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MEMORANDUM TO: Dennis C. Morey, Chief 

Licensing Processes Branch 
Division of Policy and Rulemaking 
Office of Nuclear Reactor Regulation 

 
FROM: Joseph J. Holonich, Senior Project Manager  /RA/ 
 Licensing Processes Branch 
 Division of Policy and Rulemaking 

 Office of Nuclear Reactor Regulation 
 
SUBJECT: SUMMARY OF JULY 12 - 13, 2017, MEETING ON REQUESTS 

FOR ADDITIONAL INFORMATION ON MRP 227, REVISION 1, 
“MATERIALS RELIABILITY PROGRAM:  PRESSURIZED 
WATER REACTOR INTERNALS INSPECTION AND 
EVALUATIONS GUIDELINE,” AND BAFFLE-FORMER BOLT 
DEGRADATION  

 
 
On July 12 and 13, 2017, U.S. Nuclear Regulatory Commission (NRC) staff met with industry 
representatives from the Electric Power Research Institute (EPRI) and Pressurized Water 
Reactor Owner’s Group (PWROG).  The purpose of the meeting was to discuss the requests for 
additional information (RAIs) on MRP 227, Revision 1, “Materials Reliability Program:  
Pressurized Water Reactor Internals Inspection and Evaluation Guidelines” and to discuss 
industry and NRC activities to address baffle-former bolt (BFB) degradation in pressurized water 
reactors (PWRs).  All information related to the meeting can be found in the Agencywide 
Document Access and Management System (ADAMS) package accession 
number ML17158B164. 
 
The NRC staff opened the meeting by stating that receipt of the responses to the MRP-227, 
Revision 1 RAIs in the fall would help the NRC staff to complete the safety evaluation (SE) in 
early 2018.  In addition, the NRC staff recognized the efforts to resolve the BFB degradation 
issue and incorporate the results into the interim inspection guidance in MRP-227, Revision 1.  
Finally, the NRC staff said that it was interested in understanding the operating experience 
showing limited bolt cracking from the recent BFB inspections of Tier 1a plants.    
 
In its opening remarks, EPRI stated that the initial portion of the meeting was on the subject of 
the RAIs for MRP-227, Revision 1.  EPRI explained that the intent was not to delve into the 
technical details of the RAIs and the EPRI responses.  Rather, the initial portion was to provide 
a description of the draft, proposed RAI responses, to see if industry had correctly understood 
the RAIs.  Next, EPRI said that the second part of meeting was to discuss the subject of BFB 
degradation.  
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During the portion of the meeting devoted to MRP-227, Revision 1, presentations were made by 
both AREVA and Westinghouse on the strategy for responding to the NRC RAIs. 
 
Industry suggested that a review of the revisions to supporting reports, such as MRP-189, 
Revision 2, “Materials Reliability Program: Screening, Categorization, and Ranking of  
B&W-Designed PWR Internals,” and MRP-231, Revision 3, “Strategies for B&W Pressurized 
Water Reactor Internals,” may be helpful for the NRC staff to understand the changes to the 
Babcock and Wilcox (B&W) reactor vessel internals (RVI) guidance in MRP-227, Revision 1.  
The NRC staff took the action to decide whether to request the industry submit these reports for 
information, along with revisions to other supporting reports relevant to Westinghouse and 
Combustion Engineering (CE) internals (MRP-191, MRP-230, etc.).   
 
The industry’s strategy for responding to RAI 5, related to reduction in visual examination 
coverage of core barrel girth welds in Westinghouse and CE-design RVI, sparked a lot of 
discussion.  The industry indicated that the PWROG has a project underway to evaluate the 
safety impacts of core-barrel weld failures, which can support the response to the NRC’s 
request for a technical justification for the coverage reduction.  Since the project will not be 
complete before the NRC staff expects to issue its final SE on MRP-227, Revision 1, the NRC 
staff asked how an incomplete report that the NRC staff has not reviewed could be used to 
resolve RAI 5.  Westinghouse responded that the initial phase of the work would be complete 
and may be referenced in the RAI response. 
 
Industry stated it would like to hold a more in-depth meeting with the NRC staff in early 
September to present its proposed responses to the RAIs on MRP-227, Revision 1.  The NRC 
staff took the action to schedule the meeting. 
 
The BFB portion of the meeting began with a presentation by the industry summarizing the 
operating experience from BFB examinations in 2016 and 2017.   
 
For Sequoyah, Unit 1, the industry stated that there were four BFBs with non-relevant 
manufacturing indications.  In response to a question, the industry indicated that the slot on the 
four bolt heads could possibly have been deformed during original installation process, but the 
lock bars and lock bar welds were intact on these bolts.   
 
Regarding the inspection findings indicating no BFBs with reportable ultrasonic testing (UT) 
indications from Arkansas Nuclear One, Unit 1 (ANO-1), a B&W designed plant, the NRC staff 
questioned whether the plant had a different bolt design than the Westinghouse plants with 
Type-316 cold worked bolts.  Industry clarified that the ANO-1 bolts are actually Type-304 
solution annealed stainless steel, and B&W designed plants have several different bolt designs 
used in each core barrel assembly.   
 
With respect to Diablo Canyon, Unit 1, at which 60 bolts were preemptively replaced, the staff 
asked the industry to describe the strategy for the placement of these bolts.  The industry 
indicated that the strategy in such cases is to use predictive modeling and evenly distribute the 
bolts to mitigate clustering.   
 
The industry also indicated that it does not plan to make any changes to the inspection timing 
for Tier 1 plants even though there is some evidence that later Tier 1 plants had different bolt 
design and fabrication details that may have resulted in less degradation.  The industry 
indicated that it believes stress is still the biggest driver for degradation and other variables, 
such as manufacturing process and bolt design details, causing second-order effects.   
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The next industry presentation provided a timeline of BFB events during 2016-2017.  One 
element of this timeline was the formation of a Baffle Former Bolt Focus Group (BFB FG) by the 
Materials Reliability Program (MRP) and PWROG to develop and recommend interim inspection 
guidance in accordance with Nuclear Energy Institute (NEI) 03-08, Revision 2, “Guideline for the 
Management of Materials Issues.”  A copy of NEI 03-08, Revision 2 can be found in the ADAMS 
package for this meeting. 
 
The industry next gave a presentation summarizing the BFB interim guidance.  The NRC staff 
asked if the industry planned to issue additional guidance relative to proactive preventive 
maintenance approaches for managing BFB degradation.  The industry responded that the 
“Baffle-Former Bolt Playbook” for Westinghouse design plants was developed as an 
engineering “job aid.”  The industry also indicated that its formal response to NRC staff 
questions related to the two interim guidance letters were in final approval and would be issued 
in a few days.   
 
Next, the industry presented the results of laboratory testing of BFBs removed from plants in 
2016.  Forty-one bolts were taken to the hot cell to be available for testing. Testing was 
conducted on 24 original Type 347 BFBs from two plants and three Type 316 replacement 
BFBs from one plant.  Nineteen of the Type 347 bolts had UT indications in the field but were 
removed intact.  Four of these bolts were subject to pull tests to determine the failure loads of 
the bolts.  
 
Material from two other bolts was tested to determine yield and ultimate strengths of the bolt 
materials after irradiation.  Fourteen Type-347 bolts that were tested in the laboratory were 
either found visually to have failed in the field or to have broken during extraction.  Two of the 
Type-316 replacement bolts with field UT indications were either broken in the field or broke 
during removal, and one had no UT indication and was received intact at the laboratory.  Bolts 
with UT indications are identified as “red” bolts and bolts with no UT indications “green” bolts in 
the presentation slides. 
 
Key findings from the laboratory testing for the Type-347 bolts were:   
 

• The crack initiation and growth mechanisms are similar to that seen in previous 
laboratory testing of BFBs, e.g., a combination of intergranular fracture assumed to be 
due to irradiation-assisted stress corrosion cracking (IASCC), and transgranular fracture 
due to fatigue or transgranular stress corrosion cracking. 

• The chemical compositions of the bolt materials were consistent with the manufacturing 
specifications and the certified material test reports. 

• Intact bolts with UT indications exhibited load-carrying capacity consistent with 
expectations for irradiated stainless steels, as documented in “Materials Reliability 
Program: PWR Internals Age-Related Material Properties, Degradation Mechanisms, 
Models, and Basis Data—State of Knowledge (MRP-211).” 
 

• No microstructural features were identified that would have contributed to UT indications 
in the apparent absence of cracks. 

• Fracture features appear to be dependent on bolt location with respect to the growing 
cluster of failed bolts, rather than temperature and/or fluence effects.  Specifically, bolts 
near the edge of the clusters have a larger percentage of transgranular fracture which is 
consistent with a higher stress form of stress corrosion cracking. 
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It was also noted by the industry that four green bolts were found to be broken during removal.   
Two of these bolts had nearly 100% intergranular fracture surfaces and the other two had 
significant amounts of intergranular fracture.  Also, the surfaces of these fractures were covered 
by a dull oxide deposit, which indicates the bolts were most probably completely cracked 
through the cross section prior to removal.  The NRC staff questioned how, if the bolts were 
cracked completely through the cross section, the indications could have been missed by the 
UT examination.  The industry could not explain this finding, but stated that the bolts would be 
identified as red (having indications) using today’s UT criteria, which incorporated lessons 
learned from this finding.   
 
The industry performed radionuclide analysis of scrapings from some bolts to measure the 
irradiation dose level the bolts received in service.  The NRC staff asked how these 
measurements compared to calculated doses for the bolts.  The industry replied that the 
measured and calculated values were within 20% of each other.   
 
During a discussion of the chemical compositions of the Type 347 bolts, the industry stated that 
all Type 347 BFBs in Westinghouse plants were purchased to the same specification.  Relative 
to the characterization of bolt temperatures as high or low, the industry indicated that it only has 
qualitative temperature values for the bolts tested in the laboratory.  The NRC staff asked if 
energy dispersive spectroscopy (EDS) was performed on any bolts to characterize local bolt 
chemistry variations.  The industry replied that the radiation levels of the bolts were too high to 
allow EDS to be performed.   
 
With respect to the pull testing on the whole bolts, the industry indicated that it was done at 
room temperature, in air.  The failure stresses for all pulled bolts significantly exceeded the bolt 
stresses for operational loading conditions.  The yield stresses measured on the bolts and the 
extracted bolting materials were considerably higher than the yield and ultimate tensile stresses 
of the originally installed material.  The industry also indicated that the one bolt that had 
evidence of IASCC on the fracture surface after pull testing did not have an indication when it 
was fluorescent dye penetrant tested prior to the pull test. 
 
The industry noted that the testing did not identify why some bolts were called red that have no 
apparent service-induced cracking. 
 
For the Type-316 bolts, the key findings were that: 
 

• The mechanical properties are consistent with expected levels of irradiation hardening. 

• The fracture surfaces are consistent with an IASCC-initiated mechanism. 

• Extensive transgranular regions and faceted features suggest crack propagation driven 
by high mechanical loads as expected during more advanced stages of cluster growth. 

• In-service fractures of two bolts are consistent with later stage of cluster growth of  
baffle-former bolt failures, e.g., the fracture mode is characteristic of higher applied 
stresses. 
 

EPRI noted that all of the BFBs removed from the plants will be returned to the licensees for 
disposal in 2019, unless the Department of Energy’s Nuclear Science User Facilities irradiated 
materials library takes ownership of the bolts.  The industry noted that the report on the BFB 
laboratory testing will include results of BFB testing sponsored by individual licensees as well as 
testing sponsored by EPRI, and its presentation covered both.    
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The meeting was adjourned for the day on Wednesday, July 12, 2017, after an opportunity for 
public comment.  One member of the public asked whether any other replacement bolts have 
failed (other than from the plant from which bolts were sent to the laboratory).  The industry 
replied that it knew of one replacement bolt that had been identified with a UT indication in 
France, after 16 years of operation.  It has not been removed as of yet, but may be considered 
for further analysis if removed in the future. 
 
On Thursday, July 13, 2017, the first topic was a presentation by the industry on the “Baffle-
Former Bolt Playbook” for Westinghouse design plants.  The playbook (issued to plants as 
MRP-2017-013) was described as an engineering job aid to help utility personnel with decision-
making related to BFB asset management.   
 
The NRC staff asked if the playbook could change due to the subsequent license renewal gap 
analysis.  The industry replied that it would not change because the playbook provides a 
decision-making framework for response to degradation.  The staff also asked if any plant was 
currently using neutron noise monitoring to monitor BFB degradation.  The industry responded 
that no plant was currently using neutron noise monitoring for BFBs.  In response to a question, 
the industry stated that the playbook is non-proprietary and could be provided for information to 
the NRC upon request.   
 
In response to a question on the playbook step on projecting future degradation behavior, the 
industry stated that there are three different predictive models for BFB degradation.  The 
industry stated that the NRC could request a copy of MRP Letter 2017-010 to the licensees, 
which transmits a summary white paper on the three predictive models. 
 
The next presentation concerned nondestructive evaluation techniques for BFBs, mainly UT.  
The industry discussed the challenges involved with obtaining good UT data from BFBs.  The 
internal hex design bolts used in four-loop Westinghouse design plants are the most difficult of 
the bolt design variations because of the limited space on the bolt head for the transducer due 
to the presence of the locking bar.  The industry has been working to improve the UT 
techniques and believes that these techniques are effective.   
 
The BFB FG is performing UT modeling to try to understand the cause of false calls in the field.  
The BFB FG is also performing an independent data review of previous field UT data.  It is also 
revising the UT qualification protocol to require 100% detection for procedure qualification, 
which results in a 92.6% probability of detection in the field at a 90% confidence level.   
 
The NRC staff asked how the flaws were made in the mockups.  The industry responded that 
the flaws were slits made by electro-discharge machining and were made as narrow as 
possible.  The BFB FG is also looking at fabricating UT mockups using the same manufacturing 
techniques as the hot headed Type 347 internal hex head bolts.   
 
The NRC staff asked what percentage of BFBs are hot headed versus machined.  The industry 
did not know the answer.  The NRC staff asked why no BFBs with intermediate size indications 
(30%-40% through the cross section) were pull tested in the lab to validate UT results.  
Westinghouse indicated that once a cluster starts to grow, it believes the crack growth rates 
under the higher loads associated with a cluster of failed bolts are so fast that initiated cracks go 
through the bolt in one cycle, so it is difficult to find bolts with partial cracks.   
 
It would be more likely to find partial cracks in red bolts away from clusters due to the lower 
stress and corresponding lower crack growth rate. Therefore, the bolts pull tested in the lab 
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either had very small just initiated IASCC cracks, or no IASCC crack was found.  Other bolts 
were essentially completely fractured and thus failed in service or during removal. 
 
The industry then made a presentation on next steps for resolving the BFB issue.  The industry 
indicated that the BFB FG has been sunset, but the BFB work will continue under the Joint 
EPRI-MRP/PWROG-Materials Subcommitee Reactor Internals Planning Team.   
 
Future activities include continued assessment of operating experience, adjustment of 
inspection guidance and acceptance criteria if necessary, and continued evaluation of 
enhancements to the UT methods.  The industry noted several Tier 1a UT examinations are 
scheduled in the fall 2017 and calendar year 2018 (including two reexaminations in 2018), two 
Tier 1b initial UT examinations, and one Tier 2b plant examination, all of which are in 
compliance with the NEI 03-08, Revision 2 interim guidance. 
 
The NRC staff then made a presentation on the status of development of NRC guidance for 
BFBs.  The industry asked if the SE for MRP-227, Revision 1, will be sufficient guidance for 
licensees and the NRC staff.  The NRC staff stated that it would.   
 
The industry also asked NRC staff if the MRP-227, Revision 1, SE could state that MRP-227, 
Revision 1, is acceptable to use as an alternative to the Generic Aging Lessons Learned (GALL) 
Report guidance for RVI aging management.  The NRC staff agreed that this was acceptable, 
since the SE for MRP-227, Revision 1, would represent the latest approved inspection 
guidance.  License renewal applicants would still need to identify an exception until the GALL 
Report is updated, but the MRP-227, Revision 1, SE could be the basis for the exception.   
 
A utility representative asked if the NRC staff has sufficient information to be confident that there 
would be no additional RAIs related to BFBs in the MRP-227, Revision 1 review.  The NRC staff 
stated it could not say for sure at this time.  However, if there is no additional interim guidance 
issued by the industry, the current NEI 03-08, Revision 2 interim guidance can be rolled into the 
final accepted-for-use version of MRP-227, Rev. 1.  The NRC staff could then accept for use 
NEI 03-08, Revision 2 when it issued its verification letter on the “-A” version of  
MRP-227, Rev. 1. 
 
The NRC staff then made a presentation on NRC inspections of BFB examination and repair.   
 
Copies of both the industry and NRC staff presentations discussed in these minutes can be 
found in the ADAMS meeting package referenced earlier. 
 
The meeting was then opened for public comment.  There was one comment from a member of 
the public.  The commenter suggested that the industry should look at abnormal chemistry 
events such as occurrences of high chloride or sulfate levels, to see if chemistry is a contributor 
to higher degradation levels of baffle-former bolts seen at some plants. 
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The following actions were identified in the meeting: 
 

1) The NRC staff and the industry will schedule a meeting in early September to discuss 
the MRP-227, Revision 1 RAI responses in detail. 

2) The NRC staff will decide whether to request that EPRI submit for information the latest 
revisions of supporting technical reports to MRP-227, Revision 1, such as MRP-189 and 
MRP-231. 

3) The NRC staff will decide whether to request that EPRI submit for information the EPRI 
Baffle-Former Bolt Playbook and the white paper on baffle-former bolt predictive models. 
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