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LEGAL NOTICE

This report was prepared as an account of work performed by Westinghouse Electric
Company LLC. Neither Westinghouse Electric Company LLC, nor any person acting on its
behalf:

1. Makes any warranty or representation, express or implied including the warranties of
fitness for a particular purpose or merchantability, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of
any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

2. Assumes any liabilities with respect to the use of, or for damages resulting from the use
of, any informati_on_, a_ppa_ratgg,_ method, or process disclosed in this report.

COPYRIGHT NOTICE

This report has been prepared by Westinghouse Electric Company LLC and bears a
Westinghouse.Electric Company copyright notice. Information in this report is the property of
and contains copyright material owned by Westinghouse Electric Company LLC and /or its
subcontractors and suppliers. It is transmitted to you in confidence and trust, and you agree to
treat this document and the material contained therein in strict accordance with the terms and
conditions of the agreement under which it was provided to you.

As a participating member of this task, you are permitted to make the number of copies of the
information contained in this report that are necessary for your internal use in connection with
your implementation of the report results for your plant(s) in your normal conduct of business.
Should implementation of this report involve a third party, you are permitted to make the number
of copies of the information contained in this report that are necessary for the third party’s use in
supporting your implementation at your plant(s) in your normal conduct of business if you have
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received the prior, written consent of Westinghouse Electric Company LLC to transmit this
information to a third party or parties. All copies made by you must include the copyright notice
in all instances and the proprietary notice if the original was identified as proprietary.

DISTRIBUTION NOTICE

This report was prepared for the PWR Owners Group. This Distribution Notice is intended to
establish guidance for access to this information. This report (including proprietary and
non-proprietary versions) is not to be provided to any individual or organization outside of the
PWR Owners Group program participants without prior written approval of the PWR Owners
Group Program Management Office. However, prior written approval is not required for program
participants to provide copies of Class 3 Non-Proprietary reports to third parties that are
supporting implementation at their plant, and for submittals to the NRC
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NRC FINAL SAFETY EVALUATION
This section contains the following documents:

1. NRC cover letter, “Final Safety Evaluation for Pressurized Water Reactor Owner's Group
Topical Report PWROG-16043-P, Revision 2, “PWROG Program to Address U. S.
Nuclear Regulatory Commission Information Notice 2012-09: ‘Irradiation Effects on Fuel
Assembly Spacer Grid Crush Strength’ for Westinghouse and CE PWR Fuel Designs®
(EPID: L-2018-TOP-0021), dated October 31, 2019.

2. “Final Safety Evaluation by the of Nuclear Reactor Regulation for Topical Report
PWROG-16043-P, Revision 2, “PWROG Program to Address U. S. Nuclear Regulatory
Commission Information Notice 2012-09: ‘Irradiation Effects on Fuel Assembly Spacer
Grid Crush Strength’ for Westinghouse and CE PWR Fuel Designs” Pressurized Water
Reactor Owners Group (PWROG), dated May 17, 2019.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION .
WASHINGTON, 0.C. 20653-0001 1

October.31, 2019

Mr. W Anthony Nowinowski
Executive Diractor
PWR Owners Group,

Program Management Office
Woestinghouse Electric Company
1000 Westinghouse Drive, Suite 380
.Cranberry Township, PA 16066

SUBJECT. FINAL SAFETY EVALUATION FOR PRESSURIZED WATER REACTOR
OWNERS GROUP TOPICAL REPORT PWROG-16043-P, REVISION 2,
*PWROG PROGRAM TO ADDRESS U S. NUCLEAR REGULATORY
COMMISSION INFORMATION NOTICE 2012-09: IRRADIATION EFFECTS ON
FUEL ASSEMBLY SPACER GRID CRUSH STRENGTH’ FOR WESTINGHOUSE
AND CE PWR FUEL DESIGNS” (EPID: L-2018-TOP-0021)

Dear Mr. Nowinowski;

By letter dated February 1, 2017 (Agencywide Documents Access and Management System
(ADAMS) Accession No. ML17039B050), the Pressurized Water Reactor (PWR) Owners Group
(PWROG or the applicant),.submitted to the U.S. Nuclear Regulatory Commission (NRC) staff
for review licensing topical report (TR) PWROG-16043-P, Revision 2, “PWROG Program to
Address NRC Information Notice 2012-09: ‘lrradiation Effects on Fue! Assembly Spacer Grid
Crush Strength’ for Westinghouse and CE [Combustion Enginsering] PWR [pressurized water
reactor] Fuel Designs” ((ADAMS Package Accession No. ML17038B0€1), henceforth referred to
as the TR). Subsequent letters dated March 27, 2018, May 15, 2018, and May 15, 2018
(ADAMS Accession Nos. ML18100A053, ML18143B462, and ML18144A760, respectively),
provided additional information that supplemented the information provided in the February 1,
2017, submittal.

The NRC staff review determined that the information provided In the TR and responses to NRC
staff requests for additional information adequately demonstrates that the proposed
methodologles to address end-of-life (EOL) effects on spacer grids and to recover margin
through credit for flowing water damping are acceptable for use, subject to the limitations and
conditions contained In the enclosed draft safety evaluation (SE), with existing methodologies
that the NRC has previously found to be acceptable for analysis of fuel assembly structural
behawvior during seismic and loss-of-coolant-accident events.

'NOTICE: The enclosure transmitted herewith contains Proprietary Information.
When separated from the enclosure, this transmittal document is decontrolled.-
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W..Nowinowski -2-

By letter dated August 22, 2018(ADAMSAcoesdonNo ML18186A625), the NRC staff
providad the draft SE to the PWROG for review end commment. Per ematil correspondence on
January 16, 2018 (ADAMS Accesslon: No. ML19203A418), the PWROG provided comments ta
ﬂlsNRCstaﬁ Pear emall correspondence on April 5, 2019, the NRC staff provided a revised
draﬂSEtomePWROGforre\dewandwﬂnm Peramaﬂandrtsondomdabedh.hym
2018, and May 16, 2018, the PWROG provided comments to the NRC staff. The NRC
staffdhposlﬂontablasforﬂwdmﬂSEmmentscanbefamdhADAMSAwesdm

Nos. ML18071A239 and ML 18242B646, réspectively.

In accordarice with the guidance provided on the NRC website, we request that the PWROG
publish an approved version-of PWROG=16043-P, Revision 2 within three months of receipt of
this letter. The approved versions shall Incorporate this letter and the endosed fina! SE after
the title page. For -NP versions, the PWROG shall strike the proprietary Information markings in
ﬁﬂsleﬁermdnmksﬁ\eappmpﬁatamdaoﬁonsmdadjuammsmdoamemmw
classifications fo the aftached SE. ‘Also, it must contain historical review Information; including
NRC requests for additiondl information (RAls) and. your responses. The approved version ghall
hwhndeaﬂ'—A‘(designahgappmvéd)foﬂoMngﬂﬁTRidmﬁﬂcaﬂmsynbor As en alternative
mlrdudInQMRAlsandRAlrasponsesbehEndmeﬁﬂepaga If changes.to the TR were
provided to the NRC staff to support the resolution of RAI responses, and if the NRC staff
reviewad and approved thosa changes as described in the RAI responses, thers are'two. ways
that the acoepted: version'can _capture the RAls:

1. The RAIs and RAl responses can be inctuded as an appendix to the accepted verslon,

2. The RAls and RAIl résponses can be captured I the form:of a table (inserted after the
final SE) which summarizes the-¢hanges as shown in.the approved version of the TR.
metauestnuurefefeme&HspeaﬂcRMaandRMreapoméswhichreswbdhany
changes, as shown In the accepted version of the TR,

IffuturechamestomeNRCs regulatory requirements aﬁedmeameptabﬂityofﬂ'\lsTR,
The PWROG will be expected to revise the: TR appropriately or justify thelr continued
applicabllity for subsequent referencing. Licensees referencing this TR would be expectéd to
justify thelr continued applicability or evalyate thelr plant using the revised TR,

Ifyou‘haye.any‘quesﬁom,.plevasa contact Jason Drake af 301-415-8378,

Docket No. 89902037

~ of "‘:
Final SE-(Preprietary)
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U.S. Nuctear Regulatory Commission

Cominent Resotution Table for PWROG-16043

Commiént | Text Location PWROG Cormment NRC Responss
Number | Page Liné | (paraphrased)
1 3 22-31 | itis not clear what the The staff agrees that not all
purpose Is to reference | plants are licensed under
Appendix S of 10 CFR | Appendix S of 10 CFR Part §0.
Part 50. Depending on However, some plants may be
the vintege of licensing | licensed under this regulation,
for plants, Appendix § of | or under Appendix A of 10 CFR
10-CFR Part 50 as well | Part 100, and use the approach
as Appendix A of deecribad iIn PWROG-16043 as
10 CFR Part 100 may part of their demonstration that
not be ths licensing the criteria are met. Thus, the
basis. NRC staff considered whether
the PWORG-16043 approach
would be inconsistent with these
criteria.
The text has been revised to
include Appendix A of 10 CFR
Part 100 (which contains simifar
requirements) and. to clarify that
the specific regulatory )
requirements are glte-epecific.
2 16 45 Typo — *foff” shouldbe | The staff agrees, and the
“for™. proposed change was
incorporated as-is..
3 17 22-28 | The pioposed changes | The staff agrees. This was an
on Page 16, Lines 13— | oversight, and the prior
19 of the FWROG recommendations were
comments on the incorporated ag-is.-
original DSE were not
incorporated. The NRC
response fo PWROG
Comment 1 was not
incorporated (refer to
NRC rasponse matrix on
PWROG comments.)
Attachment
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W. Nowinowak] +3¢

SUBJECT: FINAL SAFETY EVALUATION FOR PRESSURIZED WATER REACTOR
OWNERS GROUP TOPICAL REPORT PWROG-16043-P, REVISION 2,
“‘PWROG PROGRAM TO ADDRESS NRC INFORMATION NOTICE 2012-09:
‘IRRADIATION EFFECTS ON FUEL ASSEMBLY SPACER GRID CRUSH
STRENGTH FOR WESTINGHOUSE AND CE PWR FUEL DESIGNS” (EPID: L-
2018-TOP-0021) DATED OCTOBER 31, 2019

DISTRIBUTION:

PUBLIC (Cover Letter ONLY)

NON-PUBLIC (Enclosure).
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RidsNrrDorl 'RidsNirDorll.Ipb ‘RlLukes, NRR
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NAME | JDrske® DHarrigon ‘| RLukes DMorey
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OFFHOHALUSE-ONEY—PROPRIETARYINFORMATION

EINAL SAFETY EVALUATION BY THE OFFICE OF NUGIEAR REACTOR REGULATION
TOP G-16043-P, REVISION

¥ G TO ADDRESS NRC INFO TION NOTICE 2012-09:

1 ION EFFECTS ON FUEL (% USH !
FOR WESTIN FUEL DESIGNS"”
PRESS ED TER REACTOR OWNERS GROUP G

1.0 INTRODUCTION

By letter dated February 1, 2017 (Reference 1), the Pressurzed Water Reactor (PWR) Owners
Group (PWROG or the applicant), submltted to the U.S Nuclear Regulatory Commission (NRC)
staff for review licensing topical report (TR) PWROG-168043-P, Rewvision 2, “PWROG Program to
Address NRC Information Notice 2012-09. ‘Irradiation Effects on Fuel Assembly Spacer Grid
Crush Strength’ for Westinghouse and CE PWR Fuel Designs” (Reference 2, henceforth
referred to as the TR). Subsequent letters dated March 27, 2018, May 15, 2018, and May 15,
2018 (References 3, 4, and 5, respectively), provided additlonal information that supplemented
the information provided in Reference 2. The TR will be used as the basis for determining fuel
assembly characteristics and damping coefficients at End of Life (EOL) conditions for input into
plant seismic and LOCA analyses that will be performed In accordance with the current NRC
approved methods descnbed in WCAP-9401-P-A (Reference 8) and CENPD-178(P), Rev. 1-P
(Reference 7), to assess the structural integrity of fuel assemblies under faulted condition loads.

20 BACKGROUND

Seismic and LOCA events can result in external forces applied to the fuel assemblies

(e.g., shaking and/or vibratory forces) Therefore, applicants must evaluate the fuel assembly
structural response under these conditlons to ensure that regulatory requirements are met with
respect to control rod insertability and core coolability. In particular, the spacer gnd
performance Is assessed to determine if plastic deformation is expected to occur, and the fuel
assembly vibration behavior Is quantfied. Most PWR plants currently utilize the NRC approved
testing and analysis methodologies described in References 6 and 7 for Westinghouse and CE
fuel designs, respectively

The NRC reviewed and approved References 6 and 7 based on the regulatory guidance
provided in Appendix A to Section 4.2 of the Standard Review Plan (SRP or Reference 8) One
assumption in the SRP Section 4 2 Appendix A guidance at the ime, which is also In the current
. revision from 2007, Is that beginning of life (BOL) is the time at which the crushing load for the
spacer grids would be expected to be at a minimum This assumphon was based on the fact
that irradtation tends to cause strengthening In metals and alloys in addition to embrittlement
Other effects that arise due to use In a reactor may include growth, cladding creep, and
corrosion The increase in strength was expected to more than offset the other effects
associated with iradiated gnds  Since applicants typically verify that the maximum load
expernienced by the spacer grids dunng LOCA and seismic events will not exceed the crushing
load, use of BOL characteristics was considered to be conservative.
: Enclosure

CRRCIAL- US R ONLY PRORRIETARY-INFORMATION
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Operating expenence that came to light in the mid-2000s led the NRC staff to question the
assumption that the spacer grid structural performance during LOCA and selsmic events would
not degrade significantly as a resuit of rradiation. The NRC subsequentty issued Information
Notice (IN) 2012-09, “Irradiation Effects on Fuel Assembly Spacer Grd Crush Strength”
(Reference 9) This IN Ests several factors that can affect the structural strength of the spacer
grids and singles out spacer gnd spring relaxation as one that can have a significant effect on
the fuel assembly mechanical characteristics and the spacer grid strength. While no specific
action or response was required as a result of the IN, the NRC indicated that recrpients would
be expected to review the information for applicabllity and consider appropriate action to avoid
similar problems.

This TR s the applicant’s proposed approach to generically address the issue identified In the
IN for licensees that use Westinghouse or CE fuel. This TR will be used as the basis for
determining fuel assembly characteristics and damping coefficients at EOL conditions for input
into plant specific selsmic and LOC analyses that will be performed In accordance with the
current NRC approved methods described in References 6 and 7, to assess the structural
response of fuel assemblies under faulted condition loads. Crediting flowing water damping
ratlos in a similar manner to the NRC approved still water damping ratios (as descrnbed in
References 6 and 7) provides a means for licensees to recover margin lost due to the effect of
spacer grid spring relaxation on the fuel assembly mechanical characteristics.

In summary, the existing NRC approved testing and analysis methodologles will continue to be
usad, with all previously established imitations and conditions, however, this TR provides the
basis for determining fuel assembly charactenstics and damping coeflicients to address
potentral fuel assembly structural performance ssues as a resuit of irradiaton.

30 REGULATORY EVALUATION

Title 10, "Energy,” of the U.S. Code of Federal Regulations (10 CFR), Part 50, "Domestic
Licensing of Productlon and Utilization Facilities,” Section 46, "Acceptance cnterla for
emergency core cooling systems for light-water nuclear power reactors,” contains requirements
for the emergency core cooling system (ECCS) at commaercial power plants In particutar,

10 CFR 50.46(b)(4) requires that “[cJalculated changes In core geometry shall be such that the
core remains amenable to cooling.” Any fallure In the structural Integrity of the fuel assemblies
will typically change the core geometry, and the possibliity needs to be evaluated.

The regulation at 10 CFR Part 50, Appendix A, "General Design Criteria for Nuclear Power

_Ptants,” General Deslgn Criterion (GDC)-10, "Reactor design,” states that “[t]he reactor core .
shall be designed with appropriate margin to assure that specified fuel design limits are not
exceeded during...antlcipated operational occurrences " Within the context of LOCA and
selsmic events, this is implicitly addressed by ensuring adequate core coolablllty.

The regulaton at 10 CFR Part 50, Appendix A, GDC 27, “Combined reactivity control systems
capability,” states that “[fihe reactivity control systems shall be designed to... reliably [control]
reactivity changes. " One of the primary reactivity control systems at current WEC and CE
PWR plants Is the rapid insertion of control rods to add sufficient negative reactivity to shut
down the reactor. Reliable operation of this reactivity control system is conditional on the
capabillity to insert the control rods. Vibrations or structural deformations may impede the
control rod movement and need to be evaluated

OFFIGIALUSE-ONLY—PRORRIETARY-INEORMAHON
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The regutation at 10 CFR Part 50, Appendix A, GDC 35, "Emergency core cooling,” restates the
requirement to maintain adequate emergency core cooling capabiity, which can be affected by
the core geometry as discussed in 10 CFR 50 46(b)(4) (see above)

The regulation at 10 CFR Part 50, Appendix A, GDC 2, “Design bases for protection against
natural phenomena,” requires safety-related structures, systems, and components (SSCs),
including reactor fuel, to be designed to withstand natural phenomena (such as earthquakes)
without a loss of capability to perform safety functions. This GDC also requires consideration of
“appropriate combinations of the effects of normal and accident conditions with the effects of the
natural phenomena.” For example, a LOCA may be caused by a seismic event, so
conseration of the effects from a combination of these two events may be appropriate.

Appendix S of 10 CFR Part S0 and Appendix A of 10 CFR Part 100 provide additonal guidance
for seismic events, and defines the Safe Shutdown Earthquake (SSE), Operating Basis
Earthquake (OBE), and safety requirements for relevant SSCs In general, critena should be
defined for each SSC to ensure its functional capabilities during each event indicated by the
regulatory requirements (typically OBE, LOCA+SSE, and SSE-only, though other combinations
may be considered). These requirements are not explicltly addressed by the methodologies
submitted for NRC review, however, the overall methodology that PWROG-16043 will
supplement may be used by licensees to demonstrate that these requirements are met (if
applicable). Therefore, the NRC staff considered the potental mpact of PWROG-18043 on
how these requirements would be met ‘

In summary, the NRC staff used the applicable acceptance criteria defined in Section 4.2,
Appendix A of the SRP , otherwise known as NUREG-0800 (Reference 8), in its review of the
TR. Since the TR provides an alternate approach to produce parameters for use with existing
methodologies, the scope of the NRC staff review was limited to the testing protocols and
analysis approaches descnbed In the TR to develop the aforementioned parameters, and to
verify the applicability of the existing methodologies when using the parameters developed with
the new approaches. The primary criteria are related to ensuring that core coolability and
control rod insertability are maintained

40  TECHNICAL EVALUATION

The intent of the TR Is to develop the basis for determining fuel assembly characteristics and
damping coefficients at EOL conditions for input into plant specific seismic and LOCA analyses
that will be performed In accordance with current NRC approved methods in References 6 and
7 by focusing solely on the specific parameters that would be Impacted by the EOL rssues
identified in IN 2012-09 (Reference 8). As such, the TR narrowly focuses on three pnmary
parameters’

1. The allowable gnd impact strength [

2 The fuel assembly modal frequencies [

PWROG-16043-NP-A November 2019
i Revision 2



WESTINGHOUSE NON-PROPRIETARY CLASS 3 Xiv

Jand

3. The fuel assembly flowing water damping ratio, [
1

Section 15.0.2 of the SRP, “Review of Transient and Accident Analysis Methods," (Reference

10) provides guidance for review of transient and accident analysis methods This guidance is

not directly applicable to this TR, since the analysis methods described in References 6 and 7 .
are not being modified, only the empirical determination of key input parameters Therefore, the

NRC staff review of the TR only focused on the two specific areas described in SRP Section

15.0 2 that are relsvant to the applicability of the analysis methods when a different approach is

used to develop input parameters, as described below.

1 Evaluation methodology — the proposed testing and data analysts approach, including
any potentlal limitations to their applicability

2 Uncertainty analysis — the applicant's evaluation and propagation of uncertainties in the
analysis of test data to obtain recommended values for the key parameters.

In addition, the NRC staff consldered whether the applicant provided adequate quality
assurance (QA) and documentation support for the proposed approach for addressing the EQOL
effects on spacer grids This aspect Is not explicitly discussed in detail for this safety evaluation
(SE) because the documentation of the proposed approach is captured by the documents
reviewed by the NRC dunng an audit dated October 17, 2017 (Reference 11) and that were
found to have been appropriately summarized or otherwise characterized in the TR. The testing
was performed under the auspices of the same QA program for testing previously performed to
determine the key parameters for BOL gnds and still water damping, which Is acceptable. As
such, the NRC staff acceptance of the adequacy of the applicant's test protocol and uncertainty
analyses implicitly includes acceptance of the applicant documentation associated with that
area.

41 EOL Grid Simulation

This TR discusses the test protocol used for the characterization of the impact of Irradiation on
the spacer grids SRP Section 4.2 Appendix A (Reference 8) cites several possible
irradiation-related effects relevant to spacer gnds and concludes that the combined impact
. __  _would.not be expected-to lead-to a more conservative resuit- Thisogic rests-mainly-on the fact -0
that the significant increase In yleld strength for the spacer grid matenal wlll more than offset the
relatively minor effects from the remaining effects. As described in IN 2012-09 (Reference 9),
operating experience has shown that spacer grid spring relaxation can have a significant
adverse effect on spacer grid strength and fuel assembly mechanical characteristics. [

] Other than grid spring relaxation, the basic assessment in SRP Section 4 2 Appendix A
that irradiation-related effects are bounded by the increase in the yleld strength of the spacer
grid matenal continues to be applicable [

PWROG-16043-NP-A November 2019
’ Revision 2
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] As discussed in the previous paragraph, the NRC
staff found that the focus on the grid spring relaxation phenomenon as the key driver for the
non-conservative behavior identified in spacer grids at EOL refative to BOL 1s appropriate.
However, the materlal and geometry Impact of the thermal relaxation process must be
reasonably similar to the imadiation-induced impacts that are bemng simulated

[

] Therefore, the NRC staff requested addrional
Information from the applicant regarding the thermal relaxation procedure used to produce the
simulated EOL gnds. [

] The applicant’s response also confimed that the material structural
characteristics of the simulated EOL grids are the same, or slightly conservative, relative to the
BOL gnds.

[

] There are some situations where a
spacer grid Is exposed to a strongly non-uniform neutron flux, such as fuel assembly loading
locations at or near the core periphery. The NRC staff asked the applicant to address the
potential Impact on the grid failure mechanism due to non-random gradients in gap size that
may be comrelated with steep neutron flux gradients. [

PWROG-16043-NP-A November 2019
Revision 2



WESTINGHOUSE NON-PROPRIETARY CLASS 3 Xvi

Finally, Section 2 1 of the TR described how the target average gap size was determined for a
grven spacergnd [

1
Inadequate information was given in the TR to deflne the area of applicabiltty for extrapolation of
a given set of PIE data to the general populatlon of EOL grid spacers of the same design, so the
NRC staff requested that the applicant characterze how PIE data sets are generally defined in
order to achieve their intended purpose.

The applicant responded in Reference 4 with an explanation of the statistical technique
undertying their determination of a target gap size for the simulated EOL grids [

Jthisis a
reasonably conservative approach to ensure that the average gap sees for the simulated EOL
grids will bound the average gap szes for irradiated grids.

[

] The
NRC staff agrees; however, the applicant did not describe how the rod burnups assoclated with
the PIE measurements would be used to define the area of applicability for fuel assemblies
qualified using this approach. In a separate RAI response (RAI-2, documented in Reference 4),
the applicant provided information that shows that the variation in gap sizes for varying burnups
near EOL can be expected to be minor relative to the inherent randomness in gap sizes within a
grid. In addition, the NRC staff noted that the protocol described In Reference 7 for testing of
CE design fuel assemblies includes modeling for both BOL and EOL grids [

] Consistent with this assessment, the results from the testing discussed in Sections

4.2 and 4.3 of this SE show [
1

Therefore, any varations in bumup for the fuel assemblies used to obtain PIE measurements
relative to the overall population of fuel assemblies being quallfied using this approach would
not resutt In a significant difference in average gap size, certainly, much less than the inherent
conservatism in the margln between the average measured gap szes and the target gap size
for the simulated EOL gnds

The NRC staff found that the subject TR described an acceptable approach to produce
simulated EOL grids for tasting that accounts for the range of expected varlation from irradiated

OFFIGALUSE-ONLY—PROPRIETARY-INFORMATION
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EOL grds. [

1 As a result, the NRC staff found the proposed approach to
generate simulated EOL gnds for use In testing in lleu of rradiated grids to be acceptable

42 Spacer Qrid Impact Strength

Sections 2.2 and 2.3 of the subject TR discuss the application of the approved testing and data
analysis protocol from References 6 and 7 to determine the allowable gnd impact strength for
the simulated EOL grids. in all respects, the testing and data analysis applications were
consstent with References 8and 7, [

] The NRC staff understanding of the approval request from the applicant is that this
additional criterton was provided merely for demonstration purposes and was not submitted as a
change to how the grid impact strength is determined in Reference 6. In response to a RAI from
the NRC staff (Reference 3), the applicant conflrmed that this was the case Therefore, this
application was judged to be acceptable solely for the purpose of providing a more consistent
basis for comparing P(crit) for Westinghouse and CE fuel designs

The simulated EOL gnds contain [

] The NRC staff
verified by inspection of the applicant’s test documentation that the fallure mechanism for the
simutated EOL gnds was the same as that for the BOL grnds Therefore, [

] As discussed in Section 4 2 of this SE, [

1

The NRC staff verified that the previously approved testing and data analysis protocols in
References 8 and 7 were appropriately applied to the simulated EOL gnids In addition, the
NRC staff found reasonable assurance exists that the aforementioned test protocols remain
applicable to the geometry of the simulated EOL grids Therefore, the NRC staff found the
approach for determining P(crif) to be acceptabls for use in analysis of the simulated EOL grids.

43 Fuel Assembly Mechanical Characteristics

Saction 3 of the TR discusses the application of the approved testing and data analysis
protocols in References 6 and 7 to determine the allowable grid impact strength for the
simulated EOL grids. The TR states that *[tjhe same test protocol has been previously applied
to current Westinghouse and CE PWR fuel designs for BOL conditions,” and that “[t]he test
protocols are described in NRC-approved TRs...” with a citation to References 6 and 7.
Therefore, the TR clearly charactenzes the testing procedure for the simulated EOL gnds to be
identical to the previously approved testing procedure descnbed in References 8 and 7, with the
exception that the gnds are simulated EOL grids as discussed in Section 4.1 of this SE
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The testing protocols descnibed in References 8 and 7 are prnimarily tests conducted on the
structural members of the fuel assembly and the spacer gnds, with no tests directly impacting
the fuel rods At BOL, the grid springs exert a fnctional force on the fuel rods, so the spacer
grids and fuel rods are mechanically coupled to some extent. During the fuel assembly vibration
tests, the fuel rods contribute to the fuel assembly mechanical performance by virtue of this
mechanical coupling. [

44  Procedure to Determine Flowing Water Damping Ratlos

Section 4 of the TR descnbes the test protocol for determining the fuel assembly flowing water
damping ratios and apply them in lieu of previously approved still water damping ratios to
characterize the fuel assembly mechanical behavior during setismic and LOCA events. Since
the damping ratio due to flowing water Is expected to be higher than that for still water, this
approach could help recapture margin lost due to the impact of grid spacer relaxation on the fuel
assembly stiffness. [

1

Sections 4.1 through 4.3 describe the test apparatus and data collection performed to support
an empirical determination of the flowing water damping ratios. [

e e - — — ] However, the hydraulic-characteristics for the fuel'assembly -
are wel characterized based on pnor testing. [

] Since the
loss coefficients for the fuel assembly designs have been approved by the NRC for use in other
analyses and would not be expected to vary significantly as a result of the use of simulated EOL
grids, this approach for determining flow velocities through the fuel assembly is acceptable.

The existing test protocols, most notably the Refersnce 7 protocol for CE fuel, [
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] Testng performed on similar fuel assembly designs using a range of different
approaches, as documented In References 14 and 15, yield consistent results. [

] This shows that the proposed approach
discussed In this TR yields results consistent with what was approved in References 13 and 15
(Reference 14 was incorporated in the approved TR represented by Reference 13).

The flowlng water damping ratio correlation was developed based [

] Therefore, there will be no inconsistency in the application of damping ratios
for fuel assemblies at different burnup conditions.

Based on the data collected from the tests, a damping ratio was determined for each test based
on classical vibration theory [

] Section 4 5 of the TR presents results from the tests. One of the most important
conclusions that can be observed directly from the test results is that [

] Since the use of
lower damping ratios in developing the correlation is conservative, this was an acceptable
choice to make

Section 4 6 of the TR discusses the data analysis approach used to determlne bounding
correlations for each fuel assembly design. This approach can be summarized thus: [

] The overall approach appears to capture the relevant dependencies, however,
there Is no propagation of the uncertainties due to scatter in data through the steps noted
above [

‘
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The applicant responded in Reference 5 with information Indicating that the fitting approach
used to determine the bounding curve was fundamentaily a best estimate approach to derive
the 600 °F curve based on the selected data set [

1

Fmnally, Sectlon 4.7 proposes use of a flowing water damping ratio correlation based on the

[ 1 fuel assembly design as a generically bounding correlation that may be used with
any fuel assembly design without further justification. The procedure discussed above may be
used to develop fuel assembly design specific correlations, but the [ ] comrelation 1s
proposed for use as a bounding curve for all Westinghouse and CE fuel designs The
Justification provided is that the [ ] fuel assembly design proposed for the [

reference plant contalns a number of significant design differences, but test results show that

the flowlng water damping ratio ts very similar to the [ ] fuel. The CE fuel design

tested had [

This behavior Is bounded by the [ ] correlation, so this is acceptable. However, [
T T T - ] Therefore, the

similanty in results Is not surprising

In order to establish that the proposed correlation can be used as a generic bounding curve, its
applicability must be Emited to spacer grids with very similar geometry charactenstics This Is
accomplished via a condltion to the TR. Information submitted In References 14 and 15 provide
information for other PWR fuel assembly designs that suggests that, in fact, the [

As long as the geometry characteristics of the spacer gnds associated with a different fuel
assembly do not differ significartly from the [ ], the NRC staff finds that
reasonable assurance exists that other fuel assembly designs will have flowing water damping
ratios near or above the proposed bounding curve. The proposed application Includes use of a
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minimum value for the analysis duration rather than a more realistic average value, which
incorporates some additional conservatism that offsets the potential for slightly lower flowing
waber damping ratios for some fuel assembly designs relative to the proposed bounding curve.

Based on the information provided in the TR, as supplemented by responses to requests for
additional Information from the NRC staff, the testing protocol and date analysis described to
determine appropriate flowing water damping ratios were determined to be appropriate for their
Iintended purpose. In addition, [

] This latter condition was captured in Section 5.0.
4.5  Analytical Application of the Flowing Water Damping Ratios

Sections 4 8 and 4.9 of the TR describe when and how the flowing water damping ratios can be
utilized In seismic and LOCA analyses, respectively. The primary parameter used to establish
the appropriate value for the flowing water damping ratio ts the fluid velocity through the fuel
assembly. For a given plant, this parameter is directly correlated with the core flow. Therefore,
the discussion in the TR pnmanly focuses on the characterization of a bounding core flow for
any given time of Interest duning the event being analyzed. Once an appropriate value is
determined, then plant-specific information can be used to establish an appropriate flow velocity
to use with the flowing water damping ratio correlation. [

1 In general, since lower flow velocities resutt in lower flowing water
damping ratios, any factor that may lead to a reduction m the core flow rate will provide more
conservative results. For a given analysis, [

1
For the selsmic analysis, two key assumptions are made to minimize the total core flow. First,
[
1

Secondly, [

- ] At this time, the flowing-water damping ratio will be at a minimum, and
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lower than the average flowing water dampling ratio for the interval Since these assumptions
both act to minimize the flowing water damping ratio, they are conservative

For the LOCA analysis, the core flow rates are to be obtalned directly from the LOCA analysses,
as long as axial flow Is maintained. [

] As a result, the NRC staff finds that the LOCA analysis condrtlons are an
acceptable source for a bounding core flow rate for the purpose of determining flowing water
damping ratios.

A second limitation of the flowlng water damping ratios s that the data used as a basls for the
correlation were based on single phase liquid flow through a fuel assembly. The condrions
under which the flowing water damplng ratios are expected to be credited—seismic events and
the first ~1 second of a LOCA event—are not expectad to involve two phase flow in the core.
However, the TR does not explicitly imit the use of flowing water damping ratios to single phase
flow conditions, so a imitation was mcluded in Section 5 0 to ensure that, if credit for flowing
water damping I1s applied to conditions that deviate from expectations, the correlation will not be
used outside the bounds of its applicability.

The NRC approval of Reference 13 included review of information demonstrating that the
Woestinghouse models were capable of capturing the dynamic behavior of fuel assemblies for
pluck response Inside a flow loop, for the vibration range of interest Since the flowing water
damping ratios are very similar for the RFA/RFA-2 curves being proposed for use as a bounding
curve for all fuel assembly designs and the Reference 13 fuel design contained a similar spacer
grid design, this finding 1s applicable to the subject LTR as well. However, without further
validation, the dynamic models cannot be assumed to maintain reasonable accuracy for
damping ratios that go significantly beyond the current area of applicability. Therefore, any use
of damping ratios significantly higher than the proposed bounding curve must be supported by a
demonstration that the analytical models remain valid for the higher damping regme A
limitation was included in Section 5 0 to ensure that this potential limitation of the analytical
models is addressed, Iif necessary

The guidance provided In the TR to credit flowing water damping In seismic and LOCA analysis

was reviewed by the NRC staff and determined to produce acceptably conservative results for

the expected analysis conditions. Therefore, the NRC staff finds the proposed application of

flowing water damping credit for evaluation of fuel assembiy mechanlcal behavior dunng

seismic and LOCA aevents to.be.acceptable. - — — -- - -

46 Legacy Issues

There are a number of potential issues with the previously approved methodologies descnbed in
References 8 and 7. These Issues did not exist at the time that the methodologies In
References 6 and 7 were approved, however, more recent fuel assembly designs have
Incorporated features such as thinner spacer gnd straps that may undergo more plastic
deformation prior to faillure. The NRC staff has not retroactively required lcensees to address
them based on the inherent conservatism within the previously approved methodologies and
typical margins for licensing seismic analyses. However, the potentfal use of flowing water
damping credit represents a more realistic (i.e., less conservative) approach. As such,
licensees should address the following Issues before they reduce conservatism in their licensing
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basis analyses that utilize the methodologies from References 6 and 7. In some cases, these
issues have already been addressed for existing fuel assembly desligns

[

1

In order to ensure that the overall analysis remains conservative, a imitation was Included in
Section 5 0 to restrict use of flowng water dampling credit unless information i1s provided to
address the above Issues. The limitation can be resolved by providing information to
demonstrate that any predicted loads on the guide tubes and spacer grid cage remain within the
elastic region This ensures that (1) through (3) are directly satisfied, and implicitty ensures that
(4) is met by ensuring that safety related components are capable of performing ther safety
function under the combined effects of SSE and the accident loads for which their function is
required.

As discussed above, the NRC staff identified some technical issues that are not explicitly
addressed by the currently approved methodology They may have been addressed for current
fuel assembly designs, however, the use of a more realistic flowing water damping ratio
represents a reduchon in conservatism for the damping ratio approach relative to the previously
approved approach Therefore, the NRC staff I1s imposing limitations and conditions to ensure
that the overall conservatism of the analysis Is acceptable.

60 LIMITATIONS AND CONDITIONS

Some limitations and conditions are necessary to ensure that the approaches discussed in the
TR Is limrted to the applications for which it Is valid, and to ensure that the overall analysis
methodology remalns conservative. These limitations and conditions are listed below

1. [
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6.0 GCONCLUSIONS

The applicant submitted a TR that will be used as the basis for determining fuel assembly
characteristics and damping coefficients at EOL conditions for input mto plant specific selsmic
and LOCA analyses that will be performed in accordance with the current NRC approved
methods as described in References 6 and 7, to assess the structural integrity of fuel
assemblies under faulted condition loads. The following conclusions are provided here Iin
summary as they apply to llcensees who may want to adopt the TR to address the effect of
Irradiation on the mechanical properties of fuel assembilies.

Since the TR is not proposing any change to the previously approved testing and analysts
methods for seismic and LOCA events, the NRC staff performed a graded review of the TR that
took into consideration the fact that most aspects of the methods that this TR is intended for use
with have already been addressed as part of prior NRC reviews The applicant requested
approval of seven specific items dentified in Section 1.4 of the TR

The NRC staff examlned the proposed approach to produce simulated EOL spacer grids and
determined that the simulated EOL spacer grids would adequatsly capture the non-conservative
impacts due to radiation. The staff also determined that the [

e e — o — —————— e — = — - ... .= .—] The NRC-staffs— — — -
findings were based primarnly on the specific material type (zirconium alloy) and general grid
design covered by the information presented in the TR, [
1

The use of flowing water damping ratlos is not an entirely new approach to develop more
realistic parameters that help mitigate the impact of vibratory loads, because it is similar to what
was approved by the NRC for the AP1000 (Reference 13). However, this Is the first time that it
is bang applled more generically to Weshnghouse and CE fuel In particular, the applicant I1s
proposing the use of a bounding curve that is applicable to all spacer grids used in
Westinghouse and CE fuel, along with a general approach that can be used to generate fuel
design specific curves The staff revliewed the information submitted In the TR along with
responses to requests for additional Infformation, and determined that the approach was
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approprnate for both purposes. Addtionally, the guidance provided for utilizatlon of flowing
water damping ratos in seismic and LOCA analyses was found to be appropnate for thelr
Intended use, with the imitations that. (1) the flowing water damping ratios are only valld for
single phase liquid flow, and (2) the dynamic models used to predict the fuel assembly response
under vibratory and damping loads must be verified to remain reasonably accurate for higher
damping regimes (Limitatlons and Conditions 2 and 4)

The NRC staff also acknowledged some legacy issues that have not previously been addressed
by the NRC staff due to their low nsk significance, based on the Inherent conservatisms within
the analysis methods descnbed in References 6 and 7. Consequently, the NRC staff finds that
any reduction in analytical conservatism should not be made without addressing these legacy
issues, as discussed In Section 4.6. The use of flowing water damping ratios represents one
such reduction in analytical conservatism, therefore, a condition for use of the new damping
ratlos Is that the legacy Issues need to be addressed (Limitation and Condrtion 3).

In summary, the NRC staff finds that the information provided in the TR and responses to NRC
staff RAls adequately demonstrates that the proposed approach to address EOL effects on
spacer grids and to recover margin through credit for flowing water damping are acceptable for
use with existing methods that the NRC has previously found to be acceptable for analysis of
fuel assembly structural behavior during selsmic and LOCA events The NRC staff approval of
this TR extends to all Westinghouse and CE fuel designs, contingent on adherence to the
limtations and conditions set forth in Section 5.0.
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Office to verify participation before sending this document to participants not listed above.
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EXECUTIVE SUMMARY

United States (U.S.) Nuclear Regulatory Commission (NRC) Information Notice (IN) 2012-09,
“Irradiation Effects on Fuel Assembly Spacer Grid Crush Strength,” was issued in June 2012.
The IN discusses that based on recent operating experience, the crush strength of the fuel
assembly spacer grids may decrease during the life of a fuel assembly. NUREG-0800,
“Standard Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants:
LWR Edition (SRP) Section 4.2, “Fuel System Design,” Appendix A, “Evaluation of Fuel
Assembly Structural Response to Externally Applied Forces,” infers that fuel spacer grid
strength only needs to be considered at Beginning-Of-Life (BOL) conditions with respect to
evaluating fuel structural integrity. The Westinghouse methodologies for assessing the structural
integrity of fuel assemblies under faulted condition loads (seismic and LOCA) are contained in
two NRC-approved topical reports (TRs), WCAP-9401-P-A, “Verification Testing and Analyses of
the 17X17 Optimized Fuel Assembly,” and CENPD-178-P, Rev. 1-P, “Structural Analysis of Fuel
Assemblies for Seismic and Loss of Coolant Accident Loading.” The plant-specific analyses are
currently performed with fuel assembly spacer grid characteristics at BOL conditions based on
SRP Section 4.2, Appendix A.

This TR addresses the issue identified in NRC IN-2012-09 by applying the approach that was
used to address the EOL effects for the AP1000®! Core Reference Report APP-GW-GLR-153,
Rev. 1, “AP1000 Core Reference Report®. The tests utilized the NRC-approved methodologies
contained in WCAP-8401-P-A and CENPD-178-P, Rev.1-P with simulated EOL grids.
Additionally, flowing water damping testing was performed and flowing water damping within the
NRC-approved methodologies can be credited consistent with the approach used to address
EOL effects in the AP1000 Core Reference Report that was approved by the NRC. Testing was
performed on two fuel designs, the Westinghouse 17x17 Robust Fuel Assembly-2 and the
Combustion Engineering (CE) CE16NGF™ 1, and is discussed in this TR.

This TR discusses the applicability for determining fuel assembly characteristics and damping
coefficients at EOL conditions and the aspects for which NRC approval is requested. This TR
does not revise and or modify the current grid and fuel assembly test methods, or the fuel
assembly seismic and LOCA analysis methodologies, processes and codes that were
previously approved by NRC.

' AP1000 and CE16NGF are a trademark or registered trademark of Westinghouse Electric Company LLC, its Affiliates
and/or its Subsidianes in the United States of America and may be registered in other countries throughout the world. All
rights reserved. Unauthorized use I8 strictly prohibited. Other names may be trademarks of their respective owners.
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1 INTRODUCTION AND ASPECTS REQUESTED FOR APPROVAL
1.1 INTRODUCTION

United States (U.S.) Nuclear Regulatory Commission (NRC) Information Notice (IN) 2012-09,
“Irradiation Effects on Fuel Assembly Spacer Grid Crush Strength,” was issued in June 2012
(Reference 1-1). The IN discusses that based on recent operating experience, the crush
strength of the fuel assembly spacer grids may decrease during the life of a fuel assembly.
NUREG-0800, “Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants: LWR Edition (SRP) Section 4.2, “Fuel System Design,” Appendix A, “Evaluation
of Fuel Assembly Structural Response to Externally Applied Forces” (Reference 1-2), infers that
fuel spacer grid strength only needs to be considered at Beginning-Of-Life (BOL) conditions with
respect to evaluating fuel structural integrity. The Westinghouse methodologies for evaluating
the structural integrity of fuel assemblies under faulted condition loads (seismic and LOCA) are
contained in two NRC-approved topical reports (TRs), WCAP-9401-P-A, “Verification Testing
and Analyses of the 17X17 Optimized Fuel Assembly,” and CENPD-178-P, Rev. 1-P, “Structural
Analysis of Fuel Assemblies for Seismic and Loss of Coolant Accident Loading” (References 1-3
and 1-4, respectively). The plant-specific analyses are currently performed with fuel assembly
spacer grid characteristics at BOL conditions based on SRP Section 4.2, Appendix A.

For a fuel assembly with zirconium alloy grids, the irradiation effects due to rod diameter creep,
grid spring relaxation and grid growth, also called the End-of-Life (EOL) conditions, can reduce
grid spring preload, and allow small gaps between the rod and grid supports to form. The
irradiation effects can reduce the zirconium alloy grid impact strength, and also, reduce the fuel
assembly bundle stiffness and natural frequencies The irradiation effects could potentially
increase the grid impact loads and fuel assembly component stresses during seismic and LOCA
events To address this issue, fuel assembly damping in flowing water can be used to offset the
EOL irradiation effects.

To address NRC IN 2012-09 for the Westinghouse and Combustion Engineering (CE) PWR fuel
designs, the PWROG Analysis Committee and Westinghouse proactively initiated a program,
the result of which are documented in this topical report. This topical report is based on the
NRC-approved approach used for the AP1000 Core Reference Report (Reference 1-5) and
includes testing of Westinghouse and Combustion Engineering (CE) PWR fuel designs at
simulated EOL conditions.

The topical report addresses three key items with respect to evaluating the structural integrity of
fuel assemblies under faulted condition loads:

PWROG-16043-NP-A November 2019
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1.2 OVERVIEW OF REPORT CONTENTS

In this TR (PWROG-16043-P), the testing of two fuel designs is discussed. These were the
Waestinghouse 17x17 Robust Fuel Assembly-2, herein referred to as “RFA/RFA-2,” and the CE
CE16NGF fuel designs.

Sections 2, 3, and 4 of this TR discuss the three key items listed above.

Section 2 discusses the grid strength tests for two types of grids, the RFA/RFA-2 and CE16NGF.
The test setups and methods are based on the NRC-approved test methods discussed in
WCAP-9401-P-A (Reference 1-3) and CENPD-178-P, Rev. 1-P (Reference 1-4).

Section 3 discusses the fuel assembly mechanical tests for two fuel assembly designs, the
RFA/RFA-2 and CE16NGF. The test setups and methods are based on the NRC-approved test
methods discussed in WCAP-9401-P-A (Reference 1-3) and CENPD-178-P, Rev. 1-P
(Reference 1-4).

Section 4 discusses the two fuel assembly flowing water damping tests (for the RFA/RFA-2 and
CE16NGF) that were performed as part of this PWROG program. The test setup, method, and
damping data reduction are consistent with that previously used and approved by the NRC for
addressing the EOL effects for the AP1000 plant (Reference 1-5).

These sections discuss the aspects that have been previously approved by the NRC with
respect to the testing protocols as described in WCAP-9401-P-A (Reference 1-3) and CENPD-
178-P, Rev. 1-P (Reference 1-4). Test protocol, as used in this TR, includes the test setup,
testing, and data reduction. These sections also describe the main aspects of the testing that
are different from what has been previously approved by the NRC for the current Westinghouse
and CE PWR fuel designs. Although these aspects may not have been approved for the current
Westinghouse and CE PWR fuel designs, these Sections describe how they have been

approved for the AP1000 plgnt_z_a_s described in F_%gf?rgnce_1 -5 and how they havfe_b_e_en_ alp_plied B

" to address IN 2012-09.

1.3  APPLICABILITY OF THIS REPORT

rd
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1.4 REQUEST FOR NRC APPROVAL

This submittal does not revise and or modify the current NRC-approved grid and fuel assembly
test methods, or the fuel assembly seismic and LOCA analysis methodologies, processes and
codes approved by NRC (References 1-3 and 1-4). The purpose of this TR is to only address
the issue identified in NRC Information Notice 2012-09: “Irradiation Effects on Fuel Assembily
Spacer Grid Crush Strength.”

NRC approval of the following is requested:

1.5 REFERENCES

1-1: NRC INFORMATION NOTICE 2012-09, “Irradiation Effects on Fuel Assembly Spacer Grid
Crush Strength,” June 28, 2012.

1-2: NRC NUREG-0800, “Standard Review Plan for the Review of Safety Analysis Reports for
Nuclear Power Plants: LWR Edition,” (SRP) Section 4.2, “Fuel System Design,” Revision 3,
March 2007, Appendix A, “Evaluation of Fuel Assembly Structural Response to Externally
Applied Forces.”

1-3: WCAP-9401-P-A, “Verification Testing and Analyses of the 17 x 17 Optimized Fuel
Assembly,” August 1981.

1-4: CENPD-178-P. Rev. 1-P, "StructuraIAnaIyS|s of Fuel Assemblles for Selsmlc and Loss of

) Coolant Accident Loading,” August 1981. =
1-5° APP-GW-GLR-153, Rev. 1, “AP1000 Core Reference Report,” May 2015.
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2 ALLOWABLE GRID IMPACT STRENGTH AT EOL CONDITIONS

This section describes the test protocol for determining grid impact strength at EOL conditions.
The test protocol uses Westinghouse and CE PWR Fuel design simulated EOL grids for
determining grid impact strength at EOL conditions. A more detailed description is provided in
the subsequent subsections.

The same test protocol has been previously applied to current Westinghouse and CE PWR fuel
designs for BOL conditions

The test protocols are described in NRC-approved TRs WCAP-9401-P-A (Reference 2-1) and
CENPD-178-P, Rev. 1-P (Reference 2-2).

The main aspects of the testing described in this section that are different from what has been
previously approved by the NRC for current Westinghouse and CE PWR fuel designs are:

Even though these aspects have not been approved for current Westinghouse and CE PWR
fuel designs, they have been approved by the NRC for the AP1000 plant as described in TR
APP-GW-GLR-153, Rev. 1 (Reference 2-3).

For the testing performed in this program and described in this section, two fuel assembly
designs were used: the Westinghouse RFA/RFA-2 and CE16NGF designs.

The results presented in this section are for the purpose of demonstrating the test protocol and
for demonstrating the EOL effects to determine the grid strength and grid impact stiffness at
EOL conditions. The test protocol is applicable to all Westinghouse and CE PWR fuel designs.

21 GRID CELL SIZES AT EOL CONDITION

The grid cell sizes used to simulate the EOL conditions in both the grid impact tests and fuel
assembly mechanical tests are mainly based on PIE cell size data. Both the data average and
the standard deviation are considered when specifying the target cell size for the test grids. The
process of compiling PIE data and specifying target cell size is consistent with that was used for
the AP1000 EOL issue that was previously approved by the NRC (Reference 2-3).

PWROG-168043-NP-A ' November 2019
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— a,c

~ Figure 2-1. Summary of Mid Grid Cell to Rod Gap PIE Data, RFA-2 -

2.2°° 'ALLOWABLE GRID IMPACT STRENGTH =~ R oo

The purpose of grid impact testing is to determine the allowable grid impact strength, called
crush load P(crit) in SRP (Reference 2-4). SRP states that “the crushing load P(crit) has been
suitably selected from the load-versus-deflection curves.” The allowable grid impact strength is
the maximum grid impact load with small plastic deformation for current Westinghouse and CE
grid designs.
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ac
1 ac
1 ac
2.3 GRID IMPACT TESTS AT EOL CONDITION
The same grid strength test procedures are used for both BOL and EOL conditions. The current
Westinghouse test methodologies described in WCAP-9401-P-A (Reference 2-1) and CENPD-
178-P, Rev. 1-P (Reference 2-2) are used except for the preparation for test grids as discussed
herein. -
ac
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Figure 2-2. Pendulum Grid Impact Test Apparatus

Table 2-1. RFA-2 Mid Grids Test Results for Pendulum Grid Impact Comparisons of at

_ BOL and EOL Conditions
j ac

For the fuel designs used in CE design cores, the hydraulic long pulse test and drop test are
performed. The hydraulic long pulse and the drop test set ups are shown in Figures 2-3 and 2-4,
respectively. Both tests are performed at room temperature and test results are scaled to the
reactor temperature when they are applied in seismic/LOCA analysis. The test procedures and
results application are consistent with CENPD-178-P, Rev. 1-P (Reference 2-2).
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Figure 2-4. One-Sided Impact Grid Strength Apparatus
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Table 2-2. CE16NGF Mid Grids Test Result Comparison

ac

24 REFERENCES

2-1: WCAP-9401-P-A, “Verification Testing and Analyses of the 17 x 17 Optimized Fuel
Assembly,” August 1981.

2-2: CENPD-178-P, Rev. 1-P, “Structural Analysis of Fuel Assemblies for Seismic and Loss of
Coolant Accident Loading,” August 1981.

2-3: APP-GW-GLR-153, Rev. 1, “AP1000 Core Reference Report,” May 2015.

2-4: NRC NUREG-0800, “Standard Review Plan for the Review of Safety Analysis Reports for
Nuclear Power Plants: LWR Edition,” (SRP) Section 4.2, “Fuel System Design,” Revision 3;

March 2007, Appendix A, “Evaluation of Fuel Assembly Structural Response to Externally
Applied Forces.”
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3 FUEL ASSEMBLY DYNAMIC CHARACTERISTICS AT EOL
CONDITIONS

This section describes the test protocol for determining the fuel assembly dynamic
characteristics at EOL conditions. The test protocol uses Westinghouse and CE PWR fuel
assemblies with simulated EOL grids for determining fuel assembly dynamic characteristics at
EOL conditions. A more detailed description is provided in the subsequent subsections.

The same test protocol has been previously applied to current Westinghouse and CE PWR fuel
designs for BOL conditions.

The test protocols are described in NRC-approved TRs WCAP-9401-P-A (Reference 3-1) and
CENPD-178-P, Rev. 1-P (Reference 3-2).

The main aspect of the testing described in this section that is different from what has been
previously approved by the NRC for current Westinghouse and CE PWR fuel designs is as

follows:
ac

Even though this aspect has not been approved for current Westinghouse and CE PWR fuel
designs, it has been approved by the NRC for the AP1000 plant as described in TR APP-GW-
GLR-153, Rev. 1 (Reference 3-3). ,

For the testing performed in this program and described in this section, two fuel assembly
designs were used: the Westinghouse RFA/RFA-2 and CE16NGF designs.

The results presented in this section are for the purpose of demonstrating the test protocol and
_for demonstrating the EOL effects to determine the fuel assembly dynamic characteristics at

EOL conditions. The test protocol is applicabie to all Westinghouse and CE PWR fuel designs.

3.1 EOL FUEL ASSEMBLY MECHANICAL TESTS

a,c

The mechanical tests obtained the fuel assembly (FA) static and dynamic characteristics,
including FA modal frequencies and modal shapes, FA stiffness, FA structural damping, and fuel
assembly impact forces.

The FA lateral vibration tests were performed to obtain fuel assembly dominant modal
frequencies and modal shapes. The test fuel assembly is held with nominal hold-down force in

PWROG-16043-NP-A November 2019
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the test stand with simulated lower and upper core plates. The typical mechanical test setup for
the lateral vibration tests is shown in Figure 3-1. A shaker is used to provide a sinusoidal
excitation force at approximately the middle of the test fuel assembly.

Two fuel assembly designs were tested. One test was performed for the RFA/RFA-2 fuel
assembly design for Westinghouse 12-foot cores. This assembly design features a 17x17 array
with a 0.374-inch diameter fuel rod. The RFA/RFA-2 design has six mid grids and three
intermediate flow mixing (IFM) grids.

The other fuel assembly design that was tested is the CE16NGF fuel for CE cores. This
assembly design features a 16x16 array with 0.374 inch diameter fuel rods. The CE16NGF
design has nine mid grids and two IFM grids.

PWROG-16043-NP-A November 2019
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Figure 3-1. Typical Fuel Assembly Lateral Vibration Test Setup
Table 3-1. Modal Frequencies of RFA/RFA-2 Fuel Assembly
(at Room Temperature and in Air)
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Table 3-2. Modal Frequencies of CE16NGF Fuel Assembly

(at Zero-gap and EOL Conditions) 7 ac

Note: Zero-gap results are from tests outside this PWROG program

3.2 REFERENCES

3-1: WCAP-9401-P-A, “Verification Testing and Analyses of the 17 x 17 Optimized Fuel
Assembly,” August 1981. 4

3-2: CENPD-178-P, Rev. 1-P, “Structural Analysis of Fuel Assemblies for Seismic and Loss of
Coolant Accident Loading,” August 1981.

3-3: APP-GW-GLR-153, Rev. 1, “AP1000 Core Reference Report,” May 2015.
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4 FUEL ASSEMBLY FLOWING WATER DAMPING

This section describes the test protocol for determining the fuel assembly flowing water damping
ratio. The test protocol uses Westinghouse and CE PWR fuel assemblies with simulated EOL
grids for determining the fuel assembly flowing water damping ratio at EOL conditions. A more
detailed description is provided in the subsequent subsections.

Still water damping has been previously applied to current Westinghouse and CE PWR fuel
designs as-described in NRC-approved TRs WCAP-9401-P-A (Reference 4-1) and CENPD-
178-P, Rev. 1-P (Reference 4-2)

The main aspects of the testing described in this section that are different from what has been
previously approved by the NRC for current Westinghouse and CE PWR fuel designs are:

Even though there is no NRC-approved test protocol for determining the fuel assembly flowing
water damping ratio for current Westinghouse and CE PWR fuel designs, the test protocol in
this program is consistent with the test protocol approved by the NRC for the AP1000 plant as
described in Reference 5 of Section H of TR APP-GW-GLR-1563, Rev. 1 (Referencse 4-3).

Even though crediting flowing water damping for EOL conditions has not been approved for
current Westinghouse and CE PWR fuel designs, it has been approved by the NRC for the
AP1000 plant as described in TR APP-GW-GLR-153, Rev. 1 (Reference 4-3).

For the testing performed in this program and described in this section, two fuel assembly
designs were used: the Westinghouse RFA/RFA-2 and CE16NGF designs.

The results presented in this section are for the purpose of demonstrating the test protocol and
for determining the flowing water damping ratio at EOL conditions. The test protocol is
applicable to all Westinghouse and CE PWR fuel designs. -

PWROG-16043-NP-A November 2019
Revision 2



WESTINGHOUSE NON-PROPRIETARY CLASS 3

4-2

41 DESCRIPTION OF FLOWING WATER DAMPING TESTS
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4-3

Figure 4-1. Test Loop Pressure Vessel and Pluck Mechanism
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a,c

Figure 4-2. Flow Housing and Pressure Vessel (Top View)

4.2 BUNDLE FLOW RATE

The flow housing used in the flowing water damping tests was larger than the standard flow
housing used for fuel assembly pressure drop tests, in order to accommodate the large fuel
assembly lateral vibration. A portion of the flow bypassed the assembly and flowed along the
sidewalls. Therefore, the flow through the fuel bundle could not be directly measured. The
average bundle flowrate was calculated based on the measured fuel assembly lift force and the
known bundie loss cosfficients measured with the standard flow housing. The free body diagram
of the test fuel assembly subjected to external forces in the test loop is shown in Figure 4-3.

lFs

Fuel assembly

Fw

Figure 4-3. Fuel Assembly Free Body Dlagram

PWROG-18043-NP-A November 2019
Revision 2



WESTINGHOUSE NON-PROPRIETARY CLASS 3 4-5

In this diagram:
Fs — top nozzle spring hold-down force
Fw — fuel agssembly weight included buoyancy force
F. - the lift force due to flow impingement
R - reaction force on the lower core plate (measured by load cells)

Performing a force balance in axial direction:

Y F.,=0

-F;—F,+R+F, =0 (4-1)

Because Fw and Fs are constant for the same test temperature and without fuel assembly lift
off, the lifting force is given by the change in the load cell readings. The average bundle flowrate
is calculated based on the lift force and the known bundle loss coefficients.

Figure 4-4. RFA/RFA-2 Bundle Flow Rate Test Results

November 2019
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a,c

Figure 4-56. CE16NGF Bundle Flow Rate Test Results

4.3 FUEL ASSEMBLY FLOWING WATER DAMPING TEST CONDITIONS

44 FLOWING WATER DAMPING CALCULATION METHOD

Fuel assembly damping was obtained by pluck tests. Pluck testing is performed by displacing
the middle of the assembly at an initial lateral displacement and releasing the assembly to allow
a free vibration with no initial velocity. The pluck test, also known as the “decay method,” is

" used to obtainthe damping ratio-of a damped dynamic system. - The decay-rate, a measure of .
damping, is expressed as the ratio of successive amplitudes. If x; and x.+. represent the
amplitudes for the i" and (i+1)™ successive cycle, the logarithm of the ratio of two successive
cycles is called the logarithmic decrement (here called two successive amplitudes method,
shown in Figure 4-6) and is denoted as (Reference 4-4):

S—hn X _ 278 ) 4-2)

x1+1 -\,1—4’2
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Solving for the damping ratio, ¢, results in the following:

f=rd (4-3)

Jar? 15

The damping ratio obtained from the pluck test is based on the classic damping definition
(Reference 4-4).

Figure 4-8. lllustration of Two Successive Amplitude Method

Fuel assembly damping ratios in air can be reasonably obtained by the two successive

amplitudes method described in Equations (4-2) and (4-3) taken from Reference 4-4. However,
- —-the-damping coefficients in-flowing water-are difficult to obtain by using Equations (4-2) and

(4-3). As expected, fuel assembly damping in flowing water is much higher than in air.

Figure 4-7 shows typical assembly displacement histories. Since the damping is so high and

the assembly oscillation decays quickly, even the first vibration cycle is hard to recognize. To

obtain accurate damping coefficients for high damping cases, the initial displacement and first

response method based on classic vibration theory (References 4-4, 4-5, and 4-6) is therefore

used.
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Figure 4-7. Fuel Assembly Decay Motion in Flowing Water

The fuel assembly oscillatory motion after a quick release from the initial displacement can be
expressed by a classic vibration equation (£ <1.0, Reference 4-4):

x(f) = e—&v.![»\‘f(o) *\“/ga)nxz(o) sin ,1 _é—zwnt_*_x(o) cos [1 —é'za),,t} (4-4)
w,\1-¢

Where:

x(0), %(0) - Initial displacement and velocity, respectively

o, — Natural frequency

For a pluck test with x = 0, solving Equation (4-4) for the ratio x(¢)/x(0)gives

x(£)/ x(0) =™ {ﬁ\/i’_g—zsin JI=-CPot+cosy1-¢7 wnt] (4-5)

where x(0)is the initial pluck displacement and x(¢) is the response as a function of time.

When the damping coefficient is higher than 0.4, the oscillatory motion decays very quickly,
shown in Figure 4-7. lt is difficult to recognize a full oscillatory cycle. However, the pluck initial
displacement and the first minimum amplitude can be measured with much better accuracy.
Setting x = x(min) (first response peak), the vibration duration is then = (1/2 cycle); therefore,

—Clwt=n (4-6)
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and

7 (4-7)
J1-¢?

Equation (4-5) with x(min)/ x(0), becomes

o=

x(min)/ x(0) = e%**(0 —1) or — x(0)/ x(min) = e 4-8)
Substituting Equation (4-7) into Equation (4-8), Equation (4-8) becomes
—x(min) J1-¢?
S
g =—== (4-10)
72+ 62

Equation (4-10) is a special case of Equation (4-3), when the natural logarithm of the ratio of the
initial displacement to the first half-cycle amplitude is used. The essential condition for using
Equations (4-9) and (4-10) is the initial velocity is equal to zero. Equations (4-9) and (4-10) are
used to obtain damping ratio from the pluck tests in this report.

4.5 FUEL ASSEMBLY FLOWING WATER DAMPING TEST RESULTS

November 2019
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Figure 4-8. RFA/RFA-2 Damping Ratios in Still and Flowing Water at 100°F

Figure 4-9. RFA/RFA-2 Damping Ratlos in Still and Flowing Water at 200°F
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Figure 4-10. RFA/RFA-2 Damping Ratios in Still and Flowing Water at 300°F

Figure 4-11. RFA/RFA-2 Damping Ratios in Still and Flowing Water at 380°F
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46 FLOWING WATER DAMPING RATIO
1 ac
Figure 4-12. RFA/RFA-2 Damping vs Bundle Velocity
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Figure 4-13. CE16NGF Damping vs Bundle Velocity
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Figure 4-14, RFA/RFA-2 Damping vs Density
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Figure 4-15. RFA/RFA-2 Damping Ratio vs Bundle Velocity at 600°F i

Figure 4-16. CE16NGF Damping Ratio vs Bundle Velocity at 600°F
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4.7 BOUNDING DAMPING CURVE

To evaluate the effect of different PWR fuel designs on flowing water damping, the flowing water
damping data from the previous test for the Westinghouse 19x19 fuel assembly (Reference 4-3)
and RFA/RFA-2 are compared in Figure 4-17. The design features of the two test assemblies
are summarized in Table 4-1. °

a,c

Figure 4-17. Damping Ratio vs Bundie Velocity Curve Comparison.

Table 4-1. Comparison of Test Assembly Geometric Features

a,c
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Fuel design specific flowing water damping coefficients at EOL conditions for Westinghouse and
CE PWR fuel can be determined provided the test protocol described in this TR is used.
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Figure 4-18. Bounding Damping Ratio vs Bundle Velocity Curve
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4.8 FLOWING WATER DAMPING CREDIT WITH REACTOR COOLANT PUMP
COASTDOWN DURING A SEISMIC EVENT

During a seismic event, reactor coolant pumps (RCPs) may trip, which would result in a pump
coastdown and core flow reduction. When the flow rate decreases during the pump coastdown,
the fuel assembly flowing water damping is also reduced. A conservative fuel assembly flowing
water damping value was determined based on the flow rate during pump coastdown.

In the AP1000 EOL SSE (Safe Shutdown Earthquake) analysis, a conservative assumption was
made that the loss of offsite power and RCPs trip occurred simultaneously with a seismic event.
This assumption was approved by the NRC for analysis of the AP1000 plant (Reference 4-3).

The same assumption will be made for determining the appropriate flow rate for selecting the
damping ratio to be used in the seismic analysis.

The following discussion provides an example for how to determine the flowing water damping
ratio as a function of time during RCP coastdown. For a plant-specific seismic analysis, a plant
specific RCP coastdown curve wili be used.

Typical pump coastdown curves for Westinghouse 3-loop/4-loop of 12-foot cores and CE
System 80 cores are very similar to that shown in Figure 4-19.

Figure 4-19. Typical RCS Pump Coastdown Curves -
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Figure 4-20. Typical 3-Loop RCS Pump Coastdown Curve

a,c

Figure 4-21. Damping Ratio vs. Coastdown Time for a Typical Westinghouse 3-Loop Unit
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4.9

FLOWING WATER DAMPING CREDIT FOR A LOCA EVENT
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5 CONCLUSIONS

To address NRC Information Notice (IN) 2012-09 for the Westinghouse and CE PWR fuel
designs, the PWROG Analysis Committee and Westinghouse began work on this topical report.
This topical report is based on the NRC-approved approach used for the AP1000 Core
Reference Report and includes testing of Westinghouse and CE PWR fuel designs at simulated
EOL conditions.

The topical report addresses the following three key items with respect to evaluating the
structural integrity of fuel assemblies under faulted condition loads:

In this TR (PWROG-16043-P), the testing of two fuel designs is discussed. These were the
Westinghouse 17x17 Robust Fuel Assembly-2, herein referred to as “RFA/RFA-2,” and the CE
CE18NGF fuel designs.

The test protocols for determining grid impact strength, dynamic characteristics of fuel
assemblies, and flowing water damping described in this report characterize the EOL effects on
fuel assemblies and that the test protocols can be applied to all Westinghouse and CE PWR
fuel assembly designs.

This TR (PWROG-16043-P) does not supersede the NRC-approved TRs WCAP-8401-P-A and
CENPD-178-P, Rev. 1-P. Following NRC approval of this TR, it will be used as the basis for
determining fuel assembly characteristics and damping coefficients at EOL conditions for input
into plant-specific seismic/LOCA analyses that will be performed in accordance with the current
NRC-approved methods described in WCAP-9401-P-A and CENPD-178-P, Rev. 1-P.
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2 OR TOPIC PO -1 REVISION 2

3 “ 0G TO ADDRESS NRC TION NOTICE 2012-09:

4 ‘1 D ECTS ON SS Y SPACER CR TH’
5 C ”

6 PRESS D WATE ORO RS G G

7

8 1.0 INTRODUCTION

9

10 By letter dated February 1, 2017 (Reference 1), the Pressurized Water Reactor (PWR) Owners
11 Group (PWROG or the applicant), submitted to the U.S. Nuclear Regulatory Commission (NRC)
12 staff for review licensing topical report (TR) PWROG-16043-P, Revision 2, “PWROG Program to
13  Address NRC Information Notice 2012-09: ‘Imadiation Effects on Fuel Assembly Spacer Grid

14  Crush Strength’ for Westinghouse and CE PWR Fuel Dasigns™ (Reference 2, henceforth

15 referred to as the TR). Subsequent letters dated March 27, 2018, May 15, 2018, and May 15,
16 2018 (References 3, 4, and 5, respectively), provided additional information that supplemented
17  the Information provided in Referance 2. The TR is an extension of the previously approved

18  methodologles described in WCAP-8401-P-A (Reference 6) and CENPD-178(P), Rev. 1-P

18  (Reference 7), to assess the structural integrity of fuel assemblies under faulted condition loads.
20 The methodologies descnbed in the TR can be used to develop fuel assembly characteristics
21  and damping coefficients for end-of-life (EOL) conditions that can then be used with the existing
22  testing and analysis methodologles for selsmic and loss-of-coolant accident (LOCA) events.

23

24 20 BACKGROUND

25

26 Seismlc and LOCA events can result in external forces appled to the fuel assemblies

27 (e.g., shaking and/or vibratory forces). Therefore, applicants must evaluate the fuel assembly
28  structural response under these conditions to ensure that regulatory requirements are met with
29 respact to control rod insertabllity and core coolability. In particular, the spacer grid

30 performance is assessed to determine If plastic deformation i3 expected to occur, and the fuel
31 assembly vibration behavior 1s quantified. Most PWR plants currently utilize the NRC approved
32 _ _testing and analysis_ methodologies describad.in References_8 and.7 for Westinghouse.and CE - .
33 fuel designs, respectively.

34

35 The NRC reviewed and approved References 6 and 7 based on the regulatory guidance

36 provided in Appendix A to Chapter 4.2 of the Standard Review Plan (SRP or Reference 8). One
37  assumption in the SRP Chapter 4.2 Appendix A guldance at the time, which is also in the

38 current revision from 2007, is that beginning of life (BOL) is the time at which the crushing load
39 for the spacer grids would be expected to be at a minimum. This assumption was based on the
40 fact that imadiation tends to cause strengthening in metals and alloys in addition to

41 embrittement. Other effects that arise due to use in a reactor may include growth, cladding

42  creep, and corrosion. The ncrease in strength was expected to more than offset the other

43  offects associated with irradiated grids. Since applicants typically verify that the maximum load
44  experienced by the spacer grids during LOCA and seismic events will not exceed the crushing
45  load, use of BOL characteristics was considered to be conservative.

Enclosure
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Operating expsrience that came to light in the mid-2000s led the NRC staff to question the
assumption that the spacer grid structural performance during LOCA and selsmic events would
not degrade significantly as a result of iradiation. The NRC subsequently issued Information
Notice (IN) 2012-09, “Irradiation Effects on Fuel Assembly Spacer Grid Crush Strength”
(Reference 8). This IN lists several factors that can affect the structural strength of the spacer
grids, and singles out spacer grid spring relaxation as one that can have a significant effect on
the fuel assembly mechanical characteristics and the spacer grid strength. While no specific
action or response was required as a resuit of the IN, the NRC indicated that recipients would
be expaected to reviaw the information for applicability and consider appropriate action to avoid
10  similar problems.

OONONEWN—

12  This TR is the applicant's proposad approach to generically address the issue identifiad in the
13 [N for licensees that use Westinghouse or CE fuel. In essence, this TR describes how to extend
14  the testing and analysis methodologies in References 6 and 7 to determine an appropnate

15  crushing load for spacer grids at EOL. In addition, the TR proposes a methodology that can be
18  used to develop flowing water damping ratios that can then be credited in the LOCA and

17  seismic analyses in a simdar manner to the NRC approved still water damping ratios (as

18 descnbed in References 6 and 7). This provides a means for licensees to recover margin lost
19  due to the effect of spacer grid spring relaxation on the fuel assembly mechanical

20 characteristics.

22  {nsummary, the existing NRC approved testing and analysis methodologies will continue to be
23  used, with all previously established limitations and conditions, but this TR extends the

24  applicability of the relevant aspects of thase methodologias to the extent necessary to addmss
25  potential fuel assembly structural performance issues as a result of irradiation.

26
27 3.0 REGULATORY EVALUATION
28

29 Tile 10, “Energy,” of the U.S. Code of Federal Regulations (10 CFR), Part 50, "Domestic

30 Licensing of Production and Utilization Facilities,” Section 46, "Acceptance criteria for

31  emergency core cooling systems for light-water nuclear power reactors,” contains requirements
32 for the emergency core cooling system (ECCS) at commercial power plants. In particular,

10 CFR 50.46(b)(4) requires that “[c]alculated changes in core geometry shall be such that the

core remains amenable to cooling.” Any failure in the structural integrity of the fuel assemblies

will typically change the core geometry, and the possibility needs to be evaluated.

The regulation at 10 CFR Part 50, Appendix A, “General Design Criterla for Nuclear Power
Plants,” General Design Criterion (GDC) 10, "Reactor design,” states that “[t]he reactor core.
shall be designed with appropriate margin to assure that specified fuel design limits are not
exceeded during...anticlpated operational occurrences.” Within the context of seismic events,
this Is Implictly addressed by ensuring adequate core coolability.

The regulation at 10 CFR Part 50, Appendix A, GDC 27, "Combined reactivity control systems
capability,” states that "[t]he reactivity control systems shall be designed to... reliably [control]
reactivity changes...” One of the primary reactivity contro! systems at current WEC and CE
PWR piants is the rapid insertion of control rods to add sufficient negative reactivity to shut
down the reactor. Rellable operation of this reactivity control system is conditional on the
capability to insert the control rods. Vibrations or structural deformations may impede the
control rod movement, and need to be evaluated.

CEEAGGRODNLBELELEHRY
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The regulation at 10 CFR Part 50, Appendix A, GDC 35, "Emergency core cooling,” restates the
requirement to maintain adequate emergency core cooling capability, which can be affected by
the core geometry as discussed in 10 CFR 50.48(b)(4) (see above).

The regulation at 10 CFR Part 50, Appendix A, GDC 2, "Deslgn bases for protection against
natural phenomena,” requires safety-related structures, systems, and components (SSCs),
Including reactor fuel, to be designed to withstand natural phenomena (such as earthquakes)
without a loss of capability to perform safety functions. This GDC also requires consideration of
“appropriate combinations of the effects of normal and accident conditions with the effects of the
10  natural phenomena.” For example, a LOCA may be caused by a seismic event, so

11 consideration of the effects from a combination of these two everts may be appropriate.

CDoO~NONEWN—

13  Appendix S of 10 CFR Part 50 provides additional guidance for seismic events, and defines the
14  Safe Shutdown Earthquake (SSE), Operating Basis Earthquake (OBE), and safety requirements
15 forrelevant SSCs. In general, stress, strain, and/or deformation limits should be defined for

16  each SSC to ensure its functional capabilities during each event indicated by the regulatory

17  requirements (typically OBE, LOCA+SSE, and SSE-only, though other combinations may be

18 considered). These requirements are not explicitty addressed by the methodologies submitted
19  for NRC review, however, the overall methodology that PWROG-16043 will supplement is

20 intended to demonstrate that these requirements are met. Therefore, the NRC staff considered
21  the potential impact of PWROG-16043-0on how the 10 CFR Part 50 Appendix S requirements

22 would be met.

24  The acceptance criteria for the structural response of fuel assemblies to externally applied

25 forces, in order to satisfy the above criteria, are defined in Section 4.2, Appendix A of the SRP,
26 otherwise known as NUREG-0800 (Reference 8). In general, the prnimary criteria are related to
27  ensuring that core coolability and control rod insertability are maintained.

29 This TR is an application of an evaluation :model to perform licensing analyses for an accident
that the evaluation model has not previously been approved. As such, additional guidance for
the evaluation may be found in SRP Chapter 15.0.2, “Review of Transient and Accident
Analysis Methods" (Reference 10). This chapter includes provisions for the review of submittals
related to evaluation models. '

In summary, the NRC staff used the review guidance in SRP Chapter 15.0.2 along with the
applicable acceptance criterta in SRP Chapters 4.2 Appendix A in conducting its review of the
_TR._Since the TR.is effectively a supplement to existing methodologies, the scope of the NRC
staff review was limited to the elements of the TR that represented a novel approach relative to

the existing methodologies, and to verify the applicability of the existing methodologies when
conducting tests and evaluations as described in the TR.

40  IECHNICAL EVALUATION

The intent of the TR is to avoid extensive modification of previously approved analysis
methodologies documented in References 8 and 7 by focusing solely on the specific parameters
-that would be impacted by the EOL issues identified in IN 2012-09 (Reference 9). As such, the
TR narrowly focuses on three primary parameters:

1. The allowable grid mpact strength [

LEENSHERAIVN2BBELEHLYRRE
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1 2. The fuel assembly modal frequencies [
2
3
4
5
6
7 Jand
8
9 2. The fuel assembly flowing water damping ratio, [
10 ]
11

12  As a result, some of the areas from SRP Chapter 15.0.2 are not applicable. In particular, the
13  analysis methodologles described in References 6 and 7 are not being modified, only the

14  empirical determination of key input parameters. Therefore, the accident scenario description,
15 the phenomena identification and ranking, and code assessment from the previously approved
18  methodologies remain valid. The NRC staff review of the TR focused on two of the specific

17 areas described in SRP Chapter 15.0.2, as described below:

18

19 1. Evaluation methodology — the proposed testing and data analysis methodologies,

20 including any potential limitations to their applicability.

21

22 2. Uncertainty analysis — the applicant's evaluation and propagation of uncertainties in the
23 analysis of test data to obtain recommended values for the key parameters.

24

25 Inaddition, the NRC staff considered whether the applicant provided adequate quality

26  assurance (QA) and documentation support for the proposed methodologies. This aspect is not
27  explicitly discussed in detail for this safety evaluation (SE) because the documentation of the
28 proposed methodologies are captured by the documents reviewed by the NRC during an audit
29 dated October 17, 2017 (Reference 11) and that were found to have been appropriately

30 summarized or otherwise characterized in the TR. The testing was performed under the

31  ausplcos of the same QA program used to perform the testing for the previously approved

32  methodologles to determine the key parameters for BOL grids and still water damping, which is
acceptable. As such, the NRC staff acceptance of the adequacy of the applicant’s evaluation
methodologies and uncertainty analyses implicitly includes acceptance of the applicant
documentation assaciated with that area.

4.1 EOL Grid Simulation

All of the proposed methodologies in the TR are based on a specific characterization of the
impact of irradiation on the spacer grids. SRP Chapter 4.2 Appendix A (Reference 8) cites
several possible irradiation-related effects relevant to spacer grids, and concludes that the
combined impact would not be expected to lead to a more conservative result. This logic rests
mainly on the fact that the significant increase in yield strength for the spacer grid material will
more than offset the relatively minor effects from the remaining effects. As described in IN
2012-09 (Reference 9), operating experience has shown that spacer grid spring relaxation can
have a significant adverse effect on spacer grid strength and fuel assembly mechanical
characteristics. |

BEASHRODRBEELRRLY
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1
2 ] Other than grid spring relaxation, the basic assessment in SRP
3 Chapter 4.2 Appendix A that irradiation-related effects are bounded by the increase in the yield
4  strength of the spacer grid material continues to be applicable. [
S5
6 1
7
8 [
8
10
11
12
13
14
15 As discussed in the previous paragraph, the NRC

16  staff found that the focus on the grid spring relaxation phenomenon as the key driver for the
17  non-conservative behavior identified in spacer grids at EOL relative to BOL is appropriate.
18  However, the material and geometry impacts of the tharmal relaxation process must be

19  reasonably simaar to the irradiation-induced impacts that are being simulated.

21 |

27 ] Therefore, the NRC staff requested additional
28 information from the applicant regarding the thermal relaxation procedure used to produce the
simulated EOL grids. [

] The appiicant's response also confirmed that the material structural characteristics of the
simulated EOL grids are the same, or slightly conservative, relative to the BOL grids.

| - . - . — . .- - - — -

] There are some situations where a spacer
grid Is exposed to a strongly non-uniform neutron flux, such as fuel assembly loading locations
at or near the core periphery The NRC staff asked the applicant to address the potential
impact on the grid failure mechanism due to non-random gradients in gap size that may be
correlated with steep neutron flux gradients. |

SEIBHGRANBEENRRRURBRER
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1

2 1

3

4  Finally, Chapter 2.1 of the TR described how the target average gap size was determined for a

5 given spacer grid. [

6

7

8

2]
10
11 ]
12  Inadequate information was given In the TR to define the area of applicability for extrapolation of N
13  a given sat of PIE data to the general population of EOL grid spacers of the same design, so the
14  NRC staff requested that the applicant characterize how PIE data sets are generally defined in
15  order to achieve their intended purpose.
16
17  The applicant reaponded in Reference 4 with an explanation of the statistical methodology
18  underlying their determination of a targst gap size for the simulated EOL grids. [
19 -
20
21
22
23
24
25
26 Jthisis a
27 reasonably conservative approach to ensure that the average gap sizes for the simulated EOL
28  grids will bound the average gap sizes for irradiated grids.
29
30
31 1 The
32 NRC staff agrees, however, the applicant did not describe how the rod bumups associated with
33 the PIE measursments would be used to define the area of applicability for fuel assemblies
34  qualified under this methodology. In a separate RAI response (RAI-2, documented in
35 Reference 4), the applicant provided information that shows that the variation in gap sizes for
36 varying burnups near EOL can be expected to be minor relative to the inherent randomness in
37 gapszes within a grid. In addition, the NRC staff noted that the methodology described n
38 Referance 7 for testing of CE design fuel assemblies includes modeling for both BOL and ECL
39 grids. [
40
41
42
43 ] Consistent with this assessment, the results from the testing
44  discussed in Sections 4.2 and 4.3 of this SE show [
45 -
46 ] Therefore, any variations in burnup for the fuel assemblles used to
47  obtaln PIE measurements relative to the overall population of fuel assemblies belng qualified
48  under this methodology would not result in a significant difference in average gap size, certainly,
49  much less than the inherent conservatism in the margin between the average measured gap
50 sizes and the target gap size for the simulated EOL grids.
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1

2

3

4

5

6

7

8 ] As a result, the NRC staff found the proposed approach te

9 generate simulated EOL grids for use in testing in fieu of irradiated grids to be acceptable.
10
11 42 Spacer Grid Impact Strength
12

13  Chapters 2.2 and 2.3 of the subject TR discuss the application of the approved testing and data
14  analysis methodologies from References 8 and 7 to determine the allowable grid impact

15  strength for the simulated EOL grids. In alt respects, the testing and data analysis applications
168  were consistent with References 6 and 7, [

20 ]- The NRC staff understanding of the approval request from the

21  applicant is that this change in criterion was adopted merely for demonstration purposes, not
22  being submitted as an update to the Reference 8 methodology. In response to a RAl from the
23  NRC staff (Reference 3), the applicant confirmed that this was the case. Therefore, this

24 application was judged to be acceptable solely for the purpose of providing a more consistent
25  basis for comparing the change n P(crif) for Westinghouse and CE fuel designs.

27  The simulated EOL grids contain [

29 ] The NRC staff verified by inspection of the applicant’s test documentation that the failure
30 mechanism for the simulated EOL grids was the same as that for the BOL grids. Therefore, [

] As discussed in Section 4.2 of this SE, [

— ) - - — e e -

The NRC staff verified that the previously approved testing and data analysis methodologies
from References 6 and 7 were appropriately applied to the simulated EOL grids. 1n addition, the
NRC staff found reasonable assurance exists that the aforementioned methodologies remain
applicable to the geometry of the simulated EOL grids. Therefore, the NRC staff found the
methodologies to determine P(crit) to be acceptable for use in analysis of the simulated EOL
grids.

43  Fuel Assembly Mechanical Characteristics
Chapter 3 of the TR discusses the application of the approved testing and data analysis

methodologies from References 6 and 7 to determine the allowable gnd impact strength for the
simulated EOL grids. The TR states that “ftlhe same test protocol has been previously applied

LBEEREHRED2BBBUERRE
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to current Westinghouse and CE PWR fue! designs for BOL conditions,” and that "[tihe test
protocols are described In NRC-approved TRs...” with a citation to References 6 and 7.
Therefore, the TR clearly characterizes the testing procedure for the simulated EOL grids to be
identical to the previously approved testing procedure described in References 6 and 7, with the
exception that the grids are simulated EOL grids as discussed In Sectlon 4.1 of this SE.

The testing methodologles described In References 6 and 7 are primariy tests conducted on the
structural members of the fuel assembly and the spacer grids, with no tests directly impacting
the fusl rods. At BOL, the grid spnngs exert a frictional force on the fuel rods, so the spacer

10  grids and fuel rods are mechanically coupled to some extent. During the fuel assembly vibration
11 tests, the fuel rods contribute to the fuel assembly mechanical performance by virtue of this

12  mechanical coupling. [

OCoO~NONLEWND=

21 |
23 44 Procedure to Determine Flowing Water Damping Ratios

25  Chapter 4 of the TR describes a methodology to determine fuel assembly flowing water

26  damping ratios and apply them in lieu of previously approved still water damping ratios to

27  characterize the fuel assembly mechanical behavior during seismic and LOCA events. Since
28 the damping ratio due to flowing water is expected to be higher than that for still water, this

29 approach could help recapture margin lost due to the impact of grid spacer relaxation on the fuel
30 assembly stiffness. [

]

Chapters 4.1 through 4.3 describe the test apparatus and data collection performed to support
an empirical determination of the flowing water damping ratios. [

] However, the hydraulic characteristics for the fuel
assembly are well characterized based on prior testing. [

] Since the
loss coefficients for the fuel assembly designs have been approved by the NRC for use in other
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1  analyses and would not be expected to vary significantly as a result of the use of simulated EOL
2  grids, this approach for determining flow velocities through the fuel assembly is acceptable.

3
4  The existing analysis methodologies, most notably the Reference 7 methodology for CE fuel, [
5
6
7
8
)

10

11 ] Testing performed on similar fuel assembly designs using a range of different

12 approaches, as documented in References 14 and 15, yield consistent results. [

13 .

14

15 ] This shows that the proposed

18  methodology yields results consistent with currently approved methodologies.

17

18  The flowing water damping ratio correlation was developed based [

19

20

21

22

23

24 ] Therefore,

25 there will be no inconsistency in the application of damping ratios for fuel assembiies at different
26  burnup conditions.

28 Based on the data collected from the tests, a damping ratio was determined for each test based
29 onclassical vibration theory, [

N ] Chapter 4.5 of the TR presents results from the tests. One of the most important
32 conclusions that can be observed directly from the test resuits is that [

] Since the use of
lower damping ratios in developing the cofretation is conservative, this was an acceptable
_choice to make. _ . .

Chapter 4.6 of the TR discusses the data analysis approach used to determine bounding
correlatlons for each fuel assembly design. This approach can be summarized thus: [

] The overall approach appears to capture the relevant dependencies, however, there
I3 no propagation of the uncertainties due to scatter in data through the steps noted above. [
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]

The applicant responded in Reference 5 with information indicating that the fitting approach
used to determine the bounding curve was fundamentally a best astimate approach to derive
the 600 °F curve based on the selected data set. [

DO

28 ]

30 Finally, Chapter 4.7 proposes use of a flowing water damping ratio correlation based on the

31 [ ] fuel assembly design as a generically bounding cormrelation that may be used with

any fuel assembly design without further justification. The methodology discussed above may
be used to develop fue! assembly design specific correlations, but the [ } correlation is
proposed for use as a bounding curve for all Westinghouse and CE fuel designs. The
Justification provided is thatthe [ ] fuel assembly design proposed for the [ ] reference
plant contains a number of significant design differences, but test results show that the flowing
water damping ratio is very similar to the [ ] fuel. The CE fuel design tested had

[

] This behavior is
bounded by the | ] correlation, so this Is acceptable. However, [

] Therefore, the similarity in results is not
surprising.

In order to establish that the proposed correlation can be used as a generic bounding curve, its
applicability must be Amited to spacer grids with very simllar geometry characteristics. This is
accomplished via a condition to the TR. Information submitted in References 14 and 15 provide
information for other PWR fuel assembly designs that suggests that, in fact, the [

]
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As long as the geometry characteristics of the spacer grids assoclated with a different fuel
assembly do not differ significantly from the [ ] spacer grid, the NRC staff finds that
reasonable assurance exists that other fuel assembly designs will have flowing water damping
ratios near or above the proposed bounding curve. The proposed application includes use of a
minimum value for the analysis duration rather than a more realistic average value, which
incorporates some additional conservatism that offsets the potential for slightly lower flowing
water damping ratios for some fuel assembly designs relative to the proposed bounding curve.

ODONONHLWN-

Based on the information provided in the TR, as supplemented by responses to requests for
10 additional information from the NRC staff, the testing protocol and data analysis methodologies
11 described to determine appropriate flowing water damping ratios were determinad to be

12  appropriate for their intended purpose. In addition, [

15 ] This latter condition was captured in Section 5.0.
17 45  Analytical Application of the Flowing Water Damping Ratios

19 Chapters 4.8 and 4.9 of the TR describe when and how the flowing water damping ratios can be
20  utilized in seismic and LOCA analyses, respectively. The primary parameter used to establish
21 the appropriate value for the flowing water damping ratio is the fluld velocity through the fuel

22  assembly. For a given plant, this parameter is direclly correlated with the core flow. Therefore,
23  the discussion in the TR primarily focusas on the characterization of a bounding core flow for

24  any given time of intaraest during the avent being analyzed. Once an appropriate value is

25 determined, then plant-specific infformation can be used to establish an appropriate flow velocity
26 to use with the flowing water damping ratio correlation. [

28 ] In general, since lower flow velocities result in lower flowing water damping
ratios, any factor that may lead to a reduction in the core flow rate will provide more
conservative results. For a given analysis, [

]

For the seismic analysis, two key assumptions are made to minimize the total core flow. First, [

Secondly, [
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1
2
3 1 At
4  this time, the flowing water damping ratio will be at a minimum, and lower than the average
5 flowing water damping ratio for the Interval. Since these assumptions both act to minimize the
68 flowing water damping ratio, they are conservative. '
7
8  Forthe LOCA analysis, the core flow rates are to be obtamed directly from the LOCA analyses,
9 as long as axlal flow [s maintalned. [
10
11
12 As a result, the NRC staff finds that the LOCA analysis conditions are an

13  acceptable source for a bounding core flow rate for the purpose of determining flowing water
14  damping ratios.

18 A second limitatlon of the flowing water damping ratios is that the data used as a basis for the
17  cormrelation were based on single phase liquid flow through a fuel assembiy. The conditions

18  under which the flowing water damping ratios are expected to be credited—seismic events and
19  the first ~1 second of a LOCA event—are not expected to involve two phase flow in the core.
20 However, the TR does not explicitly limit the use of flowing water damping ratios to single phase
21 flow conditions, so a limitation was included in Section 5.0 to ensure that, if this methodology is
22  applied to conditions that deviate from expactations, the correlation will not be used outside the
23 bounds of its applicability.

25 The NRC approval of Reference 13 included review of information demonstrating that the

26 Westinghouse models were capable of capturing the dynamic behavior of fuel assemblies for
27  pluck response inside a flow loop, for the vibration range of inferest Since the flowing water

28  damping ratios are very similar for the RFA/RFA-2 curves being proposed for use as a bounding
29  curve for all fuel assembly designs and the Reference 13 fuel design contained a similar spacer
grid design, this finding is applicable to the subject LTR as well. Howaever, without further
validation, the dynamic models cannot be assumed to maintain reasonable accuracy for
damping ratios that go significantly beyond the current area of applicability. Therefore, any use
-of damping ratios significantly higher than the proposed bounding curve must be supported by
validation agalnst test data that demonstrates that the analytical models remain vaiid for the
higher damping regime. A limitation was included in Section 5.0 to ensure that this potential
limitation of the analytical models is addressed, if necessary.

The guidance provided in the TR to credit flowing water damping in seismic and LOCA analysis
was reviewed by the NRC staff and determined to produce acceptably conservative resulits for
the expected analysis conditions. Therefore, the NRC staff finds the proposed application of
flowing water damping credit for evaluation of fuel assembly mechanical behavior during
seismic and LOCA events to be acceptable.

46 Known Legacy Issues

There are a number of potential issues with the previously approved methodologles described in
References 6 and 7. They include:

ER55R2532888L88R88LE
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24 These issues may have been addressed for legacy fuel assembly designs based on expected
25 fuel assembly grid behavior and testing. However, the current approved methodologtes do not
26  provide a generic approach to do so. Therefore, the assumptions inherent in the technical

27  justification for these issues need to be evaluated on a case-by-case basls for new fuel

28 assembly designs, which may depend on consideration of all attnbutes of the proposed

29 revisions to the plant licensing basis The new proposed approach to credit flowing water

30 damping ratios represents a more realistic approach. As such, there is a reduction in

31 . conservatism for this approach relative to the previously approved approach to credit still water

32 damping. Therefore, the overall justification for the above issues must be re-evaluated to

33  ensure that the overall analysls remains conservative.

a4 .

35 Asdiscussed above, the NRC staff identified some technlcal issues that are not explicitly

36 addressed by the currently approved methodology. They may have been addressed for current
-—-— 37 —fuel assembly desligns; however, the use-of a more reallstic flowing water damping ratio— -

38 represents a reduction In conservatism for the damping ratio approach relative to the previously

39 approved approach. Therefore, the NRC staff is imposing limitations and conditions to ensure

40 that the overall conservatism of the analysis is acceptable '

41

42 50 LIMITATIONS AND CONDITIONS

43
44  Some limitatlons and conditions are necessary to ensure that the methodology discussed in the
45 TRs limited to the applications for which it is valid. These limitations and conditions are listed
48  below.
47
48 1. [
49
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22 8.0 CONCLUSIONS

24 Inthe TR, the applicant presented new models and methods to extend the applicability of

25  existing methodologies to evaluate spacer gnd and fuel assembly mechanical behavior during
26 selsmic and LOCA events. The following conclusions are provided here in summary as they
27 apply to icensees who may want to adopt the methodologies described in the TR with existing
28 methodologies in References 8 and 7 to address the effect of irradiation on the mechanical

29  properties of fuel assemblies.

31  Since the TR is not proposing any change to the previously approved testing and analysis

32 methodologies for seismic and LOCA events, the NRC staff performed a graded review of the
methodologies that took into consideration the fact that most aspects of the testing and analysis
have already been addressed as part of prior NRC reviews. The applicant requested approval
for three distinct enhancements to their existing methods: (1) use of simulated EOL spacer
grids to assess spacer grid crush strength at EOL; (2) use of simulated EOL spacer grids to
assess fuel assembly mechanical charactenstics, such as stiffness, at EOL; and (3) use of a
new methodology to develop flowing water damping ratios that can be used in lieu of the
currently approved still water damping ratios

The NRC staff examined the proposed approach to produce simulated EOL spacer grids and
use them with previously approved methodologles, and determined that the simufated EOL
spacer grids would adequately capture the non-conservative impacts due to irradiation. The
staff also determined that the [

] The NRC staff's findings were based primarily on
the specific material type (zirconium alloy) and general grid design covered by the information
presented in the TR, [ )

1
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The use of flowing water dampling ratios is not an entirely new approach to develop more
realistic parameters that help mitigate the impact of vibratory loads, because it is similar fo a
methodology submitted as part of the NRC approval of the AP1000 reference plant design
(Reference 14). However, this Is the first time that it Is being applied more generically to
Waestinghouse and CE fuel. In particular, the applicant is proposing the use of a bounding curve
that is applicable to all spacer grids used in Westinghouse and CE fuel, along with a general
methodology that can be used to generate fusel design specific curves. The staff reviewed the
information submitted in the TR along with responses to requests for additional information, and
10 determined that the methodology was appropriate for both purposes. Additionally, the guidance
11 provided for utilization of flowing water damping ratios in seismic and LOCA analyses was found
12  to be appropriate for their intended use, with the limitations that: (1) the flowing water damping
13  ratios are only valid for single phase liquid flow, and (2) the dynamic models used to predict the
14 fuel assembly response under vibratory and damping loads must be verified to remain

15 reasonably accurate for higher damping regimes by validation agamst test data, prior to use for
18  safety analysis purposes.

CO~NONHEWN=

18  The NRC staff also acknowledged some legacy lssues with lack of clear guidance to address
19 certain aspects of current NRC regulations. Since approval of use of specific fuel assembly
20 designs at specific plants may have depended on consideration of fuel design specific

21  characteristics that would disposition or offset the legacy issues, the NRC staif finds that any
22  reduction in analytical conservatism should not be made without addressing these legacy

23  issues, as discussed in Section 4.6. The use of flowing water damping ratios represents one
24  such reduction in analytical conservatism, therefore, a condition for use of the new damping
ratios is that the legacy issues need to be addressed.

27  Insummary, the NRC staff finds that the infformation provided in the TR and responses to NRC
28  staff RAls adequately demonstrates that the proposed methodologies to address EOL effects on
spacer grids and to recover margin through credit for flowing water damping are acceptable for
use with existing methodologies that the NRC has previously found to be acceptable for
analysis of fual assembly structural behavior during seismic and LOCA events. The NRC staff
approval of these methodology extends to all Westinghouse and CE fuel designs, contingent on
adherence to the limitations and conditions set forth in Section 5.0.
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Number | Page Line (paraphrased)

1 Multiple Mulitiple Some phrases (e g., | The staff agrees that the
page 1, ines 17-18) | distinction is useful to support
are inconsistent with | consistency and clarity In the
how the purpose of | discussion, and has generally
the TR Is made changes to the DSE
characterized in consistent with what PWROG
Section 1.3. recommended.

Throughout the draft

safety evaluation Note this comment and
(DSE), the term response encompasses all
“methodology” proposed changes that are not
should be replaced explicitly identified in the
with alternative following comments

terms to clarify the

relationship between

the analytical

methods and the test

protocol or

approaches used to

develop parameters

for use In the

amalytical methods.

2 2 48 Clarffication that The staff agrees, and the
statement applies to | proposed changes were
both LOCA and Incorporated as-is.
seismic events.

3 3 21-30 The paragraph The staff does not agree The
assoclated with 10 regulations define the
CFR 50, Appendix S | requirements, whlle the criteria
should be deleted, provided in the SRP and other
since the specific guidance documents are not
critena are binding. As such, the
discussed in the regulations form the regulatory
following paragraph. | basis, while the SRP provides

additional guldance for
acceptable approaches to
demonstrate that the regulatory
requirements are met. The staff
did revise the paragraph slightly
to refer to "cnteria” rather than
“imits” to be consistent with the
discussion elsewhere In the
DSE.

4 3 32-37 Editorial changes The staff agrees, and the
proposed for proposed changes were
readabdity. incorporated as-Is.

5 3 40-49 These paragraphs The staff agrees, consistent with

4 1-2 are not consistent the response to comment #1
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with the intent of the | (above) The paragraphs were
TR to provide an deleted, however, some
alternate approach additional text was added to
for determining clarify that the NRC staff did
Input, as opposed to | consider the applicability of the
a change in the analysis methodologles
analysis method. described In References 6 and
7 when the parameters of
interest are developed with the
new approaches. When prior
review and approval of
analytical methods are based, in
part, on recommendations for
development of input
parameters, thls aspect cannot
be completely divorced from the
analytical methods.
8 8 & 2 & Repiace use of the The staff agrees, and the
elsewhere | elsewhere | word “Chapter” with | proposed changes were
“Section.™ incorporated as-is.
7 7 34-46 Proposed rewrte for | The staff agrees, and the
clarity proposed changes were mostly
Incorporated as-Is. However,
the characterization of the
plastlc deformation
demonstration for
Westinghouse grids as an
“exception” was left in, since
this 1s an Important
clarification—this s not
consistent with References 6
and 7, however, PWROG s not
requesting approval for use of
this approach
8 9 44 Update text to cite The staff agrees that this edit
- — — = specific references— | provides addrtional clarity, but -
for approved additlonal detail was Included
methods. for completeness.
9 10 28 Proposed The staff disagrees. The
replacement of text. | proposed rewrite would change
the meaning of the sentence
and be inconsistent with the
discussion in the following two
paragraphs.
10 12 30 Proposed rewrte to | The staff agrees, and the
be consistent with proposed changes were
the TR. incorporated as-is.
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11 13 415 The issue with The staff disagrees. While the
14 42-47 validity of the models | analytical methods are not
used to predict the being updated, the proposed
dynamic behavior of | approach may produce damping
fuel assemblles ratios that are much higher than
pertaln to the the range considered when the
analytical methods, | analytical methods were
which are not being | reviewed Consequentty,
updated or reviewed | questions exist about the
by the NRC. applicabllity of the analytical
Therefore, itis methods for much higher
inappropriate to damping ratios. The staff
address this issue as | revised the limitation and
part of the review of | condition to provide more
PWROG-16043. latitude In what kand of
information a licensee must
provide in order to credit
significantly higher damplng
ratios
12 13 23-49 The issues The staff agrees that the legacy
' 14 2-18 discussed regarding | issues are not part of the review
36-40 legacy Issues pertain | scope for this TR, but disagrees
to the analytical that they cannot be considered
methods, which are | as part of the basls for approval
not being updated or | of this TR. The legacy issues
reviewed by the weare not considered as part of
NRC. Therefore, itis | the review of PWROG-16043.
inappropriate to However, PWROG-16043
address thls issue as | requests approval for an
part of the review of | approach that removes
PWROG-16043. conservatism from analyses
performed using the analytical
method. This conservatism,
among other factors, was used
to risk inform the staff's decision
not to pursue resolution of the
legacy issues As a result, if
licensees wish to remove this
conservatism, they need to
provide information to resolve
the issues. This information has
already been provided and
reviewed in some cases (e.g ,
Reference 13). The staff
rewrote Section 4.8 and the
limitation and condition to
provide better clarity on the
issues that need to be
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addressed and how they can be
addressed .
13 15 17-22 Proposed rewrite to | The staff agrees, and the
be more consistent proposed changes were
: with the TR. incorporated as-is
14 15 28-28 Proposed rewrite to | The staff agrees, and the
be more consistent proposed changes were
with discussion incorporated as-is
elsewhere in the
draft safety
evaluation.
15 15 37-39 Proposed rewrite for | The staff agrees, and the
clarity and change proposed changes were
reference to pointto | incorporated as-is
approved TR mstead
of RAl response
16 15 47-49 Proposed deletion The staff disagrees; see
16 1-11 consistent with responses to comments 11 and
comments 11 and 12, above. The text was revised
12, above to be consistent with disposition
of these comments
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PWROG:16043-P. Revision 2
Docket Number 99902037

Janvary 16.2019
0G-19-13

U.S. Nuclear Regutatory Commission
Document.Control Desk

11355 Rockville Pike

Rockville, MD 20§52

Subject: PWR Owners-Group
PWROG: Commenlg on the NRC Braft Safety Kvaluation for PWROG-16043-
‘P, Revision 2, “PWROG Propram to “Address NRC In nformation Notice

2012-09, “Isradiation Eff¢cts op Fuel Assembly ‘Spacer Grid Crush Strength
for Westinghouse and CE PWR Fuel Désigns” (PAZASC:=1169) ~

_Rcferenoe
. Draft Safely Evalualiéns by the Office of Nuglear Redgtor Regulation for topical repornt
PWROG-16043-P, Revision 2, “PWROG Program to Address NRC" Information Notice
2012-09, *lradiation Eflccts on Fucl Assembly Spacer Grid Crush Strepgth for
Westinghouse and CE PWR Fuel Desigus™ Pressurized Water Reactor Owners Group
(PWRQGY), (ML 18186A634), dated Angust 22. 2018.

At the Qctober 17, 2018 meoting between the PWROG and NR(C 10 discuss the major comments
od the NRC Draft Safety Evaluation (DSE) for PWROG-16043. the PWROG ogreed to provide
formal comments on the NRC DSE for PWROG-16043-P.

The PWROG has the following major comment.on the Dralt Salcty Evaluation.{DSE):

Section 4.6 of tlie DSE discusses “known™ legucy issues associdted with NRC approved -NSSS
verdor analytical methods that are unrélnted to the purpose of this Topical Report (TR):

The discussion ol‘legaty.issucs also iricludes concerns associated with the NRC approved: NSSS
vendor analytical methods thiat ure used. for beginning of life (BOL) conditions. - 1 thefe ure
cogcerns with thiese methiods at BOL, they would apply to all licensees who used the methods to
support their curiént licensing.basis. The TR only addresses the end of life (EOL} conditions, and
only the PWROQ members thal (inded the project, have aceess to it. The PWROG is the' applicant
requesting approvul of the TR, not the NSSS vendor. In addition; as dxscussedm the TR, the NSSS
vendor analytjcil methdds are not being revised as part of the PWROG program documented in
the TR. Therefore. the Safet) E\,mluanon for the TR is not the appropriate vehicle to communicate,
(o an NSSS vendor any potential issues associated with NRG approved analytical methods.
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Addressing legacy issues is outside the scope of the TR review and the PWROG should not be
billed for NRC review fees associated with these potential issues The NRC has a process for
addressing potential issues associated with NRC-approved NSSS vendor analytical methods that
should be followed, if an issue is identified

Neither the Final Safety Evaluation Report (FSER) for the AP1000 Core Reference Report, nor
the APR1400 FSER contained any Limitations and Conditions regarding the effects of EOL
conditions nor did it contain legacy issues associated with the NRC approve NSSS vendor
analytical methods

Therefore, the PWROG requests that the NRC delete the specific text in Section 4 5, Section 4 6
in its entirety and the associated Limitations and Conditions, Number 3 and 4 in the DSE

Section 14 of the Topical Report (TR) identified the seven (7) specific items for which NRC
approval was requested The PWROG requests that these 7 items be identified in Section 1.0,
“Introduction,” and their approval discussed in Section 6.0 “Conclusions,” in the DSE

The DSE has been revised in several locations to clarify the use of the terminology “method,” and
“methodology.” Where appropriate, these terms were replaced with “test protocol,” technique,”
and “approach,” to reflect the purpose of the TR and to provide consistency with other sections of
the DSE that use the appropriate terms

The PWROG requests that the StafT revise the DSE to address these comments and provide a copy
of the revised DSE for PWROG review, and that the NRC contact the PWROG with any questions
or concerns regarding the PWROG comments

Correspondence related to this transmittal should be addressed to.

Mr. W Anthony Nowinowski, Executive Director
PWR Owners Group, Program Management Office
Westinghouse Electric Company
1000 Westinghouse Drive
o L. _ Cranberry Township, PA 16066 . . ___ - L
If you have any questions, please do not hesitate to contact me at (805) 545-4328 or
Mr W. Anthony Nowinowski, Program Manager of the PWR Owners Group, Program
Management Office at (412) 374-6855.

Sincerely yours,
Ken Schrader

Chief Operating Officer & Chairman
Pressurized Water Reactor Owners Group

Electrorucally Approved Records are Aathenticated in the Electronlc Document Managemsnt System.
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Enclosures (1):

1. Proprietary markups of Draft Safety Evaluation for PWROG report “PWROG-16043-P,
Revision 2

cc: PWROG Steering Committee Representatives
PWROG Management Committee Representatives
PWROG PMO
J. Sinegar, W
R. Lou, W
J. Jiang, W
K. Laswell, W
J. Kobelak, W
J. Andrachek, W

Electronically Approved Records are Authenticated in the Electronic Document Management System.
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10 INTRODUCTION

10 By letier deted February 1, 2017 (Reference 1), the Pressurized Water Reactor (PWR) Owners
11 Group (PWROG or the appiicant), submiited to the U S. Nudeer Regulatory Commission (NRC)
12 staff for review licensing topical report (TR) PWROG-16043-P. Revision 2, “PWROG Program to
13  Address NRC information Nofice 2012-09 "Iradiation Effects on Fuel Assembly Spacer Grid
14 Crush Strength' for Westinghouse and CE PWR Fuel Designs” (Refesence 2, henceforth
15 referred to as the TR). Subsequent letiers dated March 27, 2018, May 15, 2018, and May 15,
16 2018 (References 3. 4, and 5. respectively), provided additional information that supplemented
17 the information provided in Reference 2 The TR il be userl as e Losis for delounioing et

-, L '3 i i, ‘ i

g i 3 i QLY HOMS -
19 MW - N U AT R Y s
NEC 200018 1EMOUSS 3 wiertons ok B 5ottt 3y s a5 Sociogpes described In Commented (a1): See Section 1.5 of tha TR
WCAP-9401-P-A (Reference 6) and CENPD-178(P), Rev ‘-P(Re'hrence 7).to¢ssesshe g T b e
stvuctmnl integnty of fuel assemblies under faulted condition loads
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20 BACKGROUND

Seismic and LOCA events can resuit in external forces applied fo the fuel assemblies

(2.g.. shaking and/or vibratory forces). Therefore. applicants must evaluate the fuel assembly
struciural response under these conditions to ensure thet regufatory requirements are met with
respect %o control rod insertability and core coolabliity. In particular, the spacer grid
performance is assessed to determine if plastic deformation is expected to octur, and the fuel
assembly vibration behavior is quantified. Most PWR plants curently utilize the NRC approved
testing and anelysis methodologies described in References 6 and 7 for Westinghouse and CE
fuel designs, respectivety.

The NRC reviewed and approved References 6 and 7 based on the reguiatory guidance
provided in Appendix A to Chapter 4.2 of the Standard Review Plan (SRP or Reference B). One
assumption in the SRP Chapter 4.2 Appendix A guidance at the fime, which is also in the
current revision from 2007, is that beginning of life (BOL ) is the time at which the rushing load
for the spacer grids would be expected to be at @ minimum_ This assumption was based on the
fact that iradiation tends to cause strengthening in metals and alloys in addition to
embritiement Other effects that arise due to use in & reactor may include growth, dadding
creep, and corrosion. The increase in strength was expecied to more than offset the other

GEBN2BLHUERRBRULBRIIZRRBRNI
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effects associated with imadiated grids. Sinoe applicants typicaily verify that the maximum load
experianced by the spacer grids during LOCA and seismic events will not exceed the aushing
load, use of BOL charactenstics was considerad 10 be conservative.

Operating experience that came to light in the mid-2000s led the NRC staff to question the
assumpfion that the spacer grid structural performance during LOCA and seismic events would
nct degrade significantly as a result of imadiation. The NRC subsequently issued Information
Notice (IN) 2012-09, “trmadiation Effects on Fuel Assembly Spacer Gnd Crush Strength™
(Reference 9). This IN lists several factors that can affect the structural strength of the spacer
grids, and singles out spacer grid spring relaxation as one that can have a significant effect on
10  the fuel assembly mechanical characlerstics and the spacer grid strength. While no specific
11 action or response was required as a resutt of the IN, the NRC indicated that recipients would
12 be expecisd to review the information for applicability and consider sppropriate action to avoid
13  similar problems.

D= NE NN

1§  This TR is the applicant's proposed approach to generically address the issue identified in the
16 |N for ucensses mr use Wesunghouse or CE fue! he T B gs‘) p@ ggg_q a5 g, A 39{
&bl DG 3

17

18 g sefsmic : 3 BN TR AN R R S
19 quren NRC approves melhods descrbed n RS'_..._.__%WS Sand o ’:!.___Lm_ﬂe* h @  Commented [a3]: See Saction 13 of the TR.

20 respanse of lued assemblies under fa\m’-J COrK Jl\luu tc«au; W&M& B e i B

21 4 4 g aful-analvss - Jee

v mememeM mmwmm»mm
23 il o Desed 1o el e A b Al hed b sk G L < ek B bk S et ) i S
24  andsssmicanalysasCraditing flowing water damping ratios in a similar manner to the NRC

2%  approved still water damping ratios (as described in References 6 and 7) — & provides a

26  means for licensees to recover margin lost due to the effect of spacer grid spring relaxation on
the fuel assembly mechanical characteristics.

n summary. the existing NRC approved tesfing and analysis methodologies will continue to be
used with all previously established limitations and conditions, however bl this TR exdasds e

Sl by-ol e il cis ol hess el 1m~~:.<m‘ﬂ...' tent nacessannrovdes he
¢ yprondss

@s for e ;ngm- nining fig assw\‘ i1y characleristics an 1 damping coefficents to address
potential fuel assembiy structural performance issues as a result of irradiation.

3.6  REGULATORY EVALUATION

Title 10, “Energy.” of the U.S. Code of Federa! Requiations (10 CFR), Part 50, "Domestic
Licensing of Production and Utilization Fadlities,” Section 45, "Acceptance criteria for
emergency core cooling systems for ight-water nuclear power reactors,” conteins requirements
for the emergency core cooling system (ECCS) at commercial power plants. In paricular,

10 CFR 50.468(b ) 4) requires that “[cjalculated changes in core geometry shall be such thet the
core remains amsnable to cooling.” Any fallure in the structural integrity of the fuet assemblies
will typically change the core geometry, and the possibility needs to be evaluated.

The regulation at 10 CFR Part 50, Appendix A, “General Design Criteria for Nuciear Power
Piants,” General Design Critenon (GDC) 10, “Reactor design,” states that {the reactor core...
shall be designed with appropriate margin to assure that spedified fus! design imits are not
exceeded duning .. anticipated operational occumences.” Within the confext of LOCA and
seismic events, this 1s implicitly addressed by ensuiing adequate core coolability.

BEEIEERBR2BBLELUERLUBLLBRY
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The reguiation at 10 CFR Part 50. Appendix A, GDC 27. "Combined reactivity contral systems
capability,” states that ‘[tjhe reactivity control systems shall be designed to. .. reliably [control]
reactivity changes ..~ One of the primary reactivity control systems at current WEC and CE
PWR plants is the rapid insertion of control rods to add suffident negative reactivity to shut
down the reactor. Reliable operation of this reactivity control system is conditional on the
capability to insert the control rods. Vibrations or structural deformations may impede the
control rod movement, and need to be evaluated.

Do~ he W=

The regulation at 10 CFR Part 50, Appendix A, GDC 35, “Emergency core cooling,” restates the
10  requirement to maintain adequate emergency core cooling capability, which can be affected by
11 the core geometry as discussed in 10 CFR 50 46(b)(4) (see above).

13 Theregulation at 10 CFR Part 50, Appendix A, GDC 2, “Design bases for protection against

14 natural phenomena,” requires safety-related structures, systems. and components (SSCs),

15  including reactor fuel, to be designed to withstand natural phenomena (such as earihquakes)
16 without a loss of capability to perform safety functions. This GDC also requires consideration of
17  ‘“appropriate combinations of the effects of normal and accident conditions with the effects of the
18  natural phenomena” For example, a LOCA may be caused by a seismic event, so

19  consideration of the effects from a combination of these two events may be appropriate.

20
21
2
23
24
25
26
27
28
29 oo e S 3
30
31
32 i - Gt i RAETAL st T g i
33 wﬁ_mﬂé.lz_ﬂﬂmg“ﬂ" _P.P_E*_fﬂ__l.!.lﬁ..’ ! _Esm_a_.‘w_gge Ll
NUREG-0800 (Reference 8] in ltg e gv ofthe T
g e - el " 1o , rri T — “-mt;hd;,.ﬂ;_sbﬂ e
36 mmme_www&mmuum
37 Relecsnseds lgenecal-4The primary criternia are related to ensuring that core coolability and
38  control rod insertability are maintained.
39
40
41
42
43
44
45
46
47
48
49
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4.0  TECHNICAL EVALUATION
memmaheTRiswmzm_wwﬂ.ﬂummwmw
1 E

[N S A

B — TR R . ) o T e
10 esussciad in References 6 and 7 by focusing snlely on the spedic parameters  that would be :
11 impacted by the EOL Issues identified in IN 2012-09 (Reference 9). As such, the TR narrowly

12 focuses on three primary parameters:

14 1. The allowable grid impact strength |
16 1. The tuei assembly modal frequencies |

2 | and

24 1. dnelredinrg fuel assembly flowing water damping ratio, |
25 —— 1

28 Asaresult, some of the areas from SRP Chapter 15.0 2 are not applicable In particular, the
|20 analysis methodselesiss described in References 6 and 7 are not being modified. only the

30 empirical determinafion of key input parameters. Therefore, the accident scenario description,

31 the phenomena identification and ranking. and code assessment from the previously approved
|32  methodssieses remain valid. The NRC staff review of the TR focused on two of the specific

33 areas described in SRP Chapter 15.0,2, as described below:

M
35 1. Evaluation methodology ~ the proposed testing and data analysis
| 38 approachmetadoloass, iIncluding any potential limitations to their applicability.
37
38 2 Uncertainty analysis — the applicant s evaluation and propagation of uncertainties in the
39 analysis of test data to obtain recommended values for the key parameters.
40

41 Inaddition, the NRC staff considered whether the applicant provided adequate quality

42  assurance (QA) and documentation support for the proposed apgroach lor sddressan L
43  effects on spacer gridsemethadologies, Thlsaspocttsnoloxpmuyamdmmltorm
44  safety evaluation (SE) because the documentation of the proposed approachmethesdalonies
45  |saa captured by the documents reviewed by the NRC during an audit dated October 17, 2017
46  (Reference 11)and that were found to have been appropriately summanzed or otherwise

47  characterized in the TR. The testing was performed under the auspices of the same QA

|48  program [ofsssdiepedennita testing leciiepreviously periom efsspiousd-nabodaloges 1o
49  determine the key parameters for BOL gnds and still water damping, which is acceptable. As
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such, the NRC staff acoeptance of the adequacy of the applicant's (251 protosolevaksatien
msihadalegies and uncertainty analyses implicily includes acceptance of the applicant
documentation associatad with that avea

41 EOL Grid Simulation

Aot tha-pe $imetrodelagien e s TR discusses the lest praiocn used iur fiear Commented {a7): Se Saction .2 of the TR
basad o mm. charactenzation of the lmpacf of iradiation on the spacer grids. SRP N e S ~
Chapler 4.2 Appendix A (Reference 8) cites several possible imadistion-related effects relevant
10 to spacer grids, and condiudes that the combined inpact would hot be expacted to lead to a
11 more conservative result.  This logic rests malnly on the fact that the significant increase in yieid
12 strength for the spacer grid material will more than offset tha relatively minor affects from the
13 remaining effects As dascribed in IN 2012-08 (Reference 3) opersting axperiénce has shawn
14 that spacer grid spring relaxation can have a significant adverse effect on spacer giid strength
15  and fusl assembly mechanical charactenstics. |

W00~ AR N -

13 ] Other than gnd spring
20 refaxafion, the basic assessment in SRP Chapter 4.2 Appendix A that iradiation-related effects
21 are bounded by the increase in the yield strength of the spacer grid matenal continues to be
| 2  applicable |
23 i

B8NS BREHEEUSHRUBLUEBBINY

| As discussed in the previous paragraph,
the NRC staff found that the focus on the gnd spring relaxation phenomenon as the key driver
for the non-conservative behavior identifiod in spacer grids &t EOL relative 10 BOL is

riate. However, the malerial and geometry impacts of tha thermal relaxation process
must be reasonably similar 1 the imadiaion-induced impacts that are being simulated

(

the NRC siaff requested additional
informaton from the appicant regarding the thermal retaxation procedure used to produce the
simulated EOL grids. |
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| The

applicant’s response also confirmed that tha material struciural charactenstics of the simulated
EOL grids are the same, or sightly conservetive. relative to the BOL grids.

I

DonNamawn =

| There are some sjtustions where
11 & spacergnd is exposed 1o a Strongly nonuniform neutron fiux, such as fuel assembly loading
12  locations st or neer the core periphery  The NRC staff asked the applicant to address the

13 patental impact on the gnd fellure mechanism due to nonrandom gradients in gap size that

14  may be correlated with stesp neutron fMux gradients. |

20 ]

|22 Finally. Sectigtiekepter 2.1 of the TR descnbed how the target average pap size was
23 determined for a given spacer grid. [

a#ﬂmndlmwnsgwmmhTRlodeﬂm!hemofapleltyfwaxmdeicLof
3 given set of PIE data to the general population of EOL grid spacers of the sanie design, so the
NRC staff requested that the applicant characterizs how PIE data sets ane generally defined in
arder to actueve theif intended purpose

The applicant respornded i Referenice 4 with sn sxplénetion of the statistical
BN L mainadulogy Underiying their detesmination of 8 terget gap size for the simulated EOL

gnas. [

BESSBS20R2EBEUSHRNELENRNAN

| hisis a reasondbly
conservative approach {o ensure that the averege gap sizes for the simaleted EOL grids will
bound the average gap sizes for imadiated grids.

t

[The NRC staft
agrees. however, the applicam did not describe how te rod bumups associated with
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the PIE measurements woulid be used to define the area of appiicabiiity for fuel assemblies
qualified 1sing I0is approachueedes s selbiadticsy  In a sepamate RAI response (RAI-2.
documented in Reference 4), the applicant provided information that shows that the variation in
gap sizes for venying bumups near EOL can be expected to be minor relative 1o the inherent
randomness in gap sizes within 8 grid. In eddition, the NRC staff nated thet the
protocolmelisadstesy described in Reference 7 for testing of CE design fuel assemblies includes
modeling for both BOL and EOL grids. |

VOSBRI WN -

| 11 ————————| Consistent with this
12 asssssment, the results from the testing discussed in Sections 4.2 and 4.3 of this SE show |

14 } Therefore, any variations
15 in bumup for the fuel assembiies used 10 obtain PIE measurements relative o the overali
| 16  poputation of fuel assemblies being qualified usngwsass this aporoacmelsadalasy would not
17 resultin a significant difference in average gap size. certainly, much less than the inherent

18 conservatism in the murgin between the average measured gap sizes and the target gap size
18  for the simulated EOL grids.

21 |

] As a resuit, the NRC
steff found the proposed approach o generate simulated EOL grids for use in tesiing in eu of
iradiated grids to be scceptable.

42  Spacer Grid Impact Strength
SechonsGhepiers 2.2 and 2.3 of the subject TR discuss the application of the approved

testing
and data analysis projocolmelhadcioges from References 6 and 7 to determine the allowable
grid impact strength for the simutated EOL grids. |

— — |The NRC staff
understanding of the approval request from the applicant is that this 20 il onalshanges
criterion was r‘.;«)»_h)aunom merely for demonstration purposes, a0 w5 not sewe submitted
as a3 chaudeanwpsdale to oy the gnd impact strength is datermmned in 4= Reference 6
FRetiadoiRy, In msponsaba RAlfromme NRC staff (Reference 3), the apphcant confirmed
that this was the case Therefore. this application was judged fo be acceptable solely for the
purpose of providing a more consistent basis for comparing Sees charge . Plerit) for
Westinghouse and CE fuel designs.

BEEAEERBBRBELURRLULBLBYBNYRIRVER

OFFGHALUEE-ONLY—PROPRIETARY-INFORMATION-

PWROG-16043-NP-A November 2019
Revision 2



WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-33

<B=
The simulated EOL grigs contain |

] The NRC staff verified by inspection f the appiicant's test documentation that the
ﬂiimmec?m&m for the simulated EOL grids was the Same as that for the BOL grids,
Therefore, il i

} As discussed in Secfion 4.2 of this SE. |

)
The NRC staff verified that the previously approved festing and data analysis protocals
Insmesedalagiectium References 6 and 7 wera appropriately applied to the simulated EOL
gnds In addition. the NRC staff found reasonable asstrance exists that the aforementoned
(251 DIOIDCOI e huEsagas remain mﬂuab!etom geomol'y of he Slmumed EOL
: pRso-detanane Ploit)
bbemmummm:dmwmmmmds

43  Fuel Assembily Mechanical Characteristics

SaclonChanter 3 of the TR discusses the application of the approved testing and dala analysis
LIotoCnls (nsethoddosas i References € and 7 to detamine the aliowable grid impact
strength for the simulated EOL grids. The TR states that ‘{The same test protocol has been
previously applied to curent Westinghouse and CE PWR fusl designs for BOL conditons.” and
that ‘the test protocols dre described in NRC-appraved TRs.. * with a citation to References 6
and 7. Therefore, the TR cleacly characienzes the tesiing procadure for the simulated EOL
grids to be identical to the previously approved testing procedune described in References 6 and
'é.swmmmmmegﬂdsmmudemmdslsdmdhsgctonl.‘)oﬂis

SOV NOPEWUNSDORANRIND DN

[
F

—

The tesling gro melsdaloskas desaibed in References 6 and 7 are primarily tests
conducted on mcﬂrﬂmunbusdhixdmﬂymhspmm with no tasts
directly impacling the fuel rods. At BOL, the grid spnings exert a frictional force on thve fuel rods,
50 the spacer grids and fuel rods arg mechanicafly coupled to some extent. During the fuel
assembly vibration tests, the fual rods contribute t© the fiel assembily mechanical

by Virtiie of this machanica) coupling. [

BEELEARBDB2BEELUBELBLLBRRNYN

44  Procedure fo Determine Flowing Water Damping Ratios
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Sactonchapes 4 of the TR desanibes e (251 protocal for determinng Ineasseieasicgyia
detmanis fuel assembly flowing water damping rafios and apply them in lieu of previously
approved still water demping rafios to characterize the fuel assembly mechanical benavior
during seismic and LOCA events. Since the damping ratio due to flowing water is expected to
tre higher than that for sl water, this spproach could help recapture mergin Jost due o the
impact of gnd spacer relaxation on the fuel assembly stifness. |

-
QORENALEWN-

I

SectonChapters 4.1 through 4 3 describe the test apparatus and data collection perfarmed to
support an empirical determination of the flowing water damping ratios |

—
-
-

) However, the hydraulic
characteristics for the fual assembly are well characterized based on prior testing. |

] Since tha loss
coefficients for the fuel assembly desgns have been approved by the NRC for use in other
anaiyses and would not be expected to vary sighificantly as a resuit of the use of smuiated EOL
grids, this approach for determining flow velocities through the fuel assambly is acceptsbie.

The existing lesl prolocdlsanalysis-meiresalegias, most notably the Reference 7
grotocomethessiosy for CE fuel, [

] Testing performed on similar fuel assembly designs using a range of
different approaches, as documented in References 14 and 15, yield consistent results |

———————] This shows that LT s e e e
the proposed npproactt Bsaussed 1 g TRMsInoao0sy yields results consistent with that
currently approved in Reference {Imelhodoioges

The fiowing water damping ratio comefation was developed based |

BESARS RN BEUEERUBUSBBNERRBNNEBARIIIRLD

OFFIGAL-UGE-ONLY—PROPRIEFARY-INFORMAHON

PWROG-16043-NP-A November 2019
Revision 2



WESTINGHOUSE NON-PROPRIETARY CLASS 3

A-35

Domwamhn-

21

BEESSELE32 B8R UEERUNLSEBYNNRNER

OFFGIAL-UEE-ONLY-—PROPRIEFARY-INFORMATION-
~10 -
] Therefore, there
will be no inconsistency in the application of damping ratias for fuel assemblies ot differen
burnup conditions.

Based oh the data collected from the tests. a damping retic was determined for each test based
on dassical vibration theory |

| Chapter 4.5 of the TR presents fesults from the tests  One of
the most imporiant condusions al can be observed direclly from the test results is that |
1
Bince the use of lower damping ratios in developing the cosrelation is conservative, lhvs was an
acceptable choics tamake

Su oy Thagier 4 8 of he TR discussas the data analysis approach used to detemnine
bounding correlations for each fuel assembly design  This approach can be summarnized thus

[

} The overaii approach appears to capture the relevant
dependendes, however, there is no propagation of the uncertainies due to scatter in data
through the steps noted above |

The applicant responded in Reference & with information indicating that the fitting approach
used to determine the bounding rurve was fundamentally a bast estimate spproach to derive
the 600 *F curve based on Me selected data set |
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Finally, Chapler 4.7 proposes use of a flowing water damping rafio correiation based on e

[ | fusl assembly design as & generically bounding correlation that may be tised with any
fuel assambly design without further justification. The prcaduvaimsinadolog v discussed above
may be used to develop fuel assembly design spedific correlations, butthef —— |}
cOmelation s proposed for use as 8 bounding curve for all Westinghouse and CE fust desighs
The justification provided Is that the | Husl sssembly design proposed for tha | 1
reference plant contains a numbar of significant désign differsncas, but test resulfs show that
the flowing water damping ratio is very Similar to the | [fugl The CE fuel design lested
nad |

} This behavior is bounded by the
I Jooerelation, so this is acceptable  However, |

| Thersfore, the similanty in
results is not surprising.

in order to establish thet the proposed correletion can be used as & genent bounding curve, its
applicability must ba limited 0 spacer grids with very similar gsometry characlenistics Thisis
accomphshed via a condition to the TR Information subimitted in References 14 end 15 provide
information for other PWR fuef assembly designs that sugges!s that, in fact, the |

] Asiong as
the geometry characteristics of the spacer grids associated with a different fuet sssembly do not
differ sigrificandly from the RFA/RFA-2 spacer gid, the NRC staff finds that reasonable
assurance exists thal other fusl assembly designs will have flowing water damping ratios near
or above the proposed bounding curve. The proposed application indudes use of a minimum
value for the analysis duraton rather then a more realistic average vaiue, which incorporates
some additional conservatist that offsets the potential for slightly iower flowing water damping
ratios for some fuel assembly designs refative to the proposed bounding curve.

Basad on the information provided in the TR, as supplamended by respanses to réquests for
additonal information from the NRC stafi, the testing protocol and data analysisswsiiadaseiss
described to determine approprigie flawing water damping ratios were detemmined to be
appropriate for their imended purpose  In addition. |

SRR SN RN NSRS 3335208 Bonvanawna

BEEAREELB828EE

| This latter condiffort was captured int Section 5.0
45  Analytical Application of the Flowing Water Damping Ratics

SullansChepiss 4.8 and 4.9 of the TR describe when and how the flowmg water damping
rallos can he utilized in seismic and LOCA analyses, respectivaly. The primary paremeler used
to establish the appropriate vaiue for the flowing water damping ratio is the fluid velocity through
the fusl assembly For a given plant, this parameter is directly correlated with tha core flow.
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Thersfore, the discussion in the TR primariy focuses on the characterization of & bounding core
flow for any given ime of interest during the event being anajyzed. Once an appropdate value
Is determined, then plant-5pecific information can be used to estehlish an appropriate Sow
valocily to use with the flowing water damping ratio cormelasion. |

In general, since lower flow velodities result in tower
flowing waller damping refics, myfadorhatmaybadba reduction i1 tha core fiow rate will
provide more conservativevesutls, For a given analysis, |

10 |

DO~ S >

12 For the seismic analysis. two key assumptions are made to minimize tye total cors fow, First, {

Sacondly, |

EELBSLBRLBBRUEHRURLEYBNENENR

{ At this time, the fiowing water damping ratio will be ata
minkoum, and lower tivan the average flowing water damping ratio for the Inferval, Since these
assumptions both act to mirimize the flowing water damping ratio, they are conservative

For the LOCA enalysis. the core fiow rates are 1o be obtainad divectly from the LOCA analyses
asiong as axial flow is maintained, |

JAs aresult the NRC staff §nds that the LOCA analysis conditions are an
acoeptatle source for i bounding core fiow rate for the purpase of determining flowing water
damping ratos.

A second limitation of the flowing water damping ratios is that the data used as a basis for the
correlation were based on single phase liquid fow through a fuel asesmbly. The conditions
under which the flowing water damping ratios are expected (o be credited—selamic avents and
the first ~% sacond of & LOCA event-ane not expected to invoive two phsse flow i the core.
Howewvar, the TR does not explicitly fimil the iise of flewing water damping ratios to single phase
flow conditions, so & imitation was included in Section 5.0 to ensure that, If Cedi? lor flowng
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| 1 water sampinawie pplied to conditions that deviate from expectations, the
2 correlation will notbeusedoutsudeﬂ'\e bounds of its applicability.
3
m"mi’; of Rk 12 nchadas i af nfaanats A
: VWesaghouse- rodels wers-capabie-of capiuds b Ay oo PR
6 o (REDOnEa-4 "
7 ORG-St 0535
3 e Jorall fug
9 S = O
10 o
11
12
13
14
15
16

17 The guidance provided in the TR to credit flowing water damping in seismic and LOCA analysis
18  was reviewed by the NRC staff and determined to produce acceptably conservative results for
19  the expected analysis conditions. Therefore, the NRC siaff finds the proposed application of
20 flowing water damping credit for evaluation of fuel assembly mechanical behavior during

21 seismic and LOCA events fo be acceptable.

2

23 45— Knawnbegacy

24

25 asolpot ‘-‘;ge;neuummr oS-35 - - - < 5
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27
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20 50  LIMITATIONS AND CONDITIONS

Some limitations and conditions are necessary to ensure that the approach 1o address NRC (1
2012 Domethadelegy discussed in the TR is limited to the applications for which itis valid
These limitations and conditions are listed below.

EEA55ROR288RURKRBBLEBBNERREN

1

—

60  CONCLUSIONS
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determining Iy enstics and damping coefficients at nditiont forr wl
in t fic nic gind LOCA 3y 12t will De performed in the
current NRC approved methods descnbed in References § and 7_ 1o assess the strucn.ual
inteqnty of fluel assembhes under faulied condition loads _ The following conclusions are
provided here in summary as they Qply to ueenms vmo may want 10 adopt themelhadeloses
it the TR v st &-aai-4-to add the effect of
irradiation on the mechanical propenes of fuel assemblles

Since the TR IS not proposing any change to the previously approved testing and analysis
methodsaiees for seismic and LOCA events, the NRC staff performed a graded review of the
I Ememedaioges that took into consideration the fact that most aspects of i [ Rineiestng
um%hmaimdybeennddressedaspanofpmmncfwws The applicant
mques!edapproval ficilems ) fed in n 14 of he TR foribrme-disine
e L S Stk ﬂ»*&.rnlmliﬂ:&'\lmm
WWWMCWEMWM

WSO nd i iis

e i i .,m«nb»mwm—oiw—-
W;&L m&m

The NRC shﬂ mmmod the propoud lpprooch to produce simulated EOL spacer gnds a=a

e e Sk gees- and determined that the simulated EOL
spacer grids would ndequulely capture the non-conservative impacts due to iradiation  The
staff also determined that the | e —

e} The NRC staff's findings were basad primanly on Ihe specific matenial
type (zirconium alloy) and general grid design covered by the Informaﬂon presented inthe TR, [

The use of flowing water damping ratios is not an entirely new approach to develop more
realistic parameters that help mitigate the impact of vibratory loads, because it is similar to »1at
WAS APProved b ja-siaiades Sbsniiadas-panal the NRC forapssssaol the AP1000
W(Rm1%) However, this is the first time that it is being apphied
more generically to Westinghouse and CE fuel. in particular, the applicant is proposing the use
of a bounding curve that is applicable to all spacer grids used in Westinghouse and CE fuel,
along with a general appi cachmetadslogy that can be used to generate fuel design specific
curves. The staff reviewed the information submitted in the TR along with responses to
requests for additional information, and determined that the approachmalnadaogy was
appropriate for both purposes. Additionally, the guidance provided for utilization of flowing
water damping ratios in seismic and LOCA analyses was found to be appropriate for their
intended use, with the \Limitations and Condition 2 abgveinat 1 the fowng wales dampiag
s i b wblih T b a7 b o s 4 Lt B M S s T et e

[y i Ak bk b Ao st s Shad S

83:86:35-‘-8&‘:’888&2&-%&888833288'3353366:a‘aﬁ:‘.aua-mou-uu..
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12 n letter 0G-18-13. ji
13 insummary, the NRC staff finds fhat the informafion provided in the TR and responses to NRC g

| 14  staff RAIs adequately demonstrates that the proposed approachmaihedalegies to address EOL
15  effects on spacer grids and to recover margin through credit for flowing water damping are

| 18 acceptable for use with existing methodseleaies that the NRC has previously found to be
17 acceptable for analysis of fuel assembly stuctural behavior during seismic and LOCA events.

| 1&  The NRC staff approval of this T Risssssmaihadaiony extends to all Westinghouse and CE fuel
19  designs, contingent on adherence to the limitations and conditions set forth in Section 5.0.

20
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Program Management Office
1000 Westinghouse Drive, Suite 380
Cranberry Township, PA 16066

PWROG-16043-P, Revision 2
Project Number 99902037
May 15, 2018

0G-18-105

U.S. Nuclear Regulatory Commission
Document Control Desk

11555 Rockville Pike

Rockville, MD 20852

Subject: PWR Owners Group
Transmittal of the Response to Request for Additional Information, RAL 6
Associated with PWROG-16043, Revision 2, “PWROG Program to Address
NRC Information Notice 2012-09: “Irradiation Effects on Fuel Assembly

Spacer Grid Crush Strength” for Westinghouse and CE PWR Fuel Designs”,
PA-ASC-1169

References:

. Letter OG-17-12, Submittal of PWROG-16043-P, Revision 2, “PWROG Program to
Address NRC Information Notice 2012-09: “Irradiation Effects on Fuel Assembly Spacer
Grid Crush Strength™ for Westinghouse and CE PWR Fuel Designs,” PA-ASC-1169R2,
dated February 1, 2017

2, NRC Letter of Acceptance for Review of PWROG-16043-P, Revision 2, “PWROG
Program to Address NRC Information Notice 2012-09: “Irradiation Effects on Fuel
Assembly Spacer Grid Crush Strength” for Westinghouse and CE PWR Fuel Designs,”
dated June 20, 2017

3. Email from the NRC (Benney) to the PWROG (Holderbaum), Request for Additional
Information. RAls 1-6, RE: PWROG-16043-P, Revision 2, “PWROG Program to
Address NRC Information Notice 2012-09: “Irradiation Effects on Fuel Assembly Spacer
Grid Crush Strength” for Westinghouse and CE PWR Fuel Designs.” dated
January 31, 2018

4. Letter OG-18-62, Transmittal of the Response to Request for Additional Information,
RAIs 4 and 5 Associated with PWROG-16043, Revision 2, “PWROG Program to
Address NRC Information Notice 2012-09: “Irradiation Effects on Fuel Assembly Spacer
Grid Crush Strength™ for Westinghouse and CE PWR Fuel Designs”, PA-ASC-1169,
dated March 27, 2018
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U.S. Nuclear Regulatory Commission May 15, 2018
0G-18-105 Page 2 of 3

5 Letter OG-18-104, Transmittal of the Response to Request for Additional Information,
RAIs 1, 2 and 3 Associated with PWROG-16043, Revision 2, “PWROG Program to
Address NRC Information Notice 2012-09: “Trradiation Effects on Fuel Assembly Spacer
Grid Crush Strength” for Westinghouse and CE PWR Fuel Designs”, PA-ASC-1169,
dated May 15, 2018

On February 1, 2017, mn accordance with the Nuclear Regulatory Commission (NRC) Topical
Report (TR) program for review and acceptance, the Pressurized Water Reactor Owners Group
(PWROG) requested formal NRC review and approval of PWROG-16043-P, Revision 2 for
referencing 1n regulatory actions (Reference 1). The NRC Staff has determmed that additional
information i3 needed to complete the review per letter dated January 31, 2018 (Reference 3).

Enclosure 1 to this letter provides a response to NRC RAI 6 (Reference 3) associated with
PWROG-16043-P, Revision 2, “PWROG Program to Address NRC Information Notice
2012-09 “Irradiation Effects on Fuel Assembly Spacer Grid Crush Strength™ for Westinghouse
and CE PWR Fuel Designs.

Responses to NRC RAIs 4 and 5 were transmitted to the NRC via Reference 4 on March 27,
2018. Reference 5 transmitted responses to NRC RAIs 1, 2 and 3 to the NRC on May 15, 2018.

Also enclosed 18 the Westinghouse Application for Withholding Proprietary Information from
Public Disclosure, CAW-18-4739, accompanying Affidavit, Propnetary Information Notice, and
Copyright Notice.

As Jtem 1 contains information proprietary to Westinghouse Electric Company LILC
("Westinghouse"), it is supported by an Affidavit signed by Westinghouse, the owner of the
information The Affidavit sets forth the basis on which the information may be withheld from
public disclosure by the Nuclear Regulatory Commission ("Commission™) and addresses with
specificity the considerations listed in paragraph (b)Y 4) of Section 2.390 of the Commussion's
regulations

Accordingly, it 1s respectfully requested that the information which is proprietary to
Westinghouse be withheld from public disclosure 1n accordance with 10 CFR Section 2.390 of
the Commission's regulations.

Correspondence with respect to the copynght or proprietary aspects of the item listed above or
the supporting Westinghouse Affidavit should reference CAW-18-4739 and should be addressed
to James A Gresham, Manager, Regulatory Compliance, Westinghouse Electric Company, 1000
Westinghouse Drive, Building 2 Suite 259, Cranberry Township, Pennsylvania 16066
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U.S. Nuclear Regulatory Commission May 15, 2018
0G-18-105 Pagc 3 of 3

Correspondence related to this transmittal should be addressed to:

Mr. W. Anthony Nowinowski, Exccutive Dircctor
PWR Owners Group, Program Management Office
Westinghousc Electric Company

1000 Westinghouse Drive

Cranberry Township, PA 16066

If you have any questions, plcasc do not hesitatc to contact mc at (805) 545-4328 or

Mr. W. Anthony Nowinowski, Program Manager of the PWR Owners Group, Program
Management Office at (412) 374-6855.

%}M

Ken Schrader, COO & Chairman
PWR Owners Group

JKS:am

cc:  PWROG Analysis Committee (Participants of PA-ASC-1169)
PWROG PMO
PWROG Steering and Management Committec
J. Andrachek, Westinghouse
K. Lasswell, Westinghouse
J. Sinegar, Westinghouse
B. Benney, US NRC

Enclosure 1: PE-18-25-P/NP, Attachment 1, "Responsc to PWROG Topical Report PWROG-
16043-P RAI 6" (PA-ASC-1169)

Enclosure 2:  Affidavit for Withholding, CAW-18-4739 (Non-Proprictary) with accompanying
Affidavit, Proprictary Information Notice and Copyright Notice

‘ KElsctronically Appreved Records are Authenticated in the Electronic Document Manag caent Sysiem
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B 'Weéstinghouse Non-Propsietry Class:3
@, Westinghouse

- From; Roger Yong Lu Memo: PE:18:25-NP Rev. 1
Phone: (803) 647-3426 Date: May 9, 2018
e-mall: |up@westinghousée.com

Subject: Response to PWROG Topical Report PWROG-16043-P RA| 6

To: Jdmes P. Molkanthin  Jill G, Sinegar .James D. Andrachek
cc. PWROG |

Attached is the response to RALG-related fo the PWROG Topkcal Report PWROG-16043-P.
Proprietary information is shown in brackets. Questiérs or comments should be directed'to the
undersigned.

Author: Roger Y. Lu*
PWR Fuel Technology.

Vedfier  JaneX. Jiang't
Thermal-Hydrdulic and Seismic Engineering

‘Verifier. Jiwei Wang™t
PWR Fue| Techriology

Approver.  Kevin T. Lasswel, Manager-
Thermal-Hydraulic ant Seismic Engineering

* [Jeotromically appruved tocordi dre adbonbinted tu (i docton documeil mumLgtenét ayacit

t Thaos Pass'Vinifiatton (3PV) wod taed 1o Verafy' s doclimend s Scipomtated uribeDésten Dutumié VenTiention Choekilat hieli
-ia ntlached W thix dociunent in PRIME,

@218 Weatingkouse Ekctric Company LLC. AN righty reserved.

"=+ Tiitg record wes finet appioved of 5/10/2018 4,07-37 PM. (This alatémar was édded by thie PRIME systém gpon 4 yelkdabon}
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PE-18-25-NP Rev
1, Attachment 1
May 9, 2018
Page 1 of 7

A new methodology Is being proposed for Westinghouse and CE fuel to credit flowing water damping
in mitgatlon of the degradation In fuel mechanic behavior due to EOL effects on the spacer grids.
This methodology s proposed as an option for use In lleu of the shll water damping credited in the
previously approved methodologies. In order to fully understand how the proposed methodology is
Intended to conservatively capture the impact of flowing water on fuel assembly vibrations, the NRC
staff requests the following Information:

RAl Item 6
Section 4.6 of the LTR [

]l'l:

Response to 6a

The fuel assembly damping ratio Is the measurement of energy dissipation In a
mechanical system. To ‘account for the energy disslpation dunng vibration, the averaged
or best estimated damping ratio value 1s more appropriate to a full core fuel assembly
analysls from a physlcal standpoint. This is different from other local bounding analyses,
such as a Departure from'Nucleate Boiing (DNB) correlation.

Fuel Assembly (for the AP1000® Plant) Flowing Water Damping Background

[ o

CEHNGF md AP1000 are irudh or regl dem sk of W i Eloctnc LLC, tts affilietes andfor 1ts submdizries in the United States of Ansenca
andmxy ber d 1n other througiout e world All nghts restrved Unanih d use iy siricily probubxted Other narmes may be
trademarks of thear respective owoers

“* This record was final approved on 5102018 4 07 37 PM (Thus statement was added by the PRIME system upon its validaton)
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PE-18-25-NP Rev
1, Attachment 1
May 9, 2018
Pege 20f 7
[
] ac
— Ta, ¢
Figure 1: Damping vs. Velocity Curve that was used for [
] = <Model (Reference 1)
*+* Thie record was final approved on 5M10/2018 4 07 37 PM (This statement was added by the PRIME system upon ts validation)
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Westinghouse Non-Proprictary Class 3
. PE-18-25NP Rev

1, Attachment 1
May 9, 2018
Page 30of 7

Flowing Water Damping Curve for PWROG-16043-P

[

| Rl
_ h.c

Figure 2. Damping vs Velocity Curve for [ ]%e

** This record was final approved on 540/2018 4 07 37 PM (This staternent was added by the PRIME system upon its vahdation)
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Westinghouse Non-Proprietary Class 3

PE-18-25-NP Rev
1, Attachment 1
May 9, 2018
Page 40f 7

Response to 6b

The fuel assembly damping force In flowing water is the summation of the fuel structural
damping in air, viscous damping In still water and the hydraulic damping In flowing water
as shown In Equation (1) The floming water damping coefficient measured and used In
PWROG-16043-P is also the summation of these three components

Fd=c,7'c+cvi+ch5c (D

¢, — The structural damping coefficient in air, due to material and friction damping.
¢, — The viscous damping coefficlent in still water

¢, — The hydraullc damping coefficient in flowing water, which primarlly Increases with
the axlal flow velocity

All three damping coefficients n Equation (1) are neither constant nor linear. All tests
that were performed by other fuel vendors concluded that the water tomperature has a
small effect on fuel assembly damping. Babcock & Wilcox's paper (Reference 2)
concluded that damping is minimally affected by temperature ranges from 68°F to 600°F.
The Mitsubishi Heavy Industries’ topical report (Reference 3) concluded "that the
temperature effect of AFD (Axlal Flow Damping) appears to be very small up to the
reactor operating condition from the maximum test temperature.” The flowing water
damping tests performed by Westinghouse are conslstent with this conclusion

Test data trend curve fitting

[

1%

NI

1%

** This record was fnal approved on 5/10/2018 4 07 37 PM (This statement was added by the PRIME system upon its vakdatron)
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Westmghouse Non-Propristary Class 3
PE-18-25-NP Rev
1, Attachment 1
May 9, 2018
Page Sof 7

Figure 3: Damping vs Density at [ 1= < (Figure 4-14 of PWROG-16043-P)

2) |

e

Table 1- The average damping ratios at different temperatures at [ 1%

— —

3 1

1%

A discussion of the conservatism in the 600°F damping curve

[

v

*+ This record was nal approved on §10/2018 4 07 37 PM (This statement was added by the PRIME system upon its validation)
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e

Figure 4- Damping Ratio vs. Coastdown Time
for a Typical Westinghouse 3-Loop Unit (Figure 4-21 of PAWROG-16043-P)

Summary and Concluslons

[

ne
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Progrim Management Otfice
1000 Weatinghouse Drive, Suite 380
‘Cranbery Township, PA 16065

PWROG-16043-P, Revision 2
Project Number 99902037

May 15, 2018

0G-18-104

U.S Nuclear Regulatory Commission
Document Control Desk

L1535 Rockville Pike

Rockvillé, MD 20832

Subject: PWR Owners Group
Transm' al of dle

Deslgns ,PA-ASC-1169

Relerences:

1.

bl

Letter OG-17-12, Submittal .of' PWROG-16043-P, Revision 2, “PWROG" Program to
Address NRC Information Notice 2012-09: “Trradiation Effects on Fucl Assembly Spacer
Grid Crush Strength™ for'Westinghouse and CE PWR Fucl Designs.” PA-ASC-1169R2,
dated February 1, 2017

NRC Letter of Acceptance for Review .of PWROG 16043-P, Revision 2, “PWROG
Program to Address NRC Information Notice 2012-09: “Irradiation Effects on Fuel
Assembly Spacer Grid Crush Slrength" for Westinghouse and CE, PWR Fuel: Dcsngns,
dated June 20. 2017

Email from the NRC'(Béniiey) to the PWROG' (Holderbaum), Request for Additional
lnformatmn RAls 1-6, RE: PWROG=16043-P, Revision 2, “PWROG Progmm to
Address NRC Information Notice 2012-09: *[rradiation Effects on Fuel Assembly ‘Spacer
Grid Crush Strength™ for Wcstmghousc ‘and CE PWR Fuel Designs,” dated
January 31, 2018

Letter OG-18-62, Transmittal of the Response to Request for Additional Information,
RAls 4 and 5 Associated with PWROG-16043, Revision 2, “PWROG Program to

Address NRC Information Natice 2012-09: “Irradiation Effects on Fuel Assembly Spacer

Grid Crush Strength” for 'Wes(inghouse and CE PWR Fuel Designs”. PA-ASC-1169,
dated March 27, 2018
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U S. Nuclear Regulatory Commussion May 15, 2018
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5. Letter OG-18-105, Transmittal of the Response to Request for Additional Information,
RAI 6 Associated with PWROG-16043, Revision 2, “PWROG Program to Address NRC
Information Notice 2012-09° “Irradiation Effects on Fuel Assembly Spacer Grid Crush
Strength” for Westinghouse and CE PWR Fuel Designs”, PA-ASC-1169, dated May
15,2018

On February 1, 2017, in accordance with the Nuclear Regulatory Commission (NRC) Topical
Report (TR) program for review and acceptance, the Pressurized Water Reactor Owners Group
(PWROG) requested formal NRC review and approval of PWROG-16043-P, Revision 2 for
referencing in regulatory actions (Reference 1). The NRC Staff has determined that additional
information 1s needed to complete the review per letter dated January 31, 2018 (Reference 3).

Enclosure 1 to this letter provides a response to NRC RAIs 1, 2 and 3 (Reference 3) associated
with PWROG-16043-P, Revision 2, “PWROG Program to Address NRC Information Notice
2012-09: “Irradiation Effects on Fuel Assembly Spacer Grid Crush Strength” for Westinghouse
and CE PWR Fuel Designs.

Responses to NRC RAIs 4 and 5 were transmitted to the NRC via Reference 4 on
March 27,2018 A response to NRC RAI 6 was transmitted to the NRC via Reference 5 on
May 15, 2018. -

Also enclosed is the Westinghouse Application for Withholding Proprietary Information from
Public Disclosure, CAW-18-4738, accompanying Affidavit, Proprietary Information Notice, and
Copyright Notice.

As Item 1 contains information proprietary to Westinghouse Electric Company LLC
("Westinghouse™), it is supported by an Affidavit signed by Westinghouse, the owner of the
mformation The Affidavit sets forth the basis on which the mformation may be withheld from
public disclosure by the Nuclear Regulatory Commission ("Commission™) and addresses with
spectficity the considerations listed in paragraph (b} 4) of Section 2 390 of the Commuission's
regulations.

Accordingly, it 1s respectfully requested that the information which is proprietary to
Westinghouse be withheld from public disclosure in accordance with 10 CFR Section 2 390 of
the Commission's regulations.

Correspondence with respect to the copyright or proprietary aspects of the tem listed above or
the supporting Westinghouse Affidavit should reference CAW-18-4738 and should be addressed
to James A. Gresham, Manager, Regulatory Compliance, Westinghouse Electric Company, 1000
Westinghouse Drive, Building 2 Suite 259, Cranberry Township, Pennsylvania 16066.
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Correspondence related to this transmittal should be addressed to:

Mr. W. Anthony Nowinowski, Exccutive Director
PWR Owners Group, Program Management Office
Westinghouse Electric Company

1000 Westinghouse Drive

Cranberry Township, PA 16066

If you have any questions, plcase do not hesitatc to contact mc at (805) 545-4328 or
Mr. W. Anthony Nowinowski, Program Manager of the PWR Owners Group, Program
Management Office at (412) 374-6855.

Ken Schrader, COO & Chairman
PWR Owners Group

JKS:am

cc: PWROG Analysis Committee (Participants of PA-ASC-1169)
PWROG PMO
PWROG Steering and Management Committee
J. Andrachek, Westinghouse
K. Lasswell, Westinghouse
J. Sinegar, Westinghouse
B. Benney, US NRC

Enclosurc 1. PE-18-34-P/NP, Attachment 1, "RAIs 1, 2 and 3 Responscs for PWROG-16043
Revision 2" (PA-ASC-1169)

Enclosure 2:  Affidavit for Withholding, CAW-18-4738 (Non-Proprictary) with accompanying
Affidavit, Proprictary Information Notice and Copyright Notice

Electronucally Approved Records are Authesticated In the Electromc D et M 5
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From; Jane Xigoyan Jlang Memo. PE-18-34-NP
'Phone;  {803) 847-3735 Date: May 8, 2018

e-mall; jianax@weshinahouse cony
Subject "Response to PWROG Toplcal Report PWROG-16043-P RAIS 1,2 and 3

Fo; il G. Sinegar slames D, Andrachak James'P. Molkenthin:
cc: PWROG

Attached afe the responses to RAls 1, 2, and-3 related to the PWROG Topical Reprort PWROG-
"16043-P. Proprietary information s shown It bracksts. Questions or comments should be directed to
{he undersigned;

Author.  Jané.X.-Jiang *
Themal-Hydradlic' and Seismic.Engineering

Verifler: Roger Y. Lu *f
PWR Fue{ Technology

Approver  Kevin T, Lasswell, Manager*
Thegnal-Hydiaulic and Seismic-Engineefing

* Glevironicully approved records ure amihenticated i the shégtronic dooumernt nmmmgemen sysiom.

 Thiee Pass Verification (3PV).way oseid tovvesify s dociment, sa-demonsirted i the Design Documen!,
Verification Checklist which i attached to this documen in PRIME..

-@2018 Westlughdiise Ktectiic Company LLC. All rights resesvéd:
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The most significant aspect of the proposed methodology to address EOL effects on
the spacer grids is the use of simulated EOL grids, which are grids that have been [[

I1® © to simulate the most important non-conservative EOL effect
due to iradiation, grild spring relaxation. In order for the simulated EOL grids to
accurately capture the imiting behavior of irradiated grids, the structural charactenstics
of the simulated EOL grids must be similar to, or more conservative than, the Irradiated
gnds In order to venfy this, the NRC staff requests the following information

The [T T1* ¢ protocol 1s not detalled in the LTR. In Sectlon 2.1, the
LTR states that the "process for compiling PIE data and specifying target cell size 18
consistent with that was used for the AP1000 EOL issues that was previously approved

by the NRC * However, the exact [[ " € protocol Is unclear
Please provide the specifications for the [[ T“ © process, including
' 0 o~

Response to RAI 1

The [ 1% ¢ of the simulated End of Life (EOL) gnds for the
AP1000® plant and the simulated EOL gnds discussed in PWROG-16043-P was
performed In accordance with a Westinghouse thermal cell sizing procedure.
The procedure 15 used to thermally size grid cells to simulate EOL grid
conditions for fuel assembly hydraulic loop tests

(

1*°. The process Is shown in Figure 1. |

1%°

The mechanical structure charactenstcs of simulated EOL grids is similar to, or
more conservative than, the iradiated grids. [

1 * ¢ Therefore, the grid material
characteristics of Young’s modulus and Poisson’s ratio are not impacted by the
gnd [ 1% ¢ process The Young's modulus is one of main
parameters which determine the grid Impact stffness.

AP1000, ZIRL O and Optunzed ZIRLO are trademarks or registered trndemarks of Westinghouse Electric Caimpany LLC, s affiliates and/or tis
subadiancs 1 the Unsted States of America and may be regustered m other countries throughout the world  All rights reserved  Unaothorized nse 1s
anctly prohibted  Other mames may be trndemarks of therr reapective owners

“** This record was fimal approved on 514/2018 10 48 53 AM (This statement was added by the PRIME system upon its vakdation)
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— “Ja,c
Figure1.[ 1€

Since the [

1™ ° This may result in a slight reduction in the grid impact
strength, which 1s conservative.

The [ 1" © target cell szes or gap sizes are varied depending on
the Post Irradiation Examination (PIE) data and types of grid designs. [

1%

1. [ ]%e
2 1~

Overall, the [ 1 ® ¢ for cell sizes will have no impact or a
minimally conservative impact on the gnd strap material mechanical properties

*** This record was nal approved on 5/14/2018 10 48 53 AM (This statement was added by the PRIME system upon its validahon)
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RAI 2

Fuel assemblles that are loaded in certaln areas of the core may expenence steep
radial neutron flux gradients. As such, the EOL effects due to irradlation of the spacer
grids may not be sufficiently uniform to result in spacer grid behavior consistent with
simulated EOL grids using the [ 11"™ © method. Please charactsrize
the expected variation due to radial neutron flux gradlents in typical PWR cores, and
discuss how this may impact the spacer grid structural behavior (e g., if gaps exist at
one corner of a fuel assembly but not at the opposite comer, explain what the effect on
the failure mechanism might be).

Response to RAI 2
a. “expected variation due to radlal neutron flux gradlients in typical PWR cores”

The fuel rods In a fuel assembly may experience steep radial neutron flux
gradients 1n some core locations during some cycles. Howaever, the grid gap
size formation (due to gnd spring relaxation, rod diameter creep and grid
growth) is a long-term and slow process which occurs over the entire irradiated
e of a fuel assembly

The typical iradiated lifeime of a fuel assembly is at least 4 years dunng which
it will be rotated to different locations in the core and experence different flux
gradients and onentatons. Therefore, a radlal neutron flux gradient effect on
the gnd cell size at the fuel assembly EOL condition Is not expected to occur.

To confirm that the neuron flux gradient effect does not occur, two sets of PIE
data, fuel rod burnup vs cell gap size, were reviewed Fuel rod bumup at EOL
Is the accumulated effect of neutron flux. [

1*°

The first example is a [ ]* € for which the measured gap
results and corresponding fuel rod bumups are given in Figure 2 A sample of
ten fuel rods in different locations in the fuel assembly with different fuel rod
burnups Is shown in Figure 2 [

1%°

Figure 2 also shows that [

1%

** This record was final approved on 514/2018 10 48 53 AM (Thes statement was added by the PRIME system upon 1ts vakdstion)
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[ T a.c
Figure 2. Measured [ 1€
The second example Is for a [ 1% ¢ The measured
gap results and corresponding fuel rod bumups are given in Figure 3. A sample
of ten fuel rods in different locations in the fuel assembly with different fuel rod
burnups Is shown In Figure 3. [
1%c
* This record was final approved on 514/2018 10 48 53 AM (This statament was added by the PRIME system upon its vakdation)
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Figure 3 also shows that [
1%¢
_ __ac
Figure 3. Measured [ ) e
** This record was final approved on 5/4/2018 10 48 53 AM (Thes statement was added by the PRIME system upon its validaton)
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|
Jee

b. “how this may impact the spacer grid structural behavior®

The grid Impact occurs on the grid side surfaces For example, & grid is
impacted in the X direction as shown in Figure 4. The impact force Is shared by
the whole column A (from cell A1 to cell A17) and Is transferred to tha whole grid
through all columns (from Column A 1o Column Q). Therofora the cell gap size
differences in a grid would have a small impact on the overall structural behavior

of @ spacer grid.
A @ C'0 ¥ Fe& 4 . J.k 4. M a'a P @
1 - I ]
B3 |
3
A
“!
g
71
) ¥
-.-*_ ",
X direction 1
Ti
1—?. —
‘B
)
jE
”.'.
Figure 4. Example of Grid Impact
The [ 1* © call- gaps for simulating- the EQL grids are also varted

across. grid locations. The pre-sized cells realistically represent the ‘measured
colf gap characterjstics. from: the PIE 'data, such as fandofm drs(ribuhon gap size
range, stc, [ q8F

** Thes record wis finel Spproved o 5/14/2018 10:48 53 AM. (THx statément Was added by Bje PRIME system upoy s valdation),
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—

Figure 5. Measured [

e
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1*°
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Overall, the grnid impact between two fuel assemblies and a fuel assembly to a
baffle plate occur on the side surface of the grid. The impact surface transfers
the impact force through all the grid straps (which are parallel and perpendicular
to the Impact direction) The average gap size in each column and each row for
a simulated EOL grid is similar. Therefore, [

e

RAI 3

Sechon 2.1 of the LTR presents PIE data from selected fuel assemblies and an analysis
approach that can be used to determme a target average cell size for the simulated
EOL spacer gnds. This approach is mtended for use with any fuel assembly design, but
no specific guidance Is provided on how the PIE data set should be characterized for a
gven fuel assembly design. Please provide guidance on the expectations for what
would constitute an acceptably robust set of PIE data for the purpose of establishing a
bounding target average cell size for all fuel assemblies of the specifled design type.

Response to RAI 3

The grid target cell size is determined based on the PIE data using a statistical
method. For example, the grid target cell size for [ 1%° fuel
assembly I1s determined by the following steps:

J%c

2 Calculate the upper 95% confidence limit for the true mean in order to
account for the scatter in the database. The upper $5% confidence limit I1s
calculated based on the statistical formula given below

STDxT,
MidGrid,, ., =MidGnd,, +#
Where-
MidGrid,poems — Upper 95 confidence mean of the grid cell gap size from the
PIE data
MidGrid.y -— Average grid cell gap size from the PIE data
STD -—- Standard deviation of the grid cell gap size from the PIE data
T —— Student T value determined by the sample size

“** This record wes final approved on 5/14/2018 10 48 53 AM (This statement was added by the PRIME system upon 1its vahdation)
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N —— Sample size
-1 —-— Sample size minus one
[
1*°
3. [
o
—/a,cCc
Figure 6. [
1*°
**+ This record was final approved on 8M4/2018 10 48 53 AM (Ttus statement was added by the PRIME system upon its validation)
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To ensure that the simulated EOL grids meet the target cell gap value, the
average cell gaps should be higher than the target cell gap value. For an
additional conservatism, the lower 95% confidence limit on the true mean of

tested grid cell gaps was confirmed to be higher than the target value. The
simulated average and lower $5% cell gaps for a [

1%

In general, the effect of the sample size is incorporated into the statistical
method through the “Student T” value in the formula above. Smaller sample
slzes will have a larger Student T value. For example, [

v

Table 2. Example of the Gap Size Target Value Utilizing

[ 1*°

*** This record was final approved on 34 4/2018 10 48 53 AM (Ttus statement was added by the PRIME system upon its vahdation)
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_ —a,c
L —J
Figure 7. Sample [ 1%°
Based on the discussions above, [
| B
Is sufficient.
References:
1. [
J%°
*** This record was final approved on 5/14/2018 10 48 53 AM (This statement was added by the PRIME system upon its vahdation)
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Program Managaemant Office
:mowmmmm
1? Cramberry, Township, PA 16068

PWROG-16043-P, Revision 2
- Project Nimber 99902037

March 27, 2018
0G-18-62

U.S. Nuclear Regulatory Coramission
Document Control Desk

11555 Rockville Pike

Reckville, MD> 20852

Subject:  PWR Owncrs Group

L. Letter 0G-17-12, Submittal of PWROG-16043-P, Revision 2, “PWROG: Program to
Address NRC Information Wotice 2012-09: “trrediation Effects on Fuct Assernbly Spacer
Grid Crush Strengthi” fof Westinghouse and CE PWR Fuél Designs,™ PA-ASC-1169R2,
dated February 1, 2017

2. NRC Letter of Acpeptance for Review of PWROG-16043-P, Revision 2. "PWROG
Program 16 Address NRC' Information Notice 2012:09: “lfeadigtion Gffects on Fiel
Assembly Spacer Gridd Crush Steength™ Kir Westinghouse and CE PWR Fudl Doigys,”
dated June 20, 2017

3. froail from the NRC (Banney) to the PWROG (Holderhauin), Request ftit Additional
information, RAls 16, RE: PWROG-16043-P, Revision 2. “PWROG Progfani ta
Address NRC Infurmnation Notioe 2012-09: “radiation Fifects oa fuel Asserbly Spacer

Grid Crush Strength” for Westinghouse and CE PWR Fucl Designs,” dated Jamary
31, 20018

On February |, 2017, in accordance with the Nucléar Regulatory Commmission (NRC) Topical
Repmfﬁ{)pfognmﬁxmwwwceptmm,therWmuﬂmdorme&mp
{PWROL) requested. formal NRC réview and approval of PWROG-16043-F, Revision 2 for
referencing in regulatory actions (Refesence 1). The NRC Staif bas determined that additional
mfbtmﬂﬁm:stwledhéumplmelheievm p:rleu&rdnledlabuu'yiﬂ 2018 (Refmence: 3).
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Enclosure 1 to this letter provides a response to NRC RAls 4 and 5 (Reference 3) associated with
PWROG-16043-P, Revision 2, “PWROG Program to Address NRC Information Notice
2012-09: “Irradiation Effccts on Fucl Asscmbly Spacer Grid Crush Strength™ for Westinghouse
and CE PWR Fucl Designs,”

Also encloscd are the Westinghouse Application for Withholding Proprietary Information from
Public Disclosurc, CAW-18-4722, accompanying Affidavit, Proprietary Information Notice, and
Copyright Notice.

As Item 1 contains information proprictary to Westinghouse Electric Company LLC
("Westinghouse™), it is supporied by an Affidavit signed by Westinghouse, the owner of the
information. The Affidavit sets forth the basis on which the information'may be withheld from
public disclosure by the Nuclear Regulatory Commission ("Commission™) and addresses with
specificity the considerations listed in paragraph (b)( 4) of Section 2.390 of the Commission's
regulations.

Accordingly, it is respectfully iequested that the information which is proprictary to
Westinghouse be withheld from public disclosure in accordance with 10 CFR Section 2.390 of
the Commission's regulations.

Correspondence with respect to the copyright or proprictary aspects of the item listed above or
the supporting Westinghouse Affidavit should reference CAW-18-4708 and should be addressed
to James A. Gresham, Manager, Regulatory Compliance, Westinghouse Electric Company, 1000
Woestinghouse Drive, Building 2 Suite 259, Cranberry Township, Pennsylvania 16066.

Correspondence related to this transmittal should be addressed to:

Mr. W. Anthony Nowinowski, Executive Director

PWR Owners Group, Program Management Office

Westinghouse Electric Company

1000 Westinghouse Drive

Cranberry Township, PA 16066
If you have any questions, please do not hesitate to contact me at (805) 545-4328 or
Mr. W. Anthony Nowinowski, Program Manager of the PWR Owners Group, Program
Management Office at (412) 374-6855.

Ken Schrader, COO & Chairman
PWR Owners Group

Electronically Approved Records are Authewticated in the Blectromc Docxment Afanagenent Sysiem
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JKS:am

ce’ PWROG Analysis Committee (Participants of PA-ASC-1169)
PWROG PMO
PWROG Steering and Management Commuttee
J Andrachek, Westinghouse
K. Lasswell, Westinghouse
J. Sinegar, Westinghouse
B. Benney, US NRC -

Enclosure 1 PE-18-24-P/NP, Attachment 1, "RAIs 4 and 5 Responses for PWROG-16043
Revision 2" (PA-ASC-1169)

Enclosure 2. Affidavit for Withholding, CAW-184722 (Non-Proprietary) with accompanying
Affidavit, Proprietary Information Notice and Copyright Notice

Electromeally Approved Records are Autherticated m the Electronsc Document Managsment System
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Westinghouse Nofi-Propristary Class 3

Wes_tihghoUsev

From; Roger Yong Lu Our Ref: PE=18-24-NP
Phone: (603) 847-3426 Date: March 15, 2018
s-mall: lur@wéstinghouse com

Subject: Response to PWROG Topical Report PWROG-16043-P RAls 4 and-5

To: JamesP. Molkenthin  Jill G. Sinegar James D. Andrachek
cc: PWRQG

Aftached are the responses to RAls 4 and 5 related to the PWRQG Topical Report PWROG-168043-P,
Proprietary information is stiown in brackets. Questions or cdmments should be difécted to the
undérsigned.

Author; Roger Y. Lu*
PWR Fuel Technoiogy

‘Verfler:  Jane X. Jiang®y
Thermat-Hydraulic and Seismic Enginesrting

Approver;  Kevin T. Lasswel*, Manager. )
Thermal-Hydraulic énd Seismic Engineering

* kotronienlly Approved Records aro Authetieatad 1t the Fieebrouxs Documnent Mamigrnent Syste,
 lues Poss Verificaion (A1'V) weas wad (6 venfy i Jonamenl, o5 damonsiruicd, iu tlar Design Dueument Vardtiemion Cheeklist whioh:
ts gitachoil (o this docament in EDMS,

©®2018 Westingtiowse Electne Company LLC., AU rights reserved.

* 1+ Thia record was final approved on 252018 11:47:51 AM?{ This stetement was acided by tha PRIME systep upon its vakdation)
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Wesnnghouse Non-Proprietary Class 3

PE-18-24-NP,
Attachment 1
March 15, 2018
Page 1 of 1

RAI 4

The LTR states that beyond the use of simulated EOL grids, no modffication was made to the NRC-

approved testing and analysis methodologies documented in WCAP-9401-P-A and CENPD-1780P,

Rev. 1-P. Therefore, NRC approval Is not being sought for anything beyond the proposed use of
simulated EOL grids to determine the allowable grid impact strength. In order to verify that NRC

review and approval beyond the limited scope described in the LTR is not necessary, the NRC staff -~
requests the following clarification:

4. In Section 2 2 of the LTR, the allowable grid impact strength for CE and Westinghouse fuel are
discussed as

]l.ﬂ

Response to RAl 4
[

1

RAI 6

A new methodology is being proposed for Westinghousa and CE fuel to credit flowing water damping
In mitigation of the degradation in fuel mechanic behavior due to EOL effects on the spacer grids.
This methodology Is proposed as an option for use in lieu of the still water damping credited in the
previously approved methodologies. In order to fully understand how the proposed methodology is
intanded to conservatively capture the impact of flowing water on fuel assembly vibrations, the NRC
staff requests the following information:

S. Section 4 of the LTR discusses application of flowing water damping for EOL conditions. Please
clarify whether the EOL conditions, with flowing water damping, will be considered to bound BOL
conditions, or if BOL conditions will continue to be analyzed separately with the existing still water
damping methodology. [f the EOL condition analysis is intended to bound BOL conditions, please
provide information justifying this conclusion.

Response to RAI §

The EOL conditions that considered flowing water damping do not bound BOL conditions. The BOL
conditions will continue to be analyzed separately with the existing still water damping methodology.

** Ths record was final approved on 3/25/2018 11 17-51 AM ( Thts statemant was added by the PRIME system upon its validation)
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June 20, 2017

Mr. W. Anthony Nowlnowski, Program Manager

PWR Ownerg Group, Program Management Offlce

Westinghouse Electric Company 7
1000 Westinghouse Drive, Suite 380

Cranberry Township, PA 16066

SUBJECT: ACCEPTANCE FOR REVIEW OF THE PRESSURIZED WATER REACTOR
OWNERS GROUP TOPICAL REPORT PWROG-16043, "PWROG PROGRAM
TO ADDRESS NRC INFORMATION NOTICE 2012-09: IRRADIATION
EFFECTS ON FUEL ASSEMBLY SPACER GRID CRUSH STRENGTH FOR
WESTINGHOUSE AND CE PWR FUEL DESIGNS™ (CAC NO. MF8280)

Dear Mr. Nowinowski:

By letter dated February 1, 2017 (Agencywide Documents Access and Management System
(ADAMS) Accession No. ML17038B050), the Pressurized Water Reactor Owners Group
(PWROG) submitted Topical Report (TR) PWROG-16043-P, Revision 2, “PWROG Program to
Address NRC information Notice 2012-09: "lrradlation Effects on Fuel Assembly Spacer Grid
Crush Strength”® for Westinghouse and CE PWR Fuel Desngns to the U.S. Nuclear Regulatory
Commission (NRC) staff for review.

The NRC staff has found that the material presented Is sufficient to begin our review. The NRC
staff expects to issue Its request for additional information by March 30, 2018, and issue its draft
safety evaluation (SE) by September 3, 2018. This schedule information takes in consideration
the NRC's current review priorities and avallable technical resources and may be subject to
change. If modifications to these dates are deemed nacessary, we will provide appropriate
updates to this information. The review schedule millestones were discussed and agreed upon
in a telephone conference between PWROG Project Manager, Chad Holderbaum and the NRC
staff on June 14, 2017.

Section 170.21 of Title 10 of tho Code of Federal Regufations requires that TRs are subject to
foes based on the full cost of the review.

Section 1.4 of PWROG-16043-P specifies the imlited scope review being requested by
PWROG. This section clearly states that this topical does not "revise and or modify the current
NRC-approved grid and fuel assembly test methods, or the fuel assembly setsmic and loss-of-
coolant accident analysis methodologies, processes and codes.” Section 1.3 of
PWROG-18043-P goes on to state that this toplcal report “does not supercede the
NRC-approved TRs WCAP-8401-P-A (Reference 1-3) and CENPD-178-P, Rev. 1-P
(Reference 1.4)." The NRC staff understands the limited scope review being requested and
does not intend to expand its review into the underlying, legacy selsmic methods within
WCAP-8401-P-A or CENPD-178-P, Rev. 1-P.
However, issues identified within these legacy methods during recent and ongoing new reactor
_ reviews (l.e., AP1000 and APR1400) may need to be addressed prior to use of the revised end
of life fuel characteristics and damping coefficlents in PWROG-16043-P.

PWROG-16043-NP-A November 2018
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W. A. Nowinowskl -2-

As a result, the staff's safety evaluation may Include a limftation and condition defining lssues
with the legacy methods, which need to be resolved prior to use of PWROG-16043-P.

As with all TRs, the SE will be reviewed by the NRC's Office of the General Counsel (OGC) to
determine whether tt falls within the scope of the Congressional Review Act (CRA) Durmg the
course of this review, OGC considers whether any endorsement or acceptance of a TR by the
NRC amounts to a rule as defined in the CRA. If this initial review concludes that the SE, with
its accompanying TR, may be a rule, the NRC will forward the package to the Office of
Management and Budget (OMB) for further review and conslderaton. Any review by OMB
would impact the schedule for the issuance of the final SE. If you have questions regarding this
matter, please contact Brian Benney at (301) 415-2787.

Sincerely,

/RA/

Dennis C Morey, Chlef

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

Project No. 694
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SUBJECT: ACCEPTANCE FOR REVIEW OF THE PRESSURiZED WATER RE?\CT OR
OWNERS GROUP TOPIGAL REPORT PWROG-18043, * OG PROGRAM.’
TO ADDRESS NRC INFORMATION NOTICE 2012-0¢: IRRADIATION
EFFECTS ON FUEL ASSEMBLY SPACER GRID CRUSH STRENGTH FOR
WESTINGHOUSE'AND CE PWR FUEL DESIGNS* (CAC NO.MF9280)
DATED: JUNE 20, 2017
DISTRIBUTION: o
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Program Mandgement Office
20 intemational Drive
Wirkisor, Conpecticut 08095

Febryary 1, 2017

-0G-17-12
Document Control Desk i p
TJ.8. Nuclear Regulatory Commission
11555 Rackville Pike
Rockville, MD 20852-2738
Subject: PWR Owners Group
Submittal .of P\WROG-16043_P, Revision 2, “PWROG Program .to
Address NRC Information Notice: 2012-09: “Irradiation Effects on
Fuel Aysembly Spacer Grid' Crush Strength™ for Westinghouse and
CE PAVR Fuel lm 25” PA-ASC-1169R2

Réference:  NRC Information Notice 2012-09. “Irradiation Fffects on Fuel
Assembly Spacer Grid Crush Stredgth,” doted Junie 28,2012,

The purpose of this lefter is to submit Pressurized Water Reactor Owners Group
(PWROG) Topical Report (TR), PWROG-16043-P, Reyision 2, “PWROG Program 1o
Address NRC Infgrmation Notice 2012-09: “Irradiation Effects on Fuel Assembly Spacet
Grid Crugh Strength" for Westinghouse arid CE PWR Fugl Désigns,” in aceordance with
the Nuclear Regulatory Commission (NRC) TR program for review and accept'ance for
referencing in regulatory actions. PWROG-16043-P, Revision 2 is provided in Enclosure
1

PWROG-16043-P, Revision 2 addresses the issue identified in NRC Information Notice
2012-09 by applying the approach that was uscd to address the End of Life (EOL) effects
for the AP1000®' Core Reference Report APP-GW-GLR=153, Rev.' 1, “AP1000" Core
Reference Report.” PWROG-16043-P, Revision 2 dtscusses the applicability for
determining fucl assembly characteristics and damping coefficients at EOL coudmonx
and. the aspects for which NRC approval is tequested.. PWROG-16043-P, Revision 2
does not revise anid/or modify.the current grid-and fuel assembly test methods. or the fuel
assembly seismic’ and LOCA analysis methodologies, processes and codes that were
previously approved by NRC,

Enclosure. 3, contains Westinghousc authorization letter CAW=17-4530. the
accompaitying affidavit, Prometarv Infonmation Notice, and Copyright Notica:

1 AP1080 and CE16NGF arca trademark; orregistered tiadewark of Westnghousé Blectrio Gompany LUC, ity Affiliates.
uﬂwiu&rbadunammzlhnwdsmadﬁmcaudmybcmpdbudmdhﬁcmnhmsﬂnoogim thie world, All
rights rewerved - Urmﬂmzadmcumdlywdnhbdoﬂnmmybcwhmﬂuuﬂharmwum
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U.S. Nuclear Reogulatory Comnussion February 1, 2017
OG-17-12 Page 2 of 4

PWROG-16043-P, Revision 2, contains information proprietary to Westinghouse Electric
Company LLC, therefore it 18 supported by an affidavit signed by Westinghouse, the
owner of the information. The affidavit sets forth the basis on which the information may
be withheld from public disclosure by the Commission and addresses with specificity the
considerations listed in paragraph (bX4) of Section 2.390 of the Commussion’s
regulations.

Accordingly, it 18 respectfully requested that this information which is proprietary to
Westinghouse, be withheld from public disclosure in accordance with 10 CFR Section
2.390 of the Commuission’s regulations

Correspondence with respect to the copyright or proprietary aspects of the mformation
identified above or the supporting Westinghouse affidavit should reference CAW-17-
4530, and should be addressed to Mr. J. A. Gresham, Manager, Regulatory Compliance,
Westinghouse Electric Company LLC, 1000 Westinghouse Drive, Building 3 Suite 310,
Cranberry Township, Pennsylvania, 16066.

TR Classification; As discussed above, this TR addresses the issue associated with the
wrradiation effects on fuel assembly spacer grid strength identified in NRC Information
Notice 2012-09, via a generic licensing action, that will be used for evaluating the
structural integrity of fuel assemblies under faulted condition loads (seismic and LOCA)
for Westinghouse and CE fuel designs at EOL conditions, on a plant-specific basis.

Specialized Resource Availability: This TR is bemg submitted to the NRC for review
and approval so that the NRC approved version can be utilized for performing plant-
specific evaluations of the structural mtegrity of fuel assemblies under faulted condition
loads (seismic and LOCA) for Westinghouse and CE fuel designs at EOL conditions
NRC approval of the generic TR will provide a common approach that will be utilized to
address the EOL effects on fuel asgsembly space grid strength in fuel assembly structural
integrity evaluations

This letter transmits four copies of PWROG-16043-P, Revision 2 (Enclosure 1) and one
copy of PWROG-16043-NP, Revision 2 (Enclosure 2)

Applicability; This TR is applicable to the Westinghouse and CE Nuclear Steam Supply
System (NSSS) plants that are participating in the PWROG program, PA-ASC-1169R2,
that developed this TR

for Review Fee W

The PWROG will be requesting that a fee waiver be considered for the NRC review of
PWROG-16043-P, Revision 2 pursuant to the provisions of 10 CFR
170.11(a)(1)iiXA). PWROG-16043-P provides a common approach that will be utilized
to address the EOL effects on fuel assembly space grid strength in fuel assembly
structural integrity evaluations. NRC approval of the TR will ensure that the EOL effects
on fuel assembly space grid strength in fuel assembly structural integrity evaluations are
considered 1n these evaluations Therefore the review of this TR will support ongoing
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U.S. Nuclear Regulatory Commission February 1, 2017
0G-17-12 Page 3 of 4

NRC generic regulatory improvements/efforts associated with the issue of EOL effects
on fuel assembly space grid strength in fuel assembly structural integrity evaluations.

During the fee waiver decision period, the PWROG respectfully requests the NRC Statf
to perform its acceptance review of PWROG-16043-P. Revision2 The PWROG will
assume the responsibility of payment of the NRC review fees accrued both during the
acceptance review, and during the review, if the fee waiver is not approved.

NRC Review Schedule
The PWROG requests that the NRC complete their review of the TR by August 2018.
Correspondence related to this transmittal should be addressed to:

Mr. W. Anthony Nowinowski, Program Manager
PWR Owners Group, Program Management Office
Westinghouse Electric Company
1000 Westinghouse Drive
Suite 380
Cranberry Township. Pennsylvania, 16066

If you have any questions, please do not hesitate to contact me at (205) 992-7037 or Mr.
W. Anthony Nowinowski, Program Manager of the PWR Owners Group, Program
Management Office at (412) 374-6855

Sincerely yours,

Y oo ﬂ' :@%;‘;8 DW
Jack Stringfellow, Chief Operating Officer and Chairman
PWR Owners Group

NJS.WAN

Enclosures 1 and2.  Four copies of PWROG-16043-P, Revision 2, “PWROG Program
to Address NRC Information Notice 2012-09: “Irradiation Effects on Fuel Asscmbly
Spacer Grid Crush Strength” for Westinghouse and CE PWR Fuel Designs” (Proprietary)
and one copy of PWROG-16043-NP. Revision 2

Enclosurc 2: One copy of the Application for Withholding, CAW-17-4530 (Non-
proprietary) with the accompanying affidavit, Proprietary Information Notice and
Copynight Notice
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U.S. Nuclear Regulatory Commission February 1, 2017
0G-17-12 Page 4 of 4

cc: PWROG Management Committee
PWROG Analysis Committee
PWROG Steering Commuttee
PWROG Licensing Commuittee
PWROG PMO
J. Gresham, Westinghouse
J. Andrachek, Westinghouse
J. Moorehead, Westinghouse
B. Bemney, US NRC
J. Sinegar, Westinghouse
N Marshall, Westinghouse
J. Norrell, Westinghouse
R. Lu, Westinghouse
J. Jiang, Westinghouse

PWROG-16043-NP-A November 2019
Revision 2





