
configuration of the specimens in the capsule.

The staff finds the timing for submittal of SSLR capsule reports, as supplemented by letter dated
July 15, 2020 (Ref. 4), acceptable because it will be in accordance with the reporting requirements
in Paragraph IV_A of Appendix H. Specifically, if the SSLR capsule is withdrawn after a plant is
approved for SLR, the capsule report will be submitted in accordance with the timeframe in
Appendix H upon withdrawal of the capsule. Additionally, if the SSLR capsule is withdrawn
before a plant is approved for SLR, the capsule report will be submitted in accordance with the
timeframe in Appendix H to 10 CFR Part 50 upon the issuance of the renewed license for the
SLRA (i.e., SSLR capsule is relied upon for aging management for SLR).

3.7  Appendix A of BWRVIP-321

Appendix A in BWRVIP-321 provides EPRI's RPV surveillance capsule representative material
selection assessments for BWR target weld and target plates materials in the ISP. This
information is analogous to those previously included in BWRVIP-86, Revision 1-A report. The
staff acknowledges that EPRI amended the target material assessments in BWRVIP-321 to
include the projected %-T neutron fluence estimates of the target materials through 80-years of
licensed plant operation. EPRI did not amend any of the RPV surveillance material-to-target
material relationships in BWRVIP-321; thus, the staff considers any changes to the information in
BWRVIP-321 to be administrative edits of the information. As a result, the staff's review of
BWRVIP-321 did not include an evaluation of the RPV surveillance material-to-target material
relationships assessments performed for designated RPV target materials in Appendix A of
BWRVIP-321.
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40 LIMITATIONS AND CONDITIONS
There are no limitations or conditions identified by the staff.

50 USE AND REFERENCING OF THE TR

As addressed in BWRVIP-321 and in this SE, the use and referencing of BWRVIP-321 is an
acceptable alternative to all existing BWR plant-specific RPV surveillance programs for the
purpose of maintaining compliance with the requirements of Appendix H through the end of
current facility 80-year extended operating licenses. The staff noted that for plants intending to
implement BWRVIP-321, including this SE, will do so by submitting requests to the NRC as part of
the Subsequent License Renewal Application or license amendment process.

60  CONCLUSION

The staff has reviewed BWRVIP-321 including the supplemental information, and based on the
evaluation in Section 4 of this SE, finds BWRVIP-321, as supplemented by letters dated June 8,
2020 (Ref. 2), July 9, 2020 (Ref. 3), and July 15, 2020 (Ref. 4), and this SE, provides an
acceptable means to adequately address the need for surveillance data for BWR licensees
through the end of a facility’s 80-year operating license, if SLR is pursued by licensees.
Accordingly, BWRVIP-321, as supplemented by letters dated June 8, 2020 (Ref. 2), July 9, 2020
(Ref. 3), and July 15, 2020 (Ref. 4), and this SE, tsacoeﬁablefarefefenungtosdlsfyﬂw
requirements of Appendix H for BWR licensees through the end of the facility’s 80-year operating
license, if SLR is pursued by licensees.
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ABSTRACT

10CFR50 Appendix H requires that reactor vessels that will exceed a neutron fluence of

1x10' n/cm? (E>1 MeV) by the end of license have a material surveillance program to monitor
changes in the fracture toughness properties, which result from exposure to neutron irradiation
and the thermal environment. Since 2002, the U.S. boiling water reactor (BWR) fleet has relied
on an integrated surveillance program (ISP) to satisfy the requirements on 10CFR50 Appendix
H. The U.S. Nuclear Regulatory Commission approved the program plan for the ISP: BWRVIP-
86, Revision 1-A: BWR Vessel and Internals Project, Updated BWR Integrated Surveillance
Program (ISP) Implementation Plan (1025144), designed to support the surveillance needs of
the U.S. BWR fleet through 60 years of operation. Plants are currently evaluating the potential
for a second license renewal (SLR), which would allow for operation to 80 years of plant life.
This report provides a plan to extend the ISP for an SLR using a combination of existing data
and the irradiation, reconstitution, and testing of previously tested surveillance specimens.

This report (3002020504NP) incorporates changes requested by the NRC Safety Evaluation of
the report. For the NP version of the technical report, all EPRI proprietary information is marked
out with either yellow highlighting or [[double brackets with yellow highlighting]].
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Plan for Extension of the BWR Integrated Surveillance Program (ISP) Through the
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EXECUTIVE SUMMARY

PRIMARY AUDIENCE: Plant engineers responsible for reactor vessel integrity |

SECONDARY AUDIENCE: Utility staff responsible for boiling water reactor (BWR) extended operations
assessments

KEY RESEARCH QUESTION

10CFR50 Appendix H requires that reactor vessels that will exceed a neutron fluence of 1x10'"" n/cm?
(E>1 MeV) by the end of license have a material surveillance program to monitor changes in the fracture
toughness properties, which result from exposure to neutron irradiation and the thermal environment. Since
2002, the U.S. BWR fleet has relied on an integrated surveillance program (ISP) to satisfy the requirements
on 10CFR50 Appendix H. The U.S. Nuclear Regulatory Commission approved the program plan for the ISP:
BWRVIP-86, Revision 1-A: BWR Vessel and Internals Project, Updated BWR Integrated Surveillance
Program (ISP) Implementation Plan (1025144), designed to support the surveillance needs of the U.S. BWR
fleet through 60 years of operation. Plants are currently evaluating the potential for a second license renewal
(SLR) which would allow for operation to 80 years of plant life. To continue to meet the requirements of
10CFR50 Appendix H in the SLR period, an extension to the ISP is needed.

RESEARCH OVERVIEW

Researchers projected the 80-year fluence values for the reactor vessels in the U.S. BWR fleet and compared
them with the fluence values of surveillance data already provided by the ISP. Where ISP data were not able
to bound the 80-year reactor vessel fluence values, a plan was formulated to irradiate material from previously
tested surveillance specimens in a set of specially designed surveillance capsules. These irradiated materials
would then be available for reconstitution and testing at a later date so that surveillance data could be provided
for BWR plants pursuing an SLR. To ensure that a suitable amount of material existed to support the
reconstitution approach, the previously tested specimens were etched and detailed measurements were
taken. Neutron flux investigations were performed to determine the optimal placement of the specialized
surveillance capsules within the RV annulus and to estimate the irradiation time needed for the materials to
reach fluence values that bounded the 80-year reactor vessel fluence values. Conceptual designs were
developed for the specialized surveillance capsules and their holder.

KEY FINDINGS

e The ISP can be extended to support the SLR by using a combination of existing data supplemented
with the irradiation, reconstitution, and testing of previously tested surveillance specimens.

e Additional surveillance data are needed for 13 of the 15 ISP representative plate heats and 10 of the
15 ISP representative weld heats.

e Based on the results of the etching study, a suitable amount of material can be obtained from
previously tested specimens to support the proposed irradiation, reconstitution, and testing approach.
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EXECUTIVE SUMMARY

By locating the specialized surveillance capsules offset several inches from the core shroud outer wall
at the 0° or 180° position, neutron flux values can be obtained that will enable the materials to reach
the needed fluence values in 10 years or less.

Conceptual designs have been developed for the specialized surveillance capsule and holder. It has
been determined that these designs can be installed in the desired positions based on the flux
investigations, and design constraints can be satisfied.

WHY THIS MATTERS

An extension to the ISP is necessary for plants to continue to implement the program in the SLR period.
Without this extension, plants would need to reestablish plant-specific programs to satisfy the requirements
of 10CFR50 Appendix H. Implementation of plant-specific programs is less cost-effective than an integrated
program. Furthermore, it is possible that the use of a plant-specific program may reintroduce technical issues
that originally motivated the development and implementation of the ISP.

HOW TO APPLY RESULTS

Requirements for implementation of this report are provided in Section 9.

LEARNING AND ENGAGEMENT OPPORTUNITIES

The program plan for the current BWRVIP ISP is contained in the technical report, BWRVIP-86,
Revision 1-A: BWR Vessel and Internals Project, Updated BWR Integrated Surveillance Program
(ISP) Implementation Plan (1025144).

The feasibility of options for extending or replacing the ISP was evaluated in technical report BWRVIP-
295: Boiling Water Reactor Vessel and Internals Project, Reactor Vessel Material Surveillance for U.S.
BWRs During the Second License Renewal: Feasibility Evaluation (3002007041).

Data investigations recommended in BWRVIP-295 were performed and documented in the technical
report, BWRVIP-313, BWR Vessel and Internals Project: Data Investigations to Support the ISP for
SLR (3002010409).

This current report was prepared in collaboration with the EPRI Long-Term Operations (LTO) Program.
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ACRONYMS, ABBREVIATIONS, AND DEFINITIONS

10CFR50 Appendix G

10CFR50 Appendix H

1/4T

Adjusted reference temperature

ASME B&PV Code

ASTM E185

BWR
BWROG
BWRVIP
EFPY
ESW
EOL
EOLE

Existing Surveillance Program

Appendix G to Part 50 of Title 10 of the Code of Federal
Regulations, “Fracture Toughness Requirements”

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

One-quarter of the vessel wall thickness as measured from
the clad-to-base metal interface at the vessel inner surface

(ART) The reference temperature adjusted for irradiation
effects by adding to the initial RTnpr 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 E185,
“Standard Practice for Conducting Surveillance Tests for
Light-Water Cooled Nuclear Power Reactor Vessels”

Boiling water reactor

BWR Owners’ Group

BWR Vessel and Internals Program
Effective full power year
Electroslag welding

End-of-license

End-of-license, extended

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

GALL

GALL-SLR

HAZ
ISP
ISP(E)

Limiting material

LWR

MLE

PEO

PWR

Reg. Guide 1.99

Representative material

Representative data set

RPV
SAW
SLR
SMAW

XXXViil

A Charpy curve based on Charpy V-notch tests of 8 or
more specimens that are tested over a broad range of
temperatures so as to properly characterize the upper shelf
and the ductile-to-brittle transition behavior of the material.

U.S. NRC NUREG-1801, Revision 2, “Generic Aging
Lessons Learned (GALL) Report”

U.S. NRC NUREG-2191, Volumes 1 and 2, “Generic
Aging Lessons Learned for Subsequent License Renewal
(GALL-SLR) Report”

Heat affected zone
BWRVIP Integrated Surveillance Program

An ISP capsule designated for withdrawal and testing
during the first extended license period, to differentiate
from the ISP capsules withdrawn during the original license
period

The reactor vessel beltline material judged most likely to be
controlling with regard to radiation embrittlement, based on
a 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

Light water reactor

Mils lateral expansion
Period of extended operation
Pressurized water reactor

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) first irradiated, and (3) second
irradiated

Reactor pressure vessel
Submerged arc weld
Second license renewal

Shielded metal arc weld



SRM

SSLR
SSp

Target material

USE

Standard Reference Material is a material used to provide
an independent check on the measurement of irradiation
conditions for the surveillance materials. Also, sometimes
referred to as Correlation Monitor Material (CMM).

BWR Supplemental SLR capsules
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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INTRODUCTION

Operating nuclear power plants in the U.S must meet the requirements of 10CFR50 Appendix H
[1]. Appendix H requires that reactor vessels which will exceed a neutron fluence of 1 x 10"’
n/cm? (E >1 MeV?) by the end of license (EOL) have a material surveillance program in order to
monitor changes in the fracture toughness properties which result from exposure to neutron
irradiation and the thermal environment. Fracture toughness test data are obtained from material
specimens exposed in surveillance capsules, which are withdrawn periodically from the reactor
pressure vessel (RPV). The data obtained from this material surveillance program are then used
to demonstrate the vessel continues to meet the fracture toughness requirements of 10CFR50
Appendix G [2]. Of significance for boiling water reactors (BWRs), Appendix G provides the
procedures by which the operating pressure-temperature (P-T) limit curves and leak test
temperature are determined.

Each U.S. BWR was designed and built with a surveillance capsule program and until 2002,
compliance with I0CFR50 Appendix H was demonstrated by each plant individually. Since
2002, the U.S. BWR fleet has relied on an integrated surveillance program (ISP) to provide
fracture toughness data for RPV materials in lieu of plant specific programs [3]. The ISP uses
select plant surveillance capsules to provide valuable data to support the ISP and to satisfy the
requirements of I0CFR50 Appendix H. The current ISP, developed and managed by the Boiling
Water Reactor Vessel and Internals Project (BWRVIP), was designed to support the surveillance
needs of the BWR fleet through 60 years of operation (EOLE), which was the maximum license
period foreseen at the time of its development [4]. Plants are currently evaluating the potential
for a second license renewal (SLR) which would allow for operation to 80 years of plant life.

Recognizing the need to satisfy the requirements of 10CFR50 Appendix H in the SLR period,
while also recognizing the limitations of the existing ISP for meeting those requirements, options
for the SLR period were evaluated. This report incorporates the findings of those evaluations and
provides a comprehensive program plan for extension of the ISP for the SLR period.

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 10CFR50 Appendix H Reactor Vessel Material
Surveillance Program Requirements. Therefore, the implementation requirements of 10CFR50
Appendix H govern and the implementation requirements of Nuclear Energy Institute (NEI)
03-08, Guideline for the Management of Materials Issues, are not applicable.

! Neutron fluence and flux values identified in this report are for E>1MeV unless stated otherwise

1-1




2

BACKGROUND

2.1 Historical Background of the BWRVIP ISP

An 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, 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
E1852 [5]. Today, RPVs that exceed a peak neutron fluence of 1 x 10" n/cm?at the end-of-
license are required to have an RPV material surveillance program that monitors radiation
embrittlement in accordance with 10CFRS50 Appendix H.

Each BWR plant was built with a surveillance program that included weld, heat-affected zone
(HAZ), and plate materials. However, many plant surveillance programs did not have
surveillance materials that represented the limiting plate and/or weld material of the RPV. 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 liiniting beltline material for plants built prior to 1973. Second, for
some plants, multiple revisions to Regulatory Guide 1.99, the latest of which is Revision 2 [6],
resulted in a change in the limiting beltline material for that vessel.

2 The current version of 10CFR50, Appendix H [1], cites the 1982 version of ASTM E185 [5].
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2.2 Limitations of Current ISP for Providing Data for SLR

Plants are currently evaluating the potential for SLR, which would allow for operation to 80
years of plant life. In 2015, the BWRVIP, in coordination with the EPRI Long Term Operation
(LTO) Program, initiated efforts to address limitations of the ISP for SLR.

In order to evaluate the potential for extending the ISP through a SLR, it is important to identify
the requirements in 10CFRS50 Appendix H for an ISP. Furthermore, it is also important to
understand the NRC’s expectations for SLR applications in NUREG-2191, “Generic Aging
Lessons Leammed for Subsequent License Renewal (GALL-SLR) Report” [10].

Per the GALL-SLR report [10], an ISP may be considered for a set of reactors that have similar
design and operating features, in accordance with 10CFR50 Appendix H, allowing for the use of
the ISP in the SLR period. At least one dedicated capsule addressing the subsequent period of
extended operation (PEO) must be tested, with capsule neutron fluence of one to two times the
vessel neutron fluence of interest at the end of the subsequent PEO. The GALL-SLR report
acknowledges that additional surveillance capsules may be needed for the subsequent PEO,
suggesting that standby capsules or reconstitution of previously tested specimens and reinsertion
to accumulate additional fluence may be used to obtain the needed test data.

Considerations for extending the current ISP to provide data for 80 years of operation include:
e The total number of plants and which plants will pursue SLR are currently uncertain.
e Some current ISP host plants may not pursue SLR.

¢ Plants pursuing SLR may have surveillance materials not representative of other plants and,
therefore, are not suitable as host plants.
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e Current host plants will likely not have additional capsules available for testing following the
completion of the current ISP.

e Some representative surveillance materials were in the SSP capsules only, and no further
capsules containing those materials are available to be tested.

e Many BWRs, as well as ISP host plants, have lag factors as opposed to lead factors
(i.e., capsules are exposed to lower fluence than the peak RPV inside surface fluence).

2.3 Proposed Approach for Extending ISP for SLR

Recognizing the need to satisfy the requirements of 10CFR50 Appendix H in the SLR period, the
BWRVIP evaluated options and feasibility for providing BWR RPV surveillance data for SLR.
The recommended approach maintains the critical elements of the ISP, as discussed in Section 3
of this report. In order to determine whether such an approach was possible, further
investigations of available data are summarized in Section 4 of this report. Sections 5 through 7
of this report provide further technical details of the ISP for SLR program, while Sections 8
through 10 address programmatic and licensing aspects of the program.
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ISP FOR SLR APPROACH

Given the considerations and uncertainties discussed in the previous section, the optimum
approach for satisfying the requirements of 10CFR50 Appendix H in the SLR period and the
GALL-SLR report is to maintain the existing structure of the BWRVIP ISP. The ISP test matrix,
as approved, provides adequate and appropriate surveillance data for all U.S. BWRs. Although
some plants (including some host plants) may not pursue SLR, the ideal approach is to ensure
that all ISP representative materials have specimens that are irradiated to a fluence that bounds
the SLR fluences of all target materials represented by that surveillance material. This will be
accomplished by irradiating, reconstituting, and testing previously-tested ISP capsule materials
as necessary to ensure that any plant which pursues SLR will have appropriate data available for
its representative materials.

This approach maintains the critical elements of the ISP, particularly the current ISP test matrix.
Existing data will be utilized to the extent possible. For some materials, specimens from many
capsules that were exposed to a wide range of fluence levels have been tested. Some tested
specimens, such as SSP capsules which had higher lead factors than typical BWR capsules, have
attained fluences exceeding 80-year projected reactor vessel fluences. Where gaps in data exist
(i.e., 80-year surveillance data does not exist), previously tested specimens will be reconstituted
to generate additional surveillance data.

3.1 Reconstitution Approach

When all remaining capsules are tested under the ISP, the current set of representative material
specimens will have been fully used, with the exception of potential existing reconstituted
capsules. For materials which require additional surveillance data, previously tested specimens
from the BWRVIP ISP repository will be used for reconstitution. New Charpy test specimens
will be fabricated by machining an insert, or central portion of the test specimen, from the broken
Charpy halves and welding end tabs to the insert. Prior to reconstitution, the specimen inserts
will be placed into specially designed Supplemental SLR (SSLR) capsules and be reinserted into
a host reactor vessel to continue to irradiate the specimens to accumulate sufficient fluence to
meet or exceed 80-year projected reactor vessel fluences. All SSLR capsules can be irradiated in
one host plant. After irradiation is complete, reconstituted specimens will be fabricated and
tested only for those materials that are needed by BWRs pursuing SLR. Details of the
reconstitution procedures are discussed in Section 5. Figure 3-1 illustrates the sequence of steps
in preparing a reconstituted Charpy specimen.
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ISP for SLR Approach

Irradiation of inserts prior to welding of end tabs has several advantages for the ISP for SLR
program. More specimens can be placed in a single capsule, and the cost of completing specimen
fabrication is deferred until after irradiation. Depending on which BWRs ultimately pursue SLR,
it is possible that specimens for some materials will not need to be reconstituted and tested,
resulting in saved cost. Irradiating inserts prior to specimen fabrication may increase the dose
during the reconstitution process, however, dose is still expected to be lower than typical PWR
levels and specimen reconstitution has been successful at those fluence levels.

The ISP test matrix approved in BWRVIP-86, Revision 1-A [4] will remain unchanged for the

ISP for SLR program. The program will still consist of 15 representative plate heats and 15

representative weld heats, the limiting target materials for the BWR vessels will not be

reevaluated, and the mapping of representative heats to target heats will be unchanged. This will |
maximize the usefulness of the available representative surveillance materials that are in the |
existing ISP program, which are well-characterized materials with applicable baseline and |
irradiated Charpy data.

New materials will not be added to the ISP for SLR program to address materials now
considered as part of the extended beltline or changes in limiting materials as a result of potential
changes in embrittlement trend curves (ETC). The guidance of ASTM E185-82 [5] does not
require the ISP to maintain a dynamic test matrix in which the target material changes if the
reactor vessel limiting material changes. Doing so would derive no technical benefit, and this
would detract from the long-term effectiveness of the ISP, which is enhanced by maintaining the
same target materials and associated representative surveillance materials and monitoring
specific high-value surveillance materials over a long period of time. The intent of the ISP for
SLR program is to trend the embrittlement behavior of the materials in the ISP. Adding a new
material for the SLR period and obtaining a single surveillance data point would not allow for
trending of embrittlement. This approach is consistent with implementation requirements
approved by the NRC in the existing ISP and PWR plant-specific surveillance programs through
60 years of operation. Generally, the content of LWR surveillance programs have not changed
regardless of the potential for a new material to become limiting based on updated projections of
fluence, revised material chemistry factors and adjusted reference temperature (ART) values, or
changes in regulatory requirements. The ability to predict the embrittlement of materials for
which surveillance data does not exist is provided by the ETC and the margins required in its
application. Adequate margins of safety are provided by the pressure-temperature limit curves
developed in accordance with 10CFR50 Appendix G [2].

3.2 Benefits of the Proposed Approach
There are several advantages of the reconstitution approach:
1. Consistency with Current BWRVIP ISP Program

This approach is consistent with the current BWRVIP ISP program. The implementation of
this approach at individual BWR plant sites would be consistent with the current ISP. There
would be no changes to the existing ISP test schedule in BWRVIP-86, Revision 1-A. The
responsibilities of utilities to implement ISP data remain unchanged. The only change with
respect to the ISP is the addition of 80-year data where such data does not currently exist.
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ISP for SLR Approach

Maintains Trending of Embrittlement Data

The representative and target materials, as defined in the approved ISP test matrix, remain
unchanged. The program will continue to generate additional surveillance data for the
previously tested capsule materials to achieve fluence levels representative of the projected
80-year target vessel fluences. As such, this approach provides an excellent opportunity to
trend embrittlement data over time and maintains the philosophy of an ISP as described in
10CFR50 Appendix H [1].

Technical Feasibility

The reconstitution approach is technically feasible since the methods and techniques for
reconstitution are currently available and have been used successfully. ASTM E1253-13 [11]
addresses procedures for reconstitution of ferritic pressure vessel steels used in nuclear power
plant applications, and there is a significant amount of experience with reconstituted
specimens to show that the data is reproducible [12].

Supports BWR SLR Applications

This approach can be implemented in a timeframe that supports all possible applicants for
SLR by providing 80-year surveillance data for all ISP materials. As such, this approach
reduces uncertainty associated with not knowing which plants may pursue SLR.

% Original specimen
% As-tested specimen

.~ Half of broken
V' specimen
@ L End tabs, machined half
. g of broken specimen,
a l and arc shields
. 9. (exploded view)

As-welded specimen

Finished specimen

Figure 3-1
Sequence of stages in preparing a reconstituted Charpy specimen
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DATA INVESTIGATIONS

In this section, data needs for SLR are determined by evaluating available data from the
BWRVIP ISP program. Extension of the ISP into the SLR period is based on evaluating the
extent to which available surveillance specimens can provide additional data to bound 80 years
of plant operation. Fluences for 80 years are projected for reactor vessel target materials, and
target fluences are compared with fluences of tested capsules. Gaps and additional data
requirements to monitor embrittlement to 80 years are identified. The feasibility of planning and
implementing SSLR capsules is also discussed. These investigations include the most recent
surveillance capsule and reactor vessel fluence data.

41 Assessment of 72 EFPY 1/4T Fluence for BWR Fleet Target Materials

BWRVIP-86, Revision 1-A [4], defines the ISP test matrix: the representative surveillance
materials assigned to each reactor vessel (Table 4-4 in [4]) and the corresponding target materials
in each reactor vessel (Tables 4-1 and 4-2 in [4]).

This section presents projected 72-EFPY 1/4T fluences for the target plate and target weld heats
in each U.S. BWR reactor vessel. Projected 1/4T SLR target fluences are then compared with the
highest fluences attained for tested (previously tested and planned to be tested) surveillance
capsules.

Projected 1/4T fluences for 72 EFPY were developed for each target heat and are presented in
Table 4-1 and Table 4-2 for plates and welds, respectively. Fluence values are plotted in Figure
4-1 and Figure 4-2. Fluence values were taken from the most recently docketed P-T curve reports
or ART tables in the NRC Agencywide Documents Access Management System (ADAMS).
Where more up-to-date fluence values were available that differed from the latest docketed
fluences, the more up-to-date fluences were preferred. For some plants, more up-to-date fluences
were available in fluence evaluations prepared in conjunction with recently removed ISP
capsules. Fluence at the location of the target heat and corresponding to EOL or EOLE was
utilized in the present evaluation based on the best available information.

Fluences were projected for SLR (assumed to be 80 years or 72 EFPY) by extrapolating linearly
from fluences provided in source documents for the plant-specific reference EFPY, either EOL
or EOLE (typically 32 or 54 EFPY). This was performed by multiplying the fluence at the
reference EFPY by the ratio of the SLR EFPY to the reference EFPY. As shown in Figure 4-1
and Figure 4-2, most plants have projected target 1/4T SLR fluences that fall within a similar
range, between 1 x 10'® and 5 x 10" n/em?. A few plants are projected to have much lower
fluence than the rest of the BWR fleet, on the order of 4 x 10'” n/cm?, while several plants are
projected to have much higher fluence, on the order of 6 to 9 x 10'® n/cm?.
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Data Investigations

4.2 Identification of Data Needs for Extending the ISP for SLR

The objective of this evaluation is to identify, for each reactor vessel, whether surveillance data
credited under the current ISP will bound the projected 72-EFPY 1/4T fluence.

The current ISP provides comprehensive surveillance coverage for the BWR fleet by using
surveillance data from thirteen ISP host plants and nine capsules from the SSP. Thirteen license
renewal capsules from the thirteen ISP host plants are earmarked for testing during the extended
license period (60 years). The ISP capsule withdrawal schedules for the original license period
and license renewal period are presented in BWRVIP-86, Revision 1-A [4].

These two sets of capsules are considered separately in the following sections: (1) capsules that
have been tested or will be tested in the near term and (2) capsules designated for withdrawal and
testing during the extended license period, termed “ISP(E)” capsules, to differentiate them from
the ISP capsules withdrawn during the original license period.

4.2.1 Previously-Tested and Near-Term Capsules

For each target heat, the projected SLR 1/4T fluence was compared with the highest fluence
attained for tested or near-term surveillance capsules. ISP capsule fluence as a percentage of
target material 72-EFPY 1/4T fluence is presented in Table 4-1 and Table 4-2 for each heat.

Fluences for previously tested surveillance capsules were obtained from capsule fluence
evaluations. A total of 30 capsules have been tested under the ISP and individual plant programs,
and 9 capsules were tested under the SSP, providing data for 15 representative plate heats and 15
representative weld heats. Fluence for all ISP and SSP capsules has been evaluated using the
RAMA fluence methodology [13] in accordance with the requirements of Regulatory Guide
1.190 [14]. Projected fluence for one capsule scheduled to be withdrawn under the ISP in 2018 is
obtained from BWRVIP-86, Revision 1-A [4]. Hence, Table 4-1 and Table 4-2 consider fluences
of previously tested capsules but also consider the projected fluences of capsules scheduled to be
withdrawn and tested in the near term, as the higher fluence of these near-term capsules and
known availability of specimens makes them more attractive for reconstitution.

Table 4-1 and Table 4-2 provide this evaluation organized by plant and target heat, while Table
4-3 and Table 4-4 show the same information organized by surveillance heat to facilitate
comparison to the evaluation of the ISP(E) capsule test schedule presented in Tables 7-2 and 7-3
of BWRVIP-86, Revision 1-A [4].

4.2.2 ISP(E) Capsules

From Table 4-8 of BWRVIP-86, Revision 1-A [4], thirteen ISP(E) capsules are designated for
testing under the ISP during the license renewal period. The withdrawal schedule for the 13
ISP(E) capsules with approximate withdrawal dates and projected capsule fluence is shown in
Table 4-5 [4]. One additional ISP capsule is scheduled to be withdrawn in 2025 during the host
plant’s original license period [4], but that capsule fluence is bounded by the corresponding
ISP(E) capsule fluence. Table 4-6 and Table 4-7 compare the projected fluence of the ISP(E)
capsules to the projected SLR 1/4T fluences, for plates and welds respectively. For
representative heats only irradiated in SSP capsules, no ISP(E) capsule is scheduled to be
withdrawn, and Table 4-6 and Table 4-7 present the highest tested capsule fluence for those
heats. Fluences for previously tested ISP and SSP capsules and projected fluences for ISP(E)
capsules for the representative materials for each target plant are provided in Appendix A.
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4.3 Results

Based on the evaluations presented in Table 4-1 through Table 4-4, the previously tested ISP
surveillance capsules and near-term planned ISP capsules bound the projected 72-EFPY 1/4T
fluences of a nine of the 33 target plate heats and eight of the 33 target weld heats.

When ISP(E) capsules are considered (Table 4-6 and Table 4-7), surveillance data are expected
to bound the 72-EFPY 1/4T fluences of five additional target plates and eight additional target
welds beyond those capsules that are bounded by the capsules that will be tested by the end of
the original license period. Therefore, the capsules that will be tested under the ISP prior to the
end of the 60-year license renewal period will bound a total of 14 of 33 target plates and 16 of 33
target welds.

The 72-EFPY 1/4T fluences for the remaining target heats will not be bounded by existing
surveillance data. These plants will require additional higher fluence surveillance data for SLR,
which may be obtained using reconstituted specimens.

Continuation of the ISP for SLR depends on a number of factors including the testing of prior
capsules, planned testing of future capsules during the extended period of plant operation, and
availability of capsule materials for additional use.

All previously tested and planned to be tested capsules in the ISP and SSP program are
summarized for each plant in Appendix A. The availability of tested surveillance specimens for
reconstitution is also summarized for each plant in Appendix A. |

4.4 Proposed Material Groupings and Catch Up Fluences for SSLR
Capsules

Comparison of tested and planned surveillance capsule fluence and projected 72-EFPY target
reactor vessel fluence shows that some materials are already bounded by existing ISP or
projected ISP(E) data. The remaining materials needing additional data and the organization of
these materials into new SSLR capsules are discussed in this section.

The matrix of materials requiring additional test data at higher fluences can be determined from
the low fluence ratios (< 100%) projected from the fluence values in Table 4-6 and Table 4-7. A
list of representative material heats which require additional surveillance data, as well as
materials for which no additional surveillance data is required, is summarized in Table 4-8. This
table was developed based on comparing 72-EFPY 1/4T target fluences to the projected fluences
of ISP(E) capsules in BWRVIP-86, Rev. 1-A [4]. According to Table 4-8, additional surveillance
data is required for 13 of 15 representative plate heats and 10 of 15 representative weld heats.

Details of plate and weld materials for which additional surveillance data are needed for SLR is
given in Table 4-9 and Table 4-10. These materials can be grouped by the range of fluence
needed to catch up to the target reactor vessel fluence. Three “Supplemental SLR” or SSLR
capsules are proposed to contain the materials for further irradiation to meet the required catch
up fluence for each grouping. Details of the three groupings are shown in Table 4-11, Table
4-12, and Table 4-13.

For each representative plate and weld material needing additional data, the catch up fluence is
determined as follows:
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1. The tested capsule having the highest fluence is identified.

2. For each representative surveillance material, all target vessel materials represented by that
surveillance material are reviewed, and the highest 72-EFPY 1/4T fluence is identified.

3. The needed catch up fluence for each representative heat is the difference between the
bounding 72-EFPY target fluence and the highest tested capsule fluence.

This evaluation assumed that new SSLR capsules would be fabricated from previously tested ISP
specimens and ISP specimens to be tested in the near-term, while ignoring the ISP(E) capsules
that would be tested farther in the future, so as not to delay the start of the program. All
specimens needed for the SSLR capsules would be drawn from the archive of ISP and SSP
specimens (known as the ISP repository) — no specimens would be required from plant-specific
programs predating the ISP. A survey of the availability of previously tested surveillance
specimens is summarized for each BWR in Appendix A. The findings of that survey indicate that
all representative material heats requiring additional data will have at least one capsule available
in the ISP repository for use in preparing reconstituted specimens for SSLR capsules. Specimen
availability is discussed in more detail in Section 5.

Table 4-11, Table 4-12, and Table 4-13 show projected final fluence exposures for the materials
in the three SSLR capsule groupings. The SSLR capsule design and location are still to be
finalized, hence, the neutron flux for the SSLR capsules is defined by a target range. The target
maximum flux is 4.39 x 10'° n/cm?-s based on the “breakpoint” value for flux in the ETC in
10CFR50.61a [15]. A minimum flux of at least 2.4 x 10'° n/cm?-s is needed for SSLR capsule
irradiation to attain catch up fluences in a reasonable amount of time, approximately 10 years.
Capsules will be irradiated in increments corresponding to 2-year refueling cycles, so the needed
irradiation time at the maximum and minimum flux is rounded up to the nearest even whole
number. As summarized in Table 4-14, the SSLR capsule irradiation can be completed in 2 years
for Group 1, 2-4 years for Group 2, and 6-10 years for Group 3.

The comparison of projected SSLR capsule fluence levels as a percent of the 72-EFPY 1/4T
fluence values for target plates and welds is shown in Table 4-15 and Table 4-16, respectively.
For representative heats where existing ISP or projected ISP(E) capsule fluence bounds the 72-
EFPY 1/4T target fluence, the ISP/ISP(E) capsule fluence is presented. This comparison is based
on the conservative projected 1/4T fluence values for each reactor vessel based on an upper
bound for 80 years of plant operation. It is possible that additional RPV fluence calculations
projected for the 80-year life may be lower than the conservative extrapolations used here and,
therefore, the need may diminish for all capsule materials to be reconstituted, irradiated and
tested to catch up to the maximum SLR reactor vessel fluence values shown in these tables.
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4.5 Discussion

The conceptual design of the ISP for SLR is based on providing surveillance data for all existing
plants in the BWR fleet for SLR even though some plants may not pursue SLR.

In comparing the fluence values and fluence ratios between the tested/near-term ISP capsules
(Table 4-3 and Table 4-4) and yet to be tested ISP(E) capsules (Table 4-6 and Table 4-7), many
of the capsule fluence as a % of 72-EFPY fluence ratios increase from less than 100% to greater
than 100%. In fact, the representative plate and weld materials in ISP(E) capsules are projected
to bound the estimated 72-EFPY 1/4T fluence values for five additional target plates and eight
additional target welds. Although these data have not yet been obtained or credited for the
program, they are in the ISP(E) test matrix and will continue to be irradiated in the host plants
and tested in the future. The remainder of the capsule materials with less than 100% of the target
reactor vessel fluence levels (shown in Table 4-6 and Table 4-7) is significantly fewer, and in
many cases the ratio still exceeds 80% of the target reactor vessel fluence values, indicating that
the current ISP(E) test program is well planned.

Additional surveillance data is needed for 13 of 15 representative plate heats and 10 of 15
representative weld heats. Reconstitution, further irradiation, and testing of previously tested
Charpy specimens is proposed to attain the needed data, with three groupings of specimens
proposed based on the additional fluence exposure that would be required to catch up to or bound
the corresponding target heats for 80 years of operation. Details of the reconstitution procedures,
capsule placement to achieve needed flux levels, capsule design, and insertion and withdrawal
schedules are discussed in the following sections.
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Table 41
Projected SLR 1/4T fluences for BWR target plate heats [[
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Table 4-1 (continued)
Projected SLR 1/4T fluences for BWR target plate heats
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Table 4-2
Projected SLR 1/4T fluences for BWR target weld heats [[
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Table 4-2 (continued)
Projected SLR 1/4T fluences for BWR target weld heats




Data Investigations

Table 4-3
ISP capsule fluence as a % of SLR 1/4T fluence for target plates [[
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Table 4-4
ISP capsule fluence as a % of SLR 1/4T fluence for target welds [[
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Table 4-5 )
ISP(E) capsule test schedule [4, Tables 7-1 and 7-2] [[
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Table 4-6
Projected ISP(E) capsule fluence as a % of SLR 1/4T fluence for target plates [[
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Table 4-7
Projected ISP(E) capsule fluence as a % of SLR 1/4T fluence for target welds
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Table 4-8 .
Summary of representative materials for which additional surveillance data is required [[
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Table 4-9
Identification of additional reconstituted surveillance capsule plate materials needed for ISP for SLR [[
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Table 4-9 (continued)
Identification of additional reconstituted surveillance capsule plate materials needed for ISP for SLR [[
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Table 4-10
Identification of additional reconstituted surveillance capsule weld materials needed for ISP for SLR
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Table 4-10 (continued)
Identification of additional reconstituted surveillance capsule weld materials needed for ISP for SLR
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Table 4-11
Proposed Group 1 reconstituted and irradiated surveillance test specimens ]
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Table 4-12 .
Proposed Group 2 reconstituted and irradiated surveillance test specimens []
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Table 4-13
Proposed Group 3 reconstituted and irradiated surveillance test specimens [[
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Table 4-14
Summary of proposed SSLR capsule groupings [[
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Table 4-15
Projected ISP(E) or SSLR sule fluence as a % of SLR 1/4T fluence for target plates
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Table 4-15 (continued)
Projected ISP(E) or SSLR capsule fluence as a % of SLR 1/4T fluence for target plates
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Table 4-16
Projected ISP(E) or SSLR capsule fluence as a % of SLR 1/4T fluence for target welds [[
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Table 4-16 (continued)
Projected ISP(E) or SSLR capsule fluence as a % of SLR 1/4T fluence for target welds
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Figure 4-1
Projected 1/4T fluences vs. EFPY for target plate heats
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[

Figure 4-2
Projected 1/4T fluences vs. EFPY for target weld heats
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RECONSTITUTION APPROACH

This section discusses the procedures that will be used in the specimen reconstitution process. As
discussed in Chapter 3, the proposed approach to obtaining additional surveillance data to bound
80 years of plant operation is to further irradiate material from previously tested Charpy
specimens and subsequently use that material to reconstitute Charpy specimens.

Broken Charpy halves will be retrieved from the ISP repository and machined to remove
plastically deformed material or base metal from weld specimens. The resulting material
comprises the central portion, or “insert,” of the reconstituted Charpy specimen. Inserts from a
total of 23 material heats will be placed in three newly fabricated SSLR capsules for further
irradiation. The capsules will be installed in a host plant reactor vessel using a specially designed
holder. After irradiation is complete, reconstituted Charpy specimens will be fabricated by
welding end tabs to the irradiated inserts. The reconstituted specimens will then be subjected to
impact testing.

The Charpy specimen reconstitution will be delayed until after irradiation of the inserts is
complete. This approach has several advantages. First, the specimen packets and basket will be
compact and thereby reduce uncertainties related to flux gradients. Second, delaying the
fabrication of Charpy specimens until after the SSLR capsule irradiation enables the possibility
of using new and improved material characterization techniques in the future. Further, since dose
rates are low for BWR surveillance irradiations, there will be a minimal radiological impact.

5.1 Requirements for Reconstitution Inserts

ASTM E1253-13 [11] specifies procedures for reconstitution of irradiated Charpy specimens.
Requirements on insert size and weld heat input are specified to ensure that reconstituted
specimens produce test results equivalent to those of virgin material.

ASTM E1253-13 [11] specifies the use of an insert with a minimum length of 18 mm. The insert
is to be welded between two end-tabs of the same, or similar, material. A primary objective of
the weld reconstitution process is to ensure that the insert contains no plastically deformed
material from the original specimen. The standard also states that smaller insert sizes can be
used, provided certain conditions are met. One condition is that the plastic zone produced during
testing will not interact with the reconstitution weld. A second condition is that the heat input
during the welding procedure must be controlled so as not to overheat the material in the notch
region. Further, the temperature during welding or testing in the central portion of the insert must
not exceed the prior irradiation temperature. The intent of the temperature requirements is to
avoid annealing of irradiation damage in the insert. Analytical or experimental methods can be
used to demonstrate that these conditions are met.
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ASTM E185-82 [5] specifies practices for conducting vessel surveillance testing and is the latest
approved version referenced in 10CFR50 Appendix H [1]. Per ASTM E185-82, a minimum of
12 Charpy specimens shall be tested for each irradiation exposure set of capsule materials,
recommending that a greater number of specimens be tested when possible.

5.2 Technical Basis for Relaxation of Insert Requirements

Due to the limited number of specimens of 18 mm length that can be used as inserts for
reconstitution, the relaxation of requirements regarding insert size or number may be necessary
for some materials. This section discusses the technical basis for the relaxation of insert
requirements.

Regarding the use of inserts shorter than 18mm, ASTM E 1253-13 [11] states:

“4.2.5.3 The dimensional requirement of 18 mm (0.71 in.) is based on Charpy impact
specimens tested on the upper shelf (where the plastic zone is largest) and fabricated with
the stud welding reconstitution technique (where heat input and HAZ sizes are largest).
Reconstituted specimens tested in the lower transition range or on the lower shelf in
accordance with Test Methods E23 and reconstituted precracked specimens tested in
accordance with Test Methods E1820 or E1921 will have much smaller plastic zones. Other
reconstitution techniques, such as electron beam welding, produce HAZs smaller than stud
welding. Therefore, this dimensional requirement may be relaxed, if it can be experimentally
or analytically shown that the plastic deformation zone in subsequent testing will not extend
into the heat affected zones produced by reconstitution and the requirement of 4.4.1 is
met....Test programs have shown acceptable Charpy results using shorter inserts.”

In other words, the length requirement in ASTM E1253 [11] is based on conservative
assumptions for heat input during weld reconstitution and maximum plastic zone size during
Charpy testing on the upper shelf. Reconstituted specimens tested in the lower transition region
or lower shelf have much smaller plastic zones, and alternative welding techniques such as
electron beam welding produce smaller HAZs than stud welding. Therefore, ASTM E1253 [11]
permits relaxation of this dimensional requirement if it can be experimentally or analytically
shown that the plastic zone during testing will not extend into the HAZ produced by
reconstitution and that specified heat input requirements are met.

5.2.1 Studies on Acceptable Insert Length for Reconstitution

A number of studies have examined the lengths of inserts that provide acceptable results for
reconstituted Charpy specimens.

A large multi-lab effort in Europe, RESQUE, was a leading effort on this topic. Reference [18],
which was reported in ASTM STP 1418, provided results for various insert lengths. Using a stud
weld process optimized based on the methods found in References [19] and [20], 12 mm and 15
mm inserts were reconstituted and tested. The 12 mm inserts were found to lie within standard
scatter for Charpy energy in the transition region, however they differ by 10-15% in upper shelf
energy. The results for 15 mm inserts were found to be within normal scatter in both the
transition region and upper shelf region. It was therefore concluded that so long as the insert is at
least 12 mm in length it can be tested in the transition region, and if the insert is at least 15 mm
in length it can be tested at any energy on the transition curve.
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Results of a round robin study on reconstitution overseen by the ASTM and conducted by ten
laboratories world-wide were reported in NUREG/CR-6777 [23] and ASTM STP 1329 [22]. The
use of 10 mm inserts showed an effect of reconstitution on absorbed energy and lateral
expansion, particularly for thicker reconstitution welds, though the effect was minimal for low
upper shelf energy. It was concluded that 10 mm inserts could be used on the lower shelf or
lower transition region of Charpy curves. The study found generally little effect of reconstitution
on Charpy properties when a 14 mm insert is used for all reconstitution techniques tested (stud
welding, electron beam welding, and upset butt welding) for all Charpy energy levels other than
for high upper shelf energy using certain tup (load cell) geometry. Although the use of 14 mm
inserts could not be recommended in all applications, the results of this program show acceptable
Charpy results using reduced size inserts.

These conclusions on acceptable insert length are further substantiated by the findings within
[21]. While this study deals primarily with laser welding, temperature dependent calculations for
the size of plastic deformation in Charpy specimens were made. For dynamic unirradiated testing
of reactor steels, the plastic zone normal to the crack plane was such that inserts larger than 15
mm could be recommended for upper shelf testing. Irradiated specimens will have a smaller
plastic zone than unirradiated specimens due to the neutron embrittlement, and thus loss of
ductility. For testing below 100°F, a plastic zone of less than 1 mm is predicted, thus allowing
for the insert to be significantly smaller than the 18 mm required by ASTM E1253 [11].

An important parameter governing the minimum size of the insert that can be used is the
temperature of the insert during the welding process. ASTM E1253 [11] states that the
temperature during welding is not to exceed the irradiation temperature in the central 10 mm
section of the insert. Specimen size requirements are illustrated in Figure 5-1. This requirement
can be relaxed if it can be shown that the plastic zone will not enter into a region of the specimen
where the irradiation temperature was exceeded. The purpose of this requirement is to ensure that
the radiation damage is not annealed in the plastic zone of the reconstituted specimen that controls
the fracture behavior. Temperature profile measurements are required by ASTM E1253 [11] for
validation of the welding process. Results found by RESQUE [20] for arc-stud welding show that
the region of high temperature during welding typically extends 3.5 = 0.5 mm along the length of
the insert as measured from the end-tab weld. A similar result for laser welding was reported in
[21] with a thermally disturbed region extending about 4.0 mm from the end-tab weld.

The reconstitution temperature requirement dictates that approximately 8 mm of any insert

(4 mm on each side of the central 10 mm portion) will potentially exceed the irradiation
temperature. Due to this length being so large, a study was performed to determine the risk of
annealing the radiation damage during specimen reconstitution [24]. The focus of the [24] work
was on finding the optimum fluence at which to conduct radiation damage annealing studies. It
was noted in this work that the literature shows that annealing is not likely to occur at
temperatures of 450°C for a few minutes or 500°C for approximately 1 minute for irradiated
RPV steels. Based on the welding method used in this reference (arc stud welding), the
temperature 1.8 mm from the weld never exceeded 500°C, and after 5 seconds the specimen had
been cooled by over 200°C. This study shows that there is little risk of annealing so long as the
exposure time at high temperatures is kept to a minimum, as it is with arc stud welding.
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5.2.2 Arc Stud Welding Procedures and Capability to Meet Insert Size
Requirements

Arc stud welding is commonly used for reconstitution of Charpy specimens as a means of
meeting the requirements of ASTM E1253 [11], which specifies that heat input during welding
must be controlled so that the temperature in the central 10 mm (0.40-in) portion of the
reconstituted specimen does not exceed the prior metal irradiation temperature (Figure 5-1).

Various arc stud welding methods have been perfected for pressure vessel surveillance
application and are reported in the literature. In work done by Battelle [25], Argon gas was used
with 10 mm square end-tabs. The 10 mm square end-tabs can eliminate the need for post-weld
machining, and Argon shielding gas is a far cooler gas than helium due to its lower ionization
potential. Work done in Mexico [26] used oversized end-tabs as well as helium gas as the
shielding gas with good success. The larger end-tabs were used to conduct more of the heat away
from the center of the specimen thereby reducing the HAZ. The helium was used due to its
higher thermal conductivity despite having a higher ionization potential. By keeping the helium
at a high flow rate, more heat was removed, thus warranting the higher heat input. While both of
these methods worked, the Battelle method is much less complex and requires less control
mechanisms. These methods are similar to those used by RESQUE, which allows for inserts
smaller than 18 mm to be used.

The importance of the geometry of the end-tabs was examined in the RESQUE study as well
[27]. Using 10 mm square end-tabs reduces the need for post weld machining, however these
end-tabs are much more difficult to align precisely. The RESQUE study attempted to
characterize the effects of misalignment forming a step of up to 0.41 mm, and angular
misalignments of + 5°. The results showed that slight misalignment of the end-tabs has no
discernable effect on the impact energies, so long as the specimen is able to properly press
against the anvils [27]. In addition to dimensional shifts, differences in yield strength of the end-
tabs was also examined. Even with yield strength differences of up to 58 ksi (400 MPa) between
the insert material and the end-tab material, no statistically significant differences were found in
Charpy energy. It is recommended in ASTM E1253 [11], however, that the end-tab material
match the insert material as closely as possible.

5.2.3 Number of Specimens per Material

Although it is desirable to comply with the requirements of ASTM E185-82 [5] by having at
least 12 specimens available for testing, it is a common occurrence in BWR and PWR
surveillance programs for capsules to contain fewer specimens. For instance, many capsules
were designed to earlier versions of ASTM E185. Current BWR capsules often contain as few as
8 specimens, and the BWRVIP has had no issues developing high-quality Charpy curves with as
few as 8 specimens.

5.3 Determination of Specimen Availability

The materials that will be included in the SSLR capsules are the same materials used in the
existing ISP program. However, to include the existing weld materials, a feasibility study was
conducted to determine whether the population of previously tested specimens has a sufficient
number of specimens with adequate weld material to satisfy the ASTM E1253-13 [11]
recommended insert length.
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For weld materials, inserts can be fabricated from previously tested weld or HAZ specimens,
provided the portion of the specimen consisting of weld material would yield an insert of
adequate length. The volume of weld material available for reconstitution may be reduced by
base metal or HAZ in the specimen.

For plate materials, all needed specimens are available in the ISP repository, and no issues were
identified in obtaining inserts of 18 mm length.

5.3.1 Weld Specimen Etching Study

This section provides the results of measurements made on etched weld and HAZ specimens that
are currently stored in the ISP repository. The etching work was performed to determine the
length of weld material available for reconstitution of the previously tested specimens of the
weld heats listed in Table 4-8. The weld heats examined in this study are specified in Table 5-1
and Table 5-2. A total of nine different weld heats were characterized, and the test specimens
were available from a variety of ISP and SSP capsules. These tables list only nine welds because
the Peach Bottom Unit 2 (PB2) ESW weld specimens will not be available for examination until
the PB2 30° ISP capsule is withdrawn in late 2018. The weld and HAZ specimens from that
capsule will be etched and characterized at that time to determine the number of inserts that can
be used in the SSLR capsule irradiation.

The goal of the weld specimen etch study was to determine whether a sufficient number of weld
inserts are available for Charpy specimen reconstitution for the nine weld heats of interest. The
specific objective was to identify a total of 14 weld inserts containing at least 18 mm of weld
metal for each heat. The target of 14 inserts is based on two spares in addition to the 12
specimens specified by ASTM E185-82. Each broken Charpy specimen half was examined
starting with the lowest impact energy Charpy specimens. The initial approach was to examine |
the specimens with the least plastic deformation first. Ultimately, it was necessary to etch all

available specimens for each heat to obtain the desired number of weld inserts of sufficient size

for reconstitution.

The location along the broken specimen half where the plastic deformation starts was determined
by cross section measurements. This, in addition to the etching of all four specimen faces,
provided the usable weld reconstitution length data given in Table 5-1. In addition, each
specimen half was examined for noteworthy blemishes which could have occurred due to tossing
during testing or interaction with tools during capsule opening. A few of the capsules examined
had engraved identification marks on the face of the specimen. The position of any such marks
relative to the end of the specimen were measured and recorded. The specimens were also
examined on the face that was in contact with the anvils during testing to characterize the Brinell
marks. Once again, the longest distance to the anvil indentation was recorded along with the
depth of the anvil indentation. The depth of the anvil indentation was measured using a
calibrated digital plunger gage. The columns under “All Specimens” in Table 5-1 show the total
number of inserts with at least 18 mm length available from both weld and HAZ specimen
broken halves. The entries with parentheses indicate the range of numbers of available inserts
that can be obtained depending on the results of the HAZ specimen identification. At present, it
is not known which of the HAZ specimen halves is weld. Additional work is planned to identify
the weld halves for these specimens.
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5.3.2 Results of Weld Specimen Etching Study [4['
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5.4 Proposed Approach

5.4.1 Insert Fabrication

To meet the condition in ASTM E1253 that plastic zone size does not extend into the
reconstitution weld HAZ, the below approach is proposed.

First, the fracture surface and plastically-deformed material from the broken Charpy halves will
be machined off to produce the weld reconstitution insert. For the weld and HAZ specimens, it
will also be necessary to machine base metal from the end opposite the fracture surface for some
specimens. The machining process will be electric discharge machining (EDM) because it is very
precise and does not produce cold worked material as with conventional milling methods.
Another important advantage of accurately machined inserts is that the packets can be packed
very tight within the stainless steel enclosure for good heat transfer during irradiation.

Compliance with ASTM E1253-13 [11] will be ensured by a combination of analytical and
experimental testing focused on ensuring that the plastic deformation zone for 12 mm and 15
mim mserts will not extend into the HAZ of the arc stud weld reconstituted specimens. Recent
work discussed above strongly supports the use of 12 mm and 15 mm inserts for surveillance
applications. Nevertheless, both finite element calculations and testing of arc stud welded
specimens will be conducted on representative materials to qualify the methods.

Anvil indentations, engraving marks, and other blemishes will be oriented so that they are on the
notch surface of the reconstituted specimen.
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5.4.2 Arc Stud Welding Procedures

Arc stud welding will be used for reconstitution of the SSLR capsule inserts in accordance with
the requirements of ASTM E1253 [11], which permit the use of any welding process provided
that the specified heat input and dimensional requirements can be achieved. The standard
specifies that heat input during welding must be controlled so that the temperature in the central
10-mm portion of the reconstituted specimen does not exceed the prior metal irradiation
temperature. Specimen size requirements are illustrated in Figure 5-1.

As previously mentioned, a primary focus of ASTM E1253 [11] is to have 10 mm of weld in the
center of the insert that never exceeded maximum irradiation temperatures during welding. Given
the central 10 mm region, approximately 4 mm on both sides of the central 10 mm results in an
18 mm insert length. Thus, the standard allows for a total of 8 mm of length that will potentially
be annealed. Therefore, up to 4 mm of base metal or plastically deformed material can be left on
either side of the insert. Using this understanding, up to 4 mm of base metal or HAZ will be used
for the weld interface material. This will likely increase the usable inserts to slightly above the
current lengths given in Table 5-2. This provision will be employed where possible in the
reconstitution of the SSLR capsule inserts. Therefore, the lengths given in Table 5-2 are a
conservative indication of insert size, since the measurements consist only of weld metal.

The end-tabs will be oversized so that they can be EDM machined in plane with the irradiated
insert. This avoids issues related to end-tab orientation and non-planar contact of the
reconstituted specimens with the anvils and striker.

ASTM E1253 [11] requires measurements to demonstrate that the reactor irradiation
temperature is not exceeded for a given selection of welding parameters. In accordance with
the standard, temperature records shall be made daily, using thermocouples, during welding of
a set of Charpy-sized reconstitution specimens. As discussed, the goal of the welding procedure
is to minimize both the HAZ and the length over which the temperature exceeds the vessel
irradiation temperature.

The specific materials to be reconstituted and tested will be determined at a later date based on
the needs of plants pursuing SLR, as discussed in Section 8.

5.4.3 Charpy Test Procedures

Charpy impact tests will be conducted in accordance with ASTM Standards E185-82 [5] and
E23-02 [17]. The 1982 version of ASTM E185 has been reviewed and approved by NRC for
surveillance capsule testing applications. This standard references ASTM E23. The ASTM E23
[17] procedures for specimen temperature control will be followed. Absorbed energy, lateral

expansion (LE), and the percentage of shear fracture area will be determined using the methods
given in ASTM E23 [17].

The number of Charpy specimens for measurement of the transition region and upper shelf is
limited. Therefore, the choice of test temperatures is very important. Prior to testing, the Charpy
energy-temperature curve will be predicted using embrittlement models and previous data. The
first test will then be conducted near the middle of the transition region using an 18 mm or 15 mm
insert specimen, and test temperature decisions will then made based on the test results. Overall,
the goal will be to perform two or three tests on the upper shelf, and to use the remaining
specimens to characterize the 30 ft-Ib (41 J) index temperature. It is typical to test two or three
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specimens on the upper shelf, and, with the exception of weld 5P6756, all of the welds have
enough specimens for three 18 mm insert specimens to be tested in the upper shelf region. For the
remaining test temperature selections, the 15 mm insert specimens will be tested in the mid and
upper transition region, and the 12 mm insert specimens will be tested only in the lower shelf
region. Optimized testing procedures will be employed for the available number of specimens.

5.4.4 Number of Specimens

The target number of specimens per weld heat is 14, including the 12 specimens prescribed by
E185-82 [5] and two spare. As shown in Table 5-2, six of nine weld heats will have at least 14
specimens available. Two of nine heats will have at least 12 but fewer than 14 specimens. One
heat will have 10 specimens available.

For all materials tested under the ISP for SLR program, at least 2 capsules will have been
previously tested. The embrittlement behavior of these materials has therefore been
characterized, and previous test results can be used to inform selection of appropriate test
temperatures.

5.4.5 Charpy Curve-Fitting Procedures

A study by ORNL on the irradiation effects of welds chose the hyperbolic tangent (TANH)
curve-fitting method described in Section 9.3 as the best fit to CVN data using a mean square
error method [38]. However, regardless of the curve fitting technique, additional considerations
can be easily employed to optimize the TANH curve-fitting method [37]:

o A fixed lower shelf (L.S.) at either zero or some slightly higher than zero value (typically
2.5 ft-Ib) which reduces the fit to actually three parameters since (A-B) is fixed. This typical
L.S. value of 2.5 ft-1b is based on prior knowledge from a large number of Charpy data fits
for RPV steels. Furthermore, a fixed lower shelf eliminates the need for testing of Charpy
data at very low temperatures, thereby conserving the number of specimens needed for
testing of the transition region. For lateral expansion, the L.S. can be fixed at 1.0 mil.

e Whenever possible, the upper shelf energy (USE) may be determined (and fixed) using fewer
than three specimens if the fracture surface appearance is greater than 95% percent shear. For
example, if there are at least two tests that exhibit greater than 95% shear, there is a fairly
clear indication that the data is fully on the upper shelf. Using this definition, fewer tests need
to be performed on the upper shelf portion of the curve.

e Using both a fixed L.S. and a fixed USE as defined by prior engineering knowledge and
experience reduces the TANH fit to only two-parameters and optimizes testing of specimens
in the transition region.

This combination of optimized testing and good engineering curve-fitting procedures can assure
that illogical fits are avoided (e.g., L.S. <0 ft-1bs) and it provides the best fit to the data with a
minimal number of Charpy specimens.
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5.5 Summary

The evaluations presented in this section confirm that the objectives of the ISP for SLR program
can be accomplished with the materials available in the ISP repository.

The proposed approach for reconstitution and testing of SSLR capsule materials can be shown to
meet the requirements of ASTM E1253 [11] and ASTM E185-82 [5]. Specimens will be
reconstituted using arc welding procedures such that specimens will meet the size requirements
of ASTM E1253 [11].

While ASTM E1253 [11] recommends the use of 18 mm inserts, extensive work has been done
to show that smaller length inserts are acceptable. Studies performed independently, and years
apart, have reached the conclusion that 15 mm inserts produce acceptable results at any Charpy
impact energy level. The results of the multi-lab effort in Europe under the RESQUE program,
as well as the plastic zone calculations done for irradiated dynamic Charpy testing [21], show
that 12 mm inserts produce acceptable results when tested on the lower shelf through mid-
transition region. Even though ASTM E1253 [11] has been shown to be overly conservative, all
sources reviewed recommend using the longest possible inserts when available. It is also worth
noting that if comparable data between the original and reconstituted specimens is required, then
the orientation of both specimens must be identical [11]. For the SSLR capsule testing of weld
materials, specimens made using 18 mm inserts will be tested on the upper shelf and in the upper
transition region, 15 mm insert specimens will be tested in the mid-transition region, and 12 mm
insert specimens will be tested on the lower shelf and in the lower transition region. One weld
heat will have 10 inserts available for reconstitution, while all other weld and plate heats will
have at least 12 inserts available. The provision in ASTM E1253 [11] to allow up to 4 mm of
base metal or HAZ for the weld interface material on either side of the insert will be used when
possible. Therefore, the measurements shown in Table 5-2 are a conservative indication of insert
size, and it is likely that usable insert sizes will be larger.
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Table 5-1
Summary of weld etch study results
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Table 5-2

Number of usable weld specimens as a function of insert length [|

Reconstitution Approach
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End Tab End Tab

Figure 5-1

lllustration of ASTM E1253 requirements regarding insert length of 18 mm and control of
heat input during welding to limit temperature such that the prior metal irradiation
temperature is not exceeded in the central 10 mm of insert.
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6

FLUENCE AND FLUX CONSIDERATIONS

The primary objective for obtaining additional surveillance data is to achieve a fluence exposure
for representative heats that meets or exceeds target reactor vessel fluence for 80 years of plant
operation. Needed catch up fluences cannot be attained prior to the end of 80 years of operation
using typical BWR surveillance capsule flux rates. Further, it is desirable for catch up fluences to
be reached within a reasonable timeframe, approximately 10 years. Therefore, an accelerated
flux rate is needed.

This section discusses the target flux range for SSLR capsules and the identification of candidate
host plant locations for attaining the range of target flux values.

6.1 Target Flux Range for SSLR Capsules

The target flux range for the proposed SSLR capsules has a minimum of 2.4 x 10'° n/cm?-s and
maximum of 4.39 x 10'” n/cm?-s. The minimum flux is determined based on the need to attain
the maximum catch up fluence of [[ ]] in a reasonable time, approximately 10
years. The maximum flux is based on a “breakpoint value” for flux of 4.39 x 10'° n/cm?-s for the
ETC in 10CFR50.61a [15].

The proposed SSLR capsule flux range is higher than typical BWR capsule flux, which are on
the order of 108 to 10° n/cm?-s, and a similar order of magnitude to the flux for some SSP
capsules. Six SSP capsules irradiated in Oyster Creek had flux in the range 8.3 x 10 to 1.9 x
10'° n/em?-s [32, 33], and that high of a flux was attainable due to the absence of jet pumps,
which provide a flux shielding effect for most BWR surveillance capsules.

ASTM E185 lead factor recommendations and concerns regarding flux embrittlement effects
have been considered in planning the SSLR capsule irradiation, and it is concluded that a
balanced perspective is needed concerning fluence, flux, and lead factor. ASTM E185-82 [5]
recommends that surveillance capsule lead factors be in the range of 1 to 3. Lead factor is
defined as the ratio of the neutron flux density at the location of the surveillance capsule to the
neutron flux density at the vessel inside surface at the peak fluence location. However, ASTM
E185 was prepared in the context of the development of a plant-specific surveillance program.
This is evidenced by the fact that ASTM committee E10.02, which is responsible for maintaining
ASTM E185, is currently considering an annex to this standard for integrated surveillance
programs. Lead factor is not a meaningful consideration for an ISP, because the data for one
capsule is representative of materials in multiple vessels, and a different lead factor exists for
each. For planning the ISP for SLR, lead factor is not considered, and target flux and fluence are
the primary considerations.
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6.2 Selection of Candidate SSLR Capsule Host Plants

To identify suitable SSLR capsule locations to attain the target flux range, candidate host plants
were first identified. The intent of this process was to identify multiple plants as candidate host
plants to address the contingency planning requirements of I0CFR50 Appendix H [1] for cases
of plant shutdown and provide flexibility for changes that may occur between the time of
program plan development and capsule insertion, approximately 3-4 years from now.

Several plants have been selected as candidate host plants based on the following considerations:

1. Similarity to Other Plant Designs

This would increase the potential for capsule transferability if needed. Parameters evaluated
for similarity include shroud inside diameter and thickness, annulus width, and core size. A
summary of parameters reviewed for the U.S. BWR fleet is in Table 6-1.

2. End of 60-year License Dates

Selecting a host plant with a later end of 60-year license date provides enough time for SSLR
capsules to be installed and obtain needed fluence levels, regardless of whether or not the
host plant pursues SLR. The proposed schedule for capsule insertion and withdrawal in
relation to plant license dates is discussed in Chapter 8.

3. Existing Quality Fluence Model

An existing high-quality and up-to-date fluence model facilitates the evaluation of flux
values at potential SSLR capsule installation locations.

4. Existing ISP Host Plant

Host plants under the current ISP are already familiar with the existing ISP host plant
responsibilities.

Based on consideration of the above factors, four BWR units were selected for further
evaluation.

6.3 Investigation of Flux Values for SSLR Capsule Candidate Locations

In the process of determining a suitable host reactor and installation location for the SSLR
capsules, four reactor vessels were selected for further investigation. Neutron flux values were
determined for various azimuthal, axial, and radial positions within the annulus region. Four
criteria were evaluated:

e Locations in a reactor vessel, and specifically the annulus region, that would be free of
obstructions, such as jet pump hardware, to facilitate the installation and removal of an SSLR
capsule in a currently operating BWR.

e Radial and azimuthal positions in the annulus region where the SSLR capsule would receive
a neutron irradiation rate (flux) of about 4.39 x 10'° n/cm?-s.

e Axial elevations where the entire capsule surface would be irradiated as equally as possible
over the height of the SSLR capsule.

e Locations in the reactor vessel where the neutron spectrum experienced by the SSLR capsule
is comparable to that which is experienced on the inner surface of the vessel wall.
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6.3.1 Plant Descriptions

The four plants investigated are General Electric BWR/4 class plants, which is the dominant
BWR design licensed to operate in the United States. Among these four designs, there are three
different configurations. Plant A and Plant D each have a core loading of 764 fuel assemblies
contained within a core shroud with a nominal diameter 526.1 cm (207.13 in). Plant B and Plant
C are based on a 560-fuel assembly loading pattern with a nominal shroud diameter of 450.85
cm (177.5 in). However, Plant B and Plant C differ in that Plant C utilizes all 560 fuel assembly
locations while Plant B replaces 12 fuel assembly locations with dummy (inert) assemblies
yielding a core loading of 548 fuel assemblies. Additionally, Plant C has installed shroud tie rods
which are not present in any of the other three plants.

Each reactor, independent of core configuration, is licensed to operate at different power

levels. The different combinations of core configurations, shroud diameters, and power densities
offer different potential locations for mounting the SSLR capsule to achieve the desired neutron
flux irradiation.

One recent cycle was selected for each plant to evaluate the average flux that could be seen by
the SSLR capsule. It is important to evaluate the flux over an entire cycle, because the neutron
spectrum will shift as plutonium becomes a major contributor to the neutron source. Each cycle
evaluated was the most recent cycle of data available for each plant, which included both true
operating data as well as projection data. Table 6-2 summarizes the cycle data that was used for
each plant. It is known that Plant A and Plant D were recently approved for power uprates; Plant
D achieved a MUR that increased its rated power by 1.66%, and Plant A was approved for an
extended power uprate of 14.3%. The Plant D MUR is reflected in the rated power presented in
Table 6-2 and is not expected to perturb the power shape in the core. However, the Plant A
extended power uprate is much more significant and took place several cycles after the most
recently available cycle of data. This change in power is expected to increase the neutron flux at
the SSLR capsule location, however, data was unavailable to appropriately model those effects.

6.3.2 Methodology for Flux Investigations

This section details the processes by which the flux values and flux spectra were calculated. Both
calculations were based on transport models built for the four plants using the RAMA fluence
methodology.

6.3.2.1 Tool Descriptions

The calculations were performed using the RAMA [13], RAFTER [34], and RAFFLE [35]
software packages.

RAMA is a transport module that couples Monte Carlo modeling techniques with ray-tracing to
render arbitrary geometry in a form solvable by deterministic transport methods. RAMA
employs a three-dimensional deterministic transport method based on an arbitrary geometry
formulation of the Method of Characteristics with anisotropic scattering.
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The RAFTER and RAFFLE codes are post-processing tools that calculate the region-wise flux
for specified components within the transport model. RAFTER reads the group-dependent fluxes
from the RAMA data files and outputs flux for each region of the problem. RAFTER also
integrates the solutions from discrete time steps (state points) over the power history to
determine fluence values from the regions of the problem. RAFFLE performs three-dimensional
interpolations on the data output by RAFTER to produce axial, azimuthal, and radial profiles in
fine grid format for subsequent use in plots.

The RAMA and RAFTER modules access a nuclear data file to obtain the atomic weights, cross-
sections, and energy production terms for each material nuclide used in the model. The
production library contains nuclear data for 199 nuclides. Cross-section data is tabulated in
energy group form and is provided in 47-neutron and 20-gamma energy groups for each nuclide.
Scatter cross-sections are represented in P5 and P7 scattering moments. RAMA uses the highest
tabulated moment for a nuclide in the transport calculation. The 47-neutron/20-gamma cross-
section library 1s derived from the 199-neutron/42-gamma fine-group VITAMIN-B6 nuclear
data file [36].

6322 Analytical Methodology [[
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6.3.3 Results of Flux Investigations ‘

The objective of the flux evaluation is to determine potential locations for the SSLR capsule by
providing fast flux values for a span of locations in each of the candidate host plants. As
discussed in Section 6.1, the target maximum flux for the capsule is 4.39 x 10'° n/cm?-s. Rather
than utilize the existing BWR capsule brackets at the vessel inside surface, accelerated flux
values will be attained by mounting the SSLR capsules to the outside surface of the core shroud.
Another criterion for determining the positioning of the SSLR capsule is to achieve a relatively
uniform axial flux profile over the entire surface of the SSLR capsule. Through preliminary
studies, the elevations of the core shrouds with the lowest axial gradients were determined.
However, at these elevations, no position directly on the shroud wall, in any plant, would see a
fast flux below 4.39 x 10'° n/cm?-s. Therefore, it was determined that it would be necessary to
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offset the SSLR capsule from the shroud wall (towards the reactor vessel) in order to obtain a
flux below the maximum target flux. To meet these criteria and to limit the offset distance
between the shroud wall and the SSLR capsule, several combinations of azimuthal and axial
locations are evaluated that would provide a relatively flat flux profile over the height and width
of the SSLR capsule container while still meeting the target flux criterion. This range of
elevations and azimuths were then evaluated at multiple radial offsets to deterinine the offset
needed in each plant to achieve a fast flux that approached 4.39 x 10'° n/cm?-s.

For ease of installation, the best locations for mounting the SSLR capsule on the outer surface of
the core shroud wall presumably correspond to Vessel North (0°) or Vessel South (180°). These
locations are absent of any jet pump hardware that could impede placement of the capsule, plus
allow adequate space for lowering installation equipment into the annulus region for mounting
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