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BACKGROUND: 
 
The NRC staff’s requirements for including passive, long-lived PWR vessel internals within the scope of 
a reactor vessel internals aging management program (RVI AMP) are discussed in Section 54.21 of Title 
10, Code of Federal Regulation (10 CFR 54.21).  The NRC staff’s current aging management criteria and 
guidance for these types of programs are presented in Chapter XI.M16A, “PWR Vessel Internals,” in 
NUREG-2192, Volume 2 (Reference (Ref.) 1). 
 
NOTES: 
 
(1) The abbreviated and italicized term “TR” in this document refers to the Topical Report WCAP-17096, 
Revision 3 report (Ref. 2).  The term “MRP” refers to Materials Reliability Program 
 
(2) The bases for NRC staff’s conditions associated with the prior approved version of this report, 
WCAP-17096-NP-A, Revision 2 (Ref. 3) were included in its Final Safety Evaluation (SE) (Ref. 4) for 
Revision 2 of the WCAP. 
 
Request for Additional Information (RAI) 13 

 
NRC Request – Background 
Applicable TR Sections, Appendices, Tables, Figures, or Pages:   

TR Section 2.3 (TR Pages 2-14 – 2-15) and TR Appendix E, W-ID Item 6, WEC Baffle-Former Bolts, 
and W-ID Item 9, WEC Thermal Shield Flexures. 

Background: 

TR Section 2.3 briefly addresses aging degradation OpE for WEC baffle-former bolts (BFB) and NEI 03-
08 “Needed” BFB inspection guidance in MRP 2017-009 (incorporated by reference into MRP-227, Rev. 
1-A).  TR Appendix E, W-ID Item 6 incorporates the MRP 2017-009 guidance and further specifies the 
use of probabilistic modeling as a basis for evaluating BFB reinspection intervals.  W-ID Item 6 states 
that the probabilistic model must predict both the proportion and spatial distribution (i.e., patterns) of 
failed bolts at certain time intervals.  Acceptability of at least 95 percent of predictive model outputs is 
recommended as a basis for setting the reinspection interval.  Acceptable bolting pattern analysis (APBA) 
for “as-found” inspection results and assessment of predictive pattern outputs is based on the earlier 
NRC-approved methodology of WCAP-15029-P-A, Rev. 1 (1999).  The use of probabilistic modeling for 
predictive analysis of bolting degradation to establish reinspection criteria has never been formally 
approved by the NRC. 

TR Appendix E, W-ID Item 9 provides evaluation methods for detected flaws in thermal shield flexures.  
These methods are generally consistent those in the NRC-approved Revision 2 of the WCAP (August 
2016). 

The NRC staff notes that due to the timing of its publication (July 2019), the TR did not have adequate 
time to address the following emergent degradation OpE and inspection guidance:  

 Salem, Unit 1 BFB degradation that was found during spring 2019 outage inspections; 
 Salem, Unit 1 thermal shield support block bolt (TSSBB) failures and crack-like indications in 

the thermal shield flexures, also found during the spring 2019 outage inspections; 
 Issuance of WEC Technical Bulletin TB-19-5 (Reference 13), dated October 9, 2019, regarding 

thermal shield component degradation OpE at Salem, Unit 1 during the spring 2019 outage and 
associated inspection recommendations for WEC plants. 
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On Sept. 18, 2019 the NRC staff and WEC conducted a noticed proprietary meeting to discuss the WEC 
probabilistic methods for predictive evaluations of BFB degradation.  The WEC proprietary presentation 
materials (Reference 14) for non-proprietary version) provide information on the workings of the WEC 
methods.  Staff is aware that at least one other vendor also provides probabilistic predictive analysis for 
degraded bolting patterns (BFB and other “bingo chart style” bolted assemblies), however other vendors 
have not provided the staff any information on the workings of their probabilistic methods for bolted 
assemblies. 

Salem, Unit 1 Baffle-Former Bolt Degradation:  Following its spring 2016 BFB replacement campaign, 
Salem, Unit 1 operated for two 1.5 year cycles (spring 2016 to spring 2019), and performed reinspection 
of the internals in spring 2019.  Non-Proprietary Slide 41 of the September 2019 WEC presentation 
(Reference 14) provides a summary of the spring 2019 degradation findings for the Salem, Unit 1 BFBs, 
TSSBBs, and thermal shield flexures:  

 Visual exams identified 31 degraded original BFBs; 
 Subsequent UT exams identified 196 indications on original BFBs, 1 indication on 2016 

replacement BFB, and 3 non-testable bolts; 
 UT of TSSBBs identified 4 bolts with indications; 
 Subsequent visual exam of TS flexures showed 2 flexures with confirmed cracks and 4 flexures 

with possible/inconclusive indications. 

The September 2019 WEC presentation briefly addressed ongoing root cause investigations of the 2019 
Salem, Unit 1 BFB reinspection results.  At that time, the root cause of the 2019 unexpected BFB failures 
was identified as “indeterminate pending result of further studies” (Non-Proprietary Slide 46).  Non-
Proprietary Slide 43 addresses actions to investigate correlation between indications found on the thermal 
shield hardware and the unexpected BFB failures.  Non-Proprietary Slide 45 offers a hypothesis that 
thermal shield (TS) flow-induced vibration (FIV) could relate to [baffle-former] bolt stresses (i.e., high 
cycle fatigue) via fluid coupling between the thermal shield assembly, core barrel, and baffle-former 
assemblies. 

Non-Proprietary Slide 46 also indicates that WEC would continue to collaborate with industry on the 
“results of study investigating correlation between thermal shield and baffle bolts,” and these 
communications would include corrective actions, industry communications, and “NRC 
communications.”  (Emphasis Added.) 

 

NRC Request – Part (a) 
Issue:   

The September 2019 WEC presentation provided some information on how the predictive evaluation 
outputs compare to BFB reinspection data.  The staff needs additional information to verify that this 
method is suitable for setting reinspection intervals based on generating predictive outputs starting from 
an initial degraded pattern.  

 

NRC Request:   

(a) Considering the informational needs above, provide justification for the suitability of the predictive 
model based on how BFB reinspection results validate the predictive model outputs, where the initial 
condition is a degraded bolting pattern – i.e., a bingo chart of “reds” (cracked bolts based on UT) and 
“greens” (uncracked bolts based on UT). 
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Response to – Part (a): 
The validity of the Westinghouse predictive model is demonstrated by considering the results from 
previous applications, which were used to predict both initial UT and re-inspection UT results.  The 
September 2019 Westinghouse presentation on the development and application of the Westinghouse 
baffle-former bolt (BFB) predictive model (Rev. 0 [24] and Rev. 1 [14]) included a summary of the actual 
application of that particular model to individual plants.  The predictive model has been applied to initial 
UT inspection for ten plants, which have included six 4-loop, two 3-loop, and two 2-loop Westinghouse 
NSSS plants.  The predicted degradation from the model at the initial MRP-227 inspections were either in 
good agreement or conservative as compared to the UT inspection observations for all ten plants.   

Comparisons of the re-inspection results for four 4-loop plants to the Westinghouse model predictions 
were included in the September 2019 Westinghouse presentation.  Note that the re-inspection results are 
projected from the bingo chart of results from the initial MRP-227 inspection.  The results for those re-
inspections are shown on slides 50 and 51 of [24] (slides 51 and 52 of the Proprietary version of [24]) and 
slides 49 and 50 of [14] (slides 50 and 51 of the Proprietary version of [14]).  These same results are 
shown graphically on slides 36 and 37 of [24] (slides 37 and 38 of the Proprietary version of [24]) and 
slides 35 and 36 of [14] (slides 36 and 37 of the Proprietary version of [14]).  The UT re-inspection 
results were conservative (less than the 5th fractile for three quadrants and less than the 50th fractile for the 
fourth quadrant) for Plant E.  The UT re-inspection results were in good agreement (less than the 95th 
fractile) for Plants D and F.  Lastly, the UT re-inspection results for Plant C exceeded the results predicted 
by the Westinghouse model.  However, the unexpected re-inspection results for Plant C were caused by 
factors not included in the scope of the BFB predictive model, which is discussed in the response to Part 
(c) of this RAI.   

Based on this response, it is concluded that the previous applications of the predictive model versus initial 
and re-inspection of UT examination results demonstrate the validity of the model.   

 

NRC Request – Part (b) 
Issue:   

If other vendors use probabilistic methods for BFB that are different from those described in the 
September 2019 WEC presentation, the staff needs to assess whether the other methods are suitable for 
use in assessing BFB reinspection intervals.  

 

NRC Request:   

(b) Provide a list of the vendors that perform probabilistic evaluations for BFBs as part of W-ID Item 6.  
If any of these methods differ from those described in September 2019 WEC presentation, please 
make information available (via docketed response, audit, or other means) for the staff to assess the 
suitability of these methods. 
 

Response to – Part (b): 
The process steps included in the predictive model methodology in W-ID: 6 provide a basic framework 
that can be applied by any capable vendor.  Plant-specific data (UT inspection results, baffle-former 
assembly design information, and dose) are required inputs to the evaluation.   
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Each application of the predictive model methodology in W-ID: 6 is required to be submitted to the NRC 
for information.  This requirement is included as an “Additional Action” in the methodology and 
stipulates that the plant-specific evaluation be submitted to the NRC for information within one year of 
any degradation identified in MRP-227 inspections that exceeds the percentiles defined in MRP 2017-009 
[17], or when evaluations are used to extend re-inspection intervals in MRP 2017-009.  Therefore, the 
NRC would be informed of the vendor that performed the evaluation in cases when the results must be 
submitted for information.   

In addition, the following text is included in the predictive model methodology, which explains that 
certain details of the predictive model methodology are proprietary and will not be included in the plant-
specific submittal that was discussed above.   

“It is recognized that due to the proprietary nature of some inputs or models used in bolt probabilistic 
evaluations, portions of this content may not be included directly in the submittal. Per BWRVIP 
2019-016, the submitter should have a plan for making the supporting materials available if needed 
for NRC review of the submittal.” 

Therefore, it is expected that the predictive model vendor will provide the proprietary details of the 
predictive model methodology to the NRC in support of the licensee.  The slides in [14] from the 
Westinghouse presentation on the predictive model methodology provide compliance with this 
requirement.   

Framatome also performs the predictive model evaluation of BFBs for Westinghouse NSSS plants.  The 
methodology discussed in A.1.8 of [2] is applied to Westinghouse NSSS plants.  Framatome provided 
further details of the methodology in A.1.8, and how this is applied to W-ID: 6 during the October 13, 
2021 meeting with the NRC Staff [25].    

 

NRC Request – Part (c) 
Issue:   

In the Spring of 2019, the Salem, Unit 1 BFB failures were not expected given the 2016 bolt replacements 
and just three calendar years of operation between 2016 and 2019 inspections.  The NRC staff is aware 
that a valid probabilistic evaluation should have predicted (within reasonable percentile bounds) the “as-
found” results if all inputs to the evaluation were also valid.  This points to potential error(s) in one or 
more of the following: 

 

i. Evaluation of the spring 2016 UT data to identify cracked bolts (i.e., “reds” on the BFB bingo 
chart) versus non-cracked bolts (“greens” on the BFB bingo chart).  Specifically, the NRC 
staff is concerned about the potential for UT to falsely identify “greens” on the bingo chart, 
where such greens may actually have a crack;  

ii. Plant specific inputs, such as loading conditions, bolt material properties, component 
geometries, neutron dose, etc.; and/or  

iii. One or more aspects of the methodology itself, such as modeling of crack initiation and 
growth, Weibull parameter(s), determination and use of ABPs, finite element modeling, 
IASCC effect based on neutron dose, etc.   

 

NRC Request:   
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(c) Provide a discussion of the root cause of the unexpected 2019 Salem, Unit 1 BFB failures and its 
resolution.  This information should address resolution of potential contributors to the unexpected 
degradation, such as those listed above, and provide a basis for the staff to understand how the 
probabilistic methodology is suitable for assessing BFB reinspection intervals.  Please address 
whether unexpected BFB degradation (i.e., degradation outside of percentile bounds for the predictive 
model outputs, such as for Salem, Unit 1 in spring 2019) remains a concern for current and future 
applications of this methodology.  (Technical details beyond that included in the docketed 
correspondence can be made available for staff review via audit.) 
 

Response to – Part (c): 
PSEG Nuclear LLC completed a revision to the root cause evaluation (RCE) for the unexpected high 
number of BFB failures at Salem Unit 1 [22].  Revision 2 of the RCE is included in INPO OE Report 
455142.  The scope of the RCE inherently addressed the potential contributors discussed above (i.e. items 
i, ii, and iii) when considering causal factors 1, 3, and 4 as discussed in [22]: 

“The scope of the Root Cause Evaluation is to investigate all of the following possible causal factors that 
led to the 272 baffle-former bolt replacement campaign during Salem 1R26: 

1. The Westinghouse predictive evaluation will be examined to determine the cause of the 
analysis underestimating the total number of failed bolts after two Salem Unit 1 operating 
cycles. 

3. Baffle-former bolt UT examinations during S1R24 were performed by AREVA (Framatome) 
and the S1R26 UT examinations were performed by Westinghouse.  The UT processes and 
procedures for both companies will be examined to determine the capability/limitations and 
deltas. 

4. Other potential failure modes of the significant clustering of the baffle-former bolts will be 
investigated.” 

Causal Factor 1 was addressed by completing an investigation of the predictive model as discussed below 
[22]: 

“First, during the S1R26 refueling outage, Westinghouse launched an investigation into the 
predictive model.  This investigation . . . found no evidence which would question the validity of 
assumptions and/or underlying mechanics of the model for predicting IASSC initiation.  
Additionally, all inputs to the predictive model were confirmed to be valid including plant-
specific inputs.”  

In addition, PSEG Nuclear LLC requested that Westinghouse perform a sensitivity study to characterize 
the impact of the calibration of the predictive model from the full set of UT inspection results and bolt 
failure rates versus a calibration considering only those UT inspection results that were acquired in 2010 
or later (i.e. after the MRP-228 inspection standard was first published in 2009).  The full data set is based 
upon approximately 20 plants that performed 40 inspections, whereas the data set from 2010 or later 
included 17 plants and inspections.  The results of this study are summarized below: 

“This study . . .  concluded that the use of the full UT inspection dataset was not the primary 
cause of the low predictions . . . and would have only provided a very small increase to the 95th 
fracture predictions (3% or less) had only UT inspection data obtained after 2010 been used.”  
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Causal Factor 3 was addressed by reviewing the technical justification for the Westinghouse and AREVA 
(Framatome) UT examination process [22].  The section of the RCE that addressed Causal Factor 3 was 
redacted since that information is Proprietary to Westinghouse and Framatome.  A summary of the results 
of Casual Factor 3 is provided below:   

PSE&G reviewed the technical justifications for the UT examination process used by Framatome 
and Westinghouse and determined that they were consistent with MRP-228 and ASME  
Section V, Article 14.  Therefore, the RCE concluded that the requirements were met and the UT 
was performed satisfactorily.   

Causal Factor 4 was addressed in the several investigative evaluations that were completed as part of the 
RCE [22]: 

“As previously discussed, several investigative evaluations into the S1R26 thermal shield support 
degradation followed during the S1R26-S1R27 operating cycle…  Most notably was a thermal 
shield vibration interaction study (see Corrective Action 70207205-0250), which focused on the 
potential relations between the thermal shield support degradation and the loads in other lower 
internals components.  As discussed in . . . a dynamic finite element model (FEM) of the thermal 
shield, core barrel, and the baffle-former assembly was created and analyzed.” 

The results of these studies indicated the following [22]: 

“Based on the results from . . . it is clear that the significant baffle-former bolt degradation at 
Salem Unit 1 is unlikely to have caused the TSSBB failures identified during the 1R26 outage.  
However, on the contrary, the abnormal vibrations that result from the degradation of the 
thermal shield supports does have a direct effect on the stresses in the baffle-former assembly 
bolting.  The most significant increase in baffle-former bolt and TSSBB stress was noted when 
simulating multiple nonfunctional thermal shield flexures.” 

Additional information was provided by neutron noise (NN) data and laboratory testing of the TSSBB 
and BFBs [22]: 

“As discussed in PSEG ACE 70215189, several additional investigations provided further 
evidence that nearly all of the RVI degradation discovered during S1R26 (i.e. TSSBB, flexures, 
and baffle-former bolts) could be connected to the abnormal vibrations of the thermal shield 
detected at Salem Unit 1 with NN monitoring.” 

Based on the preceding evidence, the root cause in [22] is as follows: 

“The root cause of the unexpected 232 failed baffle-former bolts during Salem S1R26 was the 
presence of unknown non-functional thermal shield flexures and the resulting abnormal vibration 
of the thermal shield, which caused an increase in baffle-former bolt stress and accelerated 
IASCC.” 

In addition, the RCE report provides the following conclusion for the underprediction of bolt failures by 
the BFB predictive model [22]: 

“Because the Westinghouse baffle-former bolt predictive model (as well as the existing MRP-227 
and WCAP-17096 aging management guidance) assumes design basis loads are acting on the 
internals, the introduction of additional stresses caused by this abnormal vibration were not 
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accounted for when establishing the 3-cycle reinspection interval for baffle-former bolts 
following the S1R24 refueling outage. In other words, the presence of unknown non-functional 
thermal shield flexures and the resulting abnormal vibration of the thermal shield is now 
considered to be the root cause of the unexpectedly high rate of bolt degradation and the reason 
that the IASCC-based, probabilistic model was not able to accurately predict the degradation 
discovered at S1R26.” 

Based on this conclusion, the TR will be revised by adding the following text to Section 3 as shown on 
page 2 of Attachment 2: 

“Note that following default assumptions have been applied in the development of the 
methodologies contained herein: 

 The degradation of each component is assumed to be independent of the degradation of 
other components (i.e., no interaction), and the loading applied in the methodologies 
assumes the other components are functioning as designed.” 

In summary, the root cause evaluation concluded that degraded thermal shield flexures are the root cause 
of the unexpected BFB failures at Salem Unit 1 that were identified in the spring of 2019.  The 
underprediction of bolt failures by the BFB predictive model was due to the increased bolt stress caused 
by additional vibration loads from the thermal shield, as a result of multiple degraded thermal shield 
flexures.  The TR will be revised as discussed in the bullet above, to acknowledge that the degradation of 
each component is assumed to be independent of other components (i.e., no interaction). 

Based on these conclusions, the unexpected degradation of BFBs is not a concern for future applications 
of the predictive model methodology provided that appropriate measures to manage the aging of thermal 
shield flexures per MRP-227, Rev. 1-A [6] are implemented, as well as the revised examination 
requirements in TB-19-5, Rev. 1 [21], and any future industry guidance on this topic.  

  

NRC Request – Part (d) 
Issue:   

W-ID Item 6 recommends a 95 percent probability of retaining an acceptable bolting pattern at 
reinspection based on evaluation of predictive model outputs against completed plant-specific APBAs.  
This is equivalent to a 5 percent probability of an unacceptable bolting pattern at reinspection.  The staff 
does not consider a 5 percent probability of an unacceptable bolting pattern at reinspection to be an 
acceptable basis for setting the reinspection interval without justification that addresses its impact on plant 
risk.   

 

NRC Request:   

(d) Justify the 95 percent reliability criterion based on an assessment of the risk (e.g., core damage 
frequency) associated with having an unacceptable bolting pattern. 
 

Response to – Part (d): 
Passive failures such as the failure of the BFBs are not typically modeled in plant Probabilistic Risk 
Assessments, since the failure probabilities associated with these passive failure mechanisms are typically 
orders of magnitude lower than other active failures. This is consistent with the requirements of the 
ANS/ASME PRA Standard [23] (see for example supporting requirement SY-A15).  
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A conservative assessment of the risk associated with the BFB degradation was performed via a 
systematic review of thermal loads, flow induced vibrations, increased core bypass flow, baffle jetting, 
and RCCA insertion capability during normal operating conditions (including during startup and 
shutdown transients), upset conditions, and abnormal or faulted conditions. The assessment concluded 
that while an initiating event is not expected as a result of BFB degradation, pipe rupture events (i.e., 
LOCA events) can induce a pressure differential across the baffle plates which may be sufficient to 
generate fuel assembly grid crush. 

A conservative core damage condition was defined for BFB degradation based on the following success 
criteria:    

 The capability to insert all but one RCCA is not affected; and 
 The Peak cladding temperature following the event is less than 2200°F, and 
 The fuel cladding oxidation fraction following the event is within the limits of 10CFR50.46 for a 

LOCA; and 
 The fuel rods retain sufficient structural integrity following the event to maintain a coolable 

geometry of the fuel, although cladding damage may occur due to baffle former bolt-related 
impacts. 

Failure to meet any of these criteria for a given BFB-related event scenario were considered as core 
damage. It should be noted that this is a much more conservative success criterion than the core damage 
criteria used in PRAs as defined in the PRA Standard1, which means that ultimately the CDF estimate 
through this simplified approach cannot be immediately combined with the CDF for the plant, but can be 
used as an indication of the bounding risk associated with BFB degradation. 

The simplified risk assessment evaluates combinations of BFB patterns.  Each combination is then 
assessed to see if the control rod insertion is impacted (which is not applicable to a large LOCA, which 
does not credit control rod insertion), if the 10CFR50.46 criteria for the peak cladding temperature and 
maximum cladding oxidation are met, and if the fuel rod structural integrity is maintained.  Failure to 
meet any of these criteria is assumed to result in core damage. The frequency of failed scenarios for each 
of these conditions is accounted for in an estimate of the core damage. While dedicated analyses exist to 
assess the grid-crush status and thermal-hydraulic calculations also exists to address the 10CFR50.46 
criteria, expert elicitation was used to assess the probabilities of the simplified event tree developed to 
address the risk for BFB degradation, and to group different configurations to existing analyzed cases. 
Uncertainties associated with the assumptions made via expert elicitation have been characterized and 
propagated in the estimates.     

A detailed assessment of the seismic portion of the risk estimate would need to be plant-specific, 
however, a bounding hazard curve can be used. Developing a dedicated fragility analysis for the multiple 
different bolt failure patterns and conditions at the various plants is not a practical approach and bounding 
conditional probabilities of failures can be assumed, which are increasing with the seismic magnitude up 
to a guaranteed failure. Note that at high g levels, the increased risk due to the baffle bolt-related issues 
becomes negligible as the plant is likely already in core damage conditions due to multiple other failures. 

 

1 Core damage: uncovery and heatup of the reactor core to the point at which prolonged oxidation and 
severe fuel damage are anticipated and involving enough of the core, if released, to result in offsite public 
health effects [23]. 
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The simplified risk assessment supports that the combined risk estimated from BFB degradation is low 
per the RG 1.174 criterion for CDF.  

In this perspective, the BFB probabilistic reliability analysis produces the array of bolting patterns 
predicted for the end of the re-inspection interval.  These patterns are then evaluated based on the 
principles of the acceptable bolting pattern analysis (ABPA) methodology in WCAP-15029-P-A [18] as 
supplemented by PWROG-18034-P-A [19], and the results are compared to the 95 percent probability of 
maintaining an acceptable bolting pattern criterion.   

The Westinghouse BFB predictive model includes conservatism which bounds the uncertainties applied 
to the various inputs and calculations of the model.  Uncertainty is added to the inputs, including the 
neutron dose, bolt stress, and bolt geometry and is added to the model parameters, including model scale 
and shape parameters, dose threshold, and stress relaxation.  These uncertainties are aggregated in the 
model calculations and provide a large spread in the predicted patterns (see the examples in slides 25 and 
26 of [14]).  Using a criterion of a 95 percent probability of an acceptable pattern from the patterns 
incorporating this model uncertainty, further adds significant conservatism to the re-inspection interval.  

The primary objective of the WCAP-15029-P-A methodology is the evaluation of bolt stress, bolt strain 
when applicable (elastic-plastic analysis), and fuel grid impact during a Faulted condition event with 
degraded bolting patterns.  The fuel grid impact evaluation ensures a coolable core geometry and control 
rod insertability, as discussed in NUREG-0800, Section 4.2, “Fuel System Design,” [20].  Numerous 
conservatisms are contained in an ABPA as discussed below: 

 Seven criteria are evaluated in an ABPA (i.e. faulted bolt stress – both barrel-former bolts and 
BFBs, fuel grid impact, low and high cycle fatigue, momentum flux, and core by-pass flow).  If 
any of the seven criteria is not met, then the bolting pattern is considered to be unacceptable; 
therefore, the process used to assess the criteria introduces conservatism.   

 Each of the seven criteria consider “design” basis acceptance criteria; therefore, a safety margin 
requirement is included in the evaluation of each criterion.   

 In general, the most limiting criterion for Faulted conditions in the ABPA methodology is the bolt 
stress (and bolt strain when applicable) rather than the fuel grid impact evaluation as applied to 
ensure a coolable core geometry and control rod insertability.   

 The fuel grid impact evaluation considers a tiered evaluation approach that introduces 
conservatism.  The initial approach compares the fuel grid loading to “grid crush” limits 
applicable to the fuel assembly design.  If these limits are not met, then a more involved 
evaluation of “core coolability” is performed that would involve an assessment of peripheral and 
interior grid crush.  The core coolability assessment of fuel assembly grid crush is performed 
pursuant to the requirements of 10 CFR 50.46. 

Both the probabilistic reliability analysis and the ABPA methodology have inherent conservatism which 
represent an additional layer of conservatism on the simplified risk assessment discussed above, 
considering that an unacceptable bolting pattern does not directly translate to an accident scenario but 
represents the entry condition in the risk assessment discussed above. 

In conclusion, the 95% reliability criterion provides an additional layer of conservatism to a scenario that 
is already judged to have low risk significance.  

 

 

 

 



*** This record was final approved on 1/14/2022, 8:30:14 AM. (This statement was added by the PRIME system upon its validation)

Westinghouse Non-Proprietary Class 3 
Attachment 1, Page 11 of 15

LTR-AMLR-21-8, Rev. 0 
January 13, 2022

 

NRC Request – Part (e) 
Issue:   

The W-ID Item 6 analysis criteria state that, “the bolting pattern considers functional bolts to include 
those with satisfactory UT inspection results or replacement bolts, as well as any portion of untestable 
bolts determined to be acceptable per Step 2. [Emphasis Added] Otherwise, the un-inspectable bolts and 
those that show visual or UT indication of failure are treated as nonfunctional.”  Step 2 of this section 
includes a footnote stating, “untestable bolts should be reviewed on a plant-specific basis for 
determination if these should be credited as structural members when classifying clustering.”   

 

No specific guidance is provided on how a plant should evaluate untestable bolts to determine the extent 
to which they may be credited as functional structural members.      

 

NRC Request:   

(e) Provide justification for not including guidance on how a plant should evaluate untestable bolts to 
determine the extent they may be credited (wholly or partially) as functional structural members for 
W-ID Item 6.      
 

Response to – Part (e): 
The examination requirements for BFBs, which are identified in Item W6 of Table 4-3 of MRP-227, Rev. 
1-A [6], are “100% of accessible bolts (Note 3),” where Note 3 states: “A minimum of 75% of the total 
population (examined + unexamined), including coverage consistent with the Expansion criteria in Table 
5-3, must be examined for inspection credit.”  Therefore, MRP-227, Rev. 1-A allows the exclusion of a 
certain number of untestable bolts when performing the MRP-227 inspections of BFBs.   

When evaluating reduced bolting patterns based on inspection results, in general, the most conservative 
approach should be applied, which is to consider all untestable bolts as failed.  However, the use of 
sampling statistics was also determined to be an appropriate method to consider untestable bolts as 
discussed in the NRC Safety Evaluation for WCAP-17096, Rev. 2, which states: 

“In response to RAI 32, Part 4, EPRI indicated that the uninspectable bolts would either be 
assumed to have failed, or sampling statistics would be used to determine the number of failures 
in the uninspected population.  EPRI further indicated that the statistically determined number of 
failed bolts in the inspected population would be added to the number of failed bolts in the 
inspected population to determine the overall failed population Nf.  The Staff finds this response 
acceptable because it provides a conservative means of estimated the total number of failed 
bolts.” 

Similarly, the intent of the statement on untestable bolts as discussed in Part (e) of RAI 13 is to allow the 
use of sampling statistics in the W-ID: 6 methodology to credit untestable bolts as structural members 
when the untestable bolts are relevant to the determination of “clustering’” and the associated degradation 
category.   

Note 1 of Step 2 in the TR will be revised to: “Sampling statistics may be applied on a plant-specific basis 
to credit untestable bolts as structural members when classifying clustering.”   

The revision to Note 1 of Step 2 in the Analysis section of W-ID: 6 is shown on page 3 of Attachment 2.   
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NRC Request – Part (f) 
Issue:   

The W-ID Item 6 acceptance criteria for the probabilistic model state that, “it is anticipated that this 
method will be used to demonstrate a 10 year re-inspection interval. Re-inspection intervals beyond 10 
years may be justifiable in certain circumstances (e.g., acceptable bolting pattern relies on only 
replacement bolts and the plant is in, or has been converted to, an upflow configuration).”   

 

The NRC staff identified that reinspection intervals need to be consistent with Table 4-3 of MRP-227, 
Rev. 1-A (Note 9 of that table) and NEI 03-08 “Needed” BFB inspection guidance in MRP 2017-009.  
Otherwise a deviation disposition per NEI 03-08 guidance would be required.   

 

NRC Request:   

(f) Provide justification for the noted inconsistencies between the language in W-ID Item 6 and Note 9 of 
Table 4-3 of MRP-227, Rev. 1-A and MRP 2017-009.  Please cite and justify the use of applicable 
provisions from MRP 2017-009 (e.g., Paragraph C), as appropriate.   
 

Response to – Part (f): 
It is acknowledged that note (b) in the Table 4-3 of MRP 2017-009 [17] states the following regarding the 
UT Re-Examination Period “is not to exceed 10-years,”: 

“A longer reinspection interval, not to exceed 10-years, may be justifiable by plant-specific 
evaluation based on plant-specific exam findings.  This evaluation may include additional 
justification from plant modifications and/or improvements (for example: replacements of BFBs, 
conversion to up-flow, replacements of lower internals, etc.).” 

However, the statement was revised in the TR to recognize that unique circumstances may exist on a 
plant-specific basis such that re-inspection intervals beyond 10 years could be justified.  However, it is 
acknowledged that this would result in a deviation to MRP-227 requirements that must be justified by the 
licensee.   

Therefore, the statement in the last sentence in Step (c) of the probabilistic model in the TR will be 
revised to include the underlined text as identified below: 

“Re-inspection intervals beyond 10 years may be justifiable in certain circumstances (e.g., 
acceptable bolting pattern relies on only replacement bolts and the plant is in, or has been 
converted to, an upflow configuration) based upon submittal of a deviation to MRP-227 
requirements.”  

The revision to the TR is shown on page 4 of Attachment 2.   

Additionally, a typographical error was identified on page E-69 of the TR, in second process step (b), in 
the 2nd sentence and will be revised to: 

“Justification shall be provided that an appropriate degradation rate…”   

This revision is also shown on page 4 of Attachment 2.   
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NRC Request – Part (g) 
Issue:   

The W-ID Item 9 guidance for thermal shield flexures has not changed since the NRC-approved Revision 
2 of the WCAP (August 2016), except for elimination of guidance on the use of neutron noise monitoring 
to monitor vibration and inclusion of the NRC submittal requirement.  The spring 2019 OpE for TSSBB 
and thermal shield flexure degradation at Salem, Unit 1 and associated inspection guidance in WEC 
Technical Bulletin TB-19-5 show a need for an update to address these issues.  

 

NRC Request:   

(g) Provide justification for not including the inspection guidance from WEC Technical Bulletin TB-19-5 
in W-ID Item 9. 

Response to – Part (g): 
Westinghouse Technical Bulletin TB-19-5, Rev. 0 [13] was issued on October 9, 2019 in response to the 
degradation of the thermal shield flexures and support block cap screws that were identified at Salem Unit 
1 in the spring of 2019.  The TB discussed the inspection coverage, which includes both the inner and 
outer welds on the thermal shield flexures.  This TB is referenced in MRP-227, Rev. 1-A.  Additional 
inspections were performed at Salem Unit 1 in the fall of 2020 based on the inspection coverage 
recommendations in the TB.  TB-19-5, Rev. 1 [21] was issued on February 22, 2021 and discussed the 
separation of the inner welds at five of the eight thermal shield flexure locations as Salem Unit 1.  
Revision 1 of TB-19-5 will be referenced in MRP-227, Rev. 2, rather than in W-ID Item 9 in WCAP-
17096, because it is a more appropriate document, as the recommendations in MRP-227 are generally 
associated with the inspection of thermal shield flexures and support block cap screws (and not the 
acceptance criteria methodology in WCAP-17096). 

It should be noted that the thermal shield flexure methodology in W-ID: 9 has been applied to develop 
acceptance criteria for MRP-227 inspections at multiple plants.  This methodology postulates the 
existence of failed flexures, as well as the likelihood that one flexure failure would result in a cascading 
failure of additional flexures.  Therefore, the methodology included in WCAP-17096-NP-A, Rev. 2 
remains valid in light of the degradation identified at Salem Unit 1.  No changes to the methodology in 
W-ID: 9 are required due to TB-19-5, Rev. 1.   
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ATTACHMENT 2 

Markups to WCAP-17096-NP, Rev. 3 that Reflect the 
Changes Discussed in the RAI Reponses 

 
Purpose 

This attachment contains the redline markups of the changes to WCAP-17096-NP, Rev. 3 that are discussed 
in the responses to the U.S. Nuclear Regulatory Commission (NRC) Requests for Additional Information 
(RAI) Number 13. 

These revisions will be included in the NRC approved version of WCAP-17096-NP, Rev. 3 that will be 
issued after the NRC Final Safety Evaluation is received. 
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