
May 12, 2004

MEMORANDUM TO: Cathy Haney, Program Director
Policy and Rulemaking Program
Division of Regulatory Improvement Programs, NRR

FROM: Joseph L. Birmingham, Project Manager     /RA/
Policy and Rulemaking Program
Division of Regulatory Improvement Programs, NRR

SUBJECT: SUMMARY OF APRIL 14, 2004, MEETING WITH NUCLEAR ENERGY
INSTITUTE (NEI) ON REACTOR VESSEL CLOSURE HEAD (RVCH)
PENETRATIONS SAFETY ASSESSMENT

On April 14, 2004, Nuclear Regulatory Commission (NRC) staff met with representatives of the
Nuclear Energy Institute, industry, and the Material Reliability Program (MRP), in a public
meeting at NRC headquarters in Rockville, Maryland.  At this meeting, industry presented
information on its safety assessment for the RVCH penetrations safety assessment.  The
meeting attendees are listed in Attachment 1.  Attachment 2 provides, in Powerpoint format, the
viewgraphs presented at the meeting.  The viewgraphs may be accessed through the NRC
ADAMS document management system via Accession Numbers ML041060132, ML041060166,
ML041060218, ML041060234, ML041060249, ML041060396,  ML041060402, and
ML041060407.  Industry also indicated that it would be submitting proprietary and non-
proprietary versions of MRP-110, “Reactor Vessel Closure Head Penetration Safety
Assessment for US PWR Plants,” and MRP-111, “Resistance to PWSCC of Alloys 690, 52, and
152 in PWRs,” for NRC staff review.

At the beginning of the meeting, Bill Bateman, of the NRC, noted that the NRC had begun the
process to codify the inspection criteria promulgated in NRC Order EA-03-009, which was
issued February 11, 2003 and revised February 20, 2004.  That Order established required
inspections of reactor pressure vessel (RPV) heads and associated penetration nozzles at
pressurized-water reactors (PWRs).  He stated that NRC wanted to consider industry’s input in
the development of the rule and therefore it would be important for industry to be aware of the
opportunities for commenting on the rule as it was developed.  Industry responded that it
intended to provide input for the rule development.

After introductions, industry presented detailed information on the parts of the RPV head safety
assessment including an Overview, a Failure Mode and Effect Analysis (FMEA), a Probabilistic
Fracture Mechanics (PFM) Analysis, RPV Head Wastage, Consequential Damage, Alloy 690
Summary, Safety Assessment Conclusions, and Future Plans.  A brief description of the
content of each section is provided below.

In the overview, MRP described the scope of MRP-110 which included the RVCH penetrations
joined to the inside diameter of the head with a J-groove weld but did not specifically address
head vent nozzles, thermocouple nozzles, and auxiliary head adapter nozzles.  MRP-110
conclusions were that (1) axial cracking leading to nozzle rupture is not a credible failure
mechanism; (2) significant margin exists against nozzle ejection; (3) periodic bare metal visual
examinations provide assurance against significant vessel head wastage; (4) a program of
nonvisual nondestructive examination (NDE) and bare metal visual examination would provide
adequate protection against safety-significant failures; (5) PFM analysis (MRP-105) shows a 
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low probability of pressure boundary leakage; and (6) the MRP inspection plan under
development will define appropriate inspection intervals, coverage, and characteristics.

Industry gave a detailed presentation of the scope and conclusions of its FMEA.  According to
MRP-110, the FMEA results confirm that nozzle ejection and head wastage are the major
potential safety concerns and the FMEA results help to define the inspection capabilities
needed to detect degradation before defense-in-depth is compromised.  A third concern is the
generation of loose parts which helps to set the required inspection area for periodic nonvisual
inspections.  The FMEA results were used in combination with the overall safety assessment
results to set the requirements in the inspection plan currently under development by MRP.

The objectives of the PFM Analysis of RPV top head nozzles were (1) to develop a generic
methodology to determine the probabilities of top head nozzle leakage and failure (ejection), (2)
be applicable to sample U. S. PWRs in support of the MRP safety assessment, and (3) be able
to be used to define an inspection plan that provides an acceptable level of quality and safety. 
The elements and details of this analysis are provided in Attachment 2, ADAMS Accession No.
ML041060218, (note:  this is a large file with many charts and may require significant time to
access via the Web).  Some elements considered in the analysis include a Monte-Carlo PFM
model, applied stress intensity for circumferential cracks, a Weibull analysis of plant inspection
data, statistical characterization of laboratory PWSCC crack growth rates, deterministic crack
growth rate analysis, the effect of inspections (inspection interval, type of inspections, and
probability of detection), and benchmarking and calibration with respect to field inspection data.  

MRP stated that the PFM analysis is a tool to predict probabilities of leakage and nozzle failure
and had been benchmarked and calibrated with respect to plant inspection data for leaks and
circumferential cracks.  The benchmarked tool was used to analyze a sample of operating
plants under various inspection plans.  The conclusions of the PFM analysis were that the
results indicate essentially equivalent probabilities of leakage and failure for inspection
programs performed in accordance with the NRC Order or in accordance with two example
MRP inspection scenarios.  In any case, the resulting probabilities of leakage and failure are
within generally acceptable limits.  The PFM analysis was found to be sensitive to several
assumed parameters in the analysis (however, the specific parameters were benchmarked).
The MRP concluded that deterministic crack growth predictions demonstrate that the inspection
intervals are conservative with respect to predicted crack growth times for a through-wall
circumferential crack to grow from 30� to 300�. 

The industry RPV head wastage evaluations addressed the Davis-Besse experience, CRDM
nozzle experience, other PWSCC experience, experience with leakage from mechanical joints
and seal welds, and wastage modeling.  Industry also provided wastage tolerance calculations
providing the margin to failure expected.  Industry’s conclusions were that (1) bare metal visual
examination performed every 1.5-2 years would detect leakage before significant head wastage
began, (2) CRDM leakage experience has not shown significant head wastage, (3) other
PWSCC experience supports a conclusion that performance of bare metal examinations at
appropriate intervals is sufficient to prevent significant wastage, and (4) wastage modeling
supports a conclusion that bare metal visual examinations would prevent significant head
wastage.  

The industry consequential damage evaluation included damage caused by the CRDM missile
to plant components in its trajectory, water jet impingement from the broken head penetration,
loose parts generated inside or outside the vessel due to nozzle detachment, damage to the
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RPV head and/or adjacent CRDM nozzle penetrations, and the impact on emergency core
cooling systems (ECCS) function and control rod trip function.  In general, the consequential
damage evaluation concluded that the effect of this event was similar to other small to medium
loss-of-coolant accidents in its effect on the ECCS.  The consequential damage evaluation
concluded that reactivity control would be similar to other small to medium break LOCAs except
that adjacent control rod drives may be prevented from inserting.  However, shutdown margin
provides for several control rod drives to fail before risk increases over that of a single control
rod drive failure.

Regarding the resistance to PWSCC of Alloys 690, 52, and 152 compared to Alloys 600, 82,
and 182, laboratory test results and recent industry experience all indicate significantly superior
resistance to PWSCC for Alloys 690, 52, and 152.  Analysis of laboratory test data indicate an
improvement factor for time to initial failure of 26.5 relative to Alloy 600 mill annealed and 13.3
relative to Alloy 600 thermally treated.  Field experience with Alloy 690 and its weld metals have
shown no indication of degradation from PWSCC in over 10 years.  Industry concluded that the
data indicates it is very unlikely that Alloy 690 and its weld metals would develop PWSCC
during extended plant life (60+ years).

The safety assessment in MRP-110 provides a more detailed presentation of the issues
presented at the meeting.  The conclusions in MRP-110 are the same but more detailed.

Industry then discussed its future plans including completion of the MRP inspection plan
scheduled by the end of Summer 2004; ongoing assessment of inspection results and revision
of the inspection plan if needed; examination of the North Anna 2 head CRDM Nozzles to
obtain comparison of NDE and destructive examination results, the PWSCC morphology and
chemical characteristics, weld condition and fabrication defects, and the extent of any wastage;
a boric acid corrosion testing program to provide experimental verification for Section 7 of MRP-
110; and future revision of MRP-111 to include new test results for Alloys 690, 52, and 152. 

Throughout the meeting, the staff asked questions and discussed the details of MRP-110 and
MRP-111 with industry.  The staff commented that it was an impressive amount of data,
however, because of the volume and detailed nature of the material, the staff did not comment
on its impression of the data pending a review of the submitted material.  The staff reiterated
that it was pursuing rulemaking for the RVCH inspection requirements and that industry
comments were welcome.

Having completed the discussion of the presentation and having answered the questions from
the attending public, the group adjourned.

Project No. 689
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List of Attendees for April 14, 2004
Material Reliability Program on Reactor Pressure Vessel Head Penetrations

             NAME                                                                                ORGANIZATION                                         
Bill Bateman NRC/NRR/EMCB
Terence Chan NRC/NRR/EMCB
Matthew Mitchell NRC/NRR/EMCB
Keith Wichman NRC/NRR/EMCB
Barry Elliott NRC/NRR/EMCB
Simon Sheng NRC/NRR/EMCB
Jessie Quichocho NRC/NRR/EMCB
William Koo NRC/NRR/EMCB
Allen Hiser NRC/RES/MEB
Joe Birmingham NRC/DRIP/RPRP
Jim Riley NEI
Christine King EPRI
K. S. Ahluwilia EPRI
Larry Matthews Southern Nuclear
Craig Harrington TXU Energy
Pete Riccardella Structural Integrity Associates
Glenn White Dominion Engineering
Kazohiko Kishioka Japan Atomic Power
Bob Hardies Constellation Energy
Gary Wilkowski Engineering Mechanics Corporation
John Hall Westinghouse
Tom Alley Duke Energy
Eric Loehlein First Energy
Dan Horner McGraw Hill
*Deann Raleigh LIS, Scientech

* via teleconference

Attachment 1
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cc: Via email

Mr. Alex Marion
am@nei.org

Mr. Jim Riley, NEI
jhr@nei.org
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Distribution:  Mtg w/NEI MRP&EPRI on RPV head materials issues 4/14 /04
ADAMS/PUBLIC  OGC   ACRS

EMail
BSheron
DMatthews
CHaney
EMcKenna
WBateman
TChan
KWichman
WCullen
PWen
JBirmingham
AHiser
SCoffin
TChan
KWichman
SSheng
BElliott
ALee
RBarrett/CGrimes
ESullivan (TSullivan)
NChokshi,
JCollins
RGuzman
MFields
OPA


