
 
ENCLOSURE 

 

U.S. NUCLEAR REGULATORY COMMISSION 

OFFICE OF NUCLEAR REACTOR REGULATION 

FINAL SAFETY EVALUATION REGARDING ELECTRIC POWER RESEARCH INSTITUTE  

TECHNICAL REPORT 1016575, ABWRVIP-86, REVISION 1:  BWR VESSEL AND  

INTERNALS PROJECT, UPDATED BWR INTEGRATED SURVEILLANCE  

PROGRAM (ISP) IMPLEMENTATION PLAN @ 

 
1.0 INTRODUCTION AND BACKGROUND 
 
By letter dated January 26, 2009, the Boiling Water Reactor (BWR) Vessel and Internals Project 
(BWRVIP) submitted the Electric Power Research Institute (EPRI) Technical Report (TR) 
1016575, “BWRVIP-86, Revision 1:  BWR Vessel and Internals Project, Updated BWR 
Integrated Surveillance Program (ISP) Implementation Plan,” dated September 2008 
(Reference 1), for U.S. Nuclear Regulatory Commission (NRC) staff review.  The NRC staff 
submitted a request for additional information (RAI) to the BWRVIP on August 17, 2010 
(Reference 2).  The BWRVIP replied to the RAI by letter dated March 3, 2011 (Reference 3).  
 
Previously, in a letter dated February 1, 2002, the NRC approved BWRVIP-78, ABWR 
Integrated Surveillance Program Plan,@ and BWRVIP-86, ABWR Integrated Surveillance 
Program Implementation Plan@ (Reference 4) as supplemented by the BWRVIP letters to the 
NRC dated December 15, 2000 (Reference 5), and May 30, 2001 (Reference 6), for use during 
each BWR facility=s original 40-year operating license.  The recommendations provided in the 
February 1, 2002, letter were incorporated into the NRC staff approved version of the report, 
BWRVIP-86-A, AUpdated BWR Integrated Surveillance Program (ISP) Implementation Plan,@ as 
submitted by letter dated November 12, 2002 (Reference 7). 
 
The primary objective of BWRVIP-86-A was to satisfy the requirements of Appendix H, “Reactor 
Vessel Material Surveillance Program Requirements,” of Title 10 of the Code of Federal 
Regulations Part 50 (Appendix H to 10 CFR Part 50) for the original 40-year operating licenses 
of the BWR fleet.  However, during the design of this program, it was recognized that the ISP 
could be extended to meet the needs of individual BWR facilities submitting license renewal 
applications.  Therefore, as submitted by letter dated July 29, 2003 (Reference 8) BWRVIP-116, 
“Project No. 704 - BWRVIP-116:  BWR Vessel and Internals Project, Integrated Surveillance 
Program (ISP) Implementation for License Renewal” was developed to extend the guidelines of 
BWRVIP-86-A for the extended period of operation by expanding the surveillance capsule 
withdrawal schedules to include the withdrawal and testing of an additional surveillance capsule 
from each ISP host plant based on the criteria approved in the NRC=s February 1, 2002, letter.  
The ISP during the license renewal period (hereafter referred to as ISP(E) to differentiate it from 
the ISP for the original 40-year license period) continued to be designed, implemented, and 
managed to the same requirements of the ISP detailed in BWRVIP-86-A.  
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The BWRVIP-116 report, along with the BWRVIP RAI responses dated January 11, 2005 
(Reference 9), provided the technical basis for the development and implementation of the 
ISP(E) intended to support operation of the reactor pressure vessels (RPVs) in all U.S. BWRs 
through the completion of each facility=s proposed extended period of operation (60 year 
operating license).  The BWRVIP ISP(E) was submitted under the regulatory provisions given in 
Appendix H to 10 CFR Part 50, paragraph III.C., ARequirements for an Integrated Surveillance 
Program.@  The NRC accepted BWRVIP-116, as amended by the January 11, 2005, RAI 
responses, subject to several conditions in its February 24, 2006, safety evaluation (SE) 
(Reference 10). 
 
One of the stipulations put forward in the BWRVIP-116 SE was the expectation that a combined 
document would be produced including both the BWRVIP-86-A and BWRVIP-116 material to 
span the entire lifetime of a plant including both the original operating license and the extended 
operating license period.  BWRVIP-86, Revision 1, was submitted as the TR in response to this 
stipulation. 
 
1.1 Purpose 
 
The NRC staff reviewed the TR and the supplemental information that was submitted to the 
NRC staff to determine whether it continued to provide an acceptable RPV material surveillance 
program in accordance with Appendix H to 10 CFR Part 50 for all operating U.S BWR plants 
consistent with the previously approved documents from which the TR was produced.  The 
changes in the submittal from the source documents are primarily editorial in nature.  The 
non-editorial changes were few in number, and reflect updates in the state of knowledge and 
several minor additions reviewed elsewhere.  No changes were made to the structure or 
fundamental nature of the program documented in the TR or the previous iterations of the TR. 
 
1.2 Applicability 
 
This SE is applicable to all BWRs participating in the approved BWRVIP integrated 
surveillance program, in both the original and extended operating license period. 
 
 
2.0 REGULATORY EVALUATION 
 
Appendix G to 10 CFR Part 50, which is invoked by 10 CFR 50.60, AAcceptance Criteria for 
Fracture Prevention Measures for Lightwater Nuclear Power Reactors for Normal Operation,@ 
specifies fracture toughness requirements for ferritic materials of pressure-retaining components 
of the reactor coolant pressure boundary, including RPVs, during any condition of normal plant 
operation, including anticipated operational occurrences and system hydrostatic tests.  In 
order to support evaluations that demonstrate compliance with these requirements will be 
maintained, information regarding irradiated RPV material properties and the neutron fluence 
level of a licensee=s RPV is necessary.  Therefore, 10 CFR 50.60 also invokes Appendix H to 
10 CFR Part 50, which requires licensees to implement a RPV material surveillance program to 
Amonitor changes in the fracture toughness properties of ferritic materials in the reactor vessel 
beltline region...which result from exposure of these materials to neutron irradiation and the 
thermal environment.@  In compliance with the requirements of Appendix H to 10 CFR Part 50, 
licensees for all operating U.S. BWRs had implemented plant-specific RPV material surveillance 
programs as part of each facility=s licensing basis. 
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However, in early 1997, the NRC staff identified an issue with the existing Brunswick Steam 
Electric Plant (Brunswick), Unit 2 RPV surveillance program (Reference 11).  Based on the NRC 
staff=s review of a 1997 Brunswick, Unit 2 RPV surveillance capsule report, it was noted that the 
licensee for Brunswick, Unit 2 lacked adequate unirradiated baseline Charpy V-notch (CVN) 
data for one of the materials in the Brunswick, Unit 2 RPV surveillance program.  The NRC staff 
noted that this lack of baseline properties would inhibit the licensee=s ability to effectively 
monitor changes in the fracture toughness properties of RPV materials in accordance with 
Appendix H to 10 CFR Part 50.  Subsequent NRC staff discussions with the BWRVIP led to the 
identification of several plants that potentially lacked adequate unirradiated baseline CVN data 
for at least one material in their plant-specific RPV surveillance programs.  In total, 14 BWR 
surveillance welds and 7 BWR surveillance plates were identified as being potentially affected 
by this issue (Reference 12).  
 
The NRC staff met with BWRVIP representatives on November 7, 1997, to discuss this issue 
and potential paths for its resolution (Reference 13).  At that meeting, BWRVIP representatives 
indicated that they had attempted to locate unirradiated archival material samples and/or 
additional sources of baseline data for the potentially affected RPV surveillance program 
materials.  This effort was not successful with regard to resolving the issue.  As a result, the 
BWRVIP representatives indicated that they were pursuing the development of a BWR RPV ISP 
to address this issue and meet the requirements of Appendix H to 10 CFR Part 50 for all BWR 
licensees.  The NRC staff agreed that such an approach, if appropriately developed, would be 
expected to resolve any outstanding issues regarding BWR RPV surveillance programs.  
 
This alternative to individual plant-specific RPV surveillance programs is addressed in 
paragraph III.C. of Appendix H to 10 CFR Part 50.  Pursuant to paragraph III.C. of Appendix H 
to 10 CFR Part 50, a 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 III.C. of Appendix H also sets forth specific criteria upon which approval of 
an ISP shall be based.  The specified criteria include: 
 

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. 
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In addition, no reduction in the requirements for the number of materials to be irradiated, 
specimen types, or number of specimens per reactor is permitted.  Finally, no reduction in the 
amount of testing is permitted unless authorized by the Director of the Office of Nuclear Reactor 
Regulation.  Both BWRVIP-86-A and BWRVIP-116 as approved are in compliance with these 
stipulations.   
 
 
3.0 TECHNICAL EVALUATION 
 
The information provided by the BWRVIP in the TR conforms to the administrative and 
implementation requirements previously approved in the BWRVIP-86-A and BWRVIP-116 
reports for the ISP and ISP(E).  Major revision actions consisted of grafting BWRVIP-116 
materials into BWRVIP-86-A and updating tables to present the factual environment of 2008.  
Principally these updates took the form of actions once forecast now having been completed, as 
well as updates to chemistry and neutron fluence projections and measurements.  This section 
covers the new organization of the TR following the addition of the BWRVIP-116 material. 
 
Section 1 of the TR provides an introduction, as well as implementation requirements for the 
program.  Section 2 of the TR documents the background of the TR including the development 
of the ISP, the benefits of the ISP, and a review of the major definitions used in the ISP.  
Section 3 of the TR details the nature of BWR surveillance programs in place prior to the ISP, 
the Supplemental Surveillance Program, and detailed tables concerning the surveillance 
capsule plans and data produced prior to the implementation of the ISP.  Section 4 of the TR 
details the ISP test matrix including its development, the ISP test schedule, a detailed ISP test 
plan, and the results of the plan.  This section only details the ISP for the initial license operating 
period of the participating reactors (i.e. the first 40 year license).  Section 5 of the TR details the 
project administration and implementation.  Section 6 of the TR details the licensing aspects of 
ISP implementation.  Section 7 of the TR details the ISP(E) period (the first 20 year license 
extension period).  This section was fashioned from BWRVIP-116.  Section 8 of the TR contains 
references. 
 
Appendix A of the TR contains the individual vessel evaluations used in the ISP matrix and the 
program in general including chemistry data, alternate candidate surveillance capsules, and 
other pertinent details.  Appendix B of the TR consists of the NRC SE for the original 
BWRVIP-86.  Appendix C of the TR consists of the NRC SE for the original BWRVIP-116.  
Appendix D of the TR consists of the NRC SE approving BWRVIP-86-A.  Appendices E and F 
of the TR consist of a record of revisions for BWRVIP-86-A and the TR respectively. 
 
The NRC staff has reviewed the revised TR with emphasis on non-editorial revisions.  The vast 
majority of the revisions made to the TR are editorial in nature in order to join BWRVIP-86-A 
and BWRVIP-116, and will not be mentioned further where the NRC staff agrees with the 
BWRVIP determination that these revisions are simply editorial.   
 
The NRC staff noted that in the interim between the NRC acceptance of BWRVIP-86-A and 
BWRVIP-116 several changes have been made to the program and approved as necessary.  
These changes include the addition of: Cooper Nuclear Station and Edwin I. Hatch Nuclear 
Plant, Unit 1 as having reconstituted capsules; Browns Ferry Nuclear Plant, Unit 1 to the ISP 
tables; and a change in the Columbia Generating Station target vessel weld to a more 
appropriate material due to misidentification of the original material of interest.  These changes 
were made and approved prior to the submittal of the TR. 



  
 

- 5 - 
  

 

The first large group of non-editorial revisions was due to previously planned tests being 
conducted on capsules.  Updates were made within the TR to reflect the transition from capsule 
testing having been planned to having been implemented.  These changes simply report new 
data and the NRC staff finds them to be acceptable. 
 
The second large group of non-editorial revisions consisted of a number of updated neutron 
fluence projections for program samples.  The NRC staff questioned the nature and pedigree of 
these changes in its RAI.  The BWRVIP, in its response to the NRC staff RAI, stated that the 
updated neutron fluence values came from one of four sources.  The first source was BWR 
vessel neutron fluence estimates provided by the participants in the TR program.  The BWRVIP 
accepts the input of its members and provides no stipulations regarding the process through 
which the reported neutron fluences are to be calculated.  Rather, as documented on page 12 of 
the NRC’s SE for the original ISP (Reference 4), plant-specific neutron fluence methodology 
must be resolved between each individual plant and the NRC and should comply with 
Regulatory Guide (RG) 1.190, “Calculational and Dosimetry Methods for Determining Pressure 
Vessel Neutron Fluence.”  This requirement was not backfit, hence only fluence updates 
generated after that SE must follow this stipulation.  The second source of neutron fluence 
updates came from specimens that have been tested since the last TR revision using NRC-
accepted methodologies compliant with NRC RG 1.190.  The third source of neutron fluence 
updates came from projected capsule neutron fluences which are extrapolated from the best 
available information (most recent neutron fluence from a capsule report, or End of License 
neutron fluence estimate) and estimated plant capacity factors.  The fourth and final source of 
neutron fluence updates stemmed from the determination of neutron fluences at the time of 
future capsule testing, which is subject to unforeseen shifts and so falls under minimal oversight 
(these figures are very dependent on capsule removal date, for which there exists some 
leeway).   
 
The NRC staff notes that these neutron fluence projections, while produced in compliance with 
RG 1.190, are not necessarily the neutron fluences submitted for licensing purposes.  Licensing 
neutron fluence values tend to be ‘bounding’ values, and hence conservatively over-estimate 
the likely actual final neutron fluences in a vessel.  This makes licensing neutron fluence values 
unsuitable for use in the ISP and ISP(E).  The NRC has and continues to accept that the 
updated TR neutron fluences, produced in compliance with RG 1.190, are prudent and proper 
for use within the TR program.  Specifically the NRC staff accepts that these neutron fluences 
will support a reliable and useful ISP and ISP(E) test program with adequate scheduling and 
hence their inclusion in the TR is acceptable to the NRC staff.  Specifically the NRC staff 
echoes its previous position: 
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The staff finds that the TR fluences (as addressed in the attached safety 
evaluation) are acceptable for use in the TR provided that all licensees continue 
to use one or more compatible neutron fluence methodologies acceptable to the 
NRC staff, i.e., which comply with the guidance in Regulatory Guide 1.190, 
ACalculational and Dosimetry Methods for Determining Pressure Vessel Neutron 
Fluence,@ to determine surveillance capsule and RPV neutron fluences.  
Compatible in this case may be understood to mean neutron fluence 
methodologies which provide results that are within acceptable levels of 
uncertainty for each calculation.  This condition of ISP(E) implementation is 
necessary to ensure that data from surveillance capsules included in the ISP(E) 
may be appropriately shared between BWR facilities and that the basis for the 
neutron fluence determined from a specific capsule and the RPV which it is 
intended to represent are comparable.  This issue is related to the requirements 
for an ISP found in items a., b., and c., of Appendix H to 10 CFR Part 50, 
Paragraph III.C.1. 

 
The third large group of non-editorial revisions consisted of corrections and updates in the 
chemical properties of program materials.  The NRC staff questioned the numerous changes in 
reported chemistry values throughout the document, including several significant changes.  The 
BWRVIP responded to the NRC staff’s RAI by noting that the program was committed to using 
the latest “best-estimate chemistries.”  Previous versions of the TR relied on early chemistry 
estimates, reported circa 1999-2000, that have subsequently been refined.  The incorporation of 
more modern best estimates was in keeping with NRC guidance and the NRC staff considers 
this to be prudent and proper engineering practice.  The NRC staff finds the updated chemistry 
values to be acceptable for use within the TR program.  The NRC staff notes that these best-
estimate chemistry values have not necessarily, nor necessarily will be, approved by the NRC 
staff for usage outside of the TR program and are not to be confused with best-estimate 
chemistries used for other applications such as 10 CFR 50.61 applications. 
 
The final set of non-editorial revisions concerned relatively minor shifts in the projected testing 
dates of several samples, including the reassignment of the 3rd Perry capsule to the license 
renewal test program.  These shifts primarily reflect a better knowledge of outage scheduling 
moving forward and do not substantially affect the TR program.  In the response to the NRC 
staff’s RAIs the BWRVIP included several additional updates/revisions to the BWRIP-86, 
Revision 1, withdrawal schedules.  The updated schedule continues to support the stated goals 
of the TR program.  The NRC staff finds these updates and revisions to be acceptable. 
 
In concert with the RAI updates to capsule scheduling, the RAI response included a proposed 
protocol for informing the NRC of changes to the ISP(E) capsule withdrawal schedule: 
 

Although the capsule withdrawal schedule identified a Year and an EFPY 
[effective full power year] for each withdrawal, ISP(E) capsules will be withdrawn 
for testing in the year shown in the schedule (plus or minus one year, to align 
with outage schedules).  The NRC will be informed only if the EFPY at that year 
is less than that shown in the schedule; if the EFPY will be less, then the 
BWRVIP must reevaluate and inform the NRC how the ISP intends to address 
the shortfall in capsule EFPY/fluence. 
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The NRC staff has no contention with this protocol as it incorporates a mechanism with which to 
inform the NRC concerning deviations from the established withdrawal schedule.  The precise 
scheduling of capsule withdrawal has generally been the BWRVIP’s responsibility and this 
protocol does not change this responsibility.  As long as the schedule continues to support the 
BWRVIP program as approved and does not cause deviation from NRC required practices 
without NRC approval, the NRC staff has no contention with this protocol. 
 
Based on the above, the NRC staff concludes that the TR program is acceptable and will 
continue to meet the objectives of being able to monitor changes in the fracture toughness 
properties of RPV materials due to irradiation and provide adequate information for required 
RPV integrity evaluations. 
 
 
4.0 LIMITATIONS AND CONDITIONS 
 
Conditions discussed in previous NRC staff SEs, not explicitly modified in this SE, 
remain in effect for this SE. 

 
 
5.0 USE AND REFERENCING OF THE TR 
 
This SE is acceptable for reference to establish compliance with the requirements of 10 CFR 
Part 50 Appendix H for both original 40 year, and 60 year extended, operating licenses.  The 
BWRVIP-86 Rev. 1 program, when implemented with all NRC conditions, 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 to 10 CFR Part 50 through the end 
of current facility 40 year and 60 year extended operating licenses. 
 
 
6.0 CONCLUSIONS 
 
The NRC staff has concluded that TR BWRVIP-86, Revision 1, is acceptable subject to the 
conditions discussed in previous NRC staff SEs where such conditions have not been 
superseded by this SE.  The ISP and ISP(E) continue to adequately address the requirements 
of Appendix H to 10 CFR Part 50 for BWR licensees through the end of facility’s proposed       
60 year operating licenses. 
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