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September 11, 2020

Subject:  Transmittal of the Pre-Submittal Meeting Slides for Topical Report WCAP-18446-P, “Incremental
Extension of Burnup Limit for Westinghouse and Combustion Engineering Fuel Designs”

Enclosed are the proprietary and non-proprietary versions of the Pre-Submittal Meeting Slides for Topical Report
WCAP-18446-P, “Incremental Extension of Burnup Limit for Westinghouse and Combustion Engineering Fuel
Designs.” The Pre-Submittal Meeting with the NRC Staff will be held on September 24, 2020. The Topical Report
will be submitted for NRC review in November 2020.

This submittal contains proprietary information of Westinghouse Electric Company LLC (“Westinghouse™). In
conformance with the requirements of 10 CFR Section 2.390, as amended, of the Nuclear Regulatory Commission’s
(“Commission’s”) regulations, we are enclosing with this submittal 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 this submittal or the Westinghouse Affidavit should
reference AW-20-5092 and should be addressed to Korey L Hosack, Manager, Licensing, Analysis, and Testing,
Westinghouse Electric Company, 1000 Westinghouse Drive, Building 1, Suite 133, Cranberry Township, PA 16066.

Korey L. Hosack, Manager
Licensing, Analysis, and Testing

cc: Ekaterina Lenning (NRC)
Dennis Morey (NRC)

Enclosures:
1. Affidavit AW-20-5092
2. Pre-Submittal Meeting Slides for Topical Report WCAP-18446-P, “Incremental Extension of Burnup Limit
for Westinghouse and Combustion Engineering Fuel Designs” (Proprietary)
3. Pre-Submittal Meeting Slides for Topical Report WCAP-18446-P, “Incremental Extension of Burnup Limit
for Westinghouse and Combustion Engineering Fuel Designs” (Non-Proprietary)

© 2020 Westinghouse Electric Company LLC. All Rights Reserved.
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AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:
COUNTY OF BUTLER:

)

(2)

3)

(4)

I, Korey L. Hosack, have been specifically delegated and authorized to apply for withholding
and execute this Affidavit on behalf of Westinghouse Electric Company LLC
(Westinghouse).

I am requesting LTR-NRC-20-53 Enclosure 2 be withheld from public disclosure under 10
CFR 2.390.

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.

Pursuant to 10 CFR 2.390, the following is furnished for consideration by the Commission in
determining whether the information sought to be withheld from public disclosure should be
withheld.

0) The information sought to be withheld from public disclosure is owned and has been

held in confidence by Westinghouse and is not customarily disclosed to the public.

(i) 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 NRC requirements for licensing documentation without purchasing the right

to use the information.
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AFFIDAVIT

%) Westinghouse has policies in place to identify proprietary information. 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:

(@)

(b)

(©)

(d)

(€)

(f)

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.

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).

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.

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

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

Westinghouse.

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

(6) The attached documents are bracketed and marked to indicate the bases for withholding. The

justification for withholding is indicated in both versions by means of lower 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
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lower case letters refer to the types of information Westinghouse customarily holds in
confidence identified in Sections (5)(a) through (f) of this Affidavit.

I declare that the averments of fact set forth in this Affidavit are true and correct to the best of my

knowledge, information, and belief.

I declare under penalty of perjury that the foregoing is true and correct.

Executed on: 2020 09 11

\
Korey L. Hosack, Manager
Licensing, Analysis, and Testing
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Pre-Submittal Meeting Slides for Topical Report WCAP-18446-P,
“Incremental Extension of Burnup Limit for Westinghouse
and Combustion Engineering Fuel Designs”

(Non-Proprietary)

September 2020

Westinghouse Electric Company
1000 Westinghouse Drive
Cranberry Township, PA 16066

© 2020 Westinghouse Electric Company LLC
All Rights Reserved
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ADOPT, FSLOCA, FULL SPECTRUM, Optimized ZIRLO and ZIRLO are trademarks or
registered trademarks of Westinghouse Electric Company LLC, its subsidiaries and/or its
affiliates in the United States of America and may be registered in other countries throughout
the world. All rights reserved. Unauthorized use is strictly prohibited. Other names may be
trademarks of their respective owners.

@ Westinghouse
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Incremental Extension of Burnup Limit for
Westinghouse and Combustion Engineering Fuel
Designs: Second Pre-Submittal Meeting

September 24, 2020

Westinghouse
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Agenda

* Introduction and Submittal Plan

* QOutline of Topical Report

* QOverview of Nuclear Designs

* Approach for Mechanical Design

* End-of-Life Seismic Calculations

* Thermal-Hydraulic (T/H) Design

* Radiological Consequences Analyses

* Review of Prior NRC Comments on Program
* Plant-Specific Implementation Plans

@ Westinghouse
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Introduction and Submittal Plan
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Burnup Extension Program as Two-Step Process

. Step 1: Increase burnup limit
to[

Step 2: Increase
burnup limit for entire
core to ~75 GWd/MTU
with enrichment
Increase
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Step 1: Expected Topical Report Envelope

* Lower power high burnup assemblies
— No cladding burst during postulated LOCAs
— No DNB for other non-LOCA (Condition 1lI/1V) accident
conditions

All Westinghouse and Combustion Engineering fuel designs
* Current fuel products

—

]a,c

* Average rod burnup limit of [ Ja.c
* Maximum of [ Ja.c

@ Westinghouse
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Current Schedule

2018 FPUM Discussion July 2018
* EPRI High BU / Enrich Workshop December 2018

* First Multi-Discipline Engineering Review April 2019
* First Pre-Submittal Discussion w/ NRC June 2019

* Initial Draft of Topical Report July 2020

* Second Multi-Discipline Review August 2020

* Executive Summary Transmittal August 2020

* Second Pre-Submittal Meeting w/ NRC Sept 2020

* Expected Topical Report Submittal November 2020

@ Westinghouse
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Outline of Topical Report
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Topical Report Overview

a,c

@ Westinghouse
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Topical Report Overview (continued)

a,c

@ Westinghouse
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Topical Report Overview (continued)

a,c

@ Westinghouse
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Overview of Nuclear Designs
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ND Codes and Methods for Incremental Burnup ™"

Extension

* Nuclear Design principal codes and methods are based

NRC approved ALPHA-(PHOENIX/PARAGON)-ANC or
APA codes

a,c

@ Westinghouse
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Application and Fuel Cost Benefit of 68 GWd/MTU

a,c

First Cycle(Fresh) BOC Bu
Second Cycle EOC Bu
Third Cycle EOC Max Pin Bu

EOC Assemby Power

@ Westinghouse
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Application and Fuel Cost Benefit of 68 GWd/MTU

a,C

First Cycle(Fresh) BOC Bu
Second Cycle EOC Bu
Third Cycle EOC Max Pin Bu
EOC Assemby Power

@ Westinghouse
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Impact of Incremental Burnup On Safety

@ Westinghouse
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ND Summary

a,c

i @ Westinghouse
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Approach for Mechanical Design




Westinghouse Non-Proprietary Class 3 © 2020 Westinghouse Electric Company LLC. All Rights Reserved.
LTR-NRC-20-53
Enclosure 3

Topical Report Approach for Mechanical Design

a,c

@ Westinghouse
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End-of-Life Seismic Calculations
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Background

@ Westinghouse

21
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Introduction

* Following the NRC-approved EOL seismic/LOCA
analysis topical, the general process on how to perform
the seismic and LOCA analyses for the high burnup
fuel at EOL conditions is introduced with a demo case

° ]3¢ is currently used as an
analysis example to incrementally increase with the
max. fuel rod burnup limit to [ Ja-c

* The analysis process can be applied to other types
of Westinghouse and CE fuel assembly designs
when a high burnup condition is implemented for
those types of fuel designs

@ Westinghouse
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Analysis Process

* In general, the full core fuel assembly lateral dynamic analysis
IS to evaluate the grid impact forces against their allowable
grid impact strengths. Subsequent stress evaluations are
performed to confirm that the guide thimble tube and fuel rod
cladding do not exceed their respective stress limits as well as
to confirm that control rod insertability is maintained.

* The demo case to incrementally increase the max. fuel rod

burnup uses EOL |
12.¢ Two LOCA loads (ACC and PZR) &

two seismic loads (SSE & OBE) are used for this demo case.

* The limiting SSE results are combined with limiting LOCA
results using the SRSS method per NRC requirement.

@ Westinghouse
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Analysis Conditions and Design Criteria

* The full core fuel assembly model analyses are performed.
The loadings include conditions | and I, Ill and IV (OBE, SSE
and LOCA).

* The grid impact forces and fuel rod / thimble tube stresses are
calculated. The analysis results are compared against the
allowable limits.

* The EOL design acceptance criteria are the same as BOL.:
— Core coolability is maintained,
— Control rod insertability is maintained, and
— Fuel rod fragmentation will not occur

* The flowing water damping is applied to [ Ja.c
demo calculation.

@ Westinghouse
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Results and Conclusion

Results

« Based on the calculation results, grid impact forces are less than their
grid allowable strength and all guide thimble tube and fuel rod stresses
are less than their respective allowable strengths

* Thus, the demo analysis shows that the high burnup [ |
assembly at EOL meets the design criteria for all seismic and LOCA EOL
load conditions

Conclusions

* ltis concluded that seismic/LOCA analysis demo process for increasing
the max. fuel rod burnup to | ]12:¢ is satisfied with the NRC
approved EOL seismic/LOCA analysis topical

« This EOL analysis process can be applied to any Westinghouse or CE
fuel type and any plants which implement an increased fuel rod burnup
limit to | ]2:¢

@ Westinghouse
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Thermal-Hydraulic (T/H) Design
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T/H Design Method for Incremental BU Fuel

* No change in T/H design methods and CHF correlations for DNB
analysis due to incremental burnup extension
— DNB correlations (WRB-2, WRB-2M, WSSV, etc.)
— T/H subchannel code (VIPRE-W)
— Statistical design methods (RTDP or WTDP)

* Implement DNB propagation evaluation method (WCAP-8963-P-A,
Addendum 1-A, Revision 1-A) for Condition Ill/IV events allowing fuel
rods in DNB

— Plant specific evaluation to confirm no rods in DNB between
62 and | |

* No change in rod bow DNB penalty evaluation method (WCAP-8691,
Revision 1)

— Maximum rod bow DNBR penalty occurs at fuel assembly burnup below
[ a,c

— Higher burnup fuel rods not DNB-limited due to their low power

@ Westinghouse
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Compliance to New RIA Criteria

* RIA criteria described in Regulatory Guide (RG) 1.236
— Applicable to fuel rod burnup up to 68 GWd/MTU

— Applicability to new fuel pellet and cladding designs to be
justified (for example [ Jac

* NRC-approved 3DRE methodology (WCAP-15806-P-A) to

address Fuel Rod Cladding Failure Thresholds
— Peak fuel enthalpy

— DNBR for non-prompt critical cases

— Fuel enthalpy rise vs. Cladding Hydrogen Pickup (PCMI)
— Fuel melting

@ Westinghouse

28



Westinghouse Non-Proprietary Class 3 © 2020 Westinghouse Electric Company LLC. All Rights Reserved.
LTR-NRC-20-53
Enclosure 3

Compliance to New RIA Criteria

* Allowable Limits on Radiological Consequences

= |
]a,c

 Allowable Limits on RCS Pressure

- [ oo

* Allowable Limits on Damaged Core Coolability
— Peak radial average fuel enthalpy < 230 cal/g
— Fuel melting < 10% of fuel volume in centerline region

@ Westinghouse
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Radiological Consequences Analyses
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Introduction

* The typical design basis events with associated radiological
consequence analyses are:
— Loss of Coolant Accident (LOCA)
— Steam Generator Tube Rupture (SGTR)
— Main Steamline Break (MSLB)
— Locked Rotor
— Rod Ejection
— Fuel Handling Accident (FHA)

e Each is addressed

@ Westinghouse
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LOCA Radiological Consequences

* Analyses follow regulatory guidance such as that provided in
Regulatory Guide (RG) 1.195 and RG 1.183

— Fission product release based upon a major accident involving
substantial meltdown of the core with subsequent release of
appreciable quantities of fission products

|
]a,c

* Release of activity from the fuel due to Fuel Fragmentation,
Relocation and Dispersal (FFRD) would not significantly impact
the releases

!
]a,c

* Codes and methods used in the analyses of LOCA radiological
consequences remain valid for the incremental burnup extension

@ Westinghouse
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SGTR, MSLB, Locked Rotor and Rod Ejection ™

Radiological Consequences

* No fuel will fail following a postulated SGTR
° |

]a,c

* Codes and methods used in the analyses of MSLB, Locked
Rotor, Rod Ejection and SGTR radiological consequences
remain valid for the incremental burnup extension

@ Westinghouse
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FHA Radiological Consequences

* Steady-state gap fractions (fraction of fission gas contained
in the pellet-clad gap)

—

[2-¢ as shown in the
limitations:

(6) The standard does not apply to fuel with
rod-average burnups =70 MWd/kg U.

@ Westinghouse
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FHA Radiological Consequences

a,c

@ Westinghouse
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Review of Prior NRC Comments on Program
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Review of Prior NRC Comments

* First pre-submittal meeting was held in June 2019
— Various changes were made to the topical report based on
the feedback received

@ Westinghouse
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Review of Prior NRC Comments (continued)

a,c

@ Westinghouse
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Review of Prior NRC Comments (continued)

* NRC indicated that applicability of topical report to different fuel
designs, cladding, fuel material, burnable absorbers should be

clearly specified
— Applicability is clearly defined in Section 7.1 of the TR

* NRC indicated that implementation roadmap would be helpful
— Implementation roadmap is provided in Section 7.2 of the TR
— Plant-specific implementation scope would be completed jointly by
Westinghouse and the licensee downstream of TR approval
— Decay heat modeling determined not to be impacted

* NRC questioned when spent fuel pool calculations would be
done (heat removal / criticality)
— Expect that spent fuel pool calculations would be done as part of
method implementation
— Added to implementation requirements in Section 7.2 of the TR

@ Westinghouse

39



Westinghouse Non-Proprietary Class 3 © 2020 Westinghouse Electric Company LLC. All Rights Reserved.
LTR-NRC-20-53
Enclosure 3

Review of Prior NRC Comments (continued)

a,c

@ Westinghouse
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Review of Prior NRC Comments (continued)

a,c

@ Westinghouse
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Review of Prior NRC Comments (continued)

a,c

@ Westinghouse
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Review of Prior NRC Comments (continued)

a,c

@ Westinghouse

43



Westinghouse Non-Proprietary Class 3 © 2020 Westinghouse Electric Company LLC. All Rights Reserved.
LTR-NRC-20-53
Enclosure 3

Plant-Specific Implementation Plans
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Implementation

* Two parts to implementation

* 1: Generic topical report

— Address burnup-related limitations and conditions on existing topical
reports

— Describe any required method updates or demonstrate that no
updates are required for the various functional areas
— Justify applicability of existing designs and methods for high burnup

» 2: Site-specific effort
— Execute analyses, evaluations, and requirements of generic topical
report
— Plant-specific LAR submittal as appropriate

@ Westinghouse
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Site-Specific Implementation

a,c

@ Westinghouse
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Site-Specific Implementation (continued)

a,c

@ Westinghouse
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Questions

@ Westinghouse
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Acronyms

3DRE 3-Dimensional Rod Ejection
ACC Accumulator

AOR Analysis of Record

BOL Beginning of Life

BU Burnup

CE Combustion Engineering

CHF Critical Heat Flux

COLR Core Operating Limits Report
DNB Departure from Nucleate Boiling
DNBR Departure from Nucleate Boiling Ratio

@ Westinghouse
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Acronyms (continued)

ECCS Emergency Core Cooling System

EM Evaluation Model

EOL End of Life

FA Fuel Assembly

FFRD Fuel Fragmentation, Relocation, and Dispersal
FGR Fission Gas Release

FHA Fuel Handling Accident

FPUM Fuel Performance Update Meeting

FSLOCA FULL SPECTRUM Loss-of-Coolant Accident
LAR License Amendment Request

@ Westinghouse
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Acronyms (continued)

LOCA Loss-of-Coolant Accident

MSLB Main Steamline Break

ND Nuclear Design

NRC Nuclear Regulatory Commission

NSSS Nuclear Steam Supply System

OBE Operating-Basis Earthquake

OFA Optimized Fuel Assembly

PAD Performance Analysis and Design

PCMI Pellet-Cladding Mechanical Interaction

PIRT Phenomenon ldentification and Ranking Table

@ Westinghouse

51



Westinghouse Non-Proprietary Class 3 © 2020 Westinghouse Electric Company LLC. All Rights Reserved.
LTR-NRC-20-53
Enclosure 3

Acronyms (continued)

PWR Pressurized \Water Reactor

PWROG Pressurized Water Reactor Owners Group
PZR Pressurizer

RCS Reactor Coolant System

RE Rod Ejection

RG Regulatory Guide

RIA Reactivity Insertion Accident

RSAC Reload Safety Analysis Checklist

SER Safety Evaluation Report

SGTR Steam Generator Tube Rupture

@ Westinghouse
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Acronyms (continued)

SRSS Square Root Sum of the Squares
SSE Safe Shutdown Earthquake

T/H Thermal-Hydraulic

TA Transient Analysis

TR Topical Report

TS Technical Specifications

@ Westinghouse
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