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June21 , 2016

Mr. James A. Gresham, Manager
Regulatory Compliance and Plant Licensing
Westinghouse Electric Company
1000 Westinghouse Drive
Cranberry Township, PA 16066
SUBJECT:

FINAL SAFETY EVALUATION FOR WESTINGHOUSE ELECTRIC COMPANY
TOPICAL REPORT_WCAP-16500-P/WCAP-16500-NP, SUPPLEMENT 2,
"EVOLUTIONARY DESIGN CHANGES TO CE 16X16 NEXT GENERATION
FUEL AND METHOD FOR ADDRESSING THE EFFECTS OF END-OF-LIFE
PROPERTIES ON SEISMIC AND LOSS-OF-COOLANT-ACCIDENT
ANALYSES" (TAC NO. MF5330)

Dear Mr. Gresham:
By letter dated November 12, 2014 (Agencywide Documents Access and Management System
(ADAMS) Accession No. ML 14324A015), Westinghouse Electric Company (Westinghouse)
submitted for U.S. Nuclear Regulatory Commission (NRC) staff review Topical Report (TR)
WCAP-16500-P/WCAP-16500-NP , Supplement 2, "Evolutionary Design Changes to CE 16X16
Next Generation Fuel and Method for Addressing the Effects of End-of-Life Properties on
Seismic and Loss of Coolant Accident Analyses." By letter dated April 11 , 2016 , an NRC draft
safety evaluation (SE) regarding our approval of WCAP-16500-P/WCAP-16500-NP,
Supplement 2, was provided for your review and comments. By letter dated May 9, 2016,
Westinghouse commented on the draft SE. The NRC staffs disposition of Westinghouse's
comments on the draft SE are discussed in the attachment to the final SE enclosed with this
letter.
The NRC staff has found that TR WCAP-16500-P/WCAP-16500-NP, Supplement 2, is
acceptable for referencing in licensing applications for nuclear power plants to the extent
specified and under the limitations delineated in the TR and in the enclosed final SE . The final
SE defines the basis for our acceptance of the TR.

NOTICE: Enclosure 2 and Attachment 2 transmitted herewith contains proprietary information . When
separated from Enclosure 2 and Attachment 2, this document is decontrolled .
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Our acceptance applies only to material provided in the subject TR. We do not intend to repeat
our review of the acceptable material described in the TR. When the TR appears as a
reference in license applications, our review will ensure that the material presented applies to
the specific plant involved . License amendment requests that deviate from this TR will be
subject to a plant-specific review in accordance with applicable review standards.
In accordance with the guidance provided on the NRC website, we request that Westinghouse
publish accepted proprietary and non-proprietary versions of this TR within three months of
receipt of this letter. The accepted versions shall incorporate this letter and the enclosed final
SE after the title page. Also, they must contain historical review information , including NRC
requests for additional information (RAls) and your responses . The accepted versions shall
include an "-A" (designating accepted) following the TR identification symbol.
As an alternative to including the RAls and RAI responses behind the title page, if changes to
the TR were provided to the NRC staff to support the resolution of RAI responses , and the NRC
staff reviewed and approved those changes as described in the RAI responses , there are two
ways that the accepted version can capture the RAls:
1. The RAls and RAI responses can be included as an Appendix to the accepted version .
2. The RAls and RAI responses can be captured in the form of a table (inserted after the final
SE) which summarizes the changes as shown in the approved version of the TR. The table
should reference the specific RAls and RAI responses which resulted in any changes, as shown
in the accepted version of the TR.
If future changes to the NRC's regulatory requirements affect the acceptability of this TR,
Westinghouse will be expected to revise the TR appropriately or justify its continued applicability
for subsequent referencing . Licensees referencing this TR would be expected to justify its
continued applicability or evaluate their plant using the revised TR.
Sincerely,

/RAJ
Kevin Hsueh , Chief
Licensing Processes Branch
Division of Policy and Rulemaking
Office of Nuclear Reactor Regulation
Project No. 700
Enclosures:
1. Final SE (Non-proprietary version)
2. Final SE (Proprietary version)
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FINAL SAFETY EVALUATION FOR
TOPICAL REPORT WCAP-16500-P/WCAP-16500-NP, SUPPLEMENT 2,
"EVOLUTIONARY DESIGN CHANGES TO CE 16X16 NEXT GENERATION FUEL AND
METHOD FOR ADDRESSING THE EFFECTS OF END-OF-LIFE PROPERTIES ON SEISMIC
AND LOSS-OF-COOLANT-ACCIDENT ANALYSES"
WESTINGHOUSE ELECTRIC COMPANY
PROJECT NO. 700

1.0

INTRODUCTION AND BACKGROUND

1.1

Introduction

By letter dated November 12, 2014 (Reference 1), Westinghouse Electric Company
(Westinghouse) submitted for U.S. Nuclear Regulatory Commission (NRC) staff review of
Topical Report (TR) Supplement 2 to WCAP-16500-P/WCAP-16500-NP, "Evolutionary Design
Changes to CE 16X16 Next Generation Fuel and Method for Addressing the Effects of End-ofLife Properties on Seismic and Loss of Coolant Accident Analyses" (Reference 2) . This TR
describes three evolutionary design changes to mid and intermediate flow-mixing (IFM) spacer
grids. Upon submittal , this TR also described an approach to address NRC Information Notice
(IN) 2012-09, "Irradiation Effects on Fuel Assembly Spacer Grid Crush Strength ," (Reference 3) .
However, by letter LTR-NRC-16-7 dated February 24 , 2016 (Reference4) , Westinghouse
requested that the approach to address IN 2012-09 be excluded from the regulatory review.

1.2

Background of Combustion Engineering 16x16 Next Generation Fuel

WCAP-16500-P-A/WCAP-16500-NP-A, (Reference 5) , describes the Combustion Engineering
(CE) 16x16 Next Generation Fuel (NGF) design. Previously licensed reload methodologies and
an approved mechanical design methodology were used to demonstrate compliance to
NUREG-0800, "Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants" (SRP) Section 4.2 (Reference 6) and subsequently the appl icable General
Design Criteria (GDC). The NRC staffs review of WCAP-16500-P and Supplement 1 to
WCAP-16500-P-A/WCAP-16500-NP-A was to ensure that the reload and fuel mechanical
design methodologies referenced remain applicable to the CE 16x16 NGF design and
adequately address the applicable regulatory requirements identified in SRP 4.2. Additionally ,
based upon lead test assemblies, post-irradiation examinations, mechanical testing , past
operating experience of similar designs and materials, and fuel performance model predictions,
the N RC staff reviewed expected performance of the CE 16x16 NGF assembly to ensure it
satisfied these requ irements. Upon completion of the review, the NRC staff found the CE 16x16
NGF assembly design , fuel design criteria, and supporting fuel mechanical and reload design
methodology acceptable, subject to the 10 conditions and limitations in the associated safety
evaluation (SE) .

Enclosure 1
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-2WCAP-1 6500-P-A, Supplement 1, Revision 1 (Reference 7) addressed deficiencies in the CE
digital set-point methodology and requested removal of the imposed departure from nucleate
boiling (DNB) margin penalty in WCAP-16500-P-A/WCAP-16500-NP-A Condition #5. The NRC
staffs review of Supplement 1, Revision 1, included an audit of the supporting Westinghouse
calculations and concluded that the DNB margin penalty of six percent was no longer
necessary.
The topic of this SE , Supplement 2, introduces three evolutionary design changes for spacer
grids that can improve grid to rod fretting (GTRF) margin , reduce locally concentrated crud
deposition, and improve the spacer grid strap fabrication process. Additionally , an approach to
address the concerns outlined in IN 2012-09 was described , but later excluded from the review.

2.0

REGULATORY EVALUATION

Title 10 of the Code of Federal Regulations (1 O CFR), Part 50, governs the domestic licensing
of nuclear production and utilization facilities . Appendix A of 1O CFR Part 50 lists the GDC that
must be followed for nuclear power plants. The following is a partial list of GDC applicable to
Supplement 2:
2. Structures, systems, and components important to safety shall be designed to withstand
the effects of natural phenomena such as earthquakes, tornadoes, hurricanes, floods ,
tsunami , and seiches without loss of capability to perform their safety functions.
10. The reactor core and associated coolant, control , and protection systems shall be
designed with appropriate margin to assure that specified acceptable fuel design limits
are not exceeded during any condition of normal operation , including the effects of
anticipated operational occurrences.
27. The reactivity control systems shall be designed to have a combined capability, in
conjunction with poison addition by the emergency core cooling system , of reliably
controlling reactivity changes to assure that under postulated accident conditions and
with appropriate margin for stuck rods the capability to cool the core is maintained .
35. A system to provide abundant emergency core cooling shall be provided. The system
safety function shall be to transfer heat from the reactor core following any loss of
reactor coolant at a rate such that (1) fuel and clad damage that could interfere with
continued effective core cooling is prevented and (2) clad metal-water reaction is limited
to negligible amounts . ...
Regulatory guidance for the review of fuel system designs and adherence to applicable GDCs is
provided in SRP, Section 4.2, "Fuel System Design ." In accordance with SRP Section 4.2, the
objectives of the fuel system safety review are to provide assurance that:
a. The fuel system is not damaged as a result of normal operation and anticipated
operational occurrences.
b. Fuel system damage is never so severe as to prevent control rod insertion when it is
required .
c. The number of fuel rod failures is not underestimated for postulated accidents, and

WCAP-16500- P-A
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-3d. Coolability is always maintained .

3.0

TECHNICAL EVALUATION

The following NRC staff review focusses on the topics presented by WCAP-16500-P/NP,
Supplement 2, and the associated request for additional information (RAI) responses
(Reference 8) . The NRC staffs objectives for review of Supplement 2 to
WCAP-16500-P/WCAP-16500-NP , have been established based on the topics presented in the
supplement and the regulatory evaluation in Section 2.0 of this SE. They are summarized
below:
•

Verify that proposed changes to CE 16x16 NGF spacer grid designs do not adversely
affect their ability to satisfy the acceptance criteria identified in SRP Section 4.2.

•

Verify that any changes to previously approved methodologies are acceptable and
justified.

3.1

Design Changes to CE 16x16 NGF Spacer Grids

Three evolutionary design changes to mid and IFM spacer grids are presented in the
Supplement 2 to WCAP-16500-P/WCAP-16500-NP. These changes consist of modified outer
straps (MOS), additional outer strap tabs (OST) , and [
]

3.1.1

Modified Outer Straps

Post-irradiation examination (PIE) of the current CE 16x16 NGF design performed by
Westinghouse has shown that outer strap dimples are the limiting feature with respect to GTRF
margin. The current mid grid design alternates springs and dimples on the outer strap for each
fuel rod . The proposed design change replaces the dimples on the outer strap with springs.
Consequently, to maintain a spring-opposing-dimple configuration, the outermost inner grid
strap must also be modified for the affected cells. Replacing the springs of these cells with
dimples creates "double-dimple" cells in these locations.
PIE of test assemblies for the original CE 16x16 NGF design demonstrates superior GTRF
performance of the outer strap springs which were incorporated at all locations on the outer
strap of the MOS design. However, the effects of the modifications to the outermost inner grid
straps on GTRF performance required additional testing . Therefore, Westinghouse performed
an experiment in their Vibration Investigation and Pressure-drop Experimental Research
(VIPER) loop to examine the effects of double dimple cells on GTRF margin in those areas.
Westinghouse concluded that double dimple cells do not reduce GTRF margin , and overall
GTRF margin for the MOS design change is improved .
An RAI was issued regarding the methods and results of the VIPER loop tests to verify the
conclusion that GTRF margin is not reduced in the areas surrounding double dimple cells since
the testing procedure and results were not explained in detail in the TR. The staff concern was
that two adjacent fuel pins may be more rigidly held against the same section of grid strap via
dimples. Vibration or oscillation at different rates or in different directions of the fuel pins could
potentially cause damage to one or both due to interaction across the more rigid connection (the
double dimples).

WCAP-1 6500-NP-A
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In response to the RAI , Westinghouse explained the consistency between the relative wear from
the VIPER tests and that from designs with reactor experience. Based on these similarities, the
NRC staff expects that the VIPER loop demonstrates GTRF effects adequately for use in this
investigation of double dimple effects. It was stated that wear depth for a given spacer grid
depends on the contact surface geometry and that double dimple cells maintain the same
combination of contact points between the grids and the rods. Westinghouse confirmed that the
wear observed in the outermost inner grid strap locations for the new design was largely similar
to the wear seen for the original design in these locations. Therefore, the NRC staff agrees with
the determination made by Westinghouse that the GTRF margin is not reduced in the areas
surrounding the double dimple cells.
An RAI was issued regarding changes in grid loss coefficients, pressure drop, and flow
distribution as a result of the MOS change. In response, Westinghouse indicated that
mechanical and thermal hydraulic (TH) effects of the MOS changes are minimal and are
accounted for explicitly in the licensed methodologies. They indicated that [
] Additionally, the inlet geometry is unchanged and , therefore, no impact on inlet
flow distribution is observed .
The design criteria and methodologies licensed in CENPD-178-P (Reference 9),
WCAP-16500-P-A/WCAP-16500-NP-A, and the associated supporting supplements remain
applicable with no modifications necessitated by the MOS change. These facts , combined with
the overall improvement in GTRF margin shown through PIE and the VIPER loop tests, ensure
that the design is not adversely affected and it continues to satisfy the acceptance criteria for
fuel system damage identified in SRP Section 4.2. Therefore, the NRC staff finds the MOS
design change acceptable.

3.1.2

Additional Outer Strap Tabs

PIE of the CE 16x16 NGF design also showed that the heaviest crud deposition occurred on the
rods adjacent to the locations where lead-in tabs are omitted in the current mid and IFM grid
designs. The omitted lead-in tab locations in the current design are in the center, between
pins 8 and 9, at the top and bottom edges of the grid outer straps. Computational Fluid
Dynamics (CFO) modelling performed by Westinghouse also suggests that TH conditions in
these locations promote crud deposition. The proposed design change adds a lead-in tab to
each of the missing locations on the top and bottom of the grids. For mid grid applications, a
small amount of supporting material for the lead-in tabs must be added to the corresponding
center strap to be consistent with the rest of the grid . The center straps of the IFM grids do not
require this supporting material since they are already consistent with the other straps
throughout the grid.
The OST change introduces certain TH effects that impact some of the design bases addressed
in WCAP-16500-P-A/WCAP-16500-NP-A. Specifically, a small increase in grid loss coefficients
is seen relative to the original NGF grids, though Westinghouse states that this increase has no
impact on the overall grid or fuel assembly pressure drop. Additionally, a small change in flow
distribution within the fuel assembly and between fuel assemblies in mixed assembly cores is
seen due to the additional outer strap tab (OST) change. These TH effects are explicitly
accounted for in the licensed methodologies used to demonstrate compliance with the
acceptable design criteria.

WCA P-1 6500-NP-A
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-5The design criteria and methodologies established in CENPD-178-P,
WCAP-16500-P-A/WCAP-16500-NP-A and the associated supporting supplements remain
applicable with no modifications necessitated by the OST change. Additionally, the GTRF
performance is not expected to be affected as a result of the OST change because the rod
support features and materials remain unchanged by OST. These facts , combined with the
predicted decrease in crud deposition , ensure that the design is not adversely affected and that
it continues to satisfy the acceptance criteria for fuel system damage identified in SRP
Section 4.2. Therefore, the NRC staff finds the OST design change acceptable.

3.1.3

[

]
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Conclusion on Spacer Grid Design Changes

The three design changes presented , MOS, OST, and [ ) have each been found acceptable by
NRC staff on the bases that: (1) any changes or combination of changes will be analyzed and
explicitly accounted for according to approved licensed methodologies, (2) the overall design is
not expected to be adversely affected and is expected to continue to satisfy the acceptance
criteria identified in SRP Section 4.2, and (3) no new methodologies or design criteria are
necessary to accommodate the proposed design changes. The only imposed restriction on
implementation of the three changes is that [ ) may only be used if MOS is concurrently
applied, except for application to IFM grids for which the MOS change is not applicable.

3.2

Information Notice 2012-09

IN 2012-09 was issued by NRC staff to inform addressees of operating experience involving
evaluations of fuel assembly structural response to external loads and associated issues the
NRC staff identified during reviews of fuel designs for design certification applications.
Operating experience regarding the effects of in-reactor service on fuel assembly component
response to externally applied forces challenged existing NRC staff guidance.
Supplement 2 to WCAP-16500-P/WCAP-16500-NP, detailed an approach to address the issue
presented by IN 2012-09. Westinghouse intended to use the seismic, vibration , and mechanical
testing procedures currently approved in CENPD-178-P for CE fuel with some modifications to
address the issue detailed in IN 2012-09.
Three major modifications and two minor modifications to the approved seismic/LOCA testing
and analysis methodology were presented. The major modifications consisted of simulating end
of life (EOL) conditions with "gapped" spacers, crediting flowing water damping instead of still
water damping , and modifying coolability testing and analyses to use "maximum credible
deformation" in place of "maximum hypothetical deformation." The less significant modifications
were related to forced-vibration testing . They consisted of changing the shaker from hydraulic
to electro-mechanical and exciting the test section from the center rather than the lower end. A
number of RAls were issued regarding these changes and RAI responses were received .
Westinghouse requested that the approach to address IN 2012-09 be excluded from the
regulatory review. Therefore, the NRC staff has not reviewed these changes or the associated
RAI responses and no determination of acceptability regarding these changes or the associated
RAI responses has been made.

4.0

LIMITATIONS AND CONDITIONS

Use of WCAP-16500-P-A/WCAP-16500-NP-A, Supplement 2, for licensing actions is subject to
the following conditions and limitations:
1. CE 16x16 NGF spacer grids [
)
must also apply the Modified Outer Strap (MOS) design change. Intermediate Flow-Mixing
(IFM) grids for which the MOS design change is not applicable may [
] since the [
] do not challenge any safety analyses or design
criterion .

WCAP-1 6500-NP-A
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-72. Any changes or combinations of changes approved in this safety evaluation shall be
analyzed and explicitly accounted for according to approved licensed methodologies prior to
implementation.
3.

5.0

Licensees may not reference the proposed approach to address IN 2012-09 detailed in the
Supplement 2 to WCAP-16500-P/WCAP-16500-NP submittal as this approach has not been
reviewed or approved by the NRC staff.

CONCLUSION

Based on the review of the material presented in the Supplement 2 to
WCAP-16500-P/WCAP-16500-NP, and responses to RAls, the NRC staff concludes the
following :
The NRC staff finds the proposed physical changes to CE 16x16 NGF mid and IFM grids
acceptable, provided that the conditions specified in Section 4.0 of this safety evaluation are
met. This determination has been made on the bases that: (1) any change or combination of
changes will be analyzed and the results explicitly accounted for in the licensed methodologies,
(2) the overall design is not expected to be adversely affected and is expected to continue to
satisfy the regulatory criteria identified in SRP Section 4.2, and (3) no new methodologies or
design criteria are necessary to accommodate the proposed design changes.
By Westinghouse request, the proposed approach to address IN 2012-09 has not been
reviewed by NRC staff and no determination regarding its acceptability has been made.
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Westinghouse Electric Company
Engineering, Equipment and Major Projects
1000 Westinghouse Drive, Building 3
Cranberry Township, Pennsylvania 16066

USA

U.S. Nuclear Regulatory Commission
Document Control Desk
11555 Rockville Pike
Rockville, MD 20852

Direct tel: (412) 374-4643
Direct fax: (724) 940-8560
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A ttachment A
TR Prioritiza tion Scheme Matrix for Metric a nd Resources
T itle:
W CA P- 16500-P, S upplement 2, "Evolutiona ry Design C ha nges to CE 16x16 Next Ge nera tion Fuel and Method
for Addressing th e Effects of End-of-Life Properties on Seismic and Loss of Coola nt Accident Ana lyses"
Expect submitting
FY

TAC

PM

Technica l Review Division(s)

Tod ay's Da te: 11 /1 2/2014

Technical Review Bra nch(s)

Factor s

Select the C riteria T ha t th e TR satisfies

T R C lassification
(Select one only)

Resolve Generic Issue (GSI)

6

Emergent NRC Technical Issue

3

New technology improves safety

2

TR Revision retlecting current requirements or analytical
methods

2

TR Appli ca bility
(Select one only)

Points ca n be
Assigned for
Each C ri te ri a

Standard TR

I

Potential industry-w ide applications

3
2

Potentially applicable to entire groups of licensees

Assigned
Points
3

2

Intended for only partial groups of licensees

I

Industry-wide Implementation expected

3

Expected implementation by an entire group of licensees
(BWROG, PWROG, BWRVIP, etc.) who sponsored the TR

2

Docketed intent by U.S. plant(s) but no formal LAR schedule
yet

I

No U.S. plants have indicated strong intent on docket to
implement yet

0

Tie to a LAR
(Select if
applicable)

A SE is requested by a certain date (less than two years) to
support a licensing activity or renewal date (note it in
Comments)

3

3

Review Progress
(Points are
cumulative as
applicable)

Accepted for review

0.3

0

RAJ issued

0.5

0

RA I responded

1.2

0

2.0

0

TR
Implemen tation
Certainty
(Select one only)

SE drafted
Management (LTIET) discretion adjustm ent

I

-3 to +3

Total Points (Add the tota l points from each factor a nd total here):
9
C omments:
• TR Classification : The emergent NRC technical issue is irradiation effects on fuel assembly spacer grid crush strength as
documented in IN 2012-09.
• TR Appl icabi lity : The topical report is applicable to Combustion Engineering Pressurized Water Reactors (PWRs) .
• TR Implementation Certainty: The topical report is part ofa PWR Owners Group (PWROG) program. It is expected that
the applicable plants who are part of this project will implement this topical once it is approved as it is needed on a forward
fit basis.
• Tie to a LAR: The Safety Evaluation (SE) of this topical report is requested in less than two years to support
implementation at Palo Verde Nuclear Station.
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AW-14-4060
November 12, 2014

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject:

WCAP-16500-P, Supplement 2, "Evolutionary Design Changes to CE 16x16 Next
Generation Fuel and Method for Addressing the Effects of End-of-Life Properties on
Seismic and Loss of Coolant Accident Analyses" (Proprietary)

Reference:

Letter from James A. Gresham to Document Control Desk, LTR-NRC-14-73 , dated
November 12, 2014

The Application for Withholding Proprietary Information from Public Disclosure is submitted by
Westinghouse Electric Company LLC (Westinghouse), pursuant to the provisions of paragraph (b)( 1) of
Section 2.390 of the Commission's regulations. It contains commercial strategic information proprietary
to Westinghouse and customarily held in confidence.
The proprietary information for which withholding is being requested is identified in the proprietary
version of the subject report. In conformance with 10 CFR Section 2.390, Affidavit A W-14-4060
accompanies this Application for Withholding Proprietary Information from Public Disclosure, setting
forth the basis on which the identified proprietary information may be withheld from public disclosure.
Accordingly, it is respectfully requested that the subject 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 proprietary aspects ofthis application for withholding or the
accompanying Affidavit should reference AW-14-4060 and should be addressed to James A. Gresham,
Manager, Regulatory Compliance, Westinghouse Electric Company, 1000 Westinghouse Drive,
Building 3 Suite 310, Cranberry Township, Pennsylvania 16066.

d~D~
f.:mes A. Gresham, Manager
Regulatory Compliance
Enclosures
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AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

SS

COUNTY OF BUTLER:

[, James A. Gresham, am authorized to execute this Affidavit on behalf of Westinghouse Electric
Company LLC (Westinghouse), and I declare under penalty of perjury that the foregoing is true and
correct.

Executed on November 12, 2014.

t/

.J ames A. Gresham, Manager
Regulatory Compliance
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A W-14-4060

I am Manager, Regulatory Compliance, Westinghouse Electric Company LLC (Westinghouse),
and as such, I have been specifically delegated the function of reviewing the proprietary
information sought to be withheld from public disclosure in connection with nuclear power plant
licensing and rule making proceedings, and am authorized to apply for its withholding on behalf
of Westinghouse.

(2)

I am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the
Commission ' s regulations and in conjunction with the Westinghouse Application for Withholding
Proprietary Information from Public Disclosure accompanying this Affidavit.

(3)

I have personal knowledge of the criteria and procedures utilized by Westinghouse in designating
information as a trade secret, privileged or as confidential commercial or financial information .

(4)

Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commi ssion 's regulations,
the followin g is furnished for consideration by the Commission in determining whether the
information sought to be withheld from public disclosure should be withheld.

(i)

The information sought to be withheld from public disclosure is owned and has been held
in confidence by Westinghouse.

(ii)

The information is of a type customarily held in confidence by Westinghouse and not
customarily disclosed to the public. Westinghouse has a rational basis for determining
the types of information customarily held in confidence by it and, in that connection,
utilizes a system to determine when and whether to hold certain types of information in
confidence. The application of that system and the substance of that system constitute
Westinghouse policy and provide the rational basis required.

Under that system, information is held in confidence if it falls in one o r more of several
types, the release of which might result in the loss of an existing or potential competitive
advantage, as follows :

(a)

The information reveals the distinguishing aspects of a process (or component,
structure, tool, method, etc.) where prevention of its use by any of
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Westinghouse' s competitors without license from Westinghouse constitutes a
competitive economic advantage over other companies.

(b)

It consists of supporting data, including test data, relative to a process (or

component, structure, tool , method, etc.), the application of which data secures a
competitive economic advantage, e.g., by optimization or improved
marketability.

(c)

Its use by a competitor would reduce his expenditure of resources or improve his
competitive position in the design, manufacture, shipment, installation, assurance
of quality, or licensing a similar product.

(d)

It reveals cost or price information, production capacities, budget levels, or

commercial strategies of Westinghouse, its customers or suppliers.

(e)

It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

(t)

(i ii)

It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the
following:

(a)

The use of such information by Westinghouse gives Westinghouse a competitive
advantage over its competitors. It is, therefore, withheld from disclosure to
protect the Westinghouse competitive position.

(b)

It is information that is marketable in many ways. The extent to which such

information is available to competitors diminishes the Westinghouse ability to
sell products and services involving the use of the information.

(c)

Use by our competitor would put Westinghouse at a competitive disadvantage by
reducing his expenditure of resources at our expense .
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Each component of proprietary information pertinent to a particular competitive
advantage is potentially as valuable as the total competitive advantage. If
competitors acquire components of proprietary information, any one component
may be the key to the entire puzzle, thereby depriving Westinghouse of a
competitive advantage.

(e)

Unrestricted disclosure would jeopardize the position of prominence of
Westinghouse in the world market, and thereby give a market advantage to the
competition of those countries.

(t)

The Westinghouse capacity to invest corporate assets in research and
development depends upon the success in obtaining and maintaining a
competitive advantage.

(iv)

The information is being transmitted to the Commission in confidence and, under the
provisions of I 0 CFR Section 2.390, it is to be received in confidence by the
Commission.

(v)

The information sought to be protected is not available in public sources or available
information has not been previously employed in the same original manner or method to
the best of our knowledge and belief.

(vi)

The proprietary information sought to be withheld in this submittal is that which is
appropriately marked in WCAP-16500-P, Supplement 2, "Evolutionary Design Changes
to CE 16xl6 Next Generation Fuel and Method for Addressing the Effects of End-of-Life
Properties on Seismic and Loss of Coolant Accident Analyses" (Proprietary), dated
November 2014, for submittal to the Commission, being transmitted by Westinghouse
letter, LTR-NRC-14-73, and Application for Withholding Proprietary Information from
Public Disclosure, to the Document Control Desk. The proprietary information as
submitted by Westinghouse is that associated with Westinghouse' s request for NRC
approval of WCAP-16500, Supplement 2, and may be used only for that purpose.
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(a)

This information is part of that which will enable Westinghouse to:

(i)

Obtain

RC approval of WCAP- l 6500, Supplement 2, "Evolutionary

Design Changes to CE 16x 16

ext Generation Fuel and Method for

Addressing the Effects of End-of-Life Properties on Seismic and Loss of
Coolant Accident Analyses."

(b)

Further this information has substantial commercial value as follows:

(i)

Westinghouse plans to sell the use of similar information to its customers
for the purpose of improving the performance of the l 6x 16 Combustion
Engineering (CE) fuel.

(ii)

Westinghouse can sell support and defense of an improved fuel design.

(iii)

The information requested to be withheld reveals the distinguishing
aspects ofa methodology which was developed by Westinghouse.

Public disclosure of this proprietary information is likely to cause substantial harm to the
competitive position of Westinghouse because it would enhance the ability of
competitors to provide similar technical evaluation justifications and licensing defense
services for commercial power reactors without commensurate expenses. Also, public
disclosure of the information would enable others to use the information to meet

RC

requirements for licensing documentation without purchasing the right to use the
information.

The development of the technology described in part by the information is the result of
applying the results of many years of experience in an intensive Westinghouse effort and
the expenditure ofa considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar technical
programs would have to be performed and a significant manpower effort, having the
requisite talent and experience, would have to be expended.

Further the deponent sayeth not.
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PROPRJETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the
in connection with requests for generic and/or plant-specific review and approval.

RC

In order to conform to the requirements of 10 CFR 2.390 of the Commission ' s regulations concerning the
protection of proprietary information so submitted to the NRC, the information which is proprietary in the
proprietary versions is contained within brackets, and where the proprietary information has been deleted
in the non-proprietary versions, only the brackets remain (the information that was contained within the
brackets in the proprietary versions having been deleted). The justification for claiming the information
so designated as proprietary is indicated in both versions by means oflower case letters (a) through (f)
located as a superscript immediately following the brackets enclosing each item of information being
identified as proprietary or in the margin opposite such information. These lower case letters refer to the
types of information Westinghouse customarily holds in confidence identified in Sections (4)(ii)(a)
through (4)( ii)(f) of the Affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)( l ).

COPYRJGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The RC is permitted to
make the number of copies of the information contained in these reports which are necessary for its
internal use in connection with generic and plant-specific reviews and approvals as well as the issuance,
denial, amendment, transfer, renewal, modification, suspension, revocation, or violation of a license,
permit, order, or regulation subject to the requirements of 10 CFR 2.390 regarding restrictions on public
disclosure to the extent such information has been identified as proprietary by Westinghouse, copyright
protection notwithstanding. With respect to the non-proprietary versions of these reports, the NRC is
permitted to make the number of copies beyond those necessary for its internal use wh ich are necessary in
order to have one copy available for public viewing in the appropriate docket files in the public document
room in Washington, DC and in local public document rooms as may be required by N RC regulations if
the number of copies submitted is insufficient for this purpose. Copies made by the RC must include
the copyright notice in all instances and the proprietary notice ifthe original was identified as proprietary .
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1

INTRODUCTION AND SUMMARY

1.1

INTRODUCTION

WCAP- 16500-P-A (Reference 1) describes the Combustion Engineering 16xl6 Next Generation Fuel
(CE l 6x 16 NGF) assembly design and the methods and models for evaluating its acceptability.
Subsequent to the approval of that topical report, changes which require prior NRC review and approval
are identified and described in this supplement. The purposes of this supplement are:
To describe three evolutionary changes to the CE 16xl6 NGF spacer grid designs being pursued
that, in combination, will further improve the grid-to-rod fretting (GTRF) resistance of the fuel
and its resistance to crud formation while improving the fabricability of the spacer grid straps.
The changes to the design are all related to the mid and intermediate flow-mixing (IFM) spacer
grids. All other features of the CE 16x16 NGF design remain the same as described in
WCAP-16500-P-A.
To describe the manner in which the Combustion Engineering (CE) seismic and loss of coolant
accident (LOCA) methodology (Reference 3) is being modified in response to concerns raised by
NRC Information Notice 2012-09 (Reference 2).

1. 1.1 Evolutionary Changes to CE 16x16 NGF
The driving forces and goals ofthe original CE 16xl6 NGF design included improving fuel reliability by
improving GTRF margin, improving fuel performance for high duty operation, and providing enhanced
thermal margin.
Although the original CE 16xl6 NGF designs have operated successfully in Lead Test Assemblies
(LTAs)/Lead Use Assemblies (LU As) and full core applications, evaluations of Post-Irradiation
Examination (PIE) data and fabrication experience gained through the manufacture of several full regions
of CE l 6x 16 NGF have identified three evolutionary changes to the mid and/or IFM spacer grid designs
that, in combination, can further improve their GTRF performance and resistance to crud formation while
improving fabricability of CE I 6x 16 NGF straps. The three changes are identified as:
•
•
•

Modified Outer Strap (MOS)
additional Outer Strap Tab (OST)
(
)"'c

The timing and extent of implementation of these changes will be at the discretion of Westinghouse and
]"'c change will not be implemented unless the MOS change is also
its customers, except that the [
implemented.
The MOS change improves the GTRF performance of the CE 16xl6 NGF mid grids. Although all the CE
l 6x 16 NGF PIE inspections have demonstrated acceptable GTRF performance, the inspection results
have identified a particular CE 16x16 NGF mid grid rod support feature as having less GTRF margin than
other rod support features in the same design. Thjs limiting feature is the mid grid outer strap dimple. To
improve the overall GTRF performance of the mid grids, the MOS design eliminates the outer strap
dimple completely by employing I-springs in all outer strap locations. In the panels opposite the new
outer strap spring locations the outward facing springs on the outermost inner straps are replaced by
June 2016
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dimples to preserve the spring-opposing-dimples configuration used in all Westinghouse spacer grid
designs.
PIE inspections have identified an area of the CE 16xl6 NGF assembly that is more susceptible than
other regions to crud formation on the peripheral fuel rods. This area is in the middle of the fuel assembly
face, downstream of the spacer grids, directly above the only location on the face of the spacer grids
where there are no lead-in tabs in the original CE 16x16 NGF. The OST change reduces the crud
deposition in this region by adding lead-in tabs to the outer strap at that location.
The fabrication experience after manufacturing several full regions of the CE l 6x 16 NGF design has
highlighted the difficulties associated with the straps being [
]3·c. Changing to [
]3·c aligns CE
16xl6 NGF grids with all other straight strap grids used in Westinghouse fuel designs, results in more
consistent dimensional control of the coil and the strap features, simplifies the strap fabrication process,
and reduces the propensity for crack formation during strap fabrication.

1.1.2

NRC Information Notice 2012-09

Two of the primary functional requirements for fuel assembly spacer grids are I) to maintain the fuel rods
in a coolable array and 2) to maintain the guide tube spacing to allow insertion of control element
assemblies. Compliance with these requirements is demonstrated by either I) showing that loads on
spacer grids, particularly during seismic and LOCA events, are smaller than the grid strengths, or 2) via a
coolability analysis. Per the Standard Review Plan (SRP 4.2, Reference 5), spacer grid strengths are
determined by testing as-built spacer grids. As explained in SRP 4.2 the rationale for testing as-built
spacer grids is that Pent (the crushing load or grid strength) will increase with irradiation, ductility will be
reduced, and the extra margin in Pent for irradiated spacer grids is assumed to offset the unknown
deformation behaviour of irradiated spacer grids beyond Pent· However, per NRC Information Notice
2012-09, recent operating experience challenges this assumption. In particular, the Information Notice
states "Effects that can influence structural strength include neutron fluence (e.g., grid spring relaxation,
irradiation hardening, growth, cladding creep down), corrosion (e.g., thinning, hydrogen uptake), and
operating conditions (e.g., temperature) up to the approved limits on fuel assembly burnup and service
life, as applicable ... Spacer grid spring relaxation could have a significant effect on two aspects of the
core dynamics model: fuel bundle stiffness and spacer grid strength. Reduced spring force would lower
the effective bundle stiffness and may lower the strength of the spacer grid."
Section 3.0 describes the manner in which the structural analysis offuel assemblies (Reference 3) is being
modified in response to the NRC concern identified in NRC Information Notice 2012-09 challenging the
assumption relating to grid strength in SRP 4.2.

1.2

SUMMARY

As a result of data from post irradiation examinations and manufacturing experience, three evolutionary
changes to the original CE 16x16 NGF spacer grids are identified: MOS, to improve GTRF performance;
OST, to reduce the propensity for crud deposition on peripheral fuel rods ; and [
]3 ' \ to improve strap
fabricability. The timing and extent of implementation of these changes will be at the discretion of
Westinghouse and its customers, except that the [
]3·c change will not be implemented unless the MOS
change is also implemented.
WCAP-16500-NP-A

June 2016
Supplement 2
Page 31 of69

1-3

Other than their intended effects, the effects of the MOS and OST changes are minimal - small changes to
the grid loss coefficients and small changes to the spacer grid strengths and stiffnesses. Such changes are
routinely accounted for in the standard analyses used to demonstrate compliance with the applicable
design criteria. None of the design criteria have changed, and no new methodologies are used as a result
of these changes.
The pertinent effects of the [
]3'c change are [
]8 ' \ changes in spacer grid
]a,c can be
strengths and stiffnesses, and a slight reduction in GTRF margin. The [
accommodated in CE cores without creating fuel handling difficulties. The changes in spacer grid
strengths and stiffnesses are expected to be small and will be accounted for explicitly in the plant specific
seismic/LOCA analyses to assess acceptability relative to applicable design criteria. None of the design
criteria has changed, and no new methodologies are used as a result of these changes. GTRF margin will
remain adequate to ensure susceptibility to these types of failures will not increase.
The approach that will be used for seismic/LOCA testing of CE fuel in response to concerns raised by
NRC IN 2012-09 is described in Section 3.0. The approach is applicable to both CE 16xl6 NGF
(including the variants described herein and future minor variants) and other CE designs. Fuel assembly
structural tests and spacer grid tests are to be performed with gapped grid cells to simulate EOL
conditions. Damping will be determined from testing performed in flowing water to more realistically
simulate conditions during operation. Application of the test results in seismic/LOCA analyses will
continue to be as prescribed by CENPD-178-P (Reference 3). Maximum credible grid deformation will
be used to determine the flow area reduction for coolability analyses that will be required if predicted grid
impact loads exceed grid strengths.
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2

DESCRIPTION OF DESIGN CHANGES

Three evolutionary changes to the mid and/or lFM spacer grid designs are being made: Modified Outer
] 3 ''. A detailed description of each of the
Strap, additional Outer Strap Tab and (
changes and their effects on fuel performance and the relevant design criteria are given in the following
sections.

2.1

MODIFIED OUTER STRAP (MOS)

2.1.1

Impetus for MOS Change

The PIE inspections of CE 16x16 NGF LTAs/LUAs and full regions of CE 16xl6 NGF have
demonstrated a significant improvement in GTRF resistance relative to the standard (i.e., non-NGF) CE
designs. Detailed evaluations of the PIE measurements indicate that for CE l 6x 16 NGF the limiting rod
support feature with respect to GTRF margin is the outer strap dimple. Therefore, the impetus for the
MOS design change is to replace all outer strap dimples with outer strap I-springs to eliminate the
increased potential for wear on the outer strap dimples.

2.1.2

Description of MOS Change

In the original CE l 6x 16 NGF design, rod support dimples on the outer straps alternate with I-springs. In
the MOS design the rod support dimples on the grids ' outer straps have been replaced by I-springs that are
identical to the other I-springs that were already present on the outer straps. The outward facing I-springs
on the outermost inner straps have been replaced by dimples. These specific changes to the outer strap
and the outermost inner strap are described below.
The replacement of the dimples with I-springs on the outer straps is illustrated in Figure 2-1 .

Dimples replaced by I-spring

Current Oater Strap Design

Modified Oater Strap Design

Figure 2-1, Comparison of CE 16x16 NGF Original (Current) and Modified Outer Strap Features
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For peripheral grid ce ll s in which outer strap dimples are replaced by outer strap I-springs, the opposing
outward facing inner strap springs are replaced with dimples to preserve the spring-opposing-dimple
configuration used in all Westinghouse spacer grid designs (Figure 2-2).

MOS CE 16x16 NGF

Original CE 16x16 NGF

Dimples

Spring

Spring

r
Outermost
Inner Strap

-

i

Outer
Strap

Outermost
Inner Strap

i
Outer
Strap

Figure 2-2, Comparison of Spring-Dimple Arrangements in Peripheral Cells with Outer Strap
Dimples Replaced by Spring, Inner Strap Spring Replaced by Dimples

The opposing inner strap panels already have a dimple pair on the inboard side of the strap, which results
in each of these panels now having two sets of dimples (referred to as "double dimple" panels), with one
dimple pair facing inward and the other dimple pair facing outward. The CE 16x 16 NG F top grid already
June 2016
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employs straps on the grid's centerlines with double dimple cells, as do most all of the Westinghouse
spacer grids. The modification to the outermost inner straps is shown in Figure 2-3.

a.rent Design
(\__

- - -

- - - - - - - - _J

111111111!!1!!1!

v

\,

1

Modified Design

Modified cells
incorporate double

dimple fea11.lres

Figure 2-3, Comparison of CE 16x16 NGF Current and Modified Outermost Inner Strap

Figure 2-4 is an illustration of an unvaned spacer grid assembly with modified outer straps.

Figure 2-4, CE 16x16 NGF MOS Spacer Grid Assembly (Unvaned)
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2.1.3

Effects of MOS Change

The MOS design changes have certain physical effects that may impact some of the design bases
addressed in WCAP-16500-P-A. These effects are:
Thermal/Hydraulic Effects
Grid Joss coefficients - The MOS geometry changes result in a very small reduction in the loss
coefficients of the MOS grids relative to the original NGF grids.
Pressure drop - The small reductions in loss coefficients result in a very small reduction in
grid/fuel assembly pressure drop.
Flow distribution - The small changes in Joss coefficients result in small changes in flow
distribution within the MOS fuel assembly and between fuel assemblies in mixed assembly cores.
These thermal/hydraulic effects do not require changes to methodology discussed in WCAP-16500-P-A,
but did require design verification of some design criteria due to the minor changes. The effects of
the changes are explicitly accounted for in standard analyses used to demonstrate compliance with the
applicable design criteria, which remain unchanged.
Mechanical Effects
Grid strength/stiffness - The replacement of dimple pairs with I-springs in the outer straps and the
replacement of outward facing springs in the outermost inner straps with dimple pairs slightly
changes the amount/configuration of material available to carry lateral loads applied to the spacer
grids. Differences in the lateral load path could affect the grid 's stiffness and/or the grid's
strength. Strength/stiffness testing has been performed in accordance with licensed CE
methodology, as defined in Reference 3. The actual MOS grid strengths and stiffnesses from
these tests will be used in the plant specific seismic/LOCA analyses to assess acceptability
relative to applicable design criteria at BOL conditions. MOS grid strengths and stiffnesses
determined per Section 3.2 will be used in the plant specific seismic/LOCA analyses at EOL
conditions.
GTRF performance - The MOS changes were made explicitly to increase the GTRF margin of the
CE l 6xl 6 NGF mid grids by replacing the more limiting outer strap dimples with outer strap
springs. PIE results demonstrate the superior GTRF performance of the outer strap springs
relative to the outer strap dimples. However, the effect of the associated changes to the outermost
inner straps on GTRF margin was uncertain. Consequently, a dual assembly test was performed
in the VlPER loop that demonstrates that the implementation of double dimples on the outermost
inner straps does not reduce GTRF margin in those locations. That result, combined with the PIE
results contrasting the performance of outer strap springs versus outer strap dimples, ensures that
the MOS design provides superior GTRF margin when compared to the original CE 16xl6 NGF
design.
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2.1.4

Conclusions Concerning MOS Change

The MOS change accomplishes its goal of improving GTRF fretting margin. The other effects of the
change are associated with small reductions to the grid loss coefficients and small changes to the spacer
grid strengths and stiffnesses. Such changes are accounted for in the standard analyses used to
demonstrate compliance with the applicable design criteria. None of the design criteria has changed, and
no new methodologies are used as a result of the MOS change.

2.2

ADDITIONAL OUTER STRAP TAB (OST) DESIGN CHANGE

2.2.1

Impetus for OST Change

PIE inspections of the CE 16xl6 NGF design have consistently shown that the heaviest crud deposition
occurred on the two peripheral fuel rods that straddle the center of the assembly (i .e., Rods 8 and 9, see
Figure 2-5) and occurred on all faces of the assembly in Spans 8 and 9. Although crud models predicted
the deposition of crud at this location, similar and higher levels of crud were predicted for other areas of
the assemblies where PIE observations indicated the crud was less pronounced.
The mid and !FM grids have lead-in tabs at both the top and the bottom of the outer straps between
adjacent fuel rods at all locations except between Rods 8 and 9. The primary purpose of these tabs was
originally to prevent hang-ups between fuel assemblies during handling. However, the PIE results
indicate the tabs ' presence also provides a flow mixing benefit, with their absence between Rods 8 and 9
being a contributing factor to the increased crud deposition at that location. Detailed Computational Fluid
Dynamics (CF O) modeling of a mixed core scenario has confirmed the presence of thermal-hydraulic
conditions in the rod subchannel locations without the lead-in tabs that promote crud deposition.
Therefore, the OST design change has been initiated to include lead-in tabs between Rods 8 and 9 on the
tops and bottoms of the mid and IFM grids.
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Figure 2-5, Rods 8 and 9 and Omitted Tab on Original CE 16x16 NGF

2.2.2

Description of OST Change

The OST design change affects the mid and lFM grid outer straps and the four mid grid inner straps that
are welded to the outer straps adjacent to the new tabs.
The modification to the mid and IFM grid outer straps consists of adding a top and bottom lead-in tab
between Rods 8 and 9, as shown in Figure 2-6. The added lead-in tabs are similar to the other lead-in tabs
on the straps.
The four mid grid inner straps that are welded to the outer straps adjacent to the new tabs are modified to
provide support of the lead-in tabs added to the outer straps by enlarging their buttresses. This results in
the buttresses on these inner straps being similar to the buttresses on all of the other inner straps (Figure
2-6). The corresponding inner straps for the IFM grids are not being modified because, unlike these
straps on the mid grids, these inner straps in the IFM grids already provide the same support of the outer
strap as the other inner strap locations.
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Truncated Buttress

Tabs Omitted

Figure 2-6, CE 16x16 NGF MOS Un-vaned Spacer Grid Assembly without and with OST Change
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2.2.3

Effects of OST Change

The OST design change has certain physical effects that impact some of the design bases addressed in
WCAP-16500-P-A. These effects are:
Thermal/Hydraulic Effects
Grid loss coefficients - The OST geometry change results in a negligibly small increase in the loss
coefficient relative to the original NGF grids.
Pressure drop - The negligible change in grid loss coefficient has no impact on calculated
grid/fuel assembly pressure drop.
Flow distribution - Due to the small change in the channel loss coefficient in the channel with the
additional tab, there are small changes in flow distribution within the OST fuel assembly and
between fuel assemblies in mixed assembly cores.
These thermal/hydraulic effects do not require changes to methodology discussed in WCAP-16500-P-A,
but do impact some of the design bases discussed in WCAP-16500-P to a minor extent. The effects are
explicitly accounted for in standard analyses used to demonstrate compliance with the applicable design
criteria, which remain unchanged.
Mechanical Effects
Grid strength/stiffness - The material added to the outer straps for the implementation of the OST
change is at the ends of the straps adjacent to unsupported edges so it does not affect the load path
of the spacer grids during lateral loadings. In addition, the location of the extra material is not
limiting with respect to grid strength since it is in the center of the grid where the rows adjacent to
the additional materi al are supported by the center guide tube. Furthermore, the material added to
the ends of the centermost inner straps will have a negligible effect on grid strength and stiffness.
Therefore, any effect of the OST change on grid mechanical characteristics is concluded to be
negligible.
GTRF performance - The rod support features and the materials of the grids remain the same with
the OST change, so mechanically there is no effect on the GTRF performance of the fuel
assembly. Hydraulically, the OST change makes the Rod 8-9 portion of the grid face nearly
identical to the rest of the grid face . Therefore, the OST change is also concluded to have no
hydraulic effect on the GTRF performance of the fuel assembly.

2.2.4

Conclusions Concerning OST Change

The OST change will improve resistance to crud formation without affecting GTRF fretting margin and
will have a negligible effect on grid mechanical characteristics. The other effects of the change are
associated with a small change to the channel loss coefficient in the channel with the additional tab. Such
effects are routinely accounted for in the standard analyses used to demonstrate compliance with the
applicable design criteria. None of the design criteria has changed, and no new methodologies are used as
a result of the OST change.
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]a,c DESIGN CHANGE

2.3
2.3.1

Impetus for [

]8·c Change

As described in WCAP-16500-P-A (Reference I), the original CE 16xl6 NGF mid and IFM grids are
fabricated from Low Tin ZIRLO™' [
J"'c straps. The [
]a,c had
been used previously and is still used on some other types of CE grid stampings. The vast majority of
Westinghouse grid stampings are fabricated using the [
]3•<.
The fabrication experience after manufacturing several full regions of the CE l 6x 16 NGF design has
highlighted the difficulties associated with [
3
] 'C. In addition to [
1•,cfabrication being more
l"'c fabrication, the [
J"'c of the NGF
challenging and variable than [
inner straps is particularly troublesome because of the complicated process required to [
1"'<. As a result,
]a,c,

J"'c also have less margin against
which can affect the process y ield significantly.
cracking of formed feature during strap fabrication. These difficulties can lead to excessive scrap rates
and scheduler delays.

2.3.2

Description of [

]8·c Change

The material used to fabricate spacer grid straps (Low Tin ZIRLO material ) is unchanged, but straps will
be fabricated such that [

]3•\ Figure 2-7).

1

Low Tin ZIRLO is a trademark or registered trademark of Westinghouse Electric Company LLC in the United
States and may be registered in other countries throughout the wo rld . All rights reserved. Unauthorized use is
strictly prohibited.
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a,c

Figure 2-7, [

2.3.3

Effects of [

]a,c Change

The [
]"·c design change has certain physical effects that impact some of the design bases addressed in
WCAP-16500-P-A. These effects are:
Thermal/Hydraulic Effects
The change in [
]"'c does not result in any appreciable changes to the as-built geometry
of the mid or IFM spacer grids. Therefore, there are no thermal/hydraulic effects.
Mechanical Effects
Rod support characteristics - Zirconium alloys are [

]"'c. These differences may result in
small changes in the load-deflection characteristics of the spacer grid cells. Confirmatory testing
WCAP-16500-NP-A
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for cell stiffness is performed with the results explicitly accounted for in standard analyses to
document the acceptability of the cell stiffnesses with respect to applicable design criteria.
Grid strength/stiffness - The grid stiffness and strength properties are dependent on both the
strap/grid geometries and the material properties of the straps. The basic strap and grid
geometries will remain unchanged, and any minor changes to the rod support features discussed
above are expected to have a negligible effect on the stiffnesses and strengths of the grids. There
]3·<,
are some material property differences between the [
but based on testing of other grid designs with [
]a,c straps,
the expectation is any difference in grid stiffnesses and strengths due to the [
]a,c will be minimal, since historically the differences have been within the normal
testing variation. Strength/stiffness testing will be performed in accordance with licensed CE
methodology, as defined in Reference 3. The actual [
)a,c grid strengths and stiffnesses from
these tests will be used in the plant specific seismic/LOCA analyses to assess acceptability
J3•c grid strengths and stiffnesses
relative to applicable design criteria at BOL conditions. [
determined per Section 3.2 will be used in the plant specific seismic/LOCA analyses at EOL
conditions.
Spacer grid [

]a,c - The change from [
]a,c of the grid. The [

]3•c for the CE l 6x 16 NGF straps, but the change to [
)a,c
will produce some [
of the grids relative to the [
Low Tin ZIRLO straps of the original CE 16xl6 NGF grids. Explicitly accounting for the
[
will continue to be adequate to prevent fuel handling difficulties.

r·c

r·c

r·c

]a,c also influences GTRF performance through its effect on the [
This effect is discussed below.

GTRF performance - The thermal/hydraulic discussion above concludes that any hydraulic
are negligible, so hydraulically there is no
parameter changes due to [
effect on the GTRF performance of the grid. Mechanically, the GTRF performance of a grid is
dependent on the load-deflection characteristics of the rod support features, the final relaxed
shapes of the grid springs, and the [
]8'\ which includes the effects of [
]3'\ the relaxation rate of the grid spring, and fuel rod creepdown (which
is not affected by the [
change).

r·c

r·c

The grids fabricated from [
]a,c are designed to have only minimal
differences in the load-deflection characteristics of the rod support features and in the relaxed
shapes of the grid springs, resulting in a negligible effect on GTRF performance. The only effects
of the [
la,c change on the [
r·c are associated with the [
]3·<. The [
]a,c is estimated to be very small.
J3'ccan be mitigated with
The slight decrease in GTRF margin resulting from the [
the application of the MOS design, with its increase in GTRF margin for the limiting rod support
]a,c change.
geometry, along with the [
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2.3.4

Conclusions Concerning [

]a,c Change

The [
J3•c change may result in some reduction of GTRF margin due to [
J3'c.
This reduction for the limiting rod support geometry can be mitigated with the application of the MOS
design along with the [
]a,c change. Therefore, the [
J3•c change will not be implemented unless the
MOS change is also implemented. The [
]a,c change may result in some minor changes to the spacer
grid strengths and stiffnesses. Such changes will be identified by testing in accordance with approved
methodology and are routinely accounted for in the standard analyses used to demonstrate compliance
with the applicable design criteria. None of the design criteria has changed, and no new methodologies
are used, as a result of the [
change.

r·c

2.4

COMBINED CHANGES

The only restriction on implementation of the three changes described in the previous sections is that, as
J3•c will not be implemented unless the MOS change is also implemented.
discussed in Section 2.3.4, [
The continued use of the original CE I 6x 16 NGF design, as described in WCAP 16500-P-A (Reference
I), is also acceptable.
The physical effects of combined changes would be of the same nature as described above for the
individual changes (i.e., the physical effects would be limited to changes in loss coefficients and the
associated changes in pressure drop and flow distribution; grid strength/stiffness; rod support
characteristics; grid width; and GTRF performance), but could be slightly different in magnitude. For
example, if MOS is combined with OST, the grid strength and stiffness, the rod support characteristics,
the grid width, and the GTRF performance would be the same as for MOS alone, and the reduction in
crud deposition would be the same as fo r OST alone; however, the loss coefficient would be different than
for MOS or OST individually. A ll of these physical effects will be determined either by testing or
analysis and will be accounted for in the standard analyses used to demonstrate compliance with the
applicable design criteria for the specific combination offeatures being implemented at a plant. None of
the design criteria has changed, and no new methodologies are used as a result of any combination of
these design changes.
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3

APPROACH TO ADDRESS CONCERNS RAISED BY NRC
INFORMATION NOTICE 2012-09

3.1

CURRENT SEISMIC!LOCA METHODOLOGY

CENPD-178-P (Reference 3) describes the approved methodology used to perform the structural analysis
of fuel assemblies for seismic and LOCA loading for fuel designed for CE plants. This methodology is
consistent with the beginning-of-life assumption in the NRC guidance used to evaluate external forces
(SRP 4.2). The first step in the process described in CENPD-178-P is to perform a battery of tests on a
fuel assembly and on individual spacer grids. The fuel assembly tests include :
Lateral load-deflection test to obtain a normalized displacement shape.
Forced vibration test to obtain natural frequencies and critical damping ratios.
Lateral pluck vibration test to obtain modelling information (natural frequency and critical
damping ratio) needed to simulate the pluck impact test.
Pluck impact test to validate the fuel assembly model and to derive one-sided spacer grid impact
stiffness.
The spacer grid tests are performed with as-built cell settings and include:
One-sided impact test, in which a spacer grid that is loaded with fuel rods and guide tubes that are
approximately one grid span in length is dropped onto a rigid surface. This test is used to confirm
one-sided spacer grid impact stiffness, to obtain the coefficient of restitution of the grid, and to
obtain the one-sided grid strength.
Static compression of a spacer grid loaded with short sections of fuel tubes and guide tubes. This
test is used to obtain the spacer grid through-grid stiffness.
Through-grid impact test, in which a spacer grid is loaded with fuel rods and guide tubes that are
approximately one grid span in length and is compressed against a rigid surface by a hydraulic
actuator programmed to deliver a pulse shape representative of those during a seismic/LOCA
event. This test is used to obtain the through-grid strength.
A "maximum hypothetical deformation test", in which a spacer grid is loaded with short sections
of fuel tubes and is compressed until a solid load path develops across the grid straps, fuel rods
and guide tubes, to determine the maximum flow area reduction possible within spacer grids that
are loaded beyond thei r strength. This information is used if a coo lability analysis is required in
the event that the analysis predicts excessive grid deformation.
The data obtained from the test program are used to develop the fuel assembly models for the reactor
internals and the full core analyses of seismic and LOCA events. The outputs from the reactor internals
analyses are used to determine stresses on the reactor internals and to determine core plate motions that
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are used in the full core analysis. The core analysis is performed to predict fuel assembly deflected
shapes and grid impact loads. The deflected shapes are used in a more detailed model of the fuel
assembly to determine fuel assembly stresses, and the grid impact loads are compared to the grid
strengths to determine whether or not excessive grid deformation will occur.

3.2

CHANGES TO SEISMIC/LOCA METHODOLOGY IN RESPONSE TO NRC
INFORMATION NOTICE 2012-09

As identified in lN 2012-09 the NRC staff is currently considering appropriate steps to clarify SRP 4.2
and will evaluate this issue when reviewing submittals involving fuel assembly structural response. As
such, changes to the approved methodology are discussed in the following, which addresses the concern
described in TN 2012-09. These changes are intended to apply to all CE fuel designs on a forward fit
basis. With just a few exceptions, as discussed below, the same methodology described in CENPD-178-P
(Reference 3) will be used to obtain the inputs required to model the fuel assembly and to perform the
seismic and LOCA analyses for BOL and EOL conditions for CE 16xl6 NGF designs and for other CE
fuel designs. The more significant exceptions to CENPD-178-P are:
I) For EOL conditions, fuel assembly and spacer grid tests will be performed using spacer grids
with gapped cells to simulate EOL conditions. As discussed in a recent Westinghouse submittal
(Reference 6) for the APlOOO®' Pressurized Water Reactor, gaps that form between the grid
springs and the fuel rods are the primary contributor to the reduction in grid strength and stiffness
that occurs at EOL conditions and to the reduction in fuel assembly natural frequency. The gap
size used in the tests is based on PIE measurements of grid cell sizes for the same or similar type
of grid and on PIE measurements of fuel rod diameters for the appropriate type of fuel rod . The
parameters obtained from these tests wi ll be used to develop the fuel assembly models in the
normal manner, and the resulting impact loads wi ll be compared to the grid strengths determined
from the tests. The EOL/BOL grid strength and stiffness ratios obtained from testing of one type
of grid may be applied to the BOL strength and stiffness of a similar design grid to obtain its EOL
strength and stiffness. For example, BOL/EOL ratios obtained from testing the original CE
16x 16 NGF mid grid may be applied to the BOL grid strength and stiffness of the MOS/OST/
[
J3'c grid to determine the MOS/OST/ [
]"'c EOL grid strength and stiffness.
2) Consistent with a recent Westinghouse submittal (Reference 6) for the APlOOO Pressurized Water
Reactor, in lieu of sti II water damping, credit is taken for damping caused by the water flowing
through the fuel assemb ly. The increased damping associated with flowing water is a well -known
phenomenon. As discussed in Reference 6, considerable data are available in the open literature
and from testing performed within Westinghouse that show consistent results regardless of fuel
assembly design. Nevertheless, specific tests of a CE 16x 16 NGF design will be performed to
explicitly account for any effects associated with the basic CE configuration of five large guide
tubes rather than many more smaller guide thimbles. The tests will be performed by plucking and
releasing the approximate center of the fuel assembly in flowing water over a range of velocities
and temperatures and measuring the displacement time history, from w hich damping as a function
1

APIOOO is a trademark or registe red trademark of Westinghou se Electric Company LLC in the United States and
may be registered in other countries throughout the world. All rights reserved. Unauthorized use is strictly
prohibited.
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of flow and temperature can be determined. The damping value that is appropriate for the plant
specific operating conditions, including the [
]"'\ will be used in
the core seismic analyses ofEOL fuel assemblies. Similarly, damping values derived from
flowing water testing will be used for BOL fuel assemblies.
3) If necessary to perform a coolability analysis because predicted grid impact loads on peripheral or
inboard fuel assemblies exceed the grid strengths, the flow area reduction used in the coolability
analysis will be based on maximum credible grid deformation rather than maximum hypothetical
deformation. Maximum hypothetical deformation results from loads that are significantly greater
than predicted loads and therefore is overly conservative. Maximum credible deformation will be
determined by applying a load that bounds the maximum predicted load, but is not overly
conservative.
The less significant exceptions to CENPD-178-P are related to forced vibration testing of fuel assemblies.
The standard Westinghouse fuel assembly forced vibration test technique will be used for all CE fuel
assemblies. In the standard Westinghouse test, the fuel assembly is excited near its center rather than at
its lower end, and the excitation may be applied by an electromechanical shaker rather than by a hydraulic
shaker. Since damping will now be obtained from the flowing water test described above, the remaining
purpose of the forced vibration test is to obtain fuel assembly natural frequencies , and the Westinghouse
forced vibration test is well suited to do that.

3.3

CONCLUSIONS CONCERNING THE APPROACH TO ADDRESS CONCERNS
RAISED BY NRC INFORMATION NOTICE 2012-09

The methodology described in the preceding will be used to address the concern raised by the NRC staff
in IN 2012-09 to determine appropriate structural analysis offuel assemblies for seismic and LOCA
loading for all CE fuel types.
EOL parameters used in the development of the fuel assembly models are to be determined by testing fuel
assemblies that have spacer grids with gapped cells and by testing individual spacer grids that have
gapped cells to simulate EOL conditions. With minor differences, as described above, the tests are to be
performed as described in CENPD-178-P. The EOL parameters are to be used in the manner described in
CENPD-178-P to develop the fuel assembly models that are then used in the EOL reactor internals and
full core seismic/LOCA analyses. Tests are also to be performed on spacer grids in accordance with
CENPD-178-P, except with gapped cells, to determine EOL strengths.
Damping is to be determined by performing pluck tests in flowing water. The fuel assembly model
developed using the EOL parameters, the flowing water damping, and the EOL grid strengths will be used
as described in CENPD-178-P to perform plant specific analyses to demonstrate compliance at EOL with
the criteria contained in CENPD-178-P. Flowing water damping may also be used in BOL analyses. In
the event that the analyses indicate that grid crush could occur, the flow area reduction used in the ensuing
coolability analysis will be based on maximum credible grid deformation.
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CONCLUSIONS

Three evolutionary design changes to the CE 16x16 NGF mid and !FM spacer grids described in WCAP16500-P-A (Reference 1) have been presented. These changes, if implemented together, will increase
GTRF margin at the most limiting location on the current CE I 6x16 NGF mid grids, will improve the
resistance to crud formation, and will improve fabricability of mid and !FM grid straps. These changes
will have very small or negligible effects on the thermal/hydraulic and mechanical performance of the
spacer grids and the fuel assembly. None of the design criteria has changed, and no new methodologies
are required as a result of these design changes. The only restriction on implementation of these changes
is that [
]3•c will not be implemented unless the MOS change is also implemented. The continued use
of the original CE I 6x 16 NGF design, as described in Reference I , is also acceptable.
In response to concerns raised by NRC IN 2012-09 pertaining to EOL fuel assembly properties, a few
modifications to the seismic/LOCA methodology described in CENPD-178-P (Reference 3) are required.
Specifically, fuel assembly structural tests and spacer grid tests are to be performed with gapped grid cells
to simulate EOL conditions. Damping is to be determined from a test performed in flowing water to more
realistically simulate conditions during operation. Application of the test results in seismic/LOCA
analyses will be in the normal manner described in CENPD-178-P (Reference 3). Maximum credible grid
deformation will be used to determine the flow area reduction for coolability analyses that will be
required if predicted grid impact loads exceed grid strengths. This approach is applicable to CE l 6x 16
NGF and to other CE designs.
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Supplement 2/WCAP-16500-NP Supplement 2 "Evolutionary Design Changes to CE 16xl6
Next Generation Fuel and Method for Addressing the Effects of End-of-Life Properties on
Seismic and Loss of Coolant Accident Analyses" (Proprietary/Non-Proprietary)
Attached are the proprietary and non-proprietary versions of the responses to Requests for Additional
Information (RAis) received as part of the review of topical report WCAP-16500-P Supplement 21
WCAP-16500-NP Supplement 2 "Evolutionary Design Changes to CE 16x16 Next Generation Fuel and
Method for Addressing the Effects of End-of-Life Properties on Seismic and Loss of Coolant Accident
Analyses."
.
Also enclosed are:
1. An Application for Withholding Proprietary Information from Public Disclosure, AW-15-4318 (Non-

Proprietary), with Proprietary Information Notice and Copyright Notice
2. An Affidavit (Non-Proprietary).
This submittal contains proprietary information of Westinghouse Electric Company LLC. In
conformance with the requirements of 10 CFR Section 2.390, as amended, of the Commission's
regulations, we are enclosing with this submittal an Application for Withholding Proprietary Information
from Public Disclosure and an Affidavit. The Affidavit sets forth the basis on which the information
identified as proprietary may be withheld from public disclosure by the Commission.
Correspondence with respect to the proprietary aspects of the Application for Withholding or the
Westinghouse Affidavit should reference AW-15-4318 and should be addressed to James A. Gresham,
Manager, Regulatory Compliance, Westinghouse Electric Company, 1000 Westinghouse Drive,
Building 3 Suite 310, Cranberry Township, Pennsylvania 16066.

James A. Gresham, Manager
Regulatory Compliance
Attachments
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AW-15-4318
November 5, 2015
APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject:

LTR-NRC-15-93 P-Attachment, "Responses to the Requests for Additional Infonnation
Received on WCAP-16500-P Supplement 2/WCAP-16500-NP Supplement 2 'Evolutionary
Design Changes to CE 16xl6 Next Generation Fuel and Method for Addressing the Effects
of End-of-Life Properties on Seismic and Loss of Coolant Accident Analyses' "
(Proprietary)

Reference:

Letter from James A. Gresham to Document Control Desk, LTR-NRC-15-93, dated
November 5, 2015

The Application for Withholding Proprietary Information from Public Disclosure is submitted by
Westinghouse Electric Company ~C (Westinghouse), pursuant to the provisions of paragraph (b)(l) of
Section 2.390 of the Commission's regulations. It contains commercial strategic information proprietary
to Westinghouse and customarily held in confidence.
The proprietary information for which withholding is being requested in the above-referenced report is
further identified in Affidavit AW-15-4318 signed by the owner of the proprietary information,
Westinghouse Electric Company LLC. The Affidavit, which accompanies this letter, 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 (b)(4) of 10 CFR Section 2.390 of the Commission's
regulations.
Correspondence with respect to the proprietary aspects of the Application for Withholding or the
accompanying Affidavit should reference AW-15-4318 and should be addressed to James A. Gresham,
Manager, Regulatory Compliance, Westinghouse Electric Company, 1000 Westinghouse Drive,
Building 3 Suite 310, Cranberry Township, Pennsylvania 16066.

James A. Gresham, Manager
Regulatory Compliance
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November 5, 2015

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

SS

COUNTY OF BUTLER:

I, Henry A. Sepp, am authorized to execute this Affidavit on behalf of Westinghouse Electric
Company LLC (Westinghouse), and that the avennents of fact set forth in this Affidavit are true and
correct to the best of my knowledge, infonnation, and belief.

CRE-Systems and Components Engineering

WCAP- 16500-NP-A
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(1)

AW-15-4318

I am Director, CRE-Systems and Components Engineering, Westinghouse Electric Company
LLC (Westinghouse), and as such, I have been specifically delegated the function ofreviewing
the proprietary information sought to be withheld from public disclosure in connection with
nuclear power plant licensing and rule making proceedings, and am authorized to apply for its
withholding on behalf of Westinghouse.

(2)

I am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the

Commission's regulations and in conjunction with the Westinghouse Application for Withholding
Proprietary Information from Public Disclosure accompanying this Affidavit.

(3)

l have personal knowledge of the criteria and procedures utilized by Westinghouse in designating

information as a trade secret, privileged or as confidential commercial or financial information.

(4)

Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission's regulations,
the following is furnished for consideration by the Commission in determining whether the
information sought to be withheld from public disclosure should be withheld.

(i)

The information sought to be withheld from public disclosure is owned and has been held
in confidence by Westinghouse.

(ii)

The information is of a type customarily held in confidence by Westinghouse and not
customarily disclosed to the public. Westinghouse has a rational basis for determining
the types of information customarily held in confidence by it and, in that connection,
utilizes a system to determine when and whether to hold certain types of information in
confidence. The application of that system and the substance of that system constitute
Westinghouse policy and provide the rational basis required .

Under that system, information is held in confidence if it falls in one or more of several
types, the release of which might result in the loss of an existing or potential competitive
advantage, as follows:

(a)

The information reveals the distinguishing aspects of a process (or component,
structure, tool , method, etc. ) where prevention of its use by any of
Westinghouse's competitors without license from Westinghouse constitutes a
competitive economic advantage over other companies.

WCAP-16500-NP-A

Page 54 of 69

June 2016
Supplement 2

3

(b)

AW-15-4318

It consists of supporting data, including test data, relative to a process (or
component, structure, tool , method, etc.), the application of which data secures a
competitive economic advantage, e.g., by optimization or improved
marketability .

(c)

Its use by a competitor would reduce his expenditure of resources or improve his
competitive position in the design, manufacture, shipment, installation, assurance
of quality, or licensing a similar product.

(d)

It reveals cost or price information, production capacities, budget levels, or

commercial strategies of Westinghouse, its customers or suppliers.

(e)

It reveals aspects of past, present, or future Westinghouse or customer funded
development plans and programs of potential commercial value to Westinghouse.

(t)

(iii)

It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the
following:

(a)

The use of such information by Westinghouse gives Westinghouse a competitive
advantage over its competitors. It is, therefore, withheld from disclosure to
protect the Westinghouse competitive position.

(b)

It is information that is marketable in many ways. The extent to which such
information is available to competitors diminishes the Westinghouse ability to
sell products and services involving the use of the information.

(c)

Use by our competitor would put Westinghouse at a competitive disadvantage by
reducing his expenditure ofresources at our expense.

( d)

Each component of proprietary information pertinent to a particular competitive
advantage is potentially as valuable as the total competitive advantage. If
competitors acquire components of proprietary information, any one component
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AW-15-4318

may be the key to the entire puzzle, thereby depriving Westinghouse of a
competitive advantage.

(e)

Unrestricted disclosure would jeopardize the position of prominence of
Westinghouse in the world market, and thereby give a market advantage to the
competition of those countries.

(f)

The Westinghouse capacity to invest corporate assets in research and
development depends upon the success in obtaining and maintaining a
competitive advantage.

(vi)

The information is being transmitted to the Commission in confidence and, under the
provisions of 10 CFR Section 2.390, it is to be received in confidence by the
Commission.

(v)

The information sought to be protected is not available in public sources or available
information has not been previously employed in the same original manner or method to
the best of our knowledge and belief.

(vi)

The proprietary information sought to be withheld in this submittal is that which is
appropriately marked in LTR-NRC-15-93 P-Attachment, " Responses to the Requests for
Additional Information Received on WCAP- 16500-P Supplement 2/WCAP-16500-NP
Supplement 2 ' Evolutionary Design Changes to CE 16xl6 Next Generation Fuel and
Method for Addressing the Effects of End-of-Life Properties on Seismic and Loss of
Coolant Accident Analyses' " (Proprietary), for submittal to the Commission, being
transmitted by Westinghouse letter, LTR-NRC- 15-93, and Application for Withholding
Proprietary Information from Public Disclosure, to the Document Control Desk. The
proprietary information as submitted by Westinghouse is that associated with review and
approval of the WCAP-16500-P Supplement 2/WCAP-1 6500-NP Supplement 2 topical
reports, and may be used only for that purpose.

(a)

This information is part of that which will enable Westinghouse to obtain NRC
approval of WCAP-16500-P Supplement 2/ WCAP-16500-NP Supplement 2,
" Evolutionary Design Changes to CE 16x l6
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for Addressing the Effects of End-of-Life Properties on Seismic and Loss of
Coolant Accident Analyses."

(b)

Further this information has substantial commercial value as follows:

(i)

Westinghouse plans to sell the use of similar information to its customers
for the purpose of obtaining improved fuel designs and analyzing the
impact of End-of-Life properties on seismic and Loss of Coolant
Accident analyses.

(ii)

Westinghouse can sell support and defense of industry guidelines and
acceptance criteria for plant-specific applications.

(iii)

The information requested to be withheld reveals the distinguishing
aspects ofa methodology which was developed by Westinghouse.

Public disclosure of this proprietary information is likely to cause substantial harm to the
competitive position of Westinghouse because it would enhance the ability of
competitors to provide similar technical evaluation justifications and licensing defense
services for commercial power reactors without commensurate expenses. Also, public
disclosure of the information would enable others to use the information to meet

RC

requirements for licensing documentation without purchasing the right to use the
information.

The development of the technology described in part by the information is the result of
applying the results of many years of experience in an intensive Westinghouse effort and
the expenditure ofa considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar technical
programs would have to be performed and a significant manpower effort, having the
requisite talent and experience, would have to be expended.

Further the deponent sayeth not.
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PROPRJETARY INFORMATION NOTICE

Transmitted herewith are proprietary and non-proprietary versions of documents furnished to the NRC in
connection with requests for generic and/or plant-specific review and approval of WCAP-16500-P
Supplement 2 I WCAP-16500-NP Supplement 2 and may be used only for that purpose.
In order to conform to the requirements of IO CFR 2.390 of the Commission's regulations concerning the
protection of proprietary information so submitted to the NRC, the information which is proprietary in the
proprietary versions is contained within brackets, and where the proprietary information has been deleted
in the non-proprietary versions, only the brackets remain (the information that was contained within the
brackets in the proprietary versions having been deleted). The justification for claiming the information
so designated as proprietary is indicated in both versions by means of lower case letters (a) through (t)
located as a superscript immediately following the brackets enclosing each item of information being
identified as proprietary or in the margin opposite such information. These lower case letters refer to the
types of information Westinghouse customarily holds in confidence identified in Sections (4)(ii)(a)
through (4)(ii)(t) of the Affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(l).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to
make the number of copies of the information contained in these reports which are necessary for its
internal use in connection with generic and plant-specific reviews and approvals as well as the issuance,
denial, amendment, transfer, renewal, modification, suspension, revocation, or violation of a license,
permit, order, or regulation subject to the requirements of I 0 CFR 2.390 regarding restrictions on public
disclosure to the extent such information has been identified as proprietary by Westinghouse, copyright
protection notwithstanding. With respect to the non-proprietary versions of these reports, the NRC is
permitted to make the number of copies beyond those necessary for its internal use which are necessary in
order to have one copy available for public viewing in the appropriate docket files in the public document
room in Washington, DC and in local public document rooms as may be required by NRC regulations if
the number of copies submitted is insufficient for this purpose. Copies made by the NRC must include
the copyright notice in all instances and the proprietary notice ifthe original was identified as proprietary.
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Westinghouse Non-Proprietary Class 3
LTR-NRC-15 -93 NP-Attachment

Responses to the Requests for Additional Information Received on
WCAP-16500-P Supplement 2/WCAP-16500-NP Supplement 2 "Evolutionary
Design Changes to CE 16x16 Next Generation Fuel and Method for
Addressing the Effects of End-of-Life Properties on Seismic and Loss of
Coolant Accident Analyses"
(Non-Proprietary)
November 2015

Westinghouse Electric Company
1000 Westinghouse Dri ve
Cranberry Township, PA 16066
©20 15 Westinghouse Electric Company LLC
All Rights Reserved .
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RAI 1.

VIPER Loop Testing

Provide justification that the VIPER loop test conditions (e.g. temperature, flow rate, water
density, test duration) are representative of those that an assembly would experience in a
typical reactor. Also, provide support for the conclusion that double dimple cells do not decrease
the Grid to Rod Fretting (GTRF) margin in the outermost inner grid strap locations.

Response:
The VIPER loop test temperature is [
)a,c. so the temperature effect on the material
fretting wear is [
)a.c of that an assembly would experience in a typical reactor.
As stated in Section 2.5.5 of WCAP-16500-P-A and the response to RAI 4b on WCAP-16500-PA, fretting wear evaluations for the CE 16x16 NGF are performed using [

re.

To date, the relative performance in reactor has been
relative
wear
from
the
VIPER
tests for designs with field experience.
consistent with the
As stated in the response to RAI 4b for WCAP-16500-P-A, the wear depth for a given grid
design is dependent on the contact surface geometry. Double dimple cells have the same
support features and contact surface geometry as the other cells - six point supports, two
dimples on two sides and two springs on the other two sides. Since the support features are the
same, it was expected that wear from the dimples with smaller spacing would be similar to the
typical CE 16x16 NGF dimple pair. This was confirmed in the VIPER test with two CE 16x16
NGF assemblies.

RAl2.

Combined Effects on Grid to Rod Fretting Margin

WCAP-16500-P, Supplement 2, states that the decrease in GTRF margin from [
f' c is "mitigated" by the increase in GTRF margin from the Modified Outer Strap
(MOS) .

a. What is the net effect of both changes on the GTRF margin?
b. If a net decrease in GTRF margin is present, how will this decrease affect safety
analyses and compliance with design criteria?

Response:
a. For the rod support features that are unchanged from the current 16x16 NGF design, the
net effect of both changes on GTRF margin is a slight decrease. However, the feature
with the limiting GTRF margin for the current 16x16 NGF design ,
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re

has been eliminated so the overall GTRF margin for the
fuel assembly has increased .
b. The minor changes in GTRF margin have no impact on safety analysis and the design
still meets Westinghouse design criteria.

RAI 3.

IFM Grid Fabrication

re

WCAP16500-P-A, Supplement 2, TR states that [
will only be used with concurrent use
of the MOS. The lack of springs in the design of !FM spacer grids implies that the MOS will not
be applicable to /FM grids.

a. Will the /FM grids therefore continue to be [
b.

re

If [
is to be used for /FM grids, how will [
safety analyses and compliance with design criteria?

reaffect

Response:
a.

re

will also be used for IFM grids. Since the IFM grids are currently built with a gap,
the net effect of both changes is the GTRF margin for the IFM grid will slightly decrease.

b. Since the GTRF wear on the IFM grid is not limiting , this slight decrease will not affect
safety analyses and the design will still meet Westinghouse design criteria.

RAl4.

Radial Growth Effects on Gap Size Determination

Will the determination of gap size for simulated end-of-life (EOL) grids account for [
If not, describe the method for EOL gap
size determination and why that method is bounding.

re?

Response:
Yes , the determination of gap size for simulated end-of-life (EOL) grids does account for [
]a,c.
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RAI 5.

Grid Strength and Stiffness Ratios

Justify the use of EOUbeginning-of-life grid strength and stiffness ratios to predict EOL strength
and stiffness of similar grids. Establish and justify a range of applicability for the relationship .
Response:

Spacer grids in fuel assemblies for plants designed by Combustion Engineering have either a
16x16 array of fuel rods with five large guide thimbles or a 14x14 array of fuel rods with five
large guide thimbles. The discussion that follows pertains specifically to spacer grids fabricated
by Westinghouse for plants designed by Combustion Engineering .
Spacer grids fail during impact loading by column buckling of the grid straps in the rows
between guide thimbles or in rows between the outer guide thimbles and the impact face of the
grid . Buckling is not initiated in the rows with guide thimbles because the guide thimbles
reinforce those rows .
The decrease in grid strength and stiffness at EOL is due to the presence of gaps between fuel
rods and spacer grid rod support features. Having rods in contact with the rod support features
increases the lateral stability of the grid straps and thereby increases the buckling strength and
the grid stiffness.
The degree to which the reduction in lateral stability due to the presence of small gaps affects
grid strength and stiffness depends on several factors :
•

Type of grid (i.e., wavy inner straps vs. straight inner straps) - The stabilizing effect of
the rods may be greater for grids with straight inner straps than for grids with wavy
inner straps that are, in a sense, pre-buckled . Therefore, a greater percentage
reduction in strength and stiffness is expected for gapped grids with straight inner
straps than for gapped grids with wavy inner straps, and the EOL/BOL ratio
determined from testing a straight strap grid should not be applied to a wavy strap
grid , and vice versa.

•

Guide thimble/fuel rod pattern -As noted above, buckling is initiated in rows that are
not reinforced by guide thimbles. The lengths of the columns where buckling can
occur, and therefore , their susceptibility to buckling in the absence of rod support
(longer columns are more susceptible to buckling) are established by the guide
thimble and fuel rod pattern . The effectiveness of the lateral support provided by the
fuel rods is also affected by the guide thimble and rod pattern (a larger number of
more closely spaced rods is more effective in reducing susceptibility to buckling and
in increasing stiffness than a smaller number of more widely spaced rods) .
Therefore, the percentage reduction in grid strength and stiffness for gapped grids
that have, for example, a 16x16 array of rods is not necessarily expected to be the
same as for gapped grids that have a 14x14 array of rods , and the EOL/BOL ratio
determined for one configuration should not be applied to the other.
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•

BOL grid strength/stiffness - Within a family of grids of a particular type (e.g., wavy
strap vs. straight strap) and a particular guide thimble/fuel rod pattern (i.e., 16x16
array vs. 14x14 array) , some designs may be inherently stronger and stiffer than
others due to differences in strap thickness, strap height, cutout geometry, strap
material, etc. On a percentage basis, the stabilizing effect of rods without gaps will
be greater for a grid that is inherently weaker and softer than for a grid that is
inherently stronger and stiffer. Therefore, the EOL/BOL ratios determined from
testing of a grid design that is significantly stronger or stiffer should not be applied to
a grid design that is significantly weaker or softer, and vice versa. Considering the
scatter in grid strength and stiffness test data, it is judged to be reasonable to apply
the same EOL/BOL ratios determined for one grid design to another grid design
provided that the average 1 strengths and stiffnesses of the two designs are within
of each other. If this condition is met, the ratios may be applied to grids
that have different strap heights, different strap thicknesses , different strap materials,
etc., because even with these types of differences, if the buckling loads are similar to
the buckling loads for the base design, the effectiveness of the rod support, on a
percentage basis, is expected to be the same.

[

re

Based on these considerations , Westinghouse intends to apply the EOL/BOL strength and
stiffness ratios determined from one grid design to another design provided that the following
conditions are satisfied :

1

•

Both designs must have the same type of inner straps (straight or wavy).

•

Both designs must have the same pattern of guide thimbles and fuel rods.

•

Average 1 strengths and stiffnesses for the two design must be within [
each other.

reof

Average of the test grids used to establish the grid strengths or stiffnesses.
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RAl6.

Flowing Water Damping Testing of CE 16x16 NGF

Explain the differences, if any, in procedure, analysis, range of testing, or number of tests that
exist between the flowing water tests to be performed on the CE 16x 16 NGF design and those
presented in Reference 6 of WCAP-16500-P, Supplement 2.

Response:
The test procedure, data reduction method , and range of testing for the new test and the
previous test (documented in Reference 6 of WCAP-16500-P , Supplement 2) are basically the
same. Test data points will be repeated . The test assembly will be a CE 16x16 NGF design .
The main difference is the test loop. The test for the CE 16x16 NGF is performed in the
Vibration Investigation and Pressure-drop Experimental Research (VIPER) test loop with new
flow housing and hardware located at the Westinghouse Product Engineering Test lab in
Columbia SC. The previous test was performed at the Fuel Assembly Test System (FATS) loop
which Westinghouse no longer has. The VIPER loop can operate at higher temperatures than
the old test loop, so the new test covers a larger range of test conditions than the previous test.

RAl7.

Maximum Credible Grid Deformation

Explain how maximum predicted loads are obtained and how the bounding load used to test for
the maximum credible grid deformation is determined.

Response:
Maximum predicted loads are obtained using the CESHOCK code as described in
CENPD-178-P, Rev . 1-P (Reference 3 of WCAP-16500-P , Supplement 2) . CESHOCK models
spacer grids with spring rates that do not change even if loads greater than the grid strength are
predicted . However, the stiffness of an actual grid decreases when the grid strength is
exceeded, resulting in lower loads and more deflection than predicted by CESHOCK.
Therefore, to simulate the effect of an impact that exceeds grid strength , it is not appropriate,
and in some cases not possible, to apply the load predicted by CESHOCK to a test grid.
Instead , the simulation must be based on the energy absorbed by the grid.
During an impact, a grid must absorb essentially the same amount of energy whether the grid
strength is exceeded or not. Since CESHOCK models spacer grids as linear springs, the
amount of energy absorbed (Emax) during the maximum impact may be readily determined
knowing the CESHOCK predicted maximum impact force (Fmax) and the grid spring rate (khot)
modeled in CESHOCK (i.e., Emax = Fma/ I 2khot). Similarly, the energy absorbed (E 1;near) up to
the point of grid failure can be determined knowing the grid strength at operating temperature
(Pent) and khot (i.e., E1;near = Pent 2 / 2khot). The ratio of these two energies (Fmax I Pent )2 multiplied
by the energy required to fail a test grid at room temperature is the minimum amount of energy
that is to be applied to a test grid at room temperature to simulate the deformation caused by
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the maximum impact energy predicted by CESHOCK. The amount of deformation resulting
from the application of, at least, that amount of energy can be characterized for use in a
coolability determination.

RAIS.

Modified Outer Strap Details

It has been stated in Section 2 of TR WCAP-16500-P-A , Supplement 2, that there are small
changes in grid loss coefficients, grid/fuel assembly pressure drop, and flow distribution. Please
respond to the following requests:

a. Provide a quantification summary of the changes in grid loss coefficients, pressure
drop, and flow distribution.
b. Provide the results of the thermal-hydraulic evaluation performed with the modified CE
16x16 fuel design that led to the conclusion that the thermal hydraulic effects, as listed
in Section 2.1.3 of WCAP-16500-P-A, Supplement 2, do not require changes in
methodology, but do impact some of the design bases discussed in the TR.
c. It is stated in Section 2.1.3 of WCAP-16500-P-A, Supplement 2, that "the effects are
explicitly accounted for in the standard analyses." List these "standard analyses."
Response:
a. Calculations are used to perform a quantitative comparison between the 16x16
standard NGF fuel design and the 16x16 MOS NGF design. Based on those
evaluations, the (
There is no impact on inlet flow
distribution since the inlet geometry is the same and Therma l Hydraulic codes are used
to assess flow distribution within the core.

re.

b. There is no change to the design bases discussed in WCAP-16500-P-A. Verification
was required for some design criteria due to the small changes to the grid specified in
response part a. Standard and approved methods were applied and documented for
verification of the affected design criteria . Documentation in Section 2.1.3 of the topical
report will be modified as follows in the approved version.
"T hese thermal/hydraul ic effects do not requ ire changes to methodology discussed in
WCAP-16500-P-A , but did req uire design verification of some design criteria d ue to the minor
changes. The effects of the changes are explicitly accounted for in standard analyses used to
demonstrate compliance with the applicab le design criteria, which remai n unchanged."

c. The list of standard analyses are: DNB analyses by USN RC approved methods, fuel
assembly hold down force , effect of rods bowing , LOCA, Non-LOCA, Fuel Performance,
Crud analysis , and thermo-hydrodynamic stability.
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RAl9.

Clarification of Changes to CENPD-178-P

Section 3. 2 of TR WCAP-16500-P-A , Supplement 2, introduces several modifications to
CENPD-178-P seismic/loss-of-coolant-accident methodologies. Describe these modifications in
more detail and specify the resulting changes to CENPD-178-P.
Response:
Of the modifications outlined in Section 3.2 in WCAP-16500-P, Supplement 2, only two are
considered changes to the CENPD-178-P, Rev. 1-P methodology: the use of damping values
derived from flowing water testing , and the use of the flow area reduction resulting from
maximum credible deformation in lieu of maximum hypothetical deformation in coolability
analyses. The responses to RAls 6 and 7 provide additional details about these changes. The
other modifications discussed in WCAP-16500-P, Supplement 2, are considered to be
advancements to the test technique that do not constitute a change to the methodology. For
instance, the use of gapped cells is not considered a methodology change since the approach
for obtaining the required model parameters is not impacted . The discussion of gapped cells
was included in WCAP-16500-P, Supplement 2, to inform the NRC of how Westinghouse
intends to address Information Notice (IN) 2012-09 and the responses to RAls 4 and 5 provide
additional details about this subject.
When the CENPD-178-P , Rev. 1-P topical report was prepared , the report described the
analysis methodology. An integral part of the methodology is how the fuel assembly is modeled
(i.e., as a uniform beam with torsional springs at each end , mass nodes at the spacer grid
elevations, linear springs representing spacer grid stiffnesses, etc.). Many of the fuel
assembly analytical model parameters (e.g ., the moment of inertia of the beam, the torsional
spring stiffnesses, the spacer grid stiffnesses, etc.) are derived from testing. CENPD-178-P,
Rev. 1-P describes the testing that was performed in support of its submittal. The explicit
details of the testing (e.g ., types of equipment and instrumentation, types of measurements,
etc.) described in CENPD-178-P, Rev. 1-P are not considered to be part of the methodology
and were not intended to be strictly followed as test practices evolve.
In addition, the specific set of tests that were performed to support the development of
CENPD-178-P, Rev. 1-P was not intended to define the set of tests required to comply with the
methodology going forward for each new design. It is often appropriate to develop the fuel
assembly analytical model parameters for a new design from testing performed on a prior
design . In these instances, fuel assembly data from the testing of other fuel assemblies is
adjusted to model new or updated fuel designs. For instance, CENPD-178-P, Rev. 1-P
describes testing that was performed to determine natural frequencies, damping ratios , and
hydrodynamic mass. These parameters can be adjusted for fuel assemblies with different
lengths that are otherwise similar to the originally tested design. Making such an adjustment in
lieu of repeating the complete set of tests described in CENPD-178-P, Rev. 1-P is an
acceptable approach consistent with the overall methodology. The set of tests described in
CENPD-178-P, Rev. 1-P and outlined in subsection 3.2.3 of the safety evaluation report

Page 7 of8

WCAP-16500-NP-A

Page 66 of69

June 2016
Supplement 2

LT R- RC- I 5-93 NP-Attachment

(Reference 1) are intended to be performed for new fuel designs to the extent necessary to
determine model parameters that cannot be adjusted from prior testing . For example, it would
be inappropriate to adjust model parameters for a design in which the spacer grids are welded
to the guide tubes from a design in which the grids are bulged to the guide tubes since the
effects of such a change on natural frequencies and damping ratios are difficult to quantify.
Reference:
1. Letter to Mr. A. E. Scherer (C-E Power Systems) from Harold Bernard (U . S. Nuclear
Regulatory Commission) , "Acceptance for Referencing of Topical Report CENPD-178(P),"
August 6, 1982.
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e-mail: greshaja@westinghouse.com

U.S. Nuclear Regulatory Commission
Document Control Desk
11555 Rockville Pike
Rockville, MD 20852

LTR-NRC-16-7
February 24, 2016
Subject: Change to Scope of Review for Topical Report WCAP-16500-P, Supplement 2 and WCAP16500-NP, Supplement 2, ''Evolutionary Design Changes to CE l 6x 16 Next Generation Fuel
and Method for Addressing the Effects of End-of-Life Properties on Seismic and Loss of
Coolant Accident Analyses" (TAC No. MF5330)

On November 12, 2014, Westinghouse submitted Topical Report WCAP-16500-P, Supplement 2 and
WCAP-16500-NP, Supplement 2 for review and approval via letter LTR-NRC-14-73 . The topical report
described evolutionary design changes to the Combustion Engineering (CE) 16x16 Next Generation Fuel,
and a methodology to be used for addressing the effects of end-of-life properties on the seismic and loss
of coolant accident analyses for CE plants on a forward fit basis.
This letter requests a modification to the scope ofreview for Topical Report WCAP-16500-P,
Supplement 2/WCAP-16500-NP, Supplement 2. It is requested that all of the content contained within
Section 3 of the topical re(>ort, "Approach to Address Concerns Raised by NRC Information Notice 201209," and any content related to Section 3 that is contained in other sections of the topical report, be
excluded from the regulatory review.
Correspondence with respect to the content of this letter should be addressed to James A. Gresham,
Manager, Regulatory Compliance, Westinghouse Electric Company, 1000 Westinghouse Drive,
Building 3 Suite 310, Cranberry Township, Pennsylvania 16066 .

.>Y. tJ-

~Ir()~

James A. Gresham, Manager
Regulatory Compliance

cc:

Ekaterina Lenning
Kevin Hsueh
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