rI2

1 jELECTRIC POWER
RESEARCH INSTITUTE

MRP Materials Reliability Program

MRP 2012-029

(via email)

June 14, 2012
U. S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, DC 20555-0001

Subject: Revised Responses to the NRC Request for Additional Information (RAI) on PWR
Owners Group (PWROG) WCAP-17096-NP, Revision 2, "Reactor Internals Acceptance Criteria
Methodology and Date Requirements" (TAC No. ME4200) PA-MSC-0473
References:
1. Request for Additional Information on WCAP-17096-NP, Revision 2, "Reactor Internals
Acceptance Criteria Methodology and Data Requirements (TAC No. ME4200) PA-MSC0473, OG-1 1-163, May 23, 2011
2. Revision I to the Request of Additional Information on WCAP-17096-NP, Revision 2,
"Reactor Internals Acceptance Criteria Methodology and Data Requirements (TAC No.
ME4200) PA-MSC-0473, OG- 11-223, July 15, 2011
3. Responses to the NRC Request for Additional Information (RAI) on PWR Owners Group
(PWROG) WCAP-17096-NP, Revision 2, "Reactor Internals Acceptance Criteria
Methodology and Data Requirements" (TAC No. ME4200) PA-MSC-0473, September 9,
2011
This letter transmits the revised responses to the Requests for Additional Information (RAIs)
received in References I and 2 and communicated during teleconferences between the U.S. NRC
and Industry on October 4'h and 12 h, 2011. The original RAI responses were issued under
Reference 3.
If you should have any questions concerning this letter, please contact Jean Smith, EPRI MRP
Reactor Internals Project Manager, at (JMSmith~ivepricom) or 650-855-8775.

Sincerely,

Timothy G. Wells
Southern Nuclear Operating Company
Chairman, Materials Reliability Program

Together ...

Shaping the Future of Electricity

PALO ALTO OFFICE
3420 Hillview Avenue, Palo Alto, CA 94304-1338 USA * 650.855.2000 * Customer Service 800.3133774 a www.epri.com

MRP 2012-029

2 of 2

Attaclunent: AREVA and Westinghouse Responses to NRC RAls Related to Topical Report
(TR) WCAP- 17096-NP Revision 2 "Reactor Internals Acceptance Criteria Methodology and
Data Requirements"
cc:

Anne Demma, EPRI
Ed Fernandez, APS
Craig Hamington, EPRI
Michael McDevitt, SCE
James Molkenthin, PWROG
Mark Richter, NEI
William Sims, Entergy
Sheldon Stuchell, U.S. NRC

Together ...

Shaping the Future of Electricity

PALO ALTO OFFICE

3420 Hillview Avenue, Palo Alto, CA 94304-1338 USA * 650.855.2000

*

Customer Service 800.313.3774

*

www.epri.com

Attachment

AREVA and Westinghouse Responses to NRC RAIs
Related to
TOPICAL REPORT (TR) WCAP-17096-NP Revision 2
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General RAI

The Electric Power Research Institute (EPRI) should revise the WCAP-17096NP, Revision 2 report (referredto later as the WCAP report)in accordancewith
the safety evaluation (SE) on MRP-227-Rev. 0, "MaterialsReliability Program:
PressureWater Reactor (PWR) InternalsInspection and Evaluation Guidelines
(MRP-227-Rev. 0)."

Response
The PWR Owners Group (PWROG) authored and owns the WCAP-1 7096-NP, Rev. 2 report and is
the responsible organization for revising the WCAP report. WCAP-17096-NP, Rev. 2 will be revised
to include the required changes made to MRP-227-A following issuance of the SE. Also, changes
indicated in MRP-227 Set #4 RAI responses will also be reflected in the revised WCAP report.
In addition, Table 5-1 of the WCAP report contains a number of errors that have been identified
since publication. These errors and other editorial modifications, which have been revised in the
attached "Table 5-1 Revision," at the end of this document, will be corrected and the new Table 5-1
will be incorporated into the revised WCAP report.

RAI 1

It is stated in Section 2.0 of the WCAP reportunder "Evaluation Methodology"
that the evaluation methodology includes "[ainengineering basis for
repair/replacement/mitigationoptions." Mitigation and repairare also included
on the flow charts in Appendixes D and F. However, it is not discussed in the
evaluation sections for the individual components in Appendixes C and E
other than to indicate (for certain components) that if the acceptancecriteria
are not met the components require mitigation. Clarify that detailed
recommendations on mitigation and repairoptions are outside the scope of
this report.Also, confirm whether this information will be addressedin a future
WCAP report.

Response
The WCAP report will be revised to clearly state that detailed mitigation and repair options are
outside the scope of the document. Industry activities to develop mitigation, repair, and replacement
guidance are planned to be performed as future efforts. No decision has been made regarding
whether or not to address these efforts in a future WCAP or MRP report.

RAI 2

It is stated in the first paragraphof Section 3.7 of the WCAP report, "Reactor
InternalsAcceptance CriteriaMethodology and Data Requirements," that,
"[t]hreeExpansion component items in the B&W [Babcock & Wilcox] designs
have been designatedfor resolutionby analysis." It is furtherstated in the
second paragraphof Section 3.7 that, "[a]cceptancecriteria for these three
"Expansion" inspection category components are not included in this task."
Assess the impact of leaving these three Expansion components outside the
WCAP's inspection and evaluation (I&E) plan. Further,the staff found a
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discrepancybetween the number of the "Expansion"inspection category
components describedin Section 3.7 (i.e., 3) and the number of "Expansion"
inspection category components suggested on pages A-45, A-47, A-51, and A53 of Appendix A to the WCAP report (i.e., 4). Clarificationrequired.
NRC Additional Comment on RAI 2
NRC wants a schedule for when the detailed analysis will take place. AREVA
agreed to add some wording about what their currentplanned schedule looks
like.
Response
As stated in Section 3.7 of the WCAP report, the inaccessibility of these three expansion
component items does not permit an inspection. Therefore, an acceptance criteria methodology is
not required. Detailed analysis, replacement, or some other alternative process would be required if
aging is detected in the linked primary component items that triggers expansion to these items. The
schedule to complete this work should be determined by each B&W licensee prior to the initial
inspection of the primary component item.
The "three" in Section 3.7 refers to 1) the core barrel cylinder and welds, 2) the former plates, and
3) the bolting (core barrel-to-former bolts, internal [accessible, but currently not UT inspectable] and
external baffle-to-baffle bolts, and associated locking devices). The total number of component
items in Section 3.7 relative to the items listed on pages A-45, A-47, A-51, and A-53 will be clarified
in the revised WCAP report.

RAI 3

Section 4.0 of the WCAP report states, in part,that although there are
superficialdifferences in the format in which the results are presented by each
vendor, the underlying structure of the information is the same. However, the
staff notes that, for the B&W reactorvessel internals (RVI) components, the
information contains a heading, "What observations triggerexamination into
the Expansion category?" In some cases, the information under this heading
provides additionaldefinition beyond what was provided by the MRP-227Rev.O report with respect to when inspection of an "Expansion"inspection
category component is triggered. This information is not included for the
Combustion Engineering(CE) and Westinghouse RVI components. Revise
Appendices C and E to include this information regardingwhat observations
would triggerexamination into the "Expansion" inspection category for CE
and Westinghouse RVI components.

Response
It is true that the Appendix A listing of the B&W components contains information on the Expansion
criteria for the Primary components. This is given under the heading "What observations trigger
examination into the Expansion category?" These subsections contain the same or very similar
wording to the information given in Table 5-1 of MRP-227-A.

Appendices C and E, for the Combustion Engineering (CE) and Westinghouse components,
respectively, do not contain a subsection with information on the Primary component expansion
criteria. These criteria are contained in Table 5-2 for CE and Table 5-3 for Westinghouse in MRP227-A. That information has not been repeated in the WCAP to ensure a single source for the
requirements and avoid any potential conflicts that might be generated by future revisions of either
document. The expansion criteria for the CE and Westinghouse components as provided in Tables
5-2 and 5-3 of MRP-227-A are considered applicable.
Therefore, to be consistent with Appendices C and E, the existing Appendix A (B&W) information
for expansion criteria will be removed and information contained in MRP-227-A Table 5-1 will be
incorporated by reference in Appendix A of the revised WCAP report.

Forcomponent items throughoutAppendix A, it is mentioned frequently under
"Methodology and Data Requirements," "perform analysis to..., " or, "a ...
analysis is to be performed." Each of these analyses will provide a basis for
the acceptance criterion for the examination results and will justify the
adequacy of the proposed examination frequency for an RVI component.
Provide a schedule for completion of all the analyses which are statedin the
WCAP report as "to be performed" for the various RVI components and
discuss actions to be taken if results from one or more analyses do not
support the proposedI&E guidelines of a specific RVI component.

RAI 4

NRC Additional Comment on RAI 4
NRC requests that AREVA specify the schedule relatedto the analyses
mentioned in the response. AREVA agreed to modify the response to include
schedule/timeline.
Response
Appendix A of the WCAP report used the wording "perform analysis to..." for the vent valve items
(top and bottom retaining rings, and disc shaft) on Page A-10:
0

Perform analysis to show that failure of vent valve items will not result in loss of function

Note: The vent valve disc shaft item has been removed from MRP-227-A, since it is defined as
an active component item; hence, it will also be removed from the WCAP- 17096 revision.
In the above sentence, it refers to performing either an analysis or evaluation, which will
determine areas of the rings, if any, where the thermal embrittlement effects may be expected to
result in cracking of these items. Currently, the acceptance criteria are planned to be developed
for these items under a PWROG task. The schedule to complete this work should be
determined by each B&W licensee prior to the initial inspection of the primary component item.
The revised WCAP will incorporate wording to clarify what the "perform analysis to... " means
for the vent valve items.
Appendix A of the WCAP report used the wording "a ... analysis is to be performed" for each of the

-4-

high-strength bolts and locking devices that are in B&W units on Page A-13 (Upper Core Barrel,
UCB, bolts), Page A-18 (Lower Core Barrel, LCB, bolts), Page A-40 (Upper Thermal Shield, UTS,
bolts), Page A-43 (Surveillance Specimen Holder Tube, SSHT, bolts), Page A-60 (Lower Thermal
Shield, LTS, bolts), and Page A-63 (Flow Distributor, FD, bolts) as follows:
A thermal analysis is to be performed
- Determines bolt temperatures and temperature gradients for normal operatingconditions
A structuralanalysis is to be performed in which failed bolts are inactive
- Stress concentration factors are calculated to determine the peak stresses at the bolt
head-to-shank fillet region under normal operating conditions
The unit-specific thermal analysis and structural analysis work has since been completed for the
UCB and LCB bolts for all B&W units.. Thermal analysis and structural analysis for the FD, UTS,
and LTS bolts (or stud/nuts), could be performed either on a B&W generic basis or on a unit-specific
basis. The schedule to complete this work should be determined by each B&W licensee prior to the
initial inspection of the primary component item. The analyses for shock pad bolts and SSHT
studs/nuts are unit-specific; the schedule to complete this work should be determined by each B&W
licensee prior to the initial inspection of the primary component item.
Appendix A of the WCAP report used the wording "a... analysis is to be performed" also for the
TMI-1 lower grid shock pad bolts and locking devices on page A-57 as follows:
If one of two bolts has an indication, an analysis is to be performed to assess loads on
the remaining bolt and its potential for future failure
-

Loads on this bolt will include those evaluated as part of modeling of the lower thermal
shield joint as described for L TS bolts

-

Stress concentration factors are calculated to determine the peak stresses at the bolt
head-to-shank fillet region under normal operating conditions

-

Structural evaluation will be performed to determine peak stress in remaining shock pad
bolts for use in assessing potential for future bolt failure

The schedule to complete this work should be determined by each B&W licensee prior to the initial
inspection of the primary component item.

RAI 5

Pages A-1 to A-4 address core clamping items. The staff requests the
following:
1.

2.

Page A-1 suggests that interference measurementto the nearest0.001
inch can be achieved by way of "[d]eterminationof differential height of
top of plenum rib pads to reactorseating surface, with plenum in
reactorvessel." Provide a schematic, demonstratingthat this kind of
accuracy is achievable through the physical measurements described
above.
It is stated under "Methodology and Data Requirements" that "ttlhe
acceptance criterionis based on engineeringjudgment, and is defined

3.

as a reduction of no greaterthan 0.004 inch compared to the originalasbuilt data." Discuss your engineeringjudgment. Demonstrate that after
reduction of interference fit by 0.004 inch, there is still enough clamping
load at operationalconditions to prevent core movement due to the flow
uplift loading and horizontal forces developed by various pump
combinations.
It was stated under "Methodology and Data Requirement" that "[t]he
generalmethodology to be used for VT-3 [generalcondition monitoring
visual examination] acceptance criteriafor these component items will
be development of an NDE [nondestructive examination] inspection
standardthat contains examples of acceptable and unacceptablevisual
indicationsand mockups for the VT-3 inspection of wear." Provide the
schedule for the VT-3 acceptance criteriadevelopment.

NRC Additional Comment on RAI 5
NRC wants a discussion of the technicaljustificationsand when they will be
submitted. AREVA agreed to modify the response to include
schedule/timeline.
Response
The sketches provided below show the component items to be measured and the technique that
has previously been successfully used.
CORECLAMPING COMPONENTS
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1. The original 0.004-inch criterion in MRP 227-A was based on the estimated permanent
deformation in the O-ring mating surface, which is not considered in the interference measurement.
The original analytical solution predicted adequate clamping accounting for flow loadings with initial
interference fit at zero also not accounting for the permanent deformation. Five of the seven B&W
units have now been measured with no appreciable change in interference from the original as-built
results. The original as-built results ranged from 0.004-inch interference to a 0.0004-inch clearance.
Therefore, the WCAP report will be revised to include the foregoing sentences clarifying "the
original 0.004-inch criterion".
2. Currently, there are no plans to develop mockups for potential core clamping wear surfaces. It
has been determined that they would not be useful. Therefore, the WCAP report will be revised to
state the following: "The general methodology to be used for VT-3 (a general condition monitoring
visual examination) acceptance criteria for these component items will be development of an NDE
(nondestructive examination) inspection standard that contains explanations of acceptable and
unacceptable visual indications." The schedule to complete the Technical Justification should be
determined by each B&W licensee prior to the inspection.

RAI 6

Page A-8 for core support shield (CSS) vent valve discs states that,
"[c]onfirmed evidence of relevant conditions (damage,grossly cracked, or
fracturedmaterial)in two or more vent valve disks shall require expansion to
the control rod guide tube (CRGT) spacer castings by the completion of the
next refueling outage." Explain why a plant could wait for two or more vent
valve disks to be damaged before inspecting the CRGT spacercastings.
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Response
As documented in MRP 2008-036 (minutes of the experts panel meeting on expansion criteria for
reactor internals I&E guidelines), the reason for waiting for two or more vent valve discs that might
be damaged is because the inspection looks for more than a single random fabrication defect.
However, as discussed with the Staff during MRP meetings and agreed upon in the NRC SE for
MRP-227 Rev. 0, the vent valve discs have been deleted from the B&W unit-specific MRP-227-A
Primary inspections (Table 4-1) since the vent valve hinge assembly and disc are active
components and therefore not subject to an Aging Management Review (AMR) or Aging
Management Program (AMP). Therefore, this component item will also no longer be included in the
revised WCAP report.
Note: Page A-9 of the WCAP report states "[v]ent valves are passive devices that have no function
during normal operation." This is incorrect and will be rewritten in the revised WCAP report as
follows: "Vent valve assemblies are generally passive devices (although the hinge assembly and
disc are identified as active components) with the primary function of relieving pressure in the
interior of the core support assembly during a cold leg large break loss-of-coolant-accident (LOCA).
For all normal operating conditions the vent valves are closed and another function of the vent valve
is to prevent unacceptable bypass flow during normal operation."

RAI 7

PagesA-9 to A-11 address CSS vent valve retainingrings and disc shafts. The
staff requests the following:
1.

2.

PageA-9 states that, "[a]jthoughthere have been instances of failures
of precipitation-hardenablematerials in other applications,there is no
known history of OE [operatingexperience] identifying cracking in PWR
reactorvessel internalsapplications." Clarify whether this history of no
cracking is due to a lack of inspectionsperformed on RVI components
of precipitation-hardenablematerials and discuss the relevance of
these "otherapplications"to the current situation in terms of their
differences or similaritiesin the component stress and environment.
Page A-10 states that, "[m]anufacturingand materialdata need to be
identified to determine chemical composition and an assessment of the
actual susceptibility to thermal aging embrittlement," for CSS vent valve
top retainingring, bottom retainingring, and disk shaft or hinge pin.
Confirm that the same action will be taken for the CSS cast outlet
nozzles (PagesA-5 and A-6) and the CSS vent valve disks (PagesA-7
and A-8), consistent with the plant-specific action items in all license
renewal safety evaluation reports.

Response
1. In general, operating experience with precipitation-hardenable materials that have failed has
been in applications involving high stress (e.g., valve shafts as noted in U.S. NRC IE Information
Notice 85-59). In addition, recent operating experience has been observed with the control rod drive
mechanism (CRDM) leadscrew male coupling (also known as bayonet) used in B&W-designed
PWRs, as discussed in the following reference:
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H. Xu, S. Fyfitch, Charles, R. Frye, and David E. Whitaker, "Fracture of Type 17-4PH CRDM
Leadscrew Male Coupling Tangs," the 11th International Conference on Environmental
Degradation of Materials in Nuclear Power Systems - Water Reactors, ANS, Skamania Lodge in
Stevenson, WA (2003).
As noted in MRP-227-A, Table 4-1 (Note 1), the CSS vent valve retaining rings are VT-3 examined
with some frequency, although it may not necessarily be to the same requirements now required by
Table 4-1 since it is inaccessible and is an active component; an evaluation to justify operation with
a cracked shaft or replacement could be performed either on a B&W generic basis or on a unitspecific basis. The schedule to complete this work should be determined by each B&W licensee
prior to the initial inspection of the primary component item.
2. Yes, fabrication record searches have already been performed for these two items (CSS cast
outlet nozzles and original CSS vent valve discs). Review of the fabrication records indicates that
due to their chemical composition, they are not susceptible to thermal aging embrittlement.
Therefore, these particular items have been deleted from the MRP-227-A tables and will also be
removed in the revised WCAP report. (Note: also, see the response to RAI 6 regarding the vent
valve discs as active component items.)

RAI 8

Pages A-12 to A-16 address upper core barrel(UCB) bolts and locking devices.
The staff requests the following:
1.

2.

3.

4.

PageA-14 states that, "[a]change of no more than 20 % in stiffness
when subjected to LOCA [loss of coolant accident] loads is
acceptable." Provide information regardingthe establishmentof the
acceptancecriterionof less than 20 % change in overall core barrel
stiffness. Since the change of the fundamental frequency of the
structureis mentioned on Page A-14, confirm whether UCB dynamics
was consideredin determining this criterion?If yes, in what way?
PageA-14 states, "[a]nevaluation of joint stability (or,openness) is also
to be performed." Definejoint stability and openness in terms of
parametersthat can be calculatedor measured. Confirm that this
definition remains true throughout this report.
PageA-14 also states the need to, "[i]ncorporatethe effect of future
UCB bolt failure into the operability evaluation and re-inspection
requirement." Elaborate on the operabilityevaluation and re-inspection
requirementconsideringfuture UCB bolt failure. How is operability
relatedto the overall core barrelstiffness, joint stability,and openness
mentioned in the above two bullets?
PageA-15 states that, "[i]f inspection results indicate no relevant
indicationsof failure and calculatedpeak stresses are below the bolt
materialyield strength, SCC is not expected to initiate and an
inspection during the next ASME [American Society of Mechanical
Engineers]Code B-N-3 10-year ISI [inservice inspection]interval is
judged adequate." Provide industry operatingexperience showing that
(1) all failed UCB bolts have calculatedpeak stresses above the bolt
materialyield strength, and (2) once a crack was initiated,it did not
grow to a criticalsize in 10 years.
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5.

PageA-16 states that cracking observed in 10 % (i.e., 12) of the UCB
bolts would triggerexamination into the "Expansion" inspection
category. Demonstratethat the "Expansion"inspection category
components are under a much less aggressive degradationconditions
such that you can wait for 12 UCB bolts to fail to take action on
"Expansion"inspection category components.

NRC Additional Comment on RAI 8
NRC wants to know why lower core barrelbolts have much less effect on the
dynamic system model than the upper core barrelbolts such that no
discussion of this effect is needed in the response to RAI #9 and what would
happen to the dynamic model if the lower core barrelbolts become loose. The
NRC also requested a simplified sketch of the connection to understandthe
response. AREVA agreed to modify the response.
Response
1. Under a previous PWROG project, AREVA NP developed conservative analytical acceptance
criteria for all loading conditions for the UCB and LCB bolts based on ASME Section III, Subsection
NG. AREVA NP has developed unit-specific analytical models and has performed analyses for UCB
and LCB bolts using the criteria developed based on hypothetical failure patterns in these bolts.
The AREVA analytical criteria for the UCB bolts includes a "tight joint" criterion for Level A & B (see
response to RAI 8.2). Subsection NG does not require a "tight joint" criterion under Level C and
Level D. However, AREVA NP conservatively added a "core barrel stiffness" criterion for the Level
D analysis to reflect the accuracy of the existing dynamic system model that provided the Level D
(LOCA) loads to the UCB bolt analysis.
The loads from the dynamic system model assumed that the joint between the core support shield
and the core barrel and the core barrel-to-lower grid assembly is tight. That is, the loads are based
on the structure cross-section and not on the bolt cross-section. The horizontal dynamic response is
frequency dependent; therefore, when determining an acceptable number of core barrel bolts it
needs to be shown that the upper core barrel joint does not open, and thus does not change the
response of the core barrel due to LOCA and seismic loadings. If the joint does open, it then needs
to be shown that the core barrel/core support cylinder not be allowed to experience a significant
frequency shift due to the opening of the upper bolt circle of the core barrel. To achieve this, the
overall stiffness of the core barrel shall be limited to no more than 20% change. The basis of the
20% stiffness change is that the frequency change would be no more than 10%, which is judged to
be within the accuracy of the dynamic modeling.
For dynamic events, the loads within the RV internals are based on all the core barrel bolts (upper
and lower) intact. Since the RV internals are cantilevered off of the ledge it can be seen that any
excessive bolt degradation of the upper core barrel bolts would significantly affect the response of
the core barrel assembly which would affect the loads within the RV internals assemblies.
Degradation of the lower core barrel bolts will not have a significant effect since it would only affect
the lower grid assembly and thus does not affect the internals horizontal frequencies as significantly
as failure of the upper core barrel bolts. Therefore, the failure criteria developed for the upper core
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barrel bolts regarding joint tightness would bound any acceptance criteria for the lower core barrel
bolts. (Please refer to the discussion and figure at the end of this RAI response for details regarding
the load paths.)
2. "An evaluation of joint stability (or openness).." in WCAP-17096-NP-Rev 2 refers to the structural
analysis in accordance with the "tight joint" criterion in the ASME Section III, NG3232.1(e)
requirement, which states that the stress due to preload shall be greater than that due to primary
and secondary membrane stress excluding preload. This term is consistently used in WCAP-17096NP-Rev 2 for the six high-strength bolt locations in the B&W units.
3. An evaluation of operating experience with each of the high-strength bolt locations in B&W units
will be part of the operability evaluation. Parameters that include stress, material (e.g., Alloy A-286
versus Alloy X-750), material heat, time of service, number of failed bolts, etc. will be used to
determine a conservative value for future bolt failures. This information is planned to be used in
analysis work that is described in the responses to RAI 8.1 and 8.2 above to justify operability until
the next UT examination. It is expected that the analysis work will justify a 10-year inspection
frequency; however, if necessary, a shorter re-inspection frequency will be determined.
4. Past industry operating experience with the high-strength bolting materials in B&W units is
provided in a staff-approved B&W report (BAW-1843A). There have been very few inspections
performed since BAW-1 843A was approved by the staff, until recently. These most recent
inspections have not identified any significant new failures; however, in at least one case, up to five
LCB bolts were conservatively denoted as "failed" due to unusual UT responses. Similar results
have been observed in past inspections, and follow-on inspections have not shown such bolts to
have failed; however, once a crack does initiate in a bolt, the crack growth rate is expected to result
in a through-thickness failure within one 18-month cycle of operation. Once the initial MRP-227-A
inspections of these bolt locations are completed, the aggregate results are planned to be
evaluated and either a revised inspection frequency will be proposed or the 10-year inspection
frequency will be confirmed as appropriate by each B&W licensee prior to the follow-on inspection
of the high-strength bolting component items. Note: In the future analysis work described in the
responses to RAI 8.1 and 8.2 above to justify operability, any bolt that is identified as "defective" by
UT is assumed failed (i.e., fully cracked) regardless of crack depth. This also applies to the
projected future bolt failures.
5. The basis for 10% is provided in MRP 2008-036 (minutes of the experts panel meeting on
expansion criteria for reactor internals I&E guidelines), i.e., "redundancy; engineering judgment
based on flaw tolerance of the assembly; no safety consequences with the expansion bolts
(economic concerns)". As documented in MRP-231, of the six structural bolting rings and the lower
grid shock pad bolts, only the UCB and LCB bolting have a core support function. Failures at any of
the remaining high-strength bolting locations would lead to significant economic concerns, but not a
safety concern. In addition, the "10%" also is to prevent triggering expansion due to false "defective"
UT calls of the UCB and LCB bolts, which has been observed in the past.
Additional Details on Confiquration and Load Paths (see Response to RAI 8.1)

-

II

-

As discussed in the response to Item 1 of RAI 8, the fundamental frequency and dynamic response
of the system model is not significantly affected by the lower core barrel joint stiffness. The Core
Support assembly is essentially a vertical cantilever supported near the top. The upper core barrel
joint is near the support of the cantilever where joint stiffness can affect the fundamental frequency,
dynamic response of the system, and loads on the joint. On the other hand, the lower core barrel
joint is located near the free bottom end of the cantilever where its stiffness has relatively small
influence on the dynamic response. A very loose lower core barrel joint would result in
unacceptable stresses on the lower core barrel bolts; however, the loads from the dynamic system
model would not be significantly changed.
For additional understanding please refer to the figure below and the discussion of the reactor
vessel internals structural system and the location of the lower core barrel joint in the load path. The
reactor vessel internals consists of two major subassemblies: the Plenum Assembly and the Core
Support Assembly. The Core Support Assembly can be subdivided into three principle subassemblies: the core support shield assembly, the core barrel assembly, and the lower internals
assembly. These two major subassemblies freely hang from the RV ledge. The core support
assembly and the plenum assembly are clamped together as the RV head studs are tightened to
the RV. During stud tensioning, the plenum assembly is pushed down against the fuel assembly
end fitting springs that react out to the lower internals assembly and upward to the RV ledge
through the core barrel assembly and the core support shield assembly. The only other interference
between the RV and RV internals is between the core support shield and the RV outlet nozzle.
During operation, the gap between these components becomes tight and thus allowing horizontal
load to transfer from the RV Internals to the RV. Note that toward the bottom of the RV, the guide
lugs are gapped and are not considered active during dynamic events.
Therefore, the vertical load path as described above is reacted out at the RV ledge. For horizontal
loading such as during a seismic event or a LOCA, the RV internals acts as a cantilever from the
RV ledge while being pinned at the RV outlet nozzle. Fuel assembly loads have two paths to the
RV. Lower grid assembly loads from the fuel assemblies are reacted out through the core barrel
assembly and out to the RV through the core support shield / outlet nozzle interference and up to
the RV ledge through the core support shield. Upper grid assembly loads are reacted out to the RV
through the core support shield / outlet nozzle interference and up to the RV ledge through the core
support shield and plenum assemblies.

-
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RAI 9

Pages A-17 to A-20 address lower core barrel(LCB) bolts and locking devices.
Discuss the applicabilityof the response to RAI 8 (except for the first item) for
the UCB bolts and locking devices to the LCB bolts and locking devices.

Response
1. RAI 8.1 is not applicable to LCB bolts.
2. See the response to RAI 8.2 for "An evaluation of joint stability (or openness)." RAI 8.2 is
applicable to LCB bolts and their locking devices.
3. See the response to RAI 8.3. RAI 8.3 is applicable to LCB bolts and their locking devices.
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4. See the response to RAI 8.4. RAI 8.4 is applicable to LCB bolts and their locking devices.
5. See the response to RAI 8.5. RAI 8.5 is applicable to LCB bolts and their locking devices.

RAI 10

Pages A-21 to A-24 address core barrelassembly baffle-to-former (BF) bolts. It
is stated under "Existing Documentation" that "[p]astB&WOG work has
determined the minimum number of bolts for safe shutdown, but not for
operation." Explain how this analysis was used to establish the criterion for
conducting examination into the "Expansion"inspection category,Le., 5 % (or
40 BF bolts) with observed crackingor greaterthan 25 % of the bolts on a
single former plate.

NRC Additional Comment on RAI 10
Why is the inspection criteria5% with observed cracking or greaterthan 25%
of the bolts on a single former plate. NRC couldn't find a connection between
the MRP reports and the criterialisted. MRP-229 shows that we don't
anticipatebaffle former cracking in the B&W units until fartherinto the future,
if at all. In MRP-231, industry data was looked at. AREVA combined
information from both of those reports to come up with the 5% and 25%.
These expansion criteriaare documented in MRP letter 2008-036, which was
submitted to the NRC for information during review of MRP-227 Rev. 0. Since
MRP letter 2008-036 is not in NRC ADAMS, AREVA will provide another copy to
NRC.
Response
The analysis noted above refers to the initial work performed by the B&WOG to develop a bounding
analysis showing that the baffle-to-former bolt issues were not an immediate safety concern for the
B&W operating units, which was presented to the U.S. NRC staff in a proprietary meeting on
February 5, 2002. Since then, additional MRP and PWROG efforts have been performed that
supersede this work. The prior B&WOG analysis was not explicitly utilized in establishing the
Expansion criteria. Rather, a combination of the results obtained from the MRP work detailed in
MRP-229 and industry data detailed in MRP-231 were used. In addition, information contained in
MRP 2008-036 (minutes of the Experts Panel meeting on expansion criteria for reactor internals
I&E guidelines) contains the basis for the expansion criteria. The WCAP report will be revised to
clarify this. EPRI has submitted a copy of MRP 2008-036 to the NRC Document Control Desk for
information (see MRP letter 2010-065 dated October 27, 2010, Subject: "Document Transmittal:
MRP Letter 2008-036 dated June 12, 2008; Subject: Minutes of the Expert Panel Meetings on
Expansion Criteria for Reactor Internals I&E Guidelines").

RAI 11

Pages A-25 to A-27 address core barrelassembly baffle plates. The staff
requests the following:
1.

PageA-26 states under "Methodology and Data Requirements" the
need to "[d]eterminethe expected crack opening displacement (COD)
for development of the inspection standard." Discuss how the COD is
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2.

going to be used in the inspection and in a flaw evaluation handbook
with the calculatedcritical crack size.
Page A-27 states under "What Observations Trigger Examination into
Expansion Category," "[i]fa VT-3 examination is possible, it is required
by completion of the next refueling outage." Discuss conditions under
which a VT-3 examination would not be possible for the core barreland
former plates. Proposea remedy if the coverage is less than the
minimum examination coverage requirementof 75% specified as
Condition 4 in the SE for the MRP-227-Rev. 0 report.

NRC Additional Comment on RAI 11
NRC is questioning the VT3 inspection with the fiber optic probe. Also
questioned why the limited sample of inspection is ok. NRC is requesting that
the response be revised. AREVA agreed to modify the response to include
schedule/timeline.
Response
1. An analysis task is planned that would show that a crack emanating from the baffle plate bolt
hole is expected to have an acceptable subcritical crack length that is sufficiently large enough to
be detectable. The detailed acceptance criteria and evaluation methodology are being developed.
A flaw evaluation handbook is not being considered for the baffle plates at this time; as such, the
wording on page A-26 will be clarified in the revised WCAP report. Instead, a linear elastic fracture
mechanics (LEFM) analysis is planned to be performed to determine the applied stress intensity
factors (SIFs) for a through-thickness flawed configuration with normal/upset condition loads. Crack
growth analysis is planned to be performed considering the normal/upset condition stresses and it is
planned to also address irradiation-assisted stress corrosion cracking (IASCC) growth for a 10-year
inspection interval period. The applied SIF for the final crack size is planned to be evaluated with
consideration of the faulted condition loads. This applied SIF is planned to be compared against the
lower bound irradiated fracture toughness, Kyc, for these plate materials. The maximum acceptable
initial crack length (without crack growth) as well as the final length of the crack (with crack growth)
emanating from the bolt hole at the end of 10-year inspection interval will thereby be determined.
The schedule to complete this work should be determined by each B&W licensee prior to the initial
inspection of the primary component item. The WCAP will be revised to reflect the currently
expected approach (but also allow flexibility for later changes).
2. As noted in the WCAP on pages A-45 and A-47, the core barrel cylinder and former plates are
mostly inaccessible without disassembly, and no examinations are required by MRP-227-A (Table
4-4). An analysis for potential justification of operation in the degraded condition could be performed
either in a PWROG program on a B&W generic basis or by the B&W licensee on a unit-specific
basis. The schedule to complete this work should be determined by each B&W licensee prior to the
initial inspection of the primary component item.
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However, a VT-3 examination of some parts of the former plates and
possible using a fiber optic probe; but it has not yet been determined
expected. Should the planned analysis effort prove insufficient, other
considered, including consideration of using a VT-3 examination and
of coverage to be expected.

RAI 12

core barrel is potentially
what coverage can be
options are planned to be
a determination of the amount

Pages A-35 to A-36 address dowel-to-upper grid fuel assembly support pad
welds or dowel-to lower grid fuel assembly supportpad welds. Possible
examination outcomes include one or several support pads are misaligned or
missing. If this happened,clarify whether loading of the fuel into the core will
become a problem. How do you define the severity of the misalignment such
that and beyond which loading of the fuel into the rightposition becomes a
problem? Fully explain.

Response
As noted on page A-35 of the WCAP report, the fuel assembly support pads serve as guidance for
loading of the fuel into the core. The VT-3 examination looks for signs of failed dowel locking welds.
The signs include misalignment of the fuel assembly support pads (i.e., an observation that the pad
is clearly out of perpendicularity with the upper or lower grid rid sections); however, the purpose of
the VT-3 examination is not to measure (quantify) the "misalignment" of each fuel assembly support
pad. If misalignment causes problems for fuel loading, it would be identified during the fuel loading
and the cause of the misalignment would be determined and addressed. Should "misalignment" not
initiate problems during fuel loading, there would be no safety concern of failed dowel locking welds
to the pad's function following completion of fuel loading.

RAI 13

Pages A-39 to A-41 address upper thermal shield (UTS) bolts and their locking
devices. Provide a justification for not addressingthe effect of changing the
fundamental frequency of the UTS due to failed UTS bolts or their locking
devices, causing the UTS to be not firmly attached to the core barrelat certain
places. Further,page A-41 of the WCAP report requires incorporationof the
effect of future UTS bolt failure into the operabilityand re-inspection
requirement.Define the number or percentage of failed UTS bolts that would
triggeran operabilityevaluation and elaborateon the contents of the reinspection requirement(e.g., inspection method, scope, frequency, etc.).

NRC Additional Comment on RAI 13
NRC requests that AREVA specify the schedule related to the analyses
mentioned in the response. AREVA agreed to modify the response to include
schedule/timeline.

Response
Page A-40 notes that an evaluation of joint stability is planned to be performed as part of the
methodology prescribed. This will include consideration of a flow-induced vibration (FIV) analysis.
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The analysis to determine the number or percentage of failed UTS bolts that would trigger an
operability evaluation could be performed either on a B&W generic basis within the PWROG or by
the B&W licensee on a unit-specific basis. The schedule to complete this work should be
determined by each B&W licensee prior to the initial inspection of the primary component item.
Subsequent examination requirements are planned to be determined after evaluation of the initial
results, similar to that being done for the Primary item (UCB/LCB bolting) results.

RAI 14

PagesA-42 to A-44 addresssurveillance specimen holder tube (SSHT)
studs/nuts or bolts and their locking devices. Define the degree of the SSHT
stud/nut or bolt failure that would trigger an operabilityevaluation.

NRC Additional Comment on RAI 14
NRC requests that AREVA specify the schedule related to the analyses
mentioned in the response. AREVA agreed to modify the response to include
schedule/timeline.
Response
Page A-43 notes that an evaluation of joint stability is planned to be performed as part of the
methodology prescribed. As noted in the RAI 13 response, this will include consideration of an FIV
analysis. Determining the degree of failure requires a unit-specific analysis for the B&W operating
units that have these component items; the schedule to complete this work should be determined
by each B&W licensee prior to the initial inspection of the primary component item.

RAI 15

Pages A-45 to A-46 address core barrelcylinders. The staff requests the
following:
1.

2.

Since the "Examination Coverage" is designatedas "Inaccessible"and
no inspection is proposed, specify the condition that would triggera
need for a justification by evaluation or by replacementand discuss,
consistentwith operatingexperience, the situationswhich would
requiredisassembly of RVI components to make inspection of the core
barrelcylinder possible.
The WCAP reportstates under "ObservableEffects" that "[t]he core
barrelupper flange-to-core barrel weld and upper HAZ [heat-affected
zone] area is partiallyaccessible and could potentiallybe VT-3
examined." Provide guidelines for inspecting this partially accessible
area and specify the level of degradationthat can be determined from
this partiallyaccessible area such that a meaningful operability
evaluation can be made for the core barrelcylinder to operate for at
least one cycle.

Response
1. As noted in Table 5-1 (Page 5-6) of MRP-227-A, confirmed cracking in multiple (two or more)
locations in the baffle plates shall require expansion, with continued operation of former plates and
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the core barrel cylinder justified by evaluation or by replacement by the completion of the next
refueling outage. The flow chart on page B-1 8 of the WCAP report includes optional inspections for
consideration prior to performing the operability evaluation. There are too many potential situations
to list that could be envisioned that possibly would require disassembly of the assembly (e.g.,
thermal shield removal) to allow inspection or replacement activities to be performed; however, one
possible situation might be an observation of extensive cracking on the top level of the upper former
plate.
2. This RAI is due to an apparent error on page A-45 of the WCAP report: the core barrel upper
flange-to core barrel weld and upper HAZ area are irrelevant to the core barrel cylinder and seam
welds listed at the top of page A-45, and therefore do not need to be mentioned on Page A-45. The
flange weld and HAZ are category "A". Only the central portion of the core barrel cylinder has
sufficient dose for irradiation embrittlement ("IE"). Therefore, the core barrel upper flange-to-core
barrel weld and upper HAZ area is planned to be removed from the text in the revised WCAP
report.
Note: Page A-45 of the WCAP report currently states, under "Component Item Function" that "[tihe
primary function of the core barrel cylinders and welds during normal power operation is to provide
a flow envelope for the core and, thereby limit core bypass flow. The core barrel cylinders and
welds therefore do not have a direct core support safety function; however, they do have a safety
function to control bypass around the core during a loss-of-coolant-accident (LOCA)." This is
incorrect. Text in the revised WCAP report is planned to be changed to the following: "The core
barrel and flanged connections at the ends that bolt to the core support shield assembly and lower
grid assembly, respectively, directly perform the core support function and provide a flow envelope
for the core that limits core bypass flow, particularly during a loss-of-coolant-accident (LOCA)."

RAI 16

Except for minor differences, RAI 15 also applies to the former plates.
Therefore, using your response to RAI 15 for core barrelcylinders as an
example, provide similarresponses for the former plates.

Response
As noted in Table 5-1 (Page 5-6) of MRP-227-A, confirmed cracking in multiple (two or more)
locations in the baffle plates shall require expansion with continued operation of former plates and
the core barrel cylinder justified by evaluation or by replacement by the completion of the next
refueling outage. The flow chart on page B-1 8 of the WCAP report includes optional inspections for
consideration prior to performing the operability evaluation. There are too many potential situations
that would require disassembly of the assembly (e.g., thermal shield and core barrel cylinder
removal) to allow inspection or replacement activities to be performed; however, one possible
situation might be an observation of extensive cracking on the top level of the upper former plate.

RAI 17

Pages A-49 to A-50 address core baffle-to-baffle (BB) bolts. It is stated under
the table column "Examination Coverage" that "Acceptable examination
technique not currently available" for the internalBB bolts and "Inaccessible"
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for the external BB bolts. Explain how the licensee can evaluate the
degradationof the BB bolts using the finite element method (FEM) analysis
results (i.e., an acceptable failure pattern or the number of failure bolts
allowed) developed by the MRP if the WCAP reportproposed no inspection for
these BB bolts to verify the plant's current failure pattern or the number of
failure bolts. Provide the basis for the BB bolt failure locations assumed in the
FEM analysis and explain why the FEM results are bounding.
Response
Analysis of core barrel assembly bolted joints for degraded condition is an effort that is currently
underway. Analytical acceptance criteria, analytical models, and additional refinements in the
analyses are also underway.
Because of the redundancy in the core barrel assembly design, both the internal and external
baffle-to-baffle bolts are not all structurally necessary. They also do not have a core support
function. Since the discovery of baffle-to-former bolting IASCC failures in the 1990s, analyses
performed for the core barrel assembly have conservatively assumed all baffle-to-baffle bolts have
failed. Therefore, no UT-inspection is required for the baffle-to-baffle bolts. This assumption of
100% baffle-to-baffle bolt failures will be maintained in any new FEM analysis for the core barrel
assembly currently being performed. Therefore, acceptable patterns based on the FEM analysis for
the failed baffle-to-former bolts and core barrel-to-former bolts will bound any failure patterns in the
baffle-to-baffle bolts.

RAI 18

Except for minor differences, RAI 17 also applies to the core barrel-to-former
(CF) bolts discussed in pages A-51 to A-52. Therefore, using your response to
RAI 17 for core BB bolts as an example, provide similar responses for the CF
bolts.

Response
Because of the thermal shield cylinder in the B&W plants, the core barrel-to-former bolts are
considered "inaccessible" and there is no inspection requirement in MRP-227-A. Currently, MRP227-A requires "justify by evaluation or by replacement" for these bolts.
Analysis of core barrel assembly bolted joints for degraded condition is an effort that is currently
underway. Analytical acceptance criteria, analytical models, and additional analyses are also
underway. This includes the acceptance criteria for the core barrel-to-former bolts. The FEM
analysis is planned to include various hypothetical failure patterns for the core barrel-to-former bolts
using the acceptance criteria. Upon completion of the analysis, a safety assessment is planned to
be performed under a future effort for the failure tolerance of the core barrel-to-former bolts in the
core barrel assembly. The schedule to complete this work should be determined by each B&W
licensee prior to the initial inspection of the primary component item.
There has been no previous safety evaluation or structural analysis of the core barrel assembly that
also considered failures in the core barrel-to-former bolts. Since the new FEM analysis and safety
assessment have not been completed yet, the tolerance is unknown of the core barrel assembly to
core barrel-to-former bolt failures. Therefore, MRP-227-A included the option of "replacement" in
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case it cannot be justified by evaluation. It is possible, depending on the extent of failure that can be
tolerated, that a new inspection approach or method may be developed that can bound the failure
patterns in the core barrel-to-baffle bolts assumed by FEM analysis. If another inspection approach
or method is not feasible, a preemptive bolt replacement or mitigation that will render the existing
core barrel-to-baffle bolts unnecessary may be implemented.

RAI 19

PagesA-56 to A-58 address lower grid shock pad bolts and locking devices.
The staff requests the following:
1.

2.

It is stated under "ComponentItem Function" that "[t]he function of the
lower grid shock pad bolts is to fasten the shock pads to the lower grid
assembly. Shock pads must be in place to carry accidentalcore drop
loads. The bolts do not function to carrythe core drop load, but serve to
hold the pad in place." Substantiate the above statement by providing a
sketch of the pad and the bolt, which shows the direction of the core
drop load and the location of the impact.
It is stated under "Methodology and Data Requirements" that "[iff two
bolts on any individual shock pad are identified with relevant
indications[a] structuralevaluation is to be performed to determine if
remainingpads can carry the core drop load or if the load can be
carriedwithout the shock pad in place." Provide detailedload
distributionfor the case when the load can be carriedwithout the shock
pads in place.

NRC Additional Comment on RAI 19
NRC requested more information about the TMI-1-specific analysis, and also
commitment dates. NRC wants to better understandwhen the analyses will
be complete. AREVA agreed to modify the response to include
schedule/timeline.
Response
1. This item is TMI-1-specific because other B&W units use Type 304 stainless steel bolts. The
sketch below shows the configuration. The shock pads carry the compression load through the
thickness should the core barrel cylinder drop, and the shock pad bolts are not in the load path. The
bolts are not required once the core guide lug makes contact with the shock pad.
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2. There are 12 guide lugs and 12 shock pads at each B&W unit that limit core drop in the event of
a 100% loss of the normal vertical core support function. The exact amount of redundancy has not
yet been determined but loss of a shock pad also results in loss of a guide lug contact point. It is
known that 11 guide lugs are sufficient to carry the load of a core drop.
The shock pads serve two purposes. They are machined for a controlled gap with the core guide
lug and therefore control the amount of free fall for the postulated accident condition and the final
position of the core in the post accident condition. Neither of these functions is B&W unit-specific.
The schedule to complete this work should be determined by the licensee prior to the initial
inspection of the primary component item.

RAI 20

Pages A-62 to A-64 address the flow distributorbolts and their locking
devices. It is stated under "Existing Documentation" that "[a]generic flow
distributorbolt stress analysis (for all units except TMI-1 [Three Mile Island,
Unit 1]) was developed for the MRP reactorinternalsproject in 2007." Explain
how the results and conclusions from this existing generic flow distributorbolt
stress analysis will be utilized in addressingthe acceptance criteriaand
methodology and data requirements for this RVI component.
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NRC Additional Comment on RAI 20
NRC requests that AREVA specify the schedule related to the analyses
mentioned in the response. AREVA agreed to modify the response to include
schedule/timeline.
Response
In general, the FD bolts are planned to be analyzed with the same approach as for the UCB and
LCB bolts (see RAI 8 and RAI 9). The previous generic stress analysis performed for the MRP will
be superseded by a new stress analysis to allow acceptance criteria evaluation for any degraded
condition. The model is planned to facilitate determination of acceptable bolting patterns for
normal, upset, and faulted loads. The FD bolt analysis will be performed either on a B&W generic
basis in the PWROG or on a unit-specific basis by the licensee. The schedule to complete this
work should be determined by each B&W licensee prior to the initial inspection of the primary
component item.

RAI 21

The flowchart on Page B-5 for core support shield vent valve retainingrings
and disc shaft indicates that, if no NDE condition is confirmed, "[n]o
subsequent inspection is required unless triggeredby new inspection results
[upper right box of the flowchart]." This is inconsistent with the inspection
information on Page A-9 for these components, which places no conditions on
the first and subsequent visual examinations.Clarificationrequired.Further,
the no subsequent inspection option is unique among all "Primary"inspection
category component items. Needs justification.

Response
There is an error in the flowchart, and this is planned to be corrected in the revised WCAP report. A
new upper right hand process box of the flowchart is planned to be added for the "no" response of
the first decision box that will state: "repeat inspection at next 10-year ISI." The existing upper right
hand process box of the flowchart is planned to become the process box for the "NDE condition
confirmed" answer being "no."
Note: The vent valve disc shaft item has been removed from MRP-227-A, since it is defined as an
active component item; hence, it will also be removed from the WCAP- 17096 revision.

RAI 22

The flowchart on Page B-12 for incore monitoring instrumentationguide tube
spiders and welds indicates that, if relevant conditions exist, the visual
examination for discontinuitiesand imperfections (VT-1) may be used for
better characterization.This is inconsistent with the inspection information on
Page A-33 for the same components, which also includes eddy current testing
(ET) and UT as possible inspection methods. Clarificationrequired.
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Response
Agreed, this is inconsistent and this is planned to be corrected in the revised WCAP report. The
flowchart on page B-1 2 is incorrect and it is planned to be made consistent with the text on page
A-33 of the WCAP report, which states that a VT-1, ET, or UT examination may be needed for
better characterization.
Note: On page A-33 of the WCAP report, under "Methodology and Data Requirements" it is stated
to "[p]repare an analysis to show that one or more missing spider arms or a completely missing
spider will not result in loss of function of the IMI guide tube." This is incorrect and is planned to be
replaced with the following in the revised WCAP report: "Prepare an evaluation, such as a flowinduced vibration (FIV) analysis, to insure that the IMI spider will have adequate structural integrity
to prevent instability and loss of function."

RAI 23

The flowchart on Page B-19 for BB bolts (A-49) and CF bolts (A-51) mentioned
a new inspection technique. Provide details on this new inspection technique.
Has the new inspection technique been given serious thought or is it under
development? How much coverage can this new inspection technique
achieve? Confirm that the new inspection technique applies to the locking
devices for external BB and CF bolts (the flowchart on Page B-20).

Response
Development of a new inspection technique was potentially envisioned at the time. However, there
is no new inspection technique currently envisioned, under development, or available for the bolts
or the locking devices; therefore, this will be corrected and clarified in the revised WCAP report. The
locking devices and bolting are not readily accessible for examination using the currently available
inspection techniques and tooling.

RAI 24

Consistent with the Conditions specified in the draft SE for the MRP-227-Rev. 0
report,revise the inspection category for the following B&W RVI components.
Accordingly, for those components not previously in the "Primary"or
"Expansion"inspection category,revise Appendix A of the WCAP report to
include the acceptancecriteriamethodology and data requirements and
Appendix B of the WCAP report to include the flowchart for these components.
For those components being changedfrom the "Expansion"inspection
category to the "Primary"inspection category,modify Appendix A and B as
necessary to reflect this change.
1.

2.

Flow Distributor-to-ShellForging Bolts: Condition 3 of the SE for the
MRP-227-Rev. 0 report requires the report to include this component in
B&W designed reactorsin the "Primary"inspection category.
Core Support Structure Upper Flange: Action Item 4 of the SE for the
MRP-227-Rev. 0 report requires the report to include this component in
B&W designed reactorsin the "Primary"inspection category if this
component has not been stress relieved.
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Response
The revised WCAP report will maintain consistency with the MRP-227-A report.

RAI 25

The staff requests the following information related to Appendix E, Item W-ID:
1 Control Rod Guide Tube Assembly - Guide Plates (Cards)(pp. E-2 to E-3):
1.

2.

The calculationof wear life determines the wear fraction at Stage A
wear. The different stages are defined as follows: "DuringStage A, one
should be able to observe a flat, unworn surface on slots in inner hole.
Upon transitionfrom Stage A to Stage B, there is no observable slot.
Sharp point observed where wear area intersects inner surface of guide
card." V. is the wear volume at the transitionfrom Stage A to Stage B.
VB is the wear volume at point where width of wear area at guide tube
inner surface is equivalent to control rod diameter. The wear fraction is
f = Va/Vb. The remaining life is T = (1/f - 1)Tcu, where Tcr is the current
operating time.
What would the typical wear fraction be at the transitionfrom
a.
Stage A to Stage B?
b.
How is Stage A defined quantitatively,i.e., a certain "f" or a
certain size ligament before the slot starts to widen?
The methodology for determining remaining wear life does not provide
any margin. Wear could have accelerateddue to a change in operation,
such as a higher flow rate due to a power uprate. Justify not requiring
some margin in terms of the inspection interval,such as requiringreinspection at some fraction of the calculated"T".

NRC Additional Comment on RAI 25
The NRC wants more definition for wear fractions and margins, and requests
that the WCAP be revised. The WCAP will need to contain updated information
as to how the guide card wear acceptancecriteriais being done as part of the
owner's group program. NRC requested copy of NSAL-1O-1.
Response
The acceptance criteria provided in the original version of WCAP-17096-NP were based on early
results from a PWROG-sponsored effort to characterize wear rates in guide cards from
Westinghouse CRGT assemblies. The PWROG is undertaking additional work to develop more
detailed guidance on managing wear-related degradation in the guide cards. A WCAP report that
directly addresses both the wear rate and remaining life questions raised in this RAI is currently
being reviewed.
WCAP Action: Upon completing the CRGT WCAP review, Section W-ID:2 of WCAP-1 7096 will be
revised to implement the updated guidance and provide appropriate references to the technical
basis.

RAI 26

The staff requests the following information related to Appendix E Item W-ID: 2
Control Rod Guide Tube (CRGT) Lower Flange Welds (pp. E-4 to E-5):
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1.

2.

3.

4.

5.

Under "Methodology" is stated that allowable load on CRGT assembly
is determined by empiricaltesting. Has this empiricaltesting been done
or will the testing be done for each plant prior to performing this
evaluation?
Under "Data Requirements" is stated, "fflinite element model of lower
CRGT assembly to evaluate weld failures calibrated to benchmark
data." Is the "benchmark data" the data from the empirical test?
Item #3 of the analysis procedureincluded in the "Methodology"
section for the CRGT Lower Flange Welds states "Calibratefinite
element analysis (FEA) model and boundary constraintsagainst design
basis assumptions." Clarify whether the "design basis assumptions"
include LOCA and safe shutdown earthquake (SSE) loads.
The inspection coverage of the CRGT lower flange welds is 100% of
outer (accessible)CRGT lower flange weld surfaces. If cracked welds
are observed, how is the structural integrityof the CRGT lower flange
welds that are inaccessible for inspection evaluated?
How is the re-inspectioninterval determinedif some welds are found to
be cracked?

NRC Additional Comment on RAI 26
The NRC requested the 2 nd paragraphin the response to part 4 be put into the
revised WCAP. This paragraphstates that uninspected welds are considered
failed unless a less restrictiveplan can be justified such as statisticalanalysis.
The paragraphto be added to the revised WCAP is:
"If indicationsare detected then evaluation of the CRGT(s) with the indication
must be performed. Uninspected welds are conservatively assumed to be
failed unless a justification to support a less restrictive dispositioningcan be
demonstrated through a rigoroustechnical evaluation such as could be
derived from statisticalsampling."
Response
1. Empirical testing was performed to establish the original design basis. Testing was performed
on a full guide tube assembly and scaled appropriately based on guide tube dimensions. The
objective is to use these original design basis requirements to determine the acceptance criteria.
There is no need for additional testing.
2. The benchmark data is derived from the empirical test data.
3. The structural evaluations must include the governing emergency and faulted conditions, which
typically include SSE and LOCA, but are plant-specific.
4. The CRGT lower flange weld inspection strategy is to inspect a sample of welds that can be
visually examined without removing the CRGTs. Employing this strategy may result in the
examination of less than 100% of an individual CRGT welds. If no degradation is detected, the
sample is complete and acceptable. If degradation is found, the plant's corrective action program is
entered to determine the path forward by evaluation. This may include expanding the sample,
depending on the plant-specific loading conditions.
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If degradation is detected, evaluation of the specific CRGT(s) must be performed. Justification is
required to provide reasonable assurance that the uninspected welds are intact or that their
degradation would not affect performance.
5. It is not the intent of the methodology to specify corrective action. A CRGT returned to service
with any flawed welds would be re-inspected after one refueling cycle in order to determine the
activity (growth rate, occurrence of nearby additional indications) of the flaw mechanism. A
subsequent re-inspection frequency would be determined by evaluation of the first re-inspection
results.
WCAP Action: To address the NRC comment on Item 4, the following paragraph will be added to
WCAP-17096-NP, Appendix E, Item W-ID: 2:
The inspection plan for the control rod guide tubes is a sampling approach. If indications are
detected, then evaluation of the CRGT(s) with the indication must be performed. This may
lead to an increase of the sample being inspected, or subsequent additional inspections.
Prior to submittal of the final WCAP-17096, Westinghouse plans to review the text and incorporate
potential lessons learned from recent experience with acceptance criteria for CRGT flange weld
inspections. There is no intention to assume that an uninspected weld is failed.

RAI 27

The staff requests the following information related to the items listed below:
*
Appendix C Item CE-ID: 1.2 Core Shroud Assembly (Bolted) Core
Support Column Bolts (pp. C-6 to C-7)
*
Appendix C Item CE-ID: 6.3 Lower Support Structure- Lower Support
Column Welds (pp. C-26 to C-27)
*
Appendix E Item W-ID: 2.1 Lower Support Assembly - Lower Support
Column Bodies (Cast) (pp. E-6 to E-7)
*
Appendix E Item W-ID: 3.2 Lower Support Assembly - Lower Support
Column Bodies (Non- Cast) (pp. E-14 to E-15)
*
Appendix E Item W-ID: 5.2 Lower Support Assembly - Lower Support
Column Bolts (pp. E-22 to E-23)
All the components listed above use an identicalacceptance criterionof Nf <
(N-Nreq)/2 where:
N = # of components,
Nf = # of observed failed components
Nreq = # of columns in relevant minimum pattern
1.

The bases for the assumption in the analysisproceduresfor the items
listed above that the number of failures in the next 10-year interval will
be equal to the number observed to date and the acceptance criterion
are not clear.
a.
Explain how the acceptance criterion for failed components was
determined.
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b.

2.

Discuss whether a certain distribution of failures versus effective
full power years (EFPY) of operation was assumed (for example,
linear,normal, Weibull, etc.)
c.
Justify the distributionchosen using operatingexperience or
other considerations.
Since, in the minimum acceptablepattern of core support columns and
bolts, the location as well as the number of uncracked columns and
bolts may be important,a simple numericalmargin may not be
appropriate.Discuss whether the acceptance criterionneeds to
consider the location of the additionaluncracked columns and bolts
that constitute the margin.

NRC Additional Comment on RAI 27
In Part 2, do we have to have pattern and margin? The NRC requests that it
would be reasonable to provide generalguidance indicatingthe distribution of
the columns and bolts that make up the margin.
Response
1a. As stated, the basis for the given acceptance criterion is an assumption that the failures in the
next 10-year interval will be equal to the number observed to date. The primary reason for utilizing
such an assumption is the fact that there have been no observed failures in these components.
Without such operational experience, it is not possible to create a model of the component failure
rate. Thus, assumptions are based on the rates inferred from the current observation.
A numerical margin term has been applied to acceptance criteria based on the calculation of a
minimum pattern of required components. In all five cases, these components are highly
redundant, which would generally lead to more than one minimum pattern. Plant-specific minimum
pattern analyses are likely to show that some can be lost without compromising the function and
reliability of the population of components. In creating a minimum pattern, the stresses in the
columns and bolts are checked to ensure that they are still within their allowable stress limit. As the
columns and bolts are removed, the stresses are redistributed, and a check is done to verify that
there are enough columns intact so that that a cascading or unzippering effect will not occur and the
columns will stay within the minimum pattern. The intention of the margin term is to provide enough
redundancy in the pattern to accommodate additional failures during the upcoming inspection
interval.
lb. No specific distribution was assumed in the development of this margin term because there
was no quantitative basis for determining the distribution parameters. The underlying assumption is
that the number of failures in the upcoming inspection interval will be less than or equal to the
number of failures observed to date. This assumption will accommodate a reasonable acceleration
in the average failure rate. For the first inspection, in particular, a reasonable increase in failure rate
is allowed, since the inspection will occur after approximately 40 years of operation. Basically, it will
be assumed that the same number of failures which occurred over 40 years will happen in a quarter
of the time.
1c. As described in the response to part a of this RAI, failures of these components have not been
observed in operating experience. Therefore the only operating experience available for failures in
these components will be data collected in the subject examination. These columns experience
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limited neutron damage and relatively low operating stresses; therefore, extremely low failure rates
are anticipated. The historically based projections are believed to be adequate for these
components.
2. It is true that the minimum pattern must also account for the location of the "failed" columns
because this will affect the dimensional stability of the lower core plate (LCP) and the overall
function of the assembly. Once a minimum pattern (or patterns) is established, the remaining
"margin" columns are, by definition, outside the minimum pattern. It is not practical for the
acceptance criteria to be based on a predicted failure pattern. However, it would be reasonable to
provide general guidance indicating the distribution of the columns and bolts that make up the
margin.
In general, the margin columns and bolts should be well-distributed among the core support
columns across the core plate. The acceptance criteria already require a minimum allowable
distance between two failed columns. The lower support columns are primarily loaded in
compression, which makes failure of the system highly improbable. In the unlikely event that a
crack would form, the assumption that cracking of a bolt or column would lead to complete loss of
support in the column is inherently conservative. Therefore, the stated margin is already highly
conservative and additional margin to account for hypothetical failure patterns is not necessary.
WCAP Action: The NRC concerns are addressed in the RAI responses; no changes are
necessary to:
" Appendix C, Item CE-ID: 1.2, Core Shroud Assembly (Bolted) Core Support
Column Bolts
" Appendix C, Item CE-ID: 6.3, Lower Support Structure - Lower Support Column
Welds
* Appendix E, Item W-ID: 2.1, Lower Support Assembly - Lower Support Column
Bodies (Cast)
* Appendix E, Item W-ID: 3.2, Lower Support Assembly - Lower Support Column
Bodies (Non- Cast)
" Appendix E, Item W-ID: 5.2, Lower Support Assembly - Lower Support Column
Bolts
However, before submitting the final WCAP-1 7096, Westinghouse plans to review the text and
incorporate potential lessons learned from recent experience with lower support structures.

RAI 28

The staff requests the following information relatedto Appendix E Item W-ID:
2.2 Bottom Mounted InstrumentationSystem - Bottom Mounted
Instrumentation(BMI) Column Bodies (pp. E-8 to E-9):
1.

The item is categorized as an "Expansion" inspection category
component in the MRP-227-Rev. 0 report.However, under inspection,
the requiredcoverage is specified as 100 % of BMI column bodies for
which difficulty is detected during flux thimble insertion/withdrawal.
Clarify if BMI column bodies would be inspected when cracking is

- 28-

2.

3.

found in CRGT flange welds, or only in the case that difficulty in
insertinga flux thimble occurs.
If BMI column bodies are requiredto be inspected as an "Expansion"
inspection category component, as opposed to inspection due to
difficulty in inserting/removingthe flux thimble, confirm that the
acceptableminimum population of BMI column bodies to be inspected
is at least 75 % of the total number of BMI column bodies consistent
with Condition 3 of the draft SE for the MRP-227-Rev. 0 report.
If difficulty is encounteredinserting flux thimbles at the beginning or
end of the refueling outage (RFO), is inspection of all BMI bodies
required?If the difficulty in inserting the flux thimble occurs at the end
of the RFO, can the inspection be deferred until the subsequent RFO?

Response
1. Based on Table 5-3 in MRP-227 Rev. 0, confirmation of surface breaking indications in two or
more CRGT lower flange welds, combined with flux thimble insertion/withdrawal difficulty, shall
require visual (VT-3) examination of bottom-mounted instrumentation (BMI) column bodies with
insertion difficulties by the completion of the next refueling outage. Therefore, there must be
cracking in the CRGT lower flange welds, as well as difficulty in inserting a flux thimble tube. There
are multiple potential causes for difficulty inserting thimble tubes. Sticking of the flux thimbles would
not normally require a VT-3 inspection of the column bodies. If the expansion criteria are triggered,
the utility is instructed to perform this VT-3 exam whenever difficulty in insertion is encountered.
2. WCAP-17096-NP will maintain consistency with MPR-227-A.
3. Per MRP-227 Rev. 0, the BMI column bodies do not need to be inspected unless there is
confirmation of surface breaking indications in two or more CRGT lower flange welds, combined
with flux thimble insertion/withdrawal difficulty. As an expansion component, the BMI column
bodies are not directly affected by flux thimble issues. If difficulties are experienced at RFO or other
times, then normal plant corrective action procedures will apply based on plant operating
experience. As long as a sufficient number of flux thimbles can be inserted to meet Technical
Specifications or Technical Requirements, inspection can be deferred to the next refueling outage.
WCAP Action: The RAI responses address the NRC's concerns; no changes are necessary to
Appendix E, Item W-ID: 2.2, Bottom Mounted Instrumentation System - Bottom Mounted
Instrumentation (BMI) Column Bodies
However, prior to submittal of the final WCAP-1 7096, Westinghouse plans to review the text and
incorporate potential lessons learned from recent experience with BMI columns.

RAI 29

The staff requests the following information related to the items listed below:
*
Appendix C Item CE-ID: 6 Core Support Barrel Assembly Upper (Core
Support Barrel) Flange Weld (pp. C-20 to C-22)
*
Appendix E Item W-ID: 3 Core Barrel Assembly - Upper Core Barrel
Flange Weld (pp. E-10 to E-11)

-
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1.

2.

3.

4.

5.

6.
7.
8.

Under the "Analysis"procedure for the above items, Option 1, Step 1
states "Determinestress distributionthrough core support barrel
thickness for normal operatingconditions (expect peak stress at vessel
outer diameter(OD))." Should this stress analysis to determine the
highest stress surface be completed before the surface to be visually
inspected (OD or inner diameter(ID)) is selected?
Provide details on how the maximum constrainedcrack length, Lc, is
determined. Is the stress distributionin the weld determined by an FEM
analysis?Does this pertain to axial cracks, circumferentialcracks, or
both?
For these welds, MRP-227-Rev. 0 specifies an EVT-1 examination of
100% of the accessible surfaces. MRP-227-Rev. 0 does not specify that
these examinations may be conducted from only one side of the weld
(i.e., OD or ID). However, the analysis proceduresof WCAP-17096-NP
appearto offer the option of performing an examination from either the
OD or the ID. If the examination is performed from the ID, and flaws are
observed less than the criticalflaw length, Lc, the analysis procedure
requires a supplementary visual examination of the OD or a UT
examination to determine if the crack is OD initiated.However, if no
flaws are observed in the ID examination, no supplementary
examination is required.How can it be assuredthat no structurally
significant OD-initiatednon-throughwallcracks are present if no cracks
or flaws are observed on the ID surface and no supplementary
examination is performed?
The flowcharts on page D-I0 and F-6 show that either UT examination
or OD visual inspection may be used when a crack/flaw is observed
during an EVT-1 examination conducted from the weld ID. Therefore
Option 2 and 3 describedin the analysis procedures for CE-ID:6 and WID:3 are actually subsets of the same option. The staff recommends that
EPRI revise the analysis procedure for CE-ID:6 and W-ID:3 to be
consistent with the flowcharts.
Step 6 of the methodology refers to an applied stress intensity factor
(K) limit of less than 20 ksi-'in below which the crack is acceptable.
What is the basis for accepting a flaw with an applied K less than 20
ksi-'in? What is the fracture mechanics methodology, i.e., linearelastic
fracture mechanics (LEFM), elastic plastic fracture mechanics (EPFM),
or limit load, used in this evaluation? What is the applicable neutron
fluence range?Is it consistent with the MRP-227 report, Section 6
recommendations that for neutron exposures of 5 - 15 displacements
per atom (dpa), LEFM analyses should be used with a KIc of 55 MPa'qm
(50 ksi•iin); and for components receiving 15 dpa or greater,a KIc of 38
MPa•1m (34.6 ksi'lin).
Are there neutron fluence limitations on the use of the recommended
evaluation procedure?
Discuss how multiple cracks in close proximity would be handled.
If it cannot be demonstrated that the observed flaws/cracks are not
growing, what corrective actions must be taken? If re-inspectionon an
interval shorterthan 10 years is proposed as a corrective action,
provide also how the shorterre-inspectioninterval is determined.
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NRC Additional Comment on RAI 29
" In Part2, The NRC is requesting to add the new proceduredetailed in the
part 2 response to WCAP-17096-NP.
* In Part5, the NRC is requesting that we add the wording in the response to
WCAP-17096-NP. Note: the revised procedurewill eliminate the reference
to a 20 ksivn acceptance level.

Response
Based on recent experience with the implementation of these acceptance criteria, the analysis
procedures for these core barrel components have evolved to make them more consistent with
boiling water reactor (BWR) hydrogen chemistry rates. These updated analyses methodologies
meet the general objectives of the original methodologies, but incorporate many practical lessons
about implementation of these procedures in large structures.
1. There is no requirement to perform structural analyses before inspections, but some plants are
doing so. This allows the utility to know the results of any stress analyses prior to the inspection.
MRP-227 Rev. 0 allows inspection of either surface regardless of stress state.
2. The methodology used is consistent with BWR hydrogen chemistry rates:
*
*
"
•

An initial crack length is chosen.
The final crack length is calculated by adding 10 years of crack growth under normal loading
conditions, assumed to be stress corrosion cracking (SCC) based on BWR conditions.
The stress intensity factor (K) for the final crack length, at the peak faulted loading condition,
must be lower than the fracture toughness for the material by a factor of at least 1.39.
The initial crack length is adjusted until the ratio above is 1.39. This maximizes the
allowable crack length.

The stress distribution is determined through FEM analysis of the governing loading condition.
This type of analysis applies to both circumferential and axial cracks.
3. MRP-227 Rev. 0 allows inspection of either the inner diameter (ID) or the outer diameter (OD)
for Westinghouse plants. It is assumed that this comment is limited to item CE-ID: 6. For this
component, MRP-227 Rev. 0 requires an EVT-1 inspection of 100% of the accessible surfaces (ID
and OD). These "options" refer to the potential inspection findings - not to the inspection itself. In
order to remove the confusion, the term "option" will be replaced with "case" for CE-ID: 6.
For Westinghouse plants, MRP-227 Rev. 0 allows inspection of either the ID or the OD. The
evaluation procedure requires that all flaws be considered through-wall and that crack growth rates
are applied as through-wall. Establishing acceptance criteria based on a through-wall assumption
is conservative for the geometry of interest. A demonstration of the validity of this assumption is
documented in BWR-VIP-76-A and is consistent with experience within the BWR fleet.
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4. It appears that this RAI applies to page F-7 (instead of F-6) of WCAP-17096-NP. In both cases,
the only difference between options 2 and 3 is the methodology used to determine if the crack is
through-wall (UT or visual inspection of the OD). Option 2 and 3 will be combined into a single
analysis procedure for both CE-ID: 6 and W-ID: 3.
5. The methodology for determining acceptable crack growth is consistent with BWRVIP-76 and no
longer has the limit of 20 kskiin. The original limit of 20 ksi'/in was based on crack growth models
that were applied to surface flaws. Although the current models still predict modest crack growth
below 20 ksi'/in, this limit is no longer used.
The guidance for which fracture mechanics model to use (LEFM or EPFM) can be taken from MRP227 Rev. 0.
The current methodology is consistent with the use of K1, values specified in MRP-227 Rev. 0.
6. The procedure itself does not have fluence limitations. The mathematical models used to predict
the rate of crack growth as well as the fracture toughness have limitations on fluence levels. (See
response to RAI-34.)
7. The proximity rules of Section XI will be used.
8. The crack growth rates are predicted based on the geometry, material properties, and stress
state. This allows the crack dimensions to be determined as a function of time. The time necessary
to reach the allowable crack length can then be determined by calculating the stress intensity factor
as a function of time (K,(t)). The re-inspection interval must be less than the time when the value of
K, exceeds the fracture toughness reduced by the margin of 1.39. Therefore, the re-inspection
interval is dependent on the size of the flaw found.
WCAP Action: The following will be revised to incorporate a fracture mechanics methodology
based on BWRVIP-76A:
* Appendix C, Item CE-ID: 6, Core Support Barrel Assembly Upper (Core Support Barrel)
Flange Weld
" Appendix E, Item W-ID: 3, Core Barrel Assembly - Upper Core Barrel Flange Weld.

RAI 30

The staff requests the following information related to the items listed below:
*
Appendix C, Item CE-ID: 6.2 Core Support BarrelAssembly- Remaining
Core Barrel Assembly Welds (pp. C-24 to C-25)
*
Appendix E, Item W-ID: 3.1 Core BarrelAssembly - Core Barrel Flange,
Core Barrel Outlet Nozzles, and Lower Core Barrel Flange Weld (pp. E12 to E-13)
*
For these items, under "Methodology # 6, " it states, "[u]seappropriate
crack growth rate models (stresscorrosion cracking (SCC) or
irradiationassistedstress corrosion cracking (IASCC) and fatigue) to
estimate crack growth rate." The MRP-227-Rev. 0 report,Section 6
recommends the use of the boiling water reactor(BWR) hydrogen water
chemistry (HWC) crack growth rate model until generic curves are
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establishedfor IASCC and SCC crack growth in the PWR environment,
and refers to the MRP-211 report, "MaterialsReliability Program:PWR
InternalsAge-Related Material Properties,DegradationMechanisms,
Models, and Basis Data - State of Knowledge," as the source of this
model.
a.
Identify the crack growth rate model(s) to be used for IASCC and
SCC.
b.
Confirm that the BWR HWC crack growth rate model is being
used as recommended by the MRP-227 report.If a different
model will be used, provide the model.
Provide the crack growth rate model to be used for fatigue crack
growth.
NRC Additional Comment on RAI 30
* In Part la, ASME 2010 B&V code has not been approved for use by the
NRC. Please find alternatereference with regard to the code data.
* In Part 1b, the NRC requests that additionalinformation be added to the
WCAP: state that the crack growth model from MRP-227 is used.
Response
Based on recent experience with the implementation of these acceptance criteria, the analysis
procedures for these core barrel components have evolved to become more consistent with
BWRVIP-76 - which the U.S. NRC has approved. These updated analyses methodologies meet
the general objectives of the original methodologies, but incorporate many practical lessons learned
about implementation of these procedures in large structures.
la. For SCC in a component with a fluence less than or equal to 5E20 n/cm 2 at E>1.0 MeV, the
crack growth rate equation for a hydrogen water chemistry (HWC) environment found in:
Carter, Robert and Pathania, Raj, "Technical Basis for BWRVIP Stainless Steel Crack Growth
Correlations in BWRs," PVP2007-26618, ASME Pressure Vessel & Piping Conference
Proceedings, July 2007.
For SCC in a component with a fluence from 5E20 n/cm 2 to 3E21 n/cm 2 at E>1.0 MeV, the crack
growth rate equation for an HWC environment is from:
Pathania, R., Carter, R., Horn, R., and Andresen, P., " Crack Growth Rates in Irradiated
Stainless steel Internals", in Proceedings, fourteenth International Symposium on Environmental
Degradation of Materials in Nuclear Power systems - Water Reactors, August 2009, NACE.
lb. The BWR HWC crack growth rate model is being used as recommended by MRP-227 Rev. 0.
2. The fatigue crack growth rate model is from W.H. Bamford, "Fatigue Crack Growth of Stainless
Steel Piping in a Pressurized Water Reactor Environment," Trans. ASME, Journal of Pressure
Vessel Technology, 1979. The ASME Code is in the final stages of developing a model for fatigue
crack growth in a PWR environment, and this model will be employed when it is finalized.
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WCAP Action: The following will be revised to incorporate a fracture mechanics methodology
based on BWRVIP-76A:
* Appendix C, Item CE-ID: 6.2, Core Support Barrel Assembly - Remaining Core Barrel
Assembly Welds
* Appendix E, Item W-ID: 3.1, Core Barrel Assembly - Core Barrel Flange, Core Barrel
Outlet Nozzles, and Lower Core Barrel Flange Weld.
The methodology will utilize HWC crack growth rate, as directed in MRP-227.
RAI 31

The staff requests the following information related to the items listed below:
*
Appendix C, Item CE-ID: 6.2 Core Support BarrelAssembly - Remaining
Core Barrel Assembly Welds (pp. C-24 to C-25)
*
Appendix E, Item W-ID: 3.1 Core BarrelFlange, Core Barrel Outlet
Nozzles, and Lower Core Barrel Flange Weld (pp. E-12 to E-13)
1.

2.

For the subject components, the proceduregiven in the methodology
section recommends the use of a fracture toughness KIC = 150 ksi'Iin
for low neutron fluence regions. Use of a KIC fracture toughness
implies the use of LEFM. However, for lower neutron fluence regions,
defined as receiving a neutron exposure less than 5 dpa, the MRP-227
report,Section 6 recommends the use of EPFM. Provide the basis for
using a toughness of KIC = 150 ksikin, and confirm whether LEFM or
EPFM will be used for evaluating flaws in the subject components.
The acceptance criteriafor the above items are based on the crack
sizes being "explainableby known crack growth rate laws." Elaborate
on "crack sizes being explainableby known crack growth rate laws,"
and explain how initiation time or incubationperiod is accounted for in
determining that a crack size is explainable.
Discuss how multiple cracks in close proximity would be handled.

NRC Additional Comment on RAI 31
" In Part 1, please clarify what is meant by low fluence. MRP-227 and the
McKinley document give different values for low fluence.
* In Part 2, The NRC doesn't like the term "known crack growth rate laws".
They recommend that we either elaborateon it, or take it out completely.
* In Part 3, it was advised that we use the 2004 ASME B&PV code (Section XI)
as a reference to WCAP-17096-NP with respect to the crack proximity rules.
Similar languagein several RAI responses, consider addressingin a
generic section of WCAP.
Response
Based on recent experience with the implementation of these acceptance criteria, the analysis
procedures for these core barrel components have evolved to make them more consistent with
BWRVIP-76. These updated analyses methodologies meet the general objectives of the original
methodologies, but incorporate many practical lessons learned about implementation of these
procedure in large structures.
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1. MRP-227 Rev. 0 guidance can be used to determine whether LEFM or EPFM are used. The
fracture toughness used in the evaluation was based on the published work in the reference below:
J.K. McKinley, et al., "Crack Growth Rate and Fracture Toughness of Austenitic Stainless Steel
in a PWR Primary Water Environment," 14th International Conference on Environmental
Degradation of Materials in Nuclear Power Systems, August 23-27, 2009.
2. It is understood that cracks may initiate from a number of sources. However, once a crack is
observed, its growth can be predicted based on the stress distribution, fluence levels, crack
geometry, material properties, and overall geometry. Current crack growth models incorporate
these parameters and predict crack growth as a function of time. This approach makes the
conservative assumption that cracks in this region are susceptible to SCC. Initiation time or
incubation time is not used in evaluations, since no reliable method exists for their prediction.
The phrase "explainable by known crack growth rate laws" will be removed from the WCAP, and
specific models will be detailed to remove any uncertainty.
3. If it cannot be demonstrated that the cracks are far enough apart that they do not influence each
other's growth rates, their lengths are added and this total length is compared to the allowable crack
length. Flaw proximity rules can be found in the ASME B&PV Code (Section XI).
WCAP Action: The following will be revised to incorporate a fracture mechanics methodology
based on BWRVIP-76A:
* Appendix C, Item CE-ID: 6.2, Core Support Barrel Assembly - Remaining Core Barrel
Assembly Welds
* Appendix E, Item W-ID: 3.1, Core Barrel Flange, Core Barrel Outlet Nozzles, and Lower
Core Barrel Flange Weld.

RAI 32

The staff requests the following information related to the items listed below:
*
Appendix C, Item CE-ID:1 Core Shroud Assembly (Bolted) - Core
Shroud Bolts (pp. C-2 to C-3),
*
Appendix C, Item CE-ID: 1.1 Core Shroud Assembly (Bolted)- BarrelShroud Bolts (pp. C-4 to C-5)
•
Appendix E, Item W-ID: 5 Baffle-Former Assembly - Baffle-Former Bolts
(pp. E-18 to E-19)
*
Appendix E, Item W-ID: 5.1 Core BarrelAssembly - Barrel-FormerBolts
(pp. E-20 to E-21)
1.

The "Analysis" section of the evaluations for the above items defines a
minimum requirednumber of bolts Nreq
a.
Describe how the requirednumber of bolts Nreq is determined.
b.
If the determinationof Nreq is based on a generic methodology
previously submitted to the NRC, provide the reference for the
methodology.
c.
If not, describe the general methodology to be used to determine
the requirednumber and distributionof bolts, providing an

2.

3.

4.

5.

6.
7.
8.

9.

equivalent level of detail to Appendix A, pages A-21 through A24.
The acceptance criterion at the first inspection is no more than 50% of
the initial margin consumed. This is supposed to ensure that the margin
will not be exceeded during the 10-year re-inspectioninterval required
by Condition 5 of the SE for the MRP-227-Rev. 0 report. The MRP-227Rev. 0 report recommended the initialinspection at 25 - 35 EFPY. This
acceptance criterionseems to be based on a linearfailure distribution
for the bolts. How was the acceptable margin for failed bolts
determined? Discuss whether a certain distribution of failures versus
EFPY of operation was assumed (for example, linear,normal, Weibull,
etc.). Justify the distribution chosen using operatingexperience or
other considerations.
Since in the minimum bolting pattern the location as well as the number
of remainingbolts is important, a simple numerical margin may not be
appropriate.If the minimum number of bolts also requires a certain
acceptablepattern or distribution,discuss whether this needs to be
considered when determining if the remaining margin is adequate.
The MRP-227-Rev. 0 report specifies for examination coverage of baffleformer bolts, 100 % of the accessible bolts. In its October29, 2010,
response to NRC staff RAI 4-8 related to the MRP-227-Rev. 0 report,the
MRP also proposed to revise the MRP-227-Rev. 0 reportto require that,
when addressinga set of like components (e.g., bolting), the inspection
examines a minimum sample size of 75 % of the total population of like
components.
a.
If some bolts are not inspected due to inaccessibility,how is the
number of failed bolts Nf in the entire bolt population
determined?
b.
What assumptions are made regardingthe inaccessiblebolts?
There is certain minimum flaw size (30 % per the MRP-227-Rev. 0
report), as a percentage of the bolt cross section, that can be detected
by the UT technique used to examine baffle-former and barrel-former
bolts. Forhigh neutron fluence bolts, the allowable flaw size could be
below the detectabilitylimit of the UT examination. How are the
limitations of the UT examination technique, in terms of the minimum
detectable flaw size, accounted for in determining the number of bolts
required,and/orthe requiredmargin?
Are bolts determined to be failed via the UT examination requiredto be
replaced?
Has considerationbeen given to requiringremoval of some failed bolts
for failure analysis to confirm the failure mechanism?
Provide a summary of the operating experience related to inspection of
Westinghouse baffle-former and barrel-formerbolts, and CE core
shroud bolts and barrelshroud bolts. The summary should focus on
augmented UT examinations. Discuss how the operating experience is
factored into the evaluation and acceptance criteriafor the bolts listed
above.
Condition 5 of the staff's SE of the MRP-227-Rev. 0 report requireda 10
year inspection frequency for baffle-former bolts of Westinghousedesigned reactors and core shroud bolts (versus 10-15 years specified
in the MPR-227-Rev. 0 report)in CE-designed reactors unless an
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applicant/licenseeprovides an evaluation for NRC staff approval which
justifies a longer interval between inspections. The staff requests that
EPRI modify the WCAP to reflect this change.
NRC Additional Comment on RAI 32
* In Part 1, add WCAP-15029-P-A, Rev. 1 as a reference to WCAP-17096-NP
for the Acceptable Bolting Analysis methodology.
* In Part8, the NRC requested a copy of WCAP-17435-NP.

Response
1. Nreq is determined via an Acceptable Bolting Analysis, using the NRC-approved methodology
outlined in WCAP-1 5029-P-A, Rev. 1. The methodology is described in detail in that document.
The methodology analyzes candidate bolting patterns for fuel grid impact loading following the
governing emergency or faulted event. Assuming those candidate patterns are acceptable when
considering fuel grid impact loading, bolt stresses in the patterns are then examined for the
governing event. Following this, a normal/upset evaluation is performed, which considers the
acceptability of the reduced bolting pattern for core bypass flow, momentum flux, and low- and highcycle bolt fatigue.
2. As stated, the basis for the given acceptance criterion is an assumption that the failures in the
next 10-year interval will not be more than the number observed to date. The experience with
baffle-former bolt failures is limited. The majority of the observations have indicated modest bolt
failure rates. Many of the failures that have been observed to date have been linked to occurrences
of irradiation-assisted stress corrosion cracking, but the bolts were also included in MRP-227 Rev. 0
for fatigue. Without a more complete basis from operating experience and other sources, it is not
possible to create a probabilistic model of the component failure rate. This is even truer for the
barrel-former bolts, where only a few, isolated failures have been observed and for the core-shroud
and barrel-shroud bolts, where failures have not been reported. Thus, assumptions had to be made
in order to provide acceptance criteria for these MRP-227 Rev. 0 inspections.
The WCAP-1 7096-NP acceptance criteria use plant history as an indicator of future failure rates.
The MRP-227 Rev. 0 inspection guidelines for the baffle-former bolts call for inspection between 25
and 35 EFPY, with subsequent examinations after 10 additional years required by Topical Report
Condition 6 of the safety evaluation report (SER) on MRP-227 Rev. 0. The WCAP-17096-NP
margin requirement that no more than 50% of the bolts outside the required pattern have failed at
the time of the initial inspection essentially allows the maximum number of bolts failed during the 10
year inspection interval to be equal to the number of bolts that failed in the first 40 years of
operation. For a plant operating at the limit implied by the margin, this projected failure rate would
result in a number of intact bolts at the end of the inspection interval equal to the number of bolts in
the demonstrated pattern. While this projection methodology allows for a slight acceleration in the
bolt failure rate, the aging analysis reported in MRP-230 indicates that the conditions for swelling
and bolt failure may be less severe later in plant life due to conversion to low leakage core loading
patterns.
No specific distribution of failures versus EFPY was assumed in the development of this margin
term because there was no quantitative basis for determining the distribution parameters. As
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explained in the previous paragraph, the underlying assumption is that the number of bolt failures in
the upcoming inspection interval will be less than the number of failures observed to date. The
margin term is set assuming a moderate increase in the observed bolt failure rate. This assumption
was judged to be reasonable based on current operating experience.
3. It is true that the minimum bolting pattern analysis results in both a number of required bolts and
a physical distribution of required bolts. Westinghouse Technical Bulletin 12-5 reports recent
experience with a large region of bolt failures in the upper half of a single baffle plate. The apparent
cause analysis suggests that this region of bolt failures may have propagated from a small cluster of
failed bolts due to the pressure differential that exists across the baffle plates in plants that operate
with a downflow configuration. The WCAP-1 7096-NP methodology requires that the observed
pattern of failed bolts meets an acceptable minimum bolting pattern incorporating both the failure
locations and number of failures. The analyzed distributions do not generally allow the large
concentration of bolt failures described in the Westinghouse Technical Bulletin. The Technical
Bulletin recommends that plants operating in the downflow configuration monitor their MRP-227
inspection data for evidence of this propagating failure mechanism.
Based on experience with the calculation of minimum bolting patterns, it is known that many
different patterns will maintain the function and reliability of the assembly. Even if bolts fail in one
particular pattern, another pattern can likely be successfully analyzed. The criterion requiring that
no more than 50% of the original margin be exhausted at the time of the first inspection is intended
to account for the potential of future bolt failures in the subsequent inspection interval, while
providing room for applying an acceptable minimum pattern. Thus, it is anticipated that a numerical
margin is appropriate for an acceptance criterion.
4. Uninspected bolts are assumed to be failed unless a justification to support dispositioning can be
demonstrated through a rigorous technical evalualtion. Some options are offered below:
a. A conservative approach would be to assume that the uninspected bolts are failed bolts and
include those in the overall failed population, Nf. Thus, the number of inaccessible bolts
would be added to the number of failed inspected bolts.
b. A sampling approach could also be utilized where a subset of the bolts is inspected
(minimum of 75% of the total population, per the SER on MRP-227 Rev. 0) and sampling
statistics are used to draw conclusions at a certain confidence level about the uninspected
bolts. Thus, if only 80% of the bolts are accessible, conclusions to some confidence level
can be drawn about the number of failures in the uninspected population. The statistically
determined number of failures in the uninspected population would then be added to the
number of failed inspected bolts to determine the overall failed population, Nf.
5. The WCAP-15029-P-A and WCAP-15030-NP-A methodology and the use of ASME allowable
stresses for irradiated material are based on the assumption that the bolts in the minimum
acceptable pattern are un-cracked. In the Safety Evaluation to those WCAP reports, it has been
noted that there are detection issues that could conceivably result in bolts in the minimum
acceptable pattern that contain undetected flaws. The text of the Safety Evaluation to WCAP15029-P-A and WCAP-15030-NP-A suggests that analysis of the undetected flaws would require a
fracture mechanics analysis:
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The in-service inspection (ISf) methods used for inspecting the baffle bolts will have certain
sensitivity and probability of detection characteristics. In using irradiatedtensile strength for
calculating safety margins, the bolt load-bearingcross section should be reduced based
upon the sensitivity of the ISI methods and the potential for degraded bolts to escape
detection by ISI. In addition, since the available data for irradiatedstainless steel indicates
that the ductility (andpresumably the fracture toughness) of irradiatedbolts is severely
degraded, a fracture mechanics approach would be necessary to demonstrate that the
degradedbolts exhibit adequate toughness with a postulatedflaw size undetected by ISI.
However, the limitation imposed on the application of the WCAP-1 5029-P-A and WCAP-1 5030-NPA methodology is less prescriptive:
The use of the methodology for existing irradiatedstainless steel bolting should account for
limitations in available ISI methods with regardto the probability of detection characteristics;
Although the NRC Safety Evaluation suggests a fracture toughness analysis to account for potential
undetected cracks in the baffle-former bolts, it would be very difficult to demonstrate that any
undetected flaw would be stable through the inspection interval. In fact, there is a very high
likelihood that an undetected flaw would result in bolt failure within 1-2 fuel cycles. Such quick
growth of a flaw, once initiated, would result in only a small fraction of bolts having an initiated but
undetectable flaw at any given point in time. Any fracture mechanics analysis to demonstrate load
carrying capacity of bolts with undetected flaws would not be applicable in the later stages of the
inspection interval. To demonstrate the integrity of the structure until the next scheduled inspection,
there must be sufficient margin in the analysis to allow failure of bolts with undetected flaws.
It is recognized that the strength of any bolt with an undetected flaw should be discounted in the
pattern analysis. Thus, the margin term must be large enough to accommodate the failure of bolts
with undetected flaws as well as failures due to flaws that initiate and grow prior to the next
scheduled inspection. Bolt failure due to crack initiation and growth is a sequential process.
Laboratory data on IASCC clearly indicates that crack initiation is the controlling step in this
process, This would imply that observed bolt failure rates are a reasonable indication of the crack
initiation rate. Also, because crack growth is not a rate limiting step, a relatively small fraction of the
bolts in the evolving population are expected to have cracks below the detection limit. There is no
need to degrade the load carrying capacity of the entire bolt distribution or expand the margin terms
used in the analysis to account for large numbers of undetected flaws.
WCAP-1 5029-P-A provides an approved methodology for evaluating the acceptability of baffle bolts
and bolting distributions under faulted conditions. The evaluation procedures and applied stress
and deformation allowables contain sufficient margin to allow application of these minimum
acceptable bolt distributions without further consideration of calculational uncertainty. This
calculation is sufficient to demonstrate that the configuration is acceptable at the time the plant
returns to power, but does not directly allow undetected failures or additional bolt failures
subsequent to the return to power. The existence of additional degraded bolts or the failure of
additional bolts could result in a bolt distribution outside the acceptable pattern. In practice there
are two factors that alleviate this concern:
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Factor 1: The optimization method used to determine the acceptable pattern did not necessarily
find the absolute minimum of bolts required for acceptability. Although the acceptability of
alternative patterns with additional failed bolts has not been demonstrated, there is a reasonable
probability that analysis of the alternative pattern would find the distribution to be acceptable.
Factor 2: The effect of failure of bolts within the minimum pattern may be compensated by the
existence of surrounding unfailed bolts that were not originally included in the analyzed pattern.
The WCAP-17096-NP acceptance criteria for baffle-former bolt requires a significant number of
unfailed bolts beyond the demonstrated minimum bolting pattern to allow additional failures during
the upcoming inspection interval. These additional failures include the potential for undetected
flaws that grow to failure during the projected inspection interval. This additional margin required for
operation through the inspection interval provides a limit on the observed rate of bolting failures that
is meant to preserve the acceptable bolting pattern.
6. No, replacement of failed bolts is not required, assuming that the remaining intact bolts satisfy
the acceptance criteria of the established minimum pattern and sufficient margin bolts are available.
The failed bolts should also be evaluated for the potential that they create other off-normal
conditions such as loose parts or baffle jetting.
7. Removal in order to perform studies of failed bolts could be of potential benefit to the utility
and/or industry by confirming the failure mechanism or to improving the understanding of the failure
rate. However, requiring the removal of bolts is not considered part of an acceptance
methodology. The industry has emergent issue protocols in place under the NEI 03-08 Materials
Initiative for addressing potential generic issues when unexpected failures or examination results
occur. One of the considerations in this protocol is determining the value of harvesting failed or
degraded material for further analysis.
8. There is limited experience with the UT inspection of domestic Westinghouse-designed plant's
baffle and barrel bolts. The majority of inspections have focused on baffle-former bolts.
Domestically, baffle-former bolts have been UT inspected at 6 distinct units, most recently at Surry
and Ginna. Results from these inspections have shown very few indications of failed bolts. Some
of the earliest bolt inspection results showed a significantly higher number of positive indications;
however, recent issues discovered with inspecting the particular bolt design of some of these plants
indicates that this was likely due to a high frequency of false positive indications. The EPRI MRP is
tasked with collecting and evaluating inspection results, including those for bolting, and expects to
publish summaries periodically. This information will be communicated to the PWROG and will be
used to review and revise WCAP-17096-NP as necessary.
There is significantly more experience with UT inspections of European units. However the results
of inspections there still show very low numbers of bolt failure indications.
Baffle-former bolts:
Domestic and international volumetric UT examinations of baffle-former bolts have found a limited
number of indications of failed bolts. At Ginna, a limited replacement of the bolts was conducted
and hot cell examination of the bolts found that a small subset of the removed bolts had cracking
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present. WCAP-17435-NP further documents operating experience. To date, there have been no
UT inspections of CE core shroud bolts.
Barrel-former bolts:
For the Westinghouse baffle-former bolts and barrel-former bolts and the CE core shroud bolts and
barrel shroud bolts, the number of bolt failures is limited. As such, there is little basis for
determining a bolt failure rate. Margin is added to account for the uncertainty in failure rate. This
margin can be adjusted as additional operating experience is gained. As already described in
Question 2 of this RAI, this lack of adverse operating experience is the reason for the assumption of
a linear failure rate. The operating experience also supports the acceptability of this assumption,
since the extents of those failures that have been observed have been limited.
9. WCAP-17096-NP is intended to support the implementation of MRP-227 Rev. 0 by providing
acceptance criteria methodologies and data requirements. WCAP-17096-NP will be modified as
necessary to maintain consistency with the approved version of MRP-227-A.
WCAP Action: The following will be revised to add appropriate references to WCAP-1 5029-P-A
Rev. 1 (which was updated to reflect revised MRP-227-A inspection intervals):
* Appendix C, Item CE-ID:1, Core Shroud Assembly (Bolted) - Core Shroud Bolts
* Appendix C, Item CE-ID: 1.1, Core Shroud Assembly (Bolted) - Barrel-Shroud Bolts (pp.
C-4 to C-5)
" Appendix E, Item W-ID: 5, Baffle-Former Assembly - Baffle-Former Bolts
" Appendix E, Item W-ID: 5.1, Core Barrel Assembly - Barrel-Former Bolts
Westinghouse plans to review the text and incorporate potential lessons learned from recent RV
internals bolting experience.

RAI 33

This is a continuationof RAI 32 reflecting the staff's concern on loss of
fracture toughness due to irradiationembrittlement.Due to the detectability
limitationson the UT examination technique for the RVI bolting, it is possible
that bolts not identified to be cracked could have cracklike flaws of less than
30 % of the cross sectional area. For this reason, the staff's SE for the WCAP15029-P-A report, "Westinghouse Methodology for Evaluating the Acceptability
of Baffle- Former-BarrelBolting DistributionsUnder FaultedLoad Conditions,
recommended the following:
*
In using irradiatedtensile strength for calculatingsafety margins, the
bolt load-bearingcross-section area should be reduced based on the
sensitivity of the ISI methods and the potential for degraded bolts to
escape detection by ISI.
*
Since the available data for irradiatedstainlesssteel indicates that the
ductility (andpresumably the fracture toughness) of irradiatedbolts is
severely degraded,a fracture
The following limitationson the use of the WCAP-15029 methodology were
imposed by the staff:
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The methodology should not be used to assess existing bolting without
demonstration of adequate conservatism in projected bolting material
properties (i.e., yield and ultimate strength) to ensure that sufficient
ductility is present in existing irradiatedstainless steel bolting
materials.
The use of the methodology for existing irradiatedstainless steel
bolting should account for limitationsin available ISI methods with
regard to the probabilityof detection characteristics.
The staff therefore requests the following information for the bolts listed in RAI
32:
1.
Discuss how irradiationembrittlement is accounted for in the
determinationof the minimum requiredbolting pattern.
2.
Discuss how potential undetected flaws in bolts are accounted for in
the determinationof the minimum requiredbolting pattern.
3.
How are the lessons learnedfrom previous baffle-former bolt
inspections incorporatedinto the acceptancecriteriaand evaluation
methodology for the baffle-former bolts and other RVI bolts subject to
UT examination?
NRC Additional Comment on RAI 33
In Part 1, update the RAI response to properly reference the data on testing of
bolts removed from service. The WCAP however, does not need to be
updated.
Response
1. The analysis of existing bolting patterns requires the use of irradiated bolt properties. The U.S.
NRC SER to WCAP-15029 makes the following observations about the impact of irradiation
embrittlement of the bolt materials on the analysis assumptions and methodology:
It is not evident that this approach is entirelyjustifiable. Implicit in the ASME Code stress
allowable limit is the fact that the bolting materials should exhibit ductility that provides a
strain margin between yield and ultimate strength. For irradiatedaustenitic stainless steel,
the available data indicate a severe loss of ductility, with the yield strength and the ultimate
strength in some cases being coincident. It is not clearthat the stress allowable limits
proposed for irradiatedstainless steel account for the lack of ductility of the material.
Based on these observations, the U.S. NRC placed the limitation listed above on the WCAP-15029
methodology:
Previous applicationsof the WCAP-15029 methodology were intended to demonstratethe
adequacy of replacement bolt patterns. The analysis was based on replacement bolt
propertiesand therefore, the loss of ductility in existing bolting was not a concern.
Application of the methodology to demonstrate the acceptability of an existing bolting pattern
must address these limitations.
The analysis used to assess existing bolt patterns uses yield and ultimate strength values
consistent with highly irradiated materials. Although the ductility does not directly enter the
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calculation procedure, the U.S. NRC has expressed a concern that the ASME allowable stresses
implicitly contain assumptions about the strain margin between yield and ultimate strength.
Laboratory tensile data on irradiated stainless steels does indicate that the ultimate engineering
stress occurs shortly after yield. This correspondence between yield and ultimate occurs due to a
strong tendency toward strain localization shortly after yield. The maximum stress occurs shortly
after yield because necking of the specimen begins at the onset of plastic deformation. The tensile
failure process in irradiated steels is generally ductile. In this case, the elongation to failure would
be expected to be a function of the test specimen geometry.
As part of the Farley bolt replacement program, tensile tests were performed on the replaced baffleformer bolts to demonstrate the load carrying capacity of the irradiated bolts. The strain to failure
for this bolt from the fourth former level was nearly 25%. The measured final reduction in area for
this bolt was 62%. This data was obtained from owner's group reports written under the MUHP5139 program, and transmitted by WOG-99-155. Although this bolt exhibits the expected high
fluence behavior, with the ultimate stress approaching the yield stress, the bolt maintains significant
load carrying capacity well beyond 10% strain. These bolt properties are consistent with laboratory
tensile data on highly irradiated stainless steels.
Given the demonstrated load carrying capacity of the irradiated bolts and the observation that the
deformation and failure mechanisms in these bolt materials are consistent with laboratory studies of
high fluence material, it is apparent that there is significant margin against low ductility failure.
These results demonstrate that sufficient ductility is present in existing irradiated stainless steel
bolting materials to allow use of the ASME code allowable limits based on the projected values of
irradiated yield and ultimate strength.
Thus, while the ASME Code requires no comparisons of calculated to allowable strain, the SER to
WCAP-15029 has the effect of imposing such a requirement. In the analysis of faulted events, the
primary concern is that bolts assumed to be intact are calculated to remain intact. For this purpose,
comparisons of calculated to allowable strain are more meaningful than comparisons of calculated
to allowable stresses.
2. Please note that this response is very similar to the response to RAI 32, Question 5.
Although the U.S. NRC Safety Evaluation (SE) suggests a fracture analysis to account for potential
undetected cracks in the baffle-former bolts, it would be very difficult to demonstrate that any
undetected flaw would be stable through the inspection interval. In fact, there is a very high
probability that an undetected flaw would result in bolt failure within 1 to 2 fuel cycles. Therefore,
any fracture mechanics analysis to demonstrate load carrying capacity of bolts with undetected
flaws would not be applicable in the later stages of the inspection interval. To demonstrate the
integrity of the structure until the next scheduled inspection, there must be sufficient margin in the
analysis to allow failure of bolts with undetected flaws.
Bolting failure involves a continuous process of crack initiation, growth, and failure. Laboratory data
on IASCC clearly indicates that crack initiation is the controlling step in this process. This would
imply that observed bolt failure rates are a reasonable indication of the crack initiation rate. Also,
because crack growth is not a rate-limiting step, a relatively small fraction of the bolts in the evolving
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population are expected to have cracks below the detection limit. There is no need to degrade
the load carrying capacity of the bolts or expand the margin terms used in the analysis to
account for large numbers of undetected flaws.
The margin requirement defined for the minimum bolting pattern in WCAP-1 7096-NP is designed to
account for additional bolt failures during the inspection interval. The additional bolt failures would
include failure due to both the growth of undetected flaws and the initiation of new flaws. Aging
analysis conducted in support of the MRP-227 Rev. 0 inspection recommendations indicated that
the most severe conditions that existed in the core barrel correspond to the practice of loading fresh
fuel assemblies at the core periphery, a practice that has been discontinued in favor of more
efficient core loading patterns. The same aging analysis indicated that the number of baffle-former
bolts exceeding the threshold stresses and fluences for IASCC increased gradually over time. The
WCAP-17096-NP margin requirement states that no more than 50% of the bolts outside the
minimum acceptable pattern can have failed. At this margin level, the absolute maximum number
of bolts that could fail in the upcoming inspection interval without violating the minimum acceptable
pattern is equal to the number that have failed over the previous history of the plant.
The margin term required by WCAP-17096-NP accounts for limitations in available ISI methods with
regard to the probability of detection characteristics.
3. Operating experience from UT inspections of baffle former bolts is summarized under item 8 in
the Response to RAI 32. This operating experience has been generally favorable, with limited
evidence of failures in any inspection to date. Both the analysis of minimum acceptable bolting
patterns and the determination of the 50% margin requirement were based on lessons learned from
previous UT examinations of baffle RVI bolting. Slightly higher bolt failure rates have been reported
in a limited number of EdF plants. The selection of candidate minimum acceptable bolting patterns
reflects this experience, with an emphasis on requiring intact bolts at corners and former levels
where conditions are believed to be most severe. The size of the margin requirement in WCAP17096-NP also reflects this previous UT inspection experience. It is not expected, given the amount
of failure that has been observed, that 50% consumption of margin would occur during the next
inspection interval. If higher rates of failure had been observed, then a lower percentage of
allowable margin consumption would have been included in WCAP-17096-NP.
WCAP Action: None.

RAI 34

The staff requests the following information related to the items listed below:
Appendix C, Item CE-ID: 2 Core Shroud Assembly (Welded) (pp. C-8 to
*
C-9)
a
Appendix C Item CE-ID: 2.1 Core Shroud Assembly (Welded) Remaining Axial Welds (pp. C-10 to C-11)
a
Appendix C, Item CE-ID: 3 Core Shroud Assembly (Welded) Shroud
Plates (pp. C-12 to C-13)
•
Appendix C, Item CE-ID: 3.1 Core Shroud Assembly (Welded) Remaining Axial Welds, Ribs, and Rings (pp. C-14 to C-15)
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1.

2.

3.

4.

5.

The analysis procedures direct the evaluator to construct models for
fatigue and IASCC crack growth rates as a function of K. No specific
crack growth rate model is identified. The MRP-227 report, Section 6
recommends the use of the BWR HWC crack growth rate model until
generic curves are establishedfor IASCC and SCC crack growth in the
PWR environment, and refers to MRP-211 as the source of this model.
a.
Identify the specific crack growth rates to be used. Specify the
applicable neutron fluence range for these crack growth rates.
b.
If using different crack growth rates than recommended by the
MRP-227-Rev.0 report,provide the reference andjustification for
the alternatecrack growth rates.
The analysis proceduresrecommend using limiting fracture toughness,
KIc, for highly irradiatedmaterial,for the center of core shroud location.
However, the specific value of KIC for highly irradiatedmaterialis not
identified. The MRP-227-Rev.0 report Section 6 recommends for
neutron exposure greaterthan 5 dpa: LEFM analyses should be used
with a limiting fracture toughness KIc = 55 MPa'm (50 ksi'in) for
exposure levels between 5 and 15 dpa, and with a limiting fracture
toughness KIc = 38 MPa'm (34.6 ksiIin) for exposure levels greaterthan
15 dpa.
a.
Identify the bounding KIC for highly irradiatedmaterial
(consistent with the MRP-227 report, Section 6.0 or other).
b.
If a bounding KIC different than that recommended by the MRP227-Rev. 0 report is used, provide the reference andjustify the
use of the alternate KIC values.
c.
Identify the neutron fluence thresholds for each bounding KIc
value.
For neutron exposure less than 5 dpa, the MRP-227-Rev. 0 report
recommends using EPFM ratherthe LEFM to evaluate flaws. Are there
any portions of the core shroud assembly that could have neutron
exposure below 5 dpa, for which use of EPFM techniques would be
appropriate?
The analysis procedures for these items include the following: "Obtain
stress intensity factor (K) solution correspondingto crack at comer with
describedloads." This implies the crack is always a cornercrack.
Discuss the K solutions to be used if the crack is not a corner crack.
Discuss how multiple cracks in close proximity would be handled.

NRC Additional Comment on RAI 34
All Parts,add a reference for the fracture toughness values. Modify WCAP to
specify the crack growth rates as a function of fluence, and fracture toughness
values as a function of fluence, this information could be includedin a generic
section.
Response
la. MRP-227 Rev. 0 guidance can be used to determine whether LEFM or EPFM was used.
Fracture toughness used in the evaluation was based on published work in the following reference:
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J.K. McKinley, et al., "Crack Growth Rate and Fracture Toughness of Austenitic Stainless Steel
in a PWR Primary Water Environment," 14th International Conference on Environmental
Degradation of Materials in Nuclear Power Systems, August 23-27, 2009.
lb. For SCC in a component with a fluence less than or equal to 5E20 n/cm 2 at E>1.0 MeV, the
crack growth rate equation for a hydrogen water chemistry (HWC) environment is found in
paragraph C-8520 of Appendix C of Section XI of the 2010 ASME B&PV Code. For SCC in a
component with a fluence from 5E20 n/cm 2 to 3E21 n/cm 2 at E>1.0 MeV, the crack growth rate
equation for an HWC environment is from BWRVIP-99. These values can also be found in:
Pathania, R., et al., "Crack Growth Rates in Irradiated Stainless Steels in BWR Internals," 14th
International Conference on Environmental Degradation of Materials in Nuclear Power Systems,
August 23-27, 2009.
2a. Fracture toughness value of 38 MPa'!m is documented at 100 dpa in
J.K. McKinley, et al., "Crack Growth Rate and Fracture Toughness of Austenitic Stainless Steel
in a PWR Primary Water Environment," 14th International Conference on Environmental
Degradation of Materials in Nuclear Power Systems, August 23-27, 2009.
2b. Values are consistent with MRP-227 Rev 0.
2c. Kic (MPaim)
55
38

Fluence (dpa)
5
15

3. Guidance for the fracture mechanics methodology comes from MRP-227 Rev. 0. The fluence
depends on the plant age and specific geometry, and is often below 5 dpa.
4. The primary K solution used in these evaluations for flaws not found at a corner is for a throughwall flaw, in a plate or shell.
5. Flaw proximity rules from the ASME B&PV Code Section XI are used to demonstrate that the
cracks are far enough apart that they do not influence each other's growth rates; their lengths are
added and this total length is compared to the allowable crack length.
WCAP Action: The following will be revised to specify fracture toughness values and crack growth
rates specified in this RAI response:
* Appendix C, Item CE-ID: 2, Core Shroud Assembly (Welded)
* Appendix C Item CE-ID: 2.1, Core Shroud Assembly (Welded) - Remaining Axial Welds
* Appendix C, Item CE-ID: 3, Core Shroud Assembly (Welded) Shroud Plates
* Appendix C, Item CE-ID: 3.1, Core Shroud Assembly (Welded) - Remaining Axial
Welds, Ribs, and Rings
Westinghouse plans to review the text and incorporate potential lessons learned from recent
experience with core shroud assemblies.
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RAI 35

The staff requests the following information related to Appendix C, Item CEID:7 Core Support BarrelAssembly - Lower Flange Weld (pp. C-28 to C-29):
1.

2.

3.

Under "Analysis" is recommended "Establishcriteria for the highest
probabilitysurface. Demonstrate that a 1/4 thickness flaw of observed
length will not grow through barrelwall in planned inspection interval."
However, under "Analysis" #4, "EstablishCriteriafor Lower Probability
Surface," a UT exam can be performed to demonstrate the flaw is
limited to the initiating surface.
a.
What is the basis for assuming a 1/4 thickness flaw in the weld
based on a visual examination only?
b.
If UT examination is feasible for this weld, if a flaw is visually
detected on the highest probabilitysurface, why not perform UT
to determine the depth of the flaw observed on the highest
probabilitysurface, rather than assuming a 114t depth?
Under "Methodology and Data Requirements," stress corrosion
cracking (SCC) crack growth rate curves are said to be needed as a
backup. Under "Analysis" is stated that "Due to expansion inspection
that would be triggeredby observation of cracking in the upper flange
weld." However, no specific SCC crack growth rate models are
mentioned.
a.
Identify the crack growth rate model(s) to be used for IASCC and
SCC. Is the BWR HWC crack growth rate model being used as
recommended by the MRP-227-Rev. 0 report?
b.
If a different model will be used, provide the model.
Discuss how multiple cracks in close proximity would be handled.

NRC Additional Comment on RAI 35
Partla, the NRC requests that WCAP-17096-NP text will be revised to reflect
consistency with BWRVIP-76 Rev. 1. Errata- it seems that the response to
RAI 35 lb should be referring to the response to RAI 35 la and that the
responses to RAI 35 2a and 2b should refer to RAI 34 la.
Response
Based on recent experience with the implementation of these acceptance criteria, the analysis
procedures for these core barrel components have evolved to make them more consistent with
BWRVIP-76. These updated analyses methodologies meet the general objectives of the original
methodologies, but incorporate many practical lessons learned about implementation of these
procedure in large structures.
la. The original text in WCAP-17096-NP reflects the determination that the residual stress profiles
are tensile on the weld surfaces and compressive through the center. If the crack initiated due to
residual stress (or thermal stress), a crack depth of one-quarter wall thickness would have relieved
both thermal and residual stress, and the flaw should not progress any deeper. Subsequent
evaluations of this component have changed the overall approach, and assumed the flaw to be
through-wall, consistent with the BWR-VIP-76 methodology. This resulted in a flaw assumption that
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is conservative relative to the original WCAP text. The text of the WCAP will be revised to reflect
the consistency with BWRVIP-76.
lb. See response to RAI 34 la.
2a. See response to RAI 34 la.
2b. See response to RAI 34 la.
3. Section Xl of the 2004 ASME B&PV Code includes guidance for the evaluation of allowable
crack proximity. If it cannot be demonstrated that the cracks are far enough apart that they do not
significantly influence each other's growth rates, their lengths are added and this total length will be
compared to the allowable crack length.
WCAP Action: The following will be revised to incorporate a fracture mechanics methodology
based on BWRVIP-76A:
Appendix C, Item CE-ID: 7, Core Support Barrel Assembly - Lower Flange Weld

RAI 36

The following two primarycomponents will only be inspected if the potential
for fatigue cracking cannot be resolved by the time limited aging analysis
(TLAA) process:
*
Appendix C, Item CE-ID: 8 Lower Support Structure - Core Support
Plate (pp. C-30 to C-31)
*
Appendix C, Item CE-ID: 9 Upper Internals Assembly - Fuel Alignment
Plate (pp. C-32)
However, the description of the analysis process is much more detailed for the
core supportplate. Discuss whether both components should use a similar
analysis process.

NRC Additional Comment on RAI 36
The NRC requests that the process steps for establishingthe allowable crack
length in the fuel assembly alignment plate is added in WCAP-17096-NP.
Response
Both cases include the option to do a TLAA in order to justify that their integrity will be maintained
without a requirement for inspection. The details of the TLAA are unique for each component since
their designs and function are significantly different. The core support plate is a flat plate supported
from beneath with support columns which are bolted, or welded to the bottom of the plate.
The fuel alignment plate (FAP) identified in the CE-ID: 9 is for the CE welded design with full height
shroud plates. The FAP in this design has tubes (housing the control elements) which pass through
the plate. They are attached by welding to the bottom side of the FAP, similar to the tube sheet of a
heat exchanger. For the FAP, a crack might be postulated to initiate at the tube-to-plate weld and
propagate to an adjacent hole.
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The process steps for establishing the allowable crack length in the fuel assembly alignment plate
would be similar to those for the core support plate:
1. Establish functional requirements for the plate (provide fuel assembly alignment and support and
direct flow into the upper internals, which is generally imposed through a flatness criteria):
a.
During normal operation
b.
During limiting accident transient
2. Observed cracks are acceptable if displacement of the plate meets design requirements. The
multiple holes also act as arrestors for cracks.
Additional details will be provided in the revised WCAP.
WCAP Action: The following will be revised to incorporate the process used to determine
allowable crack length described in this RAI response:
* Appendix C, Item CE-ID: 9, Upper Internals Assembly - Fuel Alignment Plate
Westinghouse plans to
from recent experience
* Appendix C,
* Appendix C,

RAI 37

review the text of the following and will incorporate potential lessons learned
with components:
Item CE-ID: 9, Upper Internals Assembly - Fuel Alignment Plate
Item CE-ID: 8, Lower Support Structure - Core Support Plate

The staff requests the following information related to CE-ID: 11 Lower
Support Structure - Deep Beams (pp. C-35 to C-36):
1.

2.

Under "Analysis #1" is stated "ftfhe grid structure of the lower core
support in these plants precludes catastrophicfailure initiatedby a
single crack." However, the methodology does not specifically address
the case of multiple cracked beams. Demonstrate that the deep beam
gridstructure will maintainits structuralintegrity with a certain number
of beams or welds completely failed.
Under "Analysis #2" is stated "[m]aximum acceptablecrack size
correspondsto projected remaining ligament = 0." A projected
remaining ligament of zero would result in failure of the beam or weld.
This provides no margin. Justify allowing a remainingligament of zero
for a beam or weld with respect to the structuralintegrity of the deep
beam grid structure.

Response
1. The grid structure of interlocked beams is highly redundant and is designed for small deflection
(to provide fuel assembly alignment) not stress. The methodology assumes only one crack will
occur. Failure of more than one weld could be justified, but this procedure does not address that
scenario. It was felt that the probability of a single crack was low enough to justify no further failure
assumptions. If additional cracking is discovered by inspection additional evaluations would be
required.
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2. A ligament of zero for a beam or weld is allowed. Margin is available because complete failure
of a single weld can be tolerated.
WCAP Action: Westinghouse plans to review the text of the following and will incorporate
potential lessons learned from recent experience with this structure:
Appendix C, Item CE-ID: 11 Lower Support Structure - Deep Beams

RAI 38

The components listed below are susceptible to IASCC:
Appendix C Item CE-ID: 1.2 Core Shroud Assembly (Bolted) Core
*
Support Column Bolts (pp. C-6 to C-7)
Appendix E Item W-ID: 5.2 Lower Support Assembly - Lower Support
*
Column Bolts (pp. E-22 to E-23)
However, the data requirements for evaluation of these bolts do not include
the irradiatedmaterialproperties. Other components in the lower internals that
perform a core support function include the irradiatedmaterialproperties
among the data requirements,such as Appendix C Item CE-ID: 6.3 Lower
Support Structure- Lower Support Column Welds, Appendix E Item W-ID: 2.1
Lower Support Assembly - Lower Support Column Bodies (Cast), and
Appendix E Item W-ID: 3.2 Lower Support Assembly - Lower Support Column
Bodies (Non-Cast).
Discuss whether the data requirements for these components should include
the irradiatedmaterialproperties.

NRC Additional Comment on RAI 38
The NRC requests that (peroriginalresponse) the full response to this RAI be
added to WCAP-17096-NP.
Response
The data requested is not directly required for the methodology because no credit is taken for a
flawed bolt. However, it may be useful to know the tensile properties of the irradiated material in
evaluating the condition of the remaining bolts.
The following lines will be added to the "Data Requirements" section of Appendix C, Item CE-ID: 1.2
and Appendix E, Item W-ID: 5.2:
"
*

Fluence accumulated by the (core support column bolts / lower support column bolts)
Constitutive model for stainless steel properties as a function of irradiation

WCAP Action: The following will be revised to incorporate the data requirements listed in this RAI:
" Appendix C, Item CE-ID: 1.2, Core Shroud Assembly (Bolted) Core Support Column
Bolts
* Appendix E, Item W-ID: 5.2, Lower Support Assembly - Lower Support Column Bolts
Westinghouse plans to review the reactor bolting and lower support structure text in these WCAP
sections.
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RAI 39

The following item is subject to an EVT-1 examination:
Appendix C Item CE-ID: 6.1 Core Support BarrelAssembly - Lower Core
Barrel Flange Weld (pp. C-22 to C-23)
An FEM analysis is proposed to determine the stress distributionacross the
weld and thus determines the most likely surface for crack initiation.Under
"Analysis" #3 and #4, criteriaare then proposed for the most and least likely
surfaces. The criteriainclude a UT or visual examination to verify the flaw is
limited to the initiatingsurface, and verifying the flaw growth will be selflimiting due to the stress distribution, or is not consistent with an actively
growing crack.
1.
The criteriaof "Analysis" #3 and #4 do not appearto project the future
crack growth, nor do they determine the acceptability of the crack at the
end of the interval. Discuss how these objectives are accomplished.
2.
Discuss why a different analysis approachis used for this item than for
CE-ID: 6.2 Core Support Barrel Assembly - Remaining Core Barrel
Assembly Welds.
3.
Discuss how multiple cracks in close proximity would be handled.

NRC Additional Comment on RAI 39
In Part 1, The NRC requests that the methodology outlined is added to WCAP17096-NP.
Response
Based on recent experience with the implementation of these acceptance criteria, the analysis
procedures for these core barrel components have evolved to make them more consistent with
BWRVIP-76. These updated analyses methodologies meet the general objectives of the original
methodologies, but incorporate many practical lessons learned about implementation of these
procedure in large structures.
1. Crack growth is considered in the revised methodology.
2. Due to the generally more mild stress state, geometry and fluence levels, the simplified
approach for CE ID 6.1 is appropriate for evaluating the remaining core barrel welds
3. Section XI of the 2004 ASME B&PV Code includes guidance for the evaluation of allowable
crack proximity. If it cannot be demonstrated that the cracks are far enough apart that they do not
influence each other's growth rates, their lengths are added and this total length is compared to the
allowable crack length.
WCAP Action: The following will be revised to incorporate a fracture mechanics methodology
based on BWRVIP-76A:
* Appendix C, Item CE-ID: 6.1, Core Support Barrel Assembly - Lower Core Barrel Flange
Weld
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RAI 40

The staff requests the following information relatedto Appendix C Item CE-ID:
5 Core Shroud Assembly (Welded) - Assembly (pp. C-18 to C-19).
1.

Under "FailureCriteria," one of the criteriais "Gap size implies peak
shroud swelling > 5 % by volume." However, accordingto the MRP-227
report,5 % swelling is considered severe and can correlate with
extremely low fracture toughness values. Should the failure criteriafor
gap size be correlatedwith a lower percentage of swelling in order to
provide some margin before the onset of severe swelling?

2.

Void swelling can only be detected or measuredin the field by
measuring the distortion of components or assemblies. Void swelling
has been modeled for CE- designed RVI components and assemblies,
such as the CE welded core shroud, as documented in the MRP-230
report, "FunctionalityAnalysis for Westinghouse and Combustion
EngineeringRepresentative PWR Internals." Will the measured swelling
be compared to such modeling efforts to determine if the models
accuratelypredict swelling in the RVI components? How will this be
accomplished?

3.

Discuss the relevance of previous failure modes and effects analyses
(FMEA) and failure modes, effects and consequence analyses (FMECA)
efforts, such as that documented in the MRP-191 report, "Materials
Reliability Program:Screening, Categorization,and Ranking of Reactor
Internals Components for Westinghouse and Combustion Engineering
PWR Designs," to the evaluation of Appendix C Items CE-ID: 4 Core
Shroud Assembly (Bolted)- Assembly and CE-ID: 5 - Core Shroud
Assembly (Welded) - Assembly.

NRC Additional Comment on RAI 40
*
*

In Part3, The NRC requests that the response to Part3 be added to WCAP17096-NP.
Explain how previous FMEAs particularlythose in MRP-191 relate to
acceptance criteria.

Response
It is the opinion of Westinghouse that this response is best handled with a direct discussion with the
Staff.
1. Any observation of an off-normal gap would trigger evaluation under this standard. It is
anticipated that the evaluation will require modeling of swelling and distortion in this region of the
core shroud (see #2). Modeling efforts such as those reported in MRP-230 clearly indicate that
regions of high swelling will be limited in volume and removed from external surfaces. The locations
with high void swelling are confined to localized geometry at corners nearest to the core. Swelling
is predicted in the sandwiched-horizontal plates (formers) in corners where flow stagnation occurs
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in the shroud flow bypass region. The representative analysis was a key factor leading to "gap size
implies peak shroud swelling > 5 % by volume." Loss of ductility at these locations is not a major
concern. The major concern would be the stresses and distortion caused by this level of swelling.
Therefore, a lower limit on swelling to provide a margin before the onset of severe swelling is not
required.
2. The void swelling model that was used in MRP-230 is documented in MRP-135. This model
predicts swelling as a function of time, temperature, and dose and has been derived from limited
fast-reactor test data. This swelling model is used as an input to a mechanical model to predict
distortion in the core shroud. The measured distortion can be correlated by considering plant
specific PWSG parameters for operation, adjusted heat generation rates and dose maps as input to
the current void swelling model for predictive comparison. It is anticipated that a similar
combination of swelling and mechanical models will be used to correlate the observed gap to a
swelling level in the material. These models will be similar in form to those used in the existing
modeling efforts reported in MRP-230. Those results indicate that swelling is limited to a relatively
small volume of the shroud structure. The industry is currently working on improved swelling and
mechanical models. Any modeling effort would require a documentation of the basis for the models
selected.
3. Industry report MRP-191, "Materials Reliability Program: Screening, Categorization, and Ranking
of Reactor Internals Components for Westinghouse and Combustion Engineering PWR Designs,"
provided the basis for the original inspection recommendations. The failure effects and failure
mechanisms have been further refined as noted in the WCAP-1 7096-NP effort to support the
requirements of the WCAP, which was focused on defining acceptance criteria
To ensure that the generically based conclusions presented are applicable to a plant specific
configuration, such as in the evaluation of WCAP-17096-NP Appendix C Items CE-ID: 4 Core
Shroud Assembly (Bolted) - Assembly and CE-ID: 5 - Core Shroud Assembly (Welded) Assembly, individual plants would need to confirm the following:
1. A VT-3 inspection of reactor internals core support structures is included in the plant
specific inspections performed as part of an ASME Section XI 10-Year In-service
Inspection program or equivalent.
2. No indications or relevant condition have been observed in inspections completed to
date for the assembly as part of the existing plant operating experience.
3. Modifications on MRP-227 Rev. 0 components, with specific focus on Primary,
Expansion, and Existing components, made to reactor internals prior to May 2007 are
fully aligned with the MRP-227 Rev. 0 strategy for managing aging in reactor internals.
4. Modifications that have been completed that would have a potential to impact the reactor
internals since May 2007 have been evaluated and found to have no impact on MRP
strategy and conclusions for managing aging in reactor internals.
MRP-191 identified eight age-related degradation mechanisms. The report presents screening,
categorization and ranking of internals components that considered the eight degradation
mechanisms for typical designs in the fleet. Following MRP-1 91, 60-year aging finite element
analyses were performed for representative internals configurations for B&W, CE, and
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Westinghouse plants (MRP-230 for CE and Westinghouse). Degradation mechanisms that were
evaluated included:
"
"
*
*
*
*

IASCC
Thermal aging embrittlement
Irradiation embrittlement
Void swelling
Thermal and irradiation-induced stress relaxation
Irradiation creep

The CE representative analyses concluded that distortion from localized void swelling in the center
horizontal plates would be an indicator of potential problems with welds that retain the center-height
horizontal plates (formers) to the vertical plates (baffles). In this region the threshold for IASCC has
been reached. In the bypass region (not visible) localized metal temperatures near flow stagnation
corners are high leading to the potential for void swelling and, therefore, distortion on the core side
of the shroud assembly. This leads to developing the acceptance criterion.
If the consequences are specific to CE shrouds, failure of welds due to void swelling should be
highly localized (at the corners nearest the core). The vertical and horizontal plates are still held
together by the remaining welds (90+ % of the welds are expected to be intact); and, if included in
the design, the tie rod offers additional constraint of the shroud. For some designs, other
mechanical constraints may replace the role of the tie rod.
WCAP Action: The four confirmation requirements listed in Section 3 of this response will be
added to
0 Appendix C, Item CE-ID: 5, Core Shroud Assembly (Welded) - Assembly.
Westinghouse will review this appendix and incorporate any recent lessons learned related to core
shroud performance.

RAI 41

The items listed below are susceptible to cracking due to fatigue and are only
inspected if they cannot be qualified via a TLAA:
*
Appendix C Item CE-ID: 7 Core Support BarrelAssembly - Lower Core
Barrel Flange (pp. C-28 to C-29)
*
Appendix C Item CE-ID: 8 Lower Support Structure - Core Support Plate
(pp. C-30 to C-31)
Appendix C Item CE-ID: 9 Upper InternalsAssembly - FuelAlignment
0
Plate (p. C-32)
•
Appendix C Item CE-ID: 11 Lower Support Structure- Deep Beams (p.
C-35)
Under "Acceptance Criteria"the WCAP report states, "Acceptance criteriafor
TLAA related items are beyond the scope of the currentproject." However, if
the items are being inspected,it is because the fatigue life could not be
qualified via a TLAA for the life of the plant. Therefore, it seems that the
acceptance criteriafor this evaluation should not be defined by the TLAA.
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The staff requests that EPRI discuss whether it is possible to define
acceptance criteria based on ensuring structuralintegrity of the components
until the next inspection.
NRC Additional Comment on RAI 41
The NRC requests that the Acceptance Criteriain WCAP-17096-NP is changed
to match what is written in the RAI response.
Response
Yes. It is possible to define acceptance criteria for these components based on ensuring the
structural integrity until the next inspection. In each of these cases, the TLAA is a first approach to
managing the potential aging degradation. The screening and categorization step of developing the
Inspection & Evaluation Guidelines (MRP-227 Rev. 0), which is documented in MRP-191, identified
fatigue as one of the aging mechanisms affecting each of these components. Further analysis for
MRP-227 Rev. 0 dispositioned concerns for other aging degradation mechanisms but did not
disposition fatigue for each of these components. Rather than performing the MRP-227 Rev. 0
inspections, a utility can perform a plant-specific TLAA for each of these components to determine
whether or not fatigue is an aging degradation mechanism of concern for the remaining life of the
plant.
If TLAA cannot show the fatigue life for the component exceeds the intended further service life,
acceptance criteria would have to be developed based on ensuring the functionality of the
component. A general approach for determining these acceptance criteria is outlined for each of
the components under the "Analysis" section. Such an acceptance criteria would be calculated on
a plant-specific basis and would account for code requirements, expected crack shapes, expected
fatigue usage, and operating loads. Language - indicating that the basis used to determine that the
projected crack growth is acceptable - will be added to the Acceptance Criteria section for each
component.
WCAP Action: When revising WCAP-1 7096-NP, the acceptance criteria will be revised in
conjunction with RAI 36.
Westinghouse will review these appendices and incorporate any recent lessons learned related to
evaluating similar support structures.

RAI 42

A FMEA is proposed to determine the acceptance criteria for Appendix E Item
W-ID: 4 Baffle-FormerAssembly - Baffle-Edge Bolts (pp. E-16 to E-17). Per the
MRP-227-Rev. 0 report,these bolts are a "Primary"inspection category
component to be inspected via VT-3 examination for missing or broken locking
devices, failed or missing bolts, or protrudingbolts heads. The staff requests
the following information:
1.

2.

Will be baffle-edge bolt FMEA be part of the overall baffle-former
assembly FMEA performed for Appendix E Item W-ID: 6 Baffle Former
Assembly - Assembly (pp. E-24 to E-25)?
Since failure of these bolts could lead to gaps between the baffle plates
that could lead to baffle jetting, will gaps between plates observed as
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3.

4.

part of the baffle-former assembly visual VT-3 examination be
consideredin the FMEA ?
Since UT examination is not being performed, bolts could be failed
without any visible evidence if the locking device retains the bolt. How
will this be accounted for in the FMEA?
Provide more detail on the process to be used for the FMEA(s) for
Appendix E Item W-ID: 6 Baffle-FormerAssembly - Assembly and
Appendix E Item W-ID: 4 Baffle-FormerAssembly - Baffle-Edge bolts.

NRC Additional Comment on RAI 42
In Part4, the NRC requests that the minimum set of consequences for the
FMEA be added to the WCAP. Also requests examples, such as details for
what to do for baffle-edge bolts, related to missing lock bars. In general
require more guidance for what should be consideredin FMEA. Perhapsadd a
reference to ANSI standard for FMEA. Give a short example in the RAI
response.
Response
1. Yes. It is expected that the baffle-edge bolt FMEA will be part of the overall baffle-former
assembly FMEA performed for Appendix E Item W-ID: 6.
2. Yes. It is expected that the observation of gaps and the failure mode of baffle jetting will be
considered in the FMEA.
3. The FMEA will address those degradation modes that produce an effect that is detectable by the
VT-3 inspection. These include, but are not limited to, missing, damaged, or improperly installed
locking devices and damaged, missing, or protruding bolt heads. However, if the baffle-edge bolt is
cracked beneath the head such as in the shank or threads, the VT-3 inspection will not detect the
cracking. MRP-227 Rev. 0 did not require a volumetric UT examination of the baffle-edge bolts
because these bolts are not structurally required in the baffle-former assembly. The primary
purpose of the baffle-edge bolts is to assist in maintaining the gaps between adjacent baffle plates
to help prevent baffle-jetting. Loss of integrity of baffle-edge bolts without a corresponding loss of
integrity of the baffle-former bolts would not result in a loss of function for the baffle-former
assembly (including the prevention of baffle-jetting). The primary concern would be the risk of loose
parts. The VT-3 inspection checks the integrity of the bolt locking devices, which will provide
reasonable assurance that any baffle-edge bolt that does fail will be retained and not become a
loose part.
4. MRP-1 91 describes how a FMEA is conducted. More detailed information on how to conduct a
FMEA is in:
ANSI/IEEE Std 352-1987, "Guide for General Principles of Reliability Analysis of Nuclear
Power Generating Station Safety Systems," January 1, 1987.
The FMEA is a diagnostic tool to help to define a path to acceptance or disposition of observed
inspection conditions. The overall process to be followed will be consistent with the Failure Modes,
Effects, and Critically Analysis (FMECA) process overview provided to the NRC during the
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September 27, 2006 Reactor Internals Program Review meeting with the Materials Reliability
Program, noting specifically the proprietary portion of the discussion. It is expected that the process
to be used to conduct a FMEA for components in WCAP-1 7096-NP would use essentially the same
process. Basic steps would include:
Basic steps would include:
0
*
0

*

Defining the system to be analyzed with clearly identified system boundaries
Breaking the system down into complete and mutually exclusive elements, including
functional and physical aspects
Identifying failure modes, effects, and criticality
- Determine how the component item can fail
- Evaluate what will happen to the system and its environment if the component fails in
each of the identified failure modes
- Assign criticality metric values to assess susceptibility or failure likelihood and severity of
consequences
Include a broad range of expert panel expertise to participate in the process

At a minimum, a FMEA for the baffle-former assembly and baffle-former bolts should consider the
following types of indications that could be observed by the visual VT-3 inspection:
Plates
Markings/gouges
-

-

Separation (gaps)
Warping
Cracks

Locking device
Broken
Damaged
Missing
Improperly installed
Bolts
-

Protruding head
Missing
Broken
Improperly installed

Consequences resulting from these observations are:
1.
Baffle jetting
2.
Interference with Fuel assemblies
3.
Fuel damage
4.
Flow bockage
One example of a consequence that might be observed as a result of a degraded condition is a
protruding bolt or a warped or separated plate which impedes the loading and unloading of fuel.
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Another example would be fuel degradation resulting from interaction between a fuel assembly and
a degraded bolt, lock bar, or plate. Replacing the affected bolt would be an example solution for
resolving a bolting degradation issue. These are examples of consequences that are typically
considered in the baffle-former assembly and baffle-edge bolt FMEA.
WCAP Action: Guidance for conducting the FMEA similar to the method listed in Section 4 of this
response will be added to added to
•

Appendix E, Item W-ID: 4, Baffle-Former Assembly - Baffle-Edge Bolts

Westinghouse will review this appendix and incorporate any recent lessons learned related to
reactor internals bolting.

RAI 43

Appendix C Item CE-ID: 6.1 Core Support BarrelAssembly - Lower Core
Barrel Flange (pp. C-22 to C-23)(MRP-227 specifies 100% of accessible)
Appendix C Item CE-ID: 6.2 Core Support BarrelAssembly Remaining Core Barrel Assembly Welds (pp. C-24 to C-25)
For the components listed above, the examination method specified by MRP227 is an EVT-1 visual examination of all accessible welds and adjacent base
metal. For CE-ID:6.2, the examination is one-sided. For CE-ID:6. 1, a one-sided
examination appears to be permissible since the flowchart on page D-11
specifies that observed flaws are assumed to be throughwall. These items are
consideredacceptableif no cracklike flaws are observed during the visual
examination. The analysis procedurefor CE-ID:6.1 includes an FEA to
determine the stress distributionthough the welds, but the analysisprocedure
for CE-ID:6.2 does not include this step. For these welds, discuss how it can
be assuredthat no crack has initiatedon the opposite (OD) surface if the
examination of the ID surface reveals no flaws or cracks.

NRC Additional Comment on RAI 43
In Part 2, update WCAP-17096-NP methodology text discussion of item CE-ID:
6.2. The CE "Remaining Core Barrel Assembly Welds are being split up in the
-A version of MRP-227. Update to be consistent with MRP-227-A but should
account for the limitationsof a one-sided exam if only one side is accessible.
Response
Based on recent experience with the implementation of these acceptance criteria, the analysis
procedures for these core barrel components have evolved to make them more consistent with
BWRVIP-76. These updated analyses methodologies meet the general objectives of the original
methodologies, but incorporate many practical lessons learned about implementation of these
procedure in large structures.
The revised core barrel analysis procedures provide a consistent methodology across all
Westinghouse and CE core barrel components. In the revised methodology, any observed flaw is
conservatively assumed to be through-wall. Potential crack growth is evaluated based on the
through-wall assumption. The same methodology will be applied to both CE-ID: 6.1 and 6.2.
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It should be noted that because of the high flaw tolerance of the core barrel welds and typical SCC
flaw propagation it is assumed that any structurally significant flaws would be surface breaking on
both the ID and OD. This treatment of flaw tolerance is consistent with experience within the BWR
fleet. Unless supplemental volumetric examination can demonstrate otherwise, the evaluation
procedure requires that surface breaking flaws be considered through-wall and crack growth rates
are applied to these through-wall flaws.
The inspection of the core barrel region is only required to be carried out from one side because the
likelihood of cracking is extremely low, and the flaw tolerance of the region is extremely high. Such
inspection requirements are entirely consistent with the requirements of MRP-227 Rev. 0, as
previously mentioned.
Based on the NRC Safety Evaluation, core barrel weld requirements were revised in MRP-227-A.
The WCAP report will be revised to implement these revisions.
WCAP Action: The following will be revised to incorporate a fracture mechanics methodology
based on BWRVIP-76A:
* Appendix C, Item CE-ID: 6.1, Core Support Barrel Assembly - Lower Core Barrel Flange
Weld
* Appendix C, Item CE-ID: 6.2, Core Support Barrel Assembly - Remaining Core Barrel
Assembly Welds
The WCAP will be revised to make it consistent with MRP-227-A.

RAI 44

For Appendix E Item W-ID: 8 Thermal Shield Assembly - Thermal Shield
Flexures (pp. E-28), if flawed flexures are observed, a structuralanalysis is
proposed to demonstratethat the dynamic response of the thermal shield is
unchangedwhen the flawed thermal shield flexure(s) are removed from the
model.
1.
What actions should be taken if the dynamic response of the thermal
shield changes as a result of the failed flexures removal?
2.
The acceptance criteriaalso state that any observation of a failed
thermal shield flexure should lead to enhanced vigilance for fatigue and
vibrationmonitoring systems. Elaborateon what this involves. How
would the potential for fatigue be monitored? What would be
recommended if there is no existing vibration monitoring system?

NRC Additional Comment on RAI 44
In Part 2, expand upon the loose parts monitoring inspection interval to WCAP,
or take out completely. Add RAI response detail to analysis procedurefor WID:8.
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Response
1. If the dynamic response of the thermal shield is changed by removal of one flexure, then
resulting loads and stresses in the remaining flexures, bolts, and pins must be evaluated to
determine the expected time to failure. This will determine the required interval for re-inspection.
2. Enhanced vigilance could involve several approaches, such as more frequent inspection during
outages, loose parts monitoring (foreign object search and retrieval), and neutron noise monitoring.
This list of potential approaches is provided for information only. Specifying supplemental or
mitigative actions is beyond this document's scope.
Neutron noise monitoring has been used at some plants to monitor vibration of the internals during
operation. It has the potential to detect the loss of additional flexures as evidenced by changes in
the internals vibration frequencies. Neutron noise monitoring uses frequency domain Fast Fourier
Transform (FFT) analysis of the signal from existing ex-core neutron detectors to monitor the
vibration of the internals structures. Guidelines for measurement system requirements are given in
ASME OM-S/G-2007 and CEI/IEC 61502. It is recommended a neutron noise monitoring survey
should be performed every 30 days for the first fuel cycle, then every 90 days after that if no
degradation is detected.
WCAP Action: Request discussion with NRC to define appropriate scope for the document.

RAI 45

Condition 1 of the draft SE for the MRP-227-Rev. 0 report requires that several
components classifiedas the "No Additional Measures" category be moved to
the "Expansion"category due to the high consequence of failure for these
components. Condition 1 also requires that the examination method to be
used for these additional"Expansion" inspection category components be
consistent with the examination method for the "Primary"inspection category
component to which they are linked. The table below lists the CE and
Westinghouse RVI components included under Condition 1. The staff
requests that EPRI add the acceptance criteria,methodology, and data
requirements for these components to Appendix C or Appendix E of the WCAP
report as applicable,and add the correspondingflow charts to Appendix D and
Appendix F of the WCAP report.
Link to "Primary"Inspection Category
Components

Component
Upper
core plate in
Westig
ouse-designed
rCRG
Westinghouse-designed reactors

T lower flange weld

Lower support forging or casting in
Westinghouse-designed reactors

R Tlo e fan ew

Lower core support beams in

Upper core support barrel flange weld

d

CE-designed reactors
Core supportbarrel assembly upper core
barrel flange in CE-designed reactors
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Upper core support barrel flange weld

NRC Additional Comment on RAI 45
Update WCAP-1 7096-NP to include updated primaryand expansion
components added to the MRP-227 in the SE process.
Response
The PWROG agrees that the WCAP will need to be updated to include Primary and Expansion
components added to MRP-227 in the SE process. The PWROG intends to update WCAP-17096NP to be consistent with the approved version of MRP-227-A. For the components elevated from
the 'no additional measures" to "expansion" classification, it should be noted that each of the
components items are considered core supports structures and thus could follow ASME Code
conventions for acceptance.
WCAP Action: Add new sections to WCAP-17096 Appendices C, D, E and F to provide
methodologies for expansion Components added to MRP-227-A in response to Topical Report
Condition 1.

RAI 46

Condition 2 of the draft SE for the MRP-227 report requires that the
components listed below to be moved from the "Expansion"inspection
category to the "Primary"inspection category. Condition 2 also contains
requirementsfor the examinationmethods, the examination coverage, and the
examination frequency. The staff requests that EPRI modify the WCAP report
to reflect this change.

Expansion Category Components Subject
to IASCC and Neutron Embrittlement

Tables in the MRP-227-Rev. 0
report

Upper and lower core barrel welds in
Westinghouse-designedreactors

Table 4-6

Lower core barrel flange weld in
Westinghouse-designedreactors
Core support barrel assembly lower cylinder
welds and upper core barrelflange in CEdesigned reactors

Table 4-5

NRC Additional Comment on RAI 46
Update WCAP-1 7096-NP to include updatedprimary and expansion
components added to the MRP-227 in the SE process.
Response
The PWROG agrees that the WCAP will need to be updated to include Primary and Expansion
components added to MRP-227 in the SE process. For the specific case of the components
elevated from expansion to primary noted in this RAI, the methodologies are in place but WCAP-
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17096-NP would be updated to reflect the change in classification. The PWROG intends to update
WCAP-1 7096-NP to be consistent with the approved version of MRP-227-A.
WCAP Action: Revise WCAP-1 7096 Appendices C, D, E, and F to reflect changes made to MRP227-A in response to Topical Report Condition 2.

RAI 47

Condition 3 of the SE of the MRP-227-Rev. 0 report requiredthat certain high
consequence of failure components subject to importantcombinations of
multiple aging degradationmechanisms that were originallybinned in the
"Expansion"inspection category be included in the "Primary"inspection
category.Condition 3 also contains requirements for the examination
methods, the examination coverage, and the examination frequency. The
following CE component is subject to Condition 3:
Relevant Table and MRP
Report

Component

Core support column
(casting or wrought) welds
in lower support structure in
CE-designedreactors
The staff requests that EPRI modify the WCAP report to reflect this change.
NRC Additional Comment on RAI 47
Update WCAP-1 7096-NP to include updated primary and expansion
components added to the MRP-227 in the SE process.
Response
The PWROG agrees that the WCAP will need to be updated to include Primary and Expansion
components added to MRP-227 in the SE process. For the specific case of the components
elevated from expansion to primary noted in this RAI, the methodologies are in place but WCAP17096-NP would be updated to reflect the change in classification. The PWROG intends to update
WCAP-17096-NP to be consistent with the approved version of MRP-227-A.
WCAP Action: Revise WCAP-17096 Appendices C, D, E, and F to reflect changes made to MRP227-A in response to Topical Report Condition 3.

RAI 48
*

Appendix C Item CE-ID: 2 Core Shroud Assembly (Welded)
Appendix C Item CE-ID: 2.1 Category: Core Shroud Assembly
(Welded) - Remaining Axial Welds (pp. C-10 to C-11)
Appendix C Item CE-ID: 3 Core Shroud Assembly (Welded) Shroud Plates (pp. C-12 to C-13)
Appendix C Item CE-ID: 3.1 Core ShroudAssembly (Welded) Remaining Axial Welds, Ribs and Rings (pp. C-14 to C-15)

For the components listed above, the RVI geometry requires visual
examination of these welds to be one-sided (from the shroud ID). Given that
the examination is one-sided, without a stress analysis or supplementary UT
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examination, how can it be assuredthat cracks have not initiatedon the
opposite (OD) surface of the weld if the examination of the ID surface reveals
no flaws or cracks?
NRC Additional Comment on RAI 48
The NRC requests that Westinghouse provide an enhanced evaluation
showing that evaluating flaws detected with a one-sided visual examination is
ok, and that cracks will go through wall before they propagate.
Response
The high fracture toughness of the stainless steel assures that component integrity will be
maintained for the case of a part through wall flaw that is shorter than the allowable flaw length.
This means that there is no threat to the integrity of the structure unless the flaw propagates
through the wall, in which case it would be visible from the other side.
The generic methodology of WCAP-17096-NP addresses the development of a flaw tolerance
analysis for a crack found in the core shroud assembly welds, plates, ribs, and rings. Further
analysis to justify the underlying assumptions of the WCAP-1 7096-NP methodology, particularly the
evaluation of flaws detected by a one-sided visual examination, will be addressed as part of the
PWROG program for generic MRP-227-A component acceptance criteria, PA-MSC-0784. PAMSC-0784 Revision 1 was initiated in February 2012.
WCAP Action: Based on this RAI, no revisions to the WCAP are currently anticipated.
Westinghouse will review the following and incorporate any recent lessons learned related to
reactor shrouds:
* Appendix C, Item CE-ID: 2, Core Shroud Assembly (Welded)
* Appendix C, Item CE-ID: 2.1, Category: Core Shroud Assembly (Welded) - Remaining
Axial Welds
* Appendix C, Item CE-ID: 3, Core Shroud Assembly (Welded) - Shroud Plates,
* Appendix C, Item CE-ID: 3.1, Core Shroud Assembly (Welded) - Remaining Axial
Welds, Ribs and Rings

RAI 49

Appendix C Item CE-ID: 6.1 Core Support Barrel Assembly - Lower
Core Barrel Flange (pp. C-22 to C-23)
Appendix E Item W-ID: 3.1 Core BarrelAssembly - Core Barrel
Flange, Core Barrel Outlet Nozzles, Lower Core Barrel Flange Weld
(pp. E-12 to E-13).
For the items listed above, the correspondingflow charts in Appendix D, p. D11 and Appendix F, p. F-8, show that crack-like indications are assumed to be
through-wall. However, this is not clear in the written analysis procedureson
pages C-22 and E-12.
The staff therefore requests that EPRI make the analysis procedures for the
items listed above consistent with the flow charts for these items.

NRC Additional Comment on RAI 49
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4

The NRC requests that Westinghouse update WCAP-17096-NP so that the
analysisprocedures and flow charts are consistent.
Response
Based on recent experience with the implementation of these acceptance criteria, the analysis
procedures for these core barrel components have evolved to make them more consistent with
BWRVIP-76. These updated analyses methodologies meet the general objectives of the original
methodologies, but incorporate many practical lessons learned about implementation of these
procedure in large structures.
The updated analysis methodology assumes all cracks are through-wall so the same acceptance
criteria can be applied to either the ID or the OD of the core barrel.
The flow charts for all core barrel components will be updated to reflect the revised
recommendations.
WCAP Action: Review all flow charts in Appendices D and F for consistency, and update them so
that analysis procedures and flowcharts are consistent.
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Revised WCAP-17096-NP, Table 5-1
(To be included in WCAP-17096-NP-A)
Table 5-1

Applicability of Potential Generic Acceptance Criteria for B&W-Design Primary
and Expansion Component Items
Develop Generic
Acceptance Criteria?("

Component Item

Analytical

NDE
Standard

Comments

Primary Items
Plenum Cover Assembly &
Core Support Shield Assembly

No

Yes

N/A

Yes

Plenum cover weldment rib pads
Plenum cover support flange
CSS top flange
Control Rod Guide Tube
Assem bly
CRGT spacer castings

Core Support Shield Assembly
CSS cast Outlet nozzles

A degraded casting evaluation can be
performed.
Reactivity analyses, if necessary, are
dependent upon fuel loading and must
be performed on a unit-specific basis.

N/A

N/A

Fabrication records search indicates
that this item can now be screened out
as not being susceptible to thermal
aging embrittlement and removed
firom MRP-227-A

Core Support Shield Assembly
CSS vent valve discs

N/A

N/A

Fabrication records search indicates
that this item can now be screened out
as not being susceptible to thermal
aging embrittlement and removed
from MRP-227-A.

Core Support Shield Assembly

Yes

Yes

(Applicable to ONS-3 and DB
only)

CSS vent valve top retaining
ring
CSS vent valve bottom retaining
ring
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Table 5-1
(cont.)

Applicability of Potential Generic Acceptance Criteria for B&W-Design Primary
and Expansion Component Items
Develop Generic
Acceptance Criteria?("

Component Item

Analytical

NDE
Standard

Core Support Shield Assembly

No

Yes

Due to the variations in bolt materials
used and loadings among the units.
unit-specific analytical efforts are
required. The generic efforts have
already been completed in the
PWROG PA-MSC-350 work.

No

Yes

Due to the variations in bolt materials
used and loadings among the units,
unit-specific analytical efforts are
required. The generic efforts have

Upper core barrel (UCB) bolts
and their locking devices

Core Barrel Assembly
Lower core barrel (LCB) bolts
and their locking devices

Comments

already been completed in the
PWROG PA-MSC-350 work.
Core Barrel Assembly

Yes

Yes

Yes

Yes

N/A

Yes

There are two slightly different
designs that need to be analyzed.

Yes

Yes

Analytical efforts for the FD bolts
could be performed on a generic basis
(for all units except TMI-1), although
nunit-specific analyses could decrease

Baffle-to-former bolts
Core Barrel Assembly

There are two slightly different
designs that need to be analyzed.

Baffle plates
Core Barrel Assembly
Locking devices, including
locking welds, of baffle-toformer bolts and internal baffleto-baffle bolts
Flow Distributor Assembly
Flow distributor (FD) bolts and
their locking devices

the conservatism for some units.
Lower Grid Assembly

N/A

Yes

Alloy X-750 dowel-to-guide
block welds
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A generic evaluation of the mninimumn
number of needed guide blocks can be
performed.

t
I,

Table 5-1
(cont.)

Applicability of Potential Generic Acceptance Criteria for B&W-Design Primary
and Expansion Component Items
Develop Generic
Acceptance Criteria?("

Component Item
Incore Monitoring
Instrumentation (IMI) Guide
Tube Assembly

Analytical

NDE
Standard

Yes

Yes

Comments

IMI guide tube spiders
IMI guide tube spider-to-lower
grid rib section welds
Expansion Items
Upper or Lower Grid
Assembly

N/A

Yes

A generic evaluation of the
consequences of failure of the weld,

Alloy X-750 dowel-to-upper
grid fuel assembly support pad
welds or Alloy X-750 dowel-tolower grid fuel assembly support

and if necessary, any additional
examination required to confirm
functional acceptability can be
performed.

pad welds

(Note: Davis-Besse is an exception
for the upper welds.)

Core Barrel Assembly

Yes

Yes

Analytical efforts for the UTS bolt
failures could be performed on a
generic basis for all units except
TM I-I, although use of unit-specific

Upper thennal shield (UTS)
bolts and their locking devices

loadings could reduce the
conservatism for some units.
Core Barrel Assembly

No

No

studs/nuts and the other has bolts, so
unit-specific analyses are required..

Surveillance specimen holder
tube (SSHT) studs/nuts (CR-3)
or bolts (DB) and their locking
devices
Core Barrel Assembly

There are only two units: one has

Yes

N/A

Core barrel cylinder (including
vertical and circumferential
seam welds)
Former plates
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Table 5-1
(cont.)

Applicability of Potential Generic Acceptance Criteria for B&W-Design Primary
and Expansion Component Items
Develop Generic
Acceptance Criteria?(')

Component Item
Core Barrel Assembly

Analytical

NDE
Standard

Yes

N/A

N/A

N/A

N/A

Yes

Baffle-to-baffle bolts

Comments
There are two slightly different
designs that need to be analyzed.

Core barrel-to-former bolts
Core Barrel Assembly
Locking devices, including
locking welds, for the external
baffle-to-baffle bolts and core
barrel-to-former bolts
Lower Grid Assembly
Lower grid fuel assembly
Support pad items: pad, pad-torib section welds, Alloy X-750

An evaluation of the lower grid
assembly items of the consequences
of failure for each item and, if
necessary. any additional examination
required to confirm functional
acceptability.

dowel, cap screw, and their
locking welds
(Note: The pads, dowels, and
cap screws are included because
of TE/IE of the welds.)
Lower Grid Assembly

No

No

TMI unit-specific

Yes

Yes

Generic efforts can be performed for
I) stud/nut and 2) bolt materials,
although use of unit-specific analyses
could decrease the conservatism for

Lower grid shock pad bolts and
their locking devices (TMI only)
Lower Grid Assembly
Lower thernmal shield studs/nIuts
sheieldostu/nus
bolthermald
Lowr
or bolts (LTS) and their locking
devices

some units.
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Table 5-1
(cont.)

Applicability of Potential Generic Acceptance Criteria for B&W-Design Primary
and Expansion Component Items
Develop Generic
Acceptance Criteria?(t

Component Item

Analytical

NDE
Standard

Comments

Notes:
1.

Analytical efforts include finite element analysis or fracture mnechanics analysis. An NDE inspection standard contains
examples of acceptable and unacceptable visual indications or ultrasonic testing flaw sizes; the generic portion to be
developed includes the item description, fabrication records information, function definition, operating history, the
degradation mechanism(s) of interest, relevant conditions to be reported for further evaluation, and any unit-specific
information.
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