
February 25, 2005

Bill Eaton, BWRVIP Chairman
Entergy Operations, Inc.
Echelon One
1340 Echelon Parkway
Jackson, MS  39213-8202

SUBJECT: SAFETY EVALUATION OF PROPRIETARY EPRI REPORT, "BWR VESSEL
AND INTERNALS PROJECT, SAMPLING AND ANALYSIS GUIDELINES FOR
DETERMINING THE HELIUM CONTENT OF REACTOR INTERNALS 
(BWRVIP-96)" (TAC NO. MB3947)

Dear Mr. Eaton:

The NRC staff has completed its review of the Electric Power Research Institute (EPRI)
proprietary report, "BWR Vessel and Internals Project, Sampling and Analysis Guidelines for
Determining the Helium Content of Reactor Internals (BWRVIP-96)," dated November 2001. 
This report was submitted by letter dated November 29, 2001, for NRC staff review and
approval.  The BWRVIP also submitted the non-proprietary version of this report by letter dated
February 10, 2005. The BWRVIP-96 report provides guidelines for removing small samples
from irradiated reactor internals to measure the helium content for weldability determinations. 
The NRC staff has reviewed your submittal and finds that the report presents an acceptable
technical justification of its proposed methodology.  The staff’s safety evaluation is attached.

Please contact Meena Khanna of my staff at 301-415-2150 if you have any further questions
regarding this subject.

Sincerely,

/RA/

William H. Bateman, Chief
Materials and Chemical Engineering Branch
Division of Engineering
Office of Nuclear Reactor Regulation

Enclosure:  As stated

cc:  BWRVIP Service List 
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ENCLOSURE

U.S. NUCLEAR REGULATORY COMMISSION

OFFICE OF NUCLEAR REACTOR REGULATION

SAFETY EVALUATION OF BWR VESSEL AND INTERNALS PROJECT, 

“SAMPLING AND ANALYSIS GUIDELINES FOR DETERMINING 

THE HELIUM CONTENT OF REACTOR INTERNALS (BWRVIP-96)”

1.0 INTRODUCTION

1.1 Background

By letter dated November 29, 2001, the Boiling Water Reactor Vessel and Internals Project
(BWRVIP) submitted the Electric Power Research Institute (EPRI) Proprietary Report 
TR-1003019, “Sampling and Analysis Guidelines for Determining the Helium Content of
Reactor Internals (BWRVIP-96),” for staff review.  It was supplemented by letter dated June 7,
2004, in response to the staff’s request for additional information (RAI) dated January 8, 2003. 
In addition, by letter dated February 10, 2005, the BWRVIP submitted the non-proprietary
report, TR-1003019NP, BWRVIP-96NP: “BWR Vessel and Internals Project, Sampling and
Analysis Guidelines for Determining the Helium Content of Reactor Internals.”  The BWRVIP-96
report provides the guidelines that describe the acceptable methods for sample removal from
irradiated reactor internals and analysis of helium content for weldability determinations. 

1.2 Purpose

The staff reviewed the BWRVIP-96 report to determine whether its proposed guidance will
provide an acceptable method for sample removal from irradiated reactor internals and analysis
of the helium content for weldability determinations by direct measurement.  The review
assessed the proposed guidelines regarding sample removal, sample transmission, analysis
methodology, and safety evaluation.  

1.3 Organization of this Report

Because the BWRVIP report is proprietary, this SE was written to not repeat proprietary
information contained in the report.  The staff does not discuss in detail the provisions of the
guidelines or the parts of the guidelines it finds acceptable.  A brief summary of the contents of
the BWRVIP-96 report is provided in Section 2 of this SE, with the evaluation presented in
Section 3.  The conclusions are summarized in Section 4.  The presentation of the evaluation is
structured according to the organization of the BWRVIP-96 report.
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2.0 SUMMARY OF BWRVIP-96 REPORT

The BWRVIP-96 report addresses the following topics in the following order:

• Introduction - The BWRVIP-96 report states that the one of the factors that affect the
weldability of stainless steels in BWR reactors is the helium content of the metal.  If the
concentration of helium is above a certain threshold, helium bubbles will be produced in
sufficient quantity to degrade the strength of the material and to cause cracks in the 
weld heat affected zone (HAZ).  Therefore, the report states that if welding is to be
considered as a means of repairing an irradiated reactor component, it is important to
know the approximate helium content at the weld location. 

For some reactor internal components, the helium concentration can be calculated. 
This involves estimating the neutron fluence at the location as well as knowledge of the
boron and nickel concentrations in the material.  This process is straightforward,
however, the calculated helium concentration may be subject to substantial uncertainty. 
There is uncertainty in the thermal neutron fluence calculations due to the fact that they
have not been accurately benchmarked at many locations of interest, e.g., jet pump
riser brace pads or core spray piping.  In addition, the boron concentration of the subject
material may not be known.  Therefore, a more direct and accurate method for
determining the helium concentration is needed in some cases.  One acceptable
method for determining the helium concentration is by direct measurement on a small
sample removed from the component of interest. 

Recognizing that utilities may need to perform such sampling and analysis in the future, 
the BWR Vessel and Internals Project (BWRVIP) and the NRC conducted a joint project
to demonstrate sample removal from a number of BWRs.  Samples were removed from
the jet pump riser brace pad at four locations in three US BWRs using tooling developed
by Framatome-Advanced Nuclear Power (FRA-ANP).  The samples were sent to Pacific
Northwest National Laboratory (PNNL) and were analyzed for helium content, initial
boron content and neutron fluence.

The objective of the sampling and analysis guideline is to use the lessons learned from
the BWRVIP/NRC project to provide utilities with guidance on performing similar
sampling of internal components.  The discussion in this report is based primarily on
experience using the Framatome tooling and analyses performed by PNNL.  However, 
other methods of sample removal and analysis are also acceptable for determining the
helium content of stainless steels and high nickel alloys for purposes of assessing
weldability.

• Sampling/Analysis Requirement -  Section 2 of the report discusses the basic
requirements for removing and analyzing a sample.  This includes a discussion of the
required sample size, sampling process, and sample handling/shipping.  The report also
provides a description of the required safety analysis.  It states that a technical
justification is required to support the development of a safety evaluation by the licensee
for the sampling activity.  The technical justification is to address testing, qualification,
the use of the equipment, as well as relevant structural and material issues associated
with the as-left condition of the sampling location(s).   
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In addition, the report lists the plant-specific information that is typically required for the
design of the tooling and mock-ups and the engineering technical justification for the
sampling process.  

An overview of the helium analysis procedure, which is the technique used by PNNL, is
included in the report. 

 • BWRVIP/NRC Jet Pump Riser Brace Sampling - In Section 3 of the report, the BWRVIP
discusses that samples were removed from the jet pump riser brace pad at three
reactors and analyzed for helium, initial boron content, and fast and thermal neutron
fluence.  An overview of that sampling and analysis is provided in the report.  This
section of the report provides utilities with a better understanding of the scope of the
process.  In addition, a description of the typical tooling, testing and qualification of the
sampling process, sample removal process, sample site support, sampling personnel
and  locations, sample handling requirements, requisite safety analyses, and sample
analysis results are provided in the report. 

Section 3 of the report also discusses that a safety analysis was conducted to ensure
that the sampling would not leave the surface in a degraded condition.  The safety
analysis consisted of a structural analysis, a material evaluation, and a metallurgical
examination of the jet pump riser brace weld pad qualification samples.  The report
indicates that the structural analysis demonstrated that the rules of ASME Section III are
not violated.  With respect to the material evaluation, the report indicated that the small
amount of cold work resulting from the sampling process is considered acceptable
because it is significantly less than that introduced in other BWR components during
original construction.  In addition, the report stated that the process qualification will
show that no crevices have been created during the sample removal process; therefore,
IGSCC initiation, resulting from the introduction of a crevice during the sample removal
process, is not an issue.  

Metallurgical examinations were performed on the jet pump riser brace weld pad
qualification samples.  Based upon the examinations and tests performed, it appeared
that the machining process proposed for removal of samples from the jet pump riser
pads is acceptable for use because the machining process did not create laps, tears or
crevices and did not introduce excessive cold work into the weld metal pad.  Based on
the results of the examinations, it appeared that the “divots” in the weld pad, resulting
from the removal of samples, should not produce an initiation site for stress corrosion
cracking.

The report provides details of the safety analysis that was conducted to indicate the
types of evaluations performed.  Also, the report discusses the sample analysis results.  

• Example of Analytical Results - In Appendix A of the report, the results of the helium,
boron, and neutron fluence analyses for one of the three plants that were sampled as
part of the BWRVIP/NRC project are provided.  Based on these results, the BWRVIP
provides  recommendations in the report.

The thermal and fast neutron fluences were determined with uncertainties ranging from
6% to 29% at each of the four jet pump riser brace positions.  The data clearly display
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the effects of the decrease in the core edge neutron fluxes caused by the changes in
the core configuration to reduce the neutron leakage; therefore, the BWRVIP provided
recommended fluences in Table A-11 of the report.  The BWRVIP concluded that the
thermal neutron fluences calculated from the different transmutation/decay reactions are
in good agreement and the absolute accuracy should be close to the standard
deviations listed in Table A-11 of the report.

3.0 STAFF EVALUATION

3.1 Sampling Size/Analysis Requirements

The staff finds that the BWRVIP adequately addressed the basic requirements for removing
and analyzing a sample.  The staff determined that the BWRVIP-96 report includes
comprehensive information on the preferable sample size and sample extraction locations
because the sampling process is performed in accordance with a qualified procedure and 
multiple high and low fluence locations are utilized, which will provide a good representation of
sampling locations. 

The staff finds that the report adequately provides the basis and the rationale for a required
safety analysis which ensures that a sample removal would not lead to a stress concentration
that would adversely impact the fatigue life of the reactor vessel.  This refers to the potential for
a fatigue crack to grow from the riser brace pad into the reactor pressure vessel that could
effect the pressure boundary.  In addition, the rules of ASME Section III are not violated
because the BWRVIP’s structural analysis showed that the resulting stress concentration yields
an allowable number of cycles of 1500, per Figure N-415 (B) of ASME Section III, which will
lead to a cumulative usage factor well below the allowable value of 1, and therefore, fatigue
crack formation is not expected.  In addition, the material evaluation from the metallurgical
examination, as stated in the BWRVIP-96 report, concluded that cold work and crevices
created from the sample removal were acceptable and would not impact compliance with the
fatigue analysis requirements of ASME Section III.

The staff concludes that the sampling size/analysis requirements provided in the BWRVIP-96
report are comprehensive and, where applicable, adequately meet the fatigue analysis
requirements of ASME Section III, and are, therefore, acceptable.

3.2 BWRVIP/NRC Jet Pump Riser Brace Sampling

The staff evaluated the testing and qualification plan for the sampling process and noted that
the process was performed in accordance with a qualified procedure, and the weld pad
mockups were constructed with representative surface finishes.  Also, the staff agreed that the
machining characteristic of the un-irradiated mockup materials are representative of the field
conditions.  Therefore, the staff found that the BWRVIP adequately addressed the testing and
qualification plan for the sampling process.  

The staff found the sample removal process acceptable because it was performed in
accordance with a qualified procedure.  In addition, the staff finds that the guidelines regarding
sampling hardware, sites, personnel, procedures, and lessons learned are clearly described in
the report.  
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As stated in Section 3 of the report, the removal of the sample from the weld pad will result in a
stress concentration that was not considered in the original design calculations.  However, with
respect to the structural analysis that was conducted, the staff found that the BWRVIP
adequately demonstrated that the effects of stress concentration on the fatigue life of the
reactor vessel is small and that the fatigue analysis requirements of ASME Section III will still
be met, and the as-left condition would, therefore, be acceptable.

The staff noted that the BWRVIP adequately addressed the material evaluation of the BWR jet
pump riser brace weld pad.  The staff agreed that the small amount of cold work resulting from
the sampling process, which would be significantly less than that introduced in other BWR
components during original construction, is considered acceptable.  In addition, the BWRVIP 
indicated that the process qualification shows that no crevices have been created during the
sample removal process; therefore, the staff agrees that IGSCC initiation, resulting from the
introduction of a crevice during the sample removal process, is not an issue.  

Examinations and tests were performed to adequately demonstrate that stress corrosion
cracking should not be a concern for the removal of samples from the jet pump riser pads;
therefore, the staff agreed that the “divots” in the weld pad resulting from the removal of
samples should not produce an initiation site for stress corrosion cracking.  

Based on the above evaluation, the staff finds that the BWRVIP-96 report provides
comprehensive guidelines regarding the BWRVIP/NRC jet pump riser brace sampling. 

3.3 Example of Analytical Results 

Appendix A of the report provided details of the sampling results for one of the three plants. 
The staff reviewed Appendix A and found that the discussions on the retrospective neutron
dosimetry to be reasonable and adequate because established procedures had been used and
the thermal neutron fluences from different transmutation/decay reactions are in good
agreement.  However, in order to complete the review on the helium and neutron dosimetry
analysis, the staff required additional information.  Accordingly, by letter dated January 8, 2003,
the staff requested additional information.  The first RAI (RAI 96-1) related to the fact that
Section A.1.9 of the BWRVIP-96 report states that the reproducibility of the helium content
measurements between the replicate analysis averaged 4%.  Section A.1.9 also states that
reproducibility in the analysis system for these types of samples is 0.5%.  The review of Table
A-4 on which these statements are based indicates that the spread of the reproducibility is
between about 0.5% and 8% for the pre-exposure samples and between 2.4% and 8% for the
post-exposure samples.  The staff requested clarification on whether this spread, in
reproducibility, is a reflection of the helium homogeneity issue discussed in Section A.1.5 of the
report.  The staff requested that the BWRVIP explain the wider spread in the reproducibility in
the pre-exposure samples compared to the post-exposure samples and whether similar
spreads in reproducibility have been observed in samples analyzed for the other two plants as
part of the BWRVIP/NRC project.  The BWRVIP was also requested to provide a copy of
Reference 1 (as stated in the report), memo from Vaughn Wagoner to all BWRVIP Committee
Members, dated October 4, 2001, “Transmittal of Summary Reports on Jet Pump Riser Brace
Pad Sample Analysis.” 
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By letter dated June 7, 2004, the BWRVIP responded to RAI 96-1, by stating that the NRC
correctly noted that the spread of reproducibility of the helium measurements for individual
samples range from approximately 0.5% to 8%.  The helium content of samples is proportional
to the initial boron content.  Variations in the boron measurements for samples taken from the
same location ranged from approximately 3% to 6%.  Variations higher than 2% are attributed 
to inhomogeneity in the boron content in the samples and may reflect real variations in the
boron content across the riser brace pad.  The BWRVIP further stated that the inhomogeneity
in the boron concentration gives rise to similar inhomogeneity in the helium concentration. 
Therefore, the BWRVIP concluded that the spread of the helium reproducibility is attributed to a
combination of measurement uncertainty and boron inhomogeneity.

The BWRVIP stated that the variability observed in these samples is very small in terms of their
intended use.  The helium measurements will be used in making determinations regarding the
weldability of reactor internal components.  It was noted that BWRVIP-97, “Guidelines for
Performing Weld Repairs to Irradiated BWR Internals,” has established a factor of safety of
about 10 on the helium concentration threshold for determining weldability.  The BWRVIP
concluded that uncertainties or inhomogeneity of a few percent are inconsequential.

The BWRVIP also provided a copy of the memo requested in RAI-96-1, with the related PNNL
reports describing the analysis results from all three plants.  The BWRVIP stated that
reproducibility of the helium measurements from the other two plants was generally better than
that for the plant reported in the BWRVIP-96 report and ranged from approximately 0.1% - 3%.

The staff reviewed the BWRVIP’s response and the reports that were attached and agrees that
the spread of the helium concentration reproducibility is attributable to a combination of
measurement uncertainty and boron inhomogeneity.  The staff agrees that uncertainties or
inhomogeneity of a few percent in the helium concentration are inconsequential since the
BWRVIP-97 report has established a factor of safety of about 10 on the helium threshold for
determining weldability.  The staff notes that according to Table 6 of the two PNNL reports,
regarding Plants 2 and 3, the estimated error for the measured helium concentration ranged
from 1% to 3%.  This is consistent with the BWRVIP’s statement that reproducibility of the
helium measurements from the other two plants was generally better than that for the plant
reported in the BWRVIP-96 report.  

RAI 96-2 related to the fact that since every atom of 10B will eventually transmute to 4He and
one weight-percent natural B can produce one atomic percent He (see 3rd paragraph in Section
2.1 of the BWRVIP-97 report), the weldability would vary considerably with the variations in the
boron content in the riser brace pad regions of the plants.  Sections A.1.1 and A.1.9 of the
BWRVIP-96 report state that the range of the boron concentration values is higher than can be
explained by the measurement uncertainty or boron inhomogeneity, suggesting real variations
in the boron contents between the four jet pump riser brace samples which all came from the
same plant.  The staff requested clarification on the source of these real variations, the
variations in boron contents that has been observed in samples from the other two plants, and
the source of these variations.

In the letter dated June 7, 2004, the BWRVIP responded to RAI 96-2 by stating that similar to
their response to RAI 96-1, the variations in the boron content are attributed to a combination of
measurement uncertainty (~2%) coupled with real inhomogeneity of the boron content of the
riser brace pad.  The BWRVIP further stated that boron variability in the samples from the other
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two plants ranged from 2 to 4 percent.  The BWRVIP concluded that this degree of variability is
not significant in the context of determining weldability. 

The staff reviewed the BWRVIP’s response and the reports that were attached.  The staff found
the response adequate because the BWRVIP clarified that the spread of the boron
measurement is attributed to a combination of measurement uncertainty and boron
inhomogeneity and that uncertainties or inhomogeneity of a few percent for all three plants are
inconsequential in the context of determining weldability.  Since the requests for additional
information regarding the helium and boron analysis in Appendix A of the BWRVIP-96 report
(as documented in RAIs 96-1 and 96-2) have been adequately addressed by the applicant’s
responses in its June 7, 2004 letter, the staff finds the discussion on the helium and boron
analysis in Appendix A, as supplemented by the applicant’s response to RAIs 96-1 and 96-2, to
be acceptable. 

Based on its review of the report, the additional material provided by the BWRVIP, and the 
responses to the staff’s RAIs, the staff finds the guidelines provided by this subject report
acceptable.

4.0 CONCLUSION

The staff has reviewed the BWRVIP-96 report and the supplemental information that the
BWRVIP has provided in its response to the staff’s RAIs.  On the basis of the staff’s evaluation
above, the staff finds that the guidelines provided in the BWRVIP-96 report for removing a
small sample from a reactor to measure the helium content to be acceptable.  The staff
requests that the BWRVIP incorporate the information that was provided in its response to the
staff’s RAIs into the -A version of the BWRVIP-96 report.

5.0 REFERENCES

1. EPRI TR-1003019, “BWRVIP-96, Sampling and Analysis Guidelines for Determining the
Helium Content of reactor Internals,” dated November 2001.

2. Vaughn Wagoner/Tom Mulford to All BWRVIP Committee Members, “Transmittal of
Summary Reports on Jet Jump Brace Pad Sample Analyses,” dated October 4, 2001,
with attached reports.

3. NRC Request for Additional Information, “Proprietary Request for Additional Information,
Review of BWR Vessel and Internals Project Reports, BWRVIP-96, -97, -99, and -100,”
dated January 8, 2004. 

4. BWRVIP Response to NRC Request for Additional Information, “Response to NRC
Request for Additional Information on BWRVIP-96,” dated June 7, 2004.


