
CONTACT: Meena Khanna
301-415-2150

November 9, 2004

MEMORANDUM TO: William H. Bateman, Chief
Materials and Chemical Engineering Branch
Division of Engineering

FROM: Meena K. Khanna, Materials Engineer    /RA/
Materials and Chemical Engineering Branch
Division of Engineering

SUBJECT: SUMMARY OF AUGUST 24-25, 2004, MEETING WITH BOILING
WATER REACTORS VESSEL AND INTERNALS PROJECT TO
DISCUSS THE BOILING WATER REACTOR VESSELS AND
INTERNALS APPLICATION MODEL CONTAINED IN BWRVIP-62 AND
NON-DESTRUCTIVE EXAMINATION UNCERTAINTY

On August 24-25, 2004, representatives of the Boiling Water Reactor Vessel and Internals
Project (BWRVIP) met with the NRC staff to discuss the background of the BWRVIP-62 report,
“Technical Basis for Inspection Relief for BWR Internal Components with Hydrogen Injection,”
which focused on the Boiling Water Reactor Vessels and Internals Application (BWRVIA)
model.  In addition, a discussion of non-destructive examination (NDE) uncertainty in flaw
evaluations was provided, and a brief discussion took place regarding bypass leakage with
respect to the review of the BWRVIP-02, Revision 2 report, “Core Shroud Repair Design
Criteria.”

The BWRVIP began the meeting with the background and overview of the BWRVIP-62 report.  
The BWRVIP’s discussion included the objective of the BWRVIP-62 report, which is to provide
the technical basis for the inspection relief of BWR internal components in plants that use
hydrogen water chemistry (HWC) or noble metal chemical addition (NMCA) to mitigate
cracking.  In addition, the BWRVIP presented graphs and charts that represented BWR plant
data to display that both moderate HWC and NMCA are effective IGSCC mitigation techniques
for BWR internals.

The BWRVIP indicated that the measurement of the electrochemical corrosion potential (ECP)
of the reactor coolant system (RCS) water is one of the primary parameters that will be used to
monitor HWC and/or NMCA effectiveness.  In addition, secondary parameters that respond to
hydrogen injection which can be correlated to ECP are also used.  The secondary parameters
include the feedwater hydrogen flow rate or concentration, main steam line radiation fields,
main steam line oxygen, and reactor coolant system oxygen or hydrogen.  The BWRVIP also
indicated that the BWRVIA model is used to confirm mitigation in non-monitored locations.
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The parameters used to monitor NMCA effectiveness were also mentioned.  These include the
measured ECP or measured H2 : O2 molar ratio and the catalyst loading, which are the primary
parameters.  The secondary parameters that are used to monitor NMCA effectiveness are the
feedwater hydrogen flow rate or concentration, reactor water oxygen and the H2 : O2 molar ratio. 
It was also stated that the H2 : O2 molar ratio from the BWRVIA model is used to confirm
mitigation in non-monitored locations.

With respect to the factors of improvement (FOI) with HWC/NMCA, the BWRVIP stated that
crack growth models for stainless steel and nickel-base alloys are used to calculate FOIs with
HWC.  The FOI accounts for the effect of ECP and HWC availability on crack growth rate.  The
FOI increases as the ECP decreases and as the HWC availability increases.  The BWRVIP
also stated that the FOI approach is conservative because the actual CGRs under HWC are
lower than predicted by the BWRVIP-14 model.

The BWRVIP then described the key features of the BWRVIP-62 report.  These are
summarized below. 

C Supplementary techniques for ensuring the effectiveness of moderate hydrogen
water chemistry (HWC-M) or NMCA have been developed.  Detailed evaluations
based on computer models and benchmark testing have demonstrated the
viability of using secondary parameters to confirm IGSCC mitigation.

C A set of parameters have been developed that may be used in the absence of
direct ECP measurements or as a supplement to direct ECP measurements for
establishing IGSCC mitigation criteria.

C The BWRVIP-developed radiolysis ECP computer model is in good agreement
with reliable chemistry measurements of the steam and recirculation systems.

C Empirical crack growth models for stainless steel and nickel-base Alloy 182 weld
metal indicate that a FOI of two reduction in crack growth rate is readily
achievable with a HWC-M or NMCA availability of 70%.

The BWRVIP addressed its responses to the various open items, as provided by its letter dated
August 1, 2001, and as supplemented by letter dated May 19, 2003. The BWRVIP then
presented the overall conclusions of the BWRVIP-62 report.  For Category 1 plants, the
BWRVIP indicated that plant ECP data will be used to calibrate the BWRVIA radiolysis model
and that at least two secondary parameters will be used to confirm effective HWC.  For
Category 2 plants (no ECP measurements), use of BWRVIP-62 is contingent on the review and
acceptance by NRC of the BWRVIA radiolysis/ECP model on a plant-specific basis.  For
Category 3 plants, NMCA plants will use catalyst loading and either measured ECP (Category
3a) or measured H2:O2 molar ratio (Category 3b) as the primary parameters.

Then, the BWRVIP provided a discussion of the BWRVIA for radiolysis and ECP analysis.  The
BWRVIP utility members sponsored the development of the BWRVIA computer code with the
objective of determining the optimum level of hydrogen injection for IGSCC mitigation.  The
BWRVIA calculates the concentrations of hydrogen, oxygen, and hydrogen peroxide in various
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regions of the vessel as a function of geometry, flow, core power distribution and hydrogen feed
rate.  The BWRVIA determines the molar ratio of hydrogen to oxidants and ECP from the
chemistry data.

The BWRVIP also provided a discussion of the methodology and modeling of the BWRVIA
model.  In addition, the BWRVIP presented charts that displayed comparisons of various
measured plant data points to the BWRVIA model predictions.  The BWRVIP stated that the
plant chemistry data and BWRVIA model predictions are in good agreement.

The BWRVIP continued with a discussion of the BWRVIA application at Susquehanna.  The
BWRVIP also displayed various charts to depict the comparison of the BWRVIA model to actual
Susquehanna plant data with respect to ECP measurement, chemistry comparison, and
predicted total oxidant.  The findings that were stated included that (a) the oxidant
concentrations predicted by the BWRVIA model are in good agreement with plant data, (b)
feedwater hydrogen concentration greater than 1.6 ppm is required to protect the lower plenum,
and (c) the oxidant concentrations at the H4 weld and lower locations are very low at the
feedwater hydrogen concentration greater than 1.6 ppm.

The meeting was then turned over to the staff in order for the BWRVIP to obtain feedback.  The
staff indicated that it was satisfied with Categories 1 and 3a, and that a plant-specific analysis
would need to be submitted to the staff for Category 2 plants.  However, for Category 3b plants,
the staff indicated that it did not agree with the BWRVIP’s approach; the staff believes that the
licensees should implement ECP measurements to verify the BWRVIA model because,
currently, there is not sufficient data available to support the BWRVIA model.  The BWRVIP
stated that the measured molar ratio was an equally reliable primary parameter for Category 3b
NMCA plants.  However, the staff still believes that licensees should implement ECP
measurements to verify the BWRVIA model for Category 3b plants.

The BWRVIP indicated that it would supplement the BWRVIP-62 report to include the
methodology and background of how the plants are to implement HWC and NMCA.  The staff
agreed that this would allow for the BWRVIP-62 report to be comprehensive and also allow for
this report to be used as a standard tool for the BWRVIP plants.

The BWRVIP then addressed the issue of NDE uncertainty.  The BWRVIP requested that the
staff separate the issue of NDE uncertainty for flaw evaluations from the issue of the
demonstration process with respect to NDE uncertainty, so that the BWRVIP could finalize the
inspection and evaluation (I&E) guideline reports (-A reports).  The BWRVIP provided its
responses to the staff’s RAIs on NDE uncertainty by letter dated May 25, 2004.  The BWRVIP
indicated that they were going to refer to their position on NDE uncertainty for flaw evaluations
as provided in its letter of May 25, 2004, and proceed with issuing the updated -A documents.

Then, a discussion regarding the BWRVIP-14-A report, “Crack Growth Rates of Stainless
Steel,” was held, in which Bill Shack of Argonne National Laboratories participated via telecon. 
Dr. Shack addressed his issues regarding his review of the report.  Dr. Shack stated that
NUREG/CR-6826 displays data for the base metal at 3 x1020 n/cm2 that is close to the 0313 line
and probably just about on the 95th percentile line for 0.15 uS/cm and 200 mV.  However, he
also indicated that for weld HAZ at 5x1020 n/cm2, the data is well over the 0313 line.  The heat
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affected zone (HAZ) data have not yet been published, but were presented at the recent CIR
meeting in Japan.  With just a few data points, Dr. Shack stated that it would be unlikely that
they would hit or exceed a 95th percentile, so that could be the basis for arguing that the
distribution has shifted upwards. The factor of 5 shift that Dr. Shack used is an engineering
judgment that makes it not improbable that the observed data came from the shifted distribution
(whereas it would be improbable that they came from the BWRVIP-14 distribution). 

The second item that Dr. Shack addressed was with respect to the ring-to-shell welds.  He
indicated that his results are based on the simplified approach to calculating the K for ring-to-
shell welds.  Dr. Shack indicated that he took the given residual stress distributions in the
BWRVIP-14A report for these welds (i.e, he digitized the residual stress distributions in Figs.
4-8, 9, 10) and calculated corresponding K distributions using the Cheng-Finnie approach for
shell-to-shell welds.  He indicated that he used R/t ratios = 60 and 10.  He argued that the ring-
to-shell weld is certainly stiffer than the R/t=60 shell-to-shell, but probably not as stiff as the
R/t=10 shell-to-shell.  Thus the R/t=60 shell-to-shell should give a conservative estimate for the
ring-to-shell case and the R/t=10 case gives an idea of just how conservative the R/t=60
solution might be.

The BWRVIP requested a copy of Dr. Shack’s technical letter report (TLR), so that they could
assess the results and address his concerns.  The staff forwarded the TLR to the BWRVIP on
September 24, 2004.

Lastly, a brief discussion regarding the review of the BWRVIP-02, Revision 2 report was held. 
The staff requested that the BWRVIP address bypass leakage.  The BWRVIP indicated that the
report does address the potential for bypass leakage across the core shroud to challenge the
peak clad temperature.  In addition, it was also stated that for horizontal welds, repairs usually
result in a pre-load such that there will be no separation under normal operations.

The NRC staff expressed its appreciation to the BWRVIP for the presentations.  An attendance
list is provided in the enclosure.  The slides used during the meeting are available in ADAMS
under accession numbers ML042730327, ML042730319, and ML042730232.  It should be
noted that the meeting slides are proprietary in nature.

Attachment:  Meeting Attendees

cc w/att:  See next page
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MEETING ATTENDEES

MEETING WITH THE BOILING WATER REACTOR VESSEL AND INTERNALS PROJECT

AUGUST 24-25, 2004
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Larry Steinert
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Tom Mulford, EPRI BWRVIP
  Integration Manager
Raj Pathania, EPRI BWRVIP
  Mitigation Manager
Ken Wolfe, EPRI BWRVIP
  Repair Manager
Larry Steinert, EPRI BWRVIP
Electric Power Research Institute
P.O. Box 10412
3412 Hillview Ave.
Palo Alto, CA  94303

Robin Dyle, Technical Chairman
  BWRVIP Integration Committee
Southern Nuclear Operating Co.
42 Inverness Center Parkway (M/S B234)
Birmingham, AL  35242-4809

George Inch, Technical Chairman
  BWRVIP Assessment Committee
Constellation Nuclear
Nine Mile Point Nuclear Station (M/S ESB-1)
348 Lake Road
Lycoming, NY  13093

Denver Atwood, Technical Chairman
 BWRVIP Repair Focus Group
Southern Nuclear Operating Co.
Post Office Box 1295
40 Inverness Center Parkway (M/S B031)
Birmingham, AL 35242-4809

William C. Holston, Executive Chairman
  BWRVIP Integration Committee
Constellation Generation Group
Nine Mile Point Nuclear Station
P. O. Box 63
Lycoming, NY  13093

Jeff Goldstein, Technical Chairman
  BWRVIP Mitigation Committee
Entergy Nuclear NE
440 Hamilton Ave. (M/S K-WPO-11c)
White Plains, NY  10601

Jim Meister, BWRVIP Vice-Chairman
  Exelon Corp.
Cornerstone II at Cantera
4300 Winfield Rd.
Warrenville, IL  60555-4012

Dale Atkinson, BWRVIP Liason to EPRI    
Nuclear Power Council
Energy Northwest
Columbia Generating Station (M/S PEO8)
P. O. Box 968
Snake River Complex
North Power Plant Loop
Richland, WA  99352-0968

Al Wrape, Executive Chairman
  BWRVIP Assessment Committee
PPL Susquehanna, LLC
2 N. 9th St.
Allentown, PA  18101-1139

Richard Ciemiewicz, Technical Vice Chairman
  BWRVIP Assessment Committee
Exelon Corp.
Peach Bottom Atomic Power Station 
M/S SMB3-6
1848 Lay Road
Delta, PA  17314-9032

H. Lewis Sumner, Executive Chairman
  BWRVIP Mitigation Committee
Vice President, Hatch Project
Southern Nuclear Operating Co.
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40 Inverness Center Parkway
Birmingham, AL  35242-4809
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1300 W. T. Harris Blvd.
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