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LTR-NRC- 12-27

March 7, 2012

Subject: Westinghouse Input Supporting Licensee Response to NRC 10 CFR 50.54(f) Letter
Regarding Nuclear Fuel Thermal Conductivity Degradation (Proprietary/Non-Proprietary)

References:

1. Letter, W. H. Ruland (NRC) to J. A. Gresham (Westinghouse), "Transmittal of Requests for
Information Pursuant to 10 CFR 50.54(f) related to Thermal Conductivity Degradation and its
Impact on Westinghouse Realistic Emergency Core Cooling System Evaluations," dated
February 17, 2012

Enclosed are copies of the proprietary and non-proprietary versions of information regarding the
methodology and assumptions used by Westinghouse Electric Company LLC (Westinghouse) to estimate
the effect of thermal conductivity degradation on the peak cladding temperature calculation for best
estimate large break loss-of-coolant accident analyses. This information is provided in response to the
U.S. Nuclear Regulatory Commission (NRC) request documented in Reference 1. Individual plant
licensees replying to their respective NRC 10 CFR 50.54(f) letters on this subject will be referencing this
Westinghouse methodology description in support of their plant specific responses.

Also enclosed is:

1. One (1) copy of the Application for Withholding Proprietary Information from Public Disclosure,
AW-12-3433 (Non-proprietary), with Proprietary Information Notice and Copyright Notice

2. One (1) copy of Affidavit (Non-proprietary)

This letter 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 letter 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.
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Correspondence with respect to the proprietary aspects of the application for withholding or the

Westinghouse affidavit should reference AW-12-3433 and should be addressed to J. A. Gresham,
Manager, Regulatory Compliance, Westinghouse Electric Company, Suite 428, 1000 Westinghouse

Drive, Cranberry Township, Pennsylvania 16066.

Very truly yours,

J. A. Gresham, Manager

Regulatory Compliance

Enclosures
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AW-12-3433

March 7, 2012

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: Westinghouse Input Supporting Licensee Response to NRC 10 CFR 50.54(f) Letter
Regarding Nuclear Fuel Thermal Conductivity Degradation (Proprietary)

Reference: Letter, J. A. Gresham (Westinghouse) to USNRC Document Control Desk, "Westinghouse
Input Supporting Licensee Response to NRC 10 CFR 50.54(f) Letter Regarding Nuclear Fuel
Thermal Conductivity Degradation (Proprietary/Non-Proprietary)," LTR-NRC- 12-27,
March 7, 2012

This Application for Withholding Proprietary Information from Public Disclosure is submitted by
Westinghouse Electric Company LLC (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 is identified in the proprietary
version of the subject report. In conformance with 10 CFR Section 2.390, Affidavit AW-12-3433
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 of the application for withholding or the
accompanying affidavit should reference AW-12-3433 and should be addressed to J. A. Gresham,
Manager, Regulatory Compliance, Westinghouse Electric Company, Suite 428, 1000 Westinghouse
Drive, Cranberry Township, Pennsylvania 16066.

Very truly yours,

J. A. Gresham, Manager
Regulatory Compliance

Enclosures
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AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

ss

COUNTY OF BUTLER:

Before me, the undersigned authority, personally appeared B. F. Maurer, who, being by me duly

sworn according to law, deposes and says that he is authorized to execute this Affidavit on behalf of

Westinghouse Electric Company LLC (Westinghouse), and that the averments of fact set forth in this

Affidavit are true and correct to the best of his knowledge, information, and belief:

B. F. Maurer, Manager

ABWR Licensing

Sworn to and subscribed before me

this 7 h day of March 2012

Notaryk i

COMMONWEALTH OF PENNSYLVANIA
Notarial Seal

Cynthia Olesky, Notary Public
Manor Boro, Westmoreland County

My Commission Expires July 16, 2014

Member. Pennsvlvania Association of Notaries
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(1) I am Manager, ABWR Licensing, in Nuclear Services, 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 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 constitutes

Westinghouse policy and provides 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
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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.

(f) 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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(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

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.

(iii) 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.

(iv) 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.

(v) The proprietary information sought to be withheld in this submittal is that which is

contained in LTR-NRC-12-27 P-Enclosure, "Westinghouse Input Supporting Licensee

Response to NRC 10 CFR 50.54(f) Letter Regarding Nuclear Fuel Thermal Conductivity

Degradation" (Proprietary), 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 the information requested by the NRC

in its February 17, 2012, 10 CFR 50.54(f) letter to Westinghouse regarding Nuclear Fuel

Thermal Conductivity Degradation.
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This information is part of that which will enable Westinghouse to:

(a) Document information regarding the NRC's Nuclear Fuel Thermal Conductivity

Degradation concerns as stated in its February 17, 2012, 10 CFR 50.54(f) letter to

licensees.

Further, this information has substantial commercial value as follows:

(a) Allows Westinghouse to support customer's responses to the NRC's Nuclear

Fuel Thermal Conductivity Degradation concerns as stated in its

February 17, 2012, 10 CFR 50.54(f) letter to licensees.

(b) The information requested to be withheld reveals Westinghouse commercial

strategy information.

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 gain knowledge of our commercial strategies.

Further the deponent sayeth not.



PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC
in connection with Westinghouse Input Supporting Licensee Response to NRC 10 CFR 50.54(f) Letter
Regarding Nuclear Fuel Thermal Conductivity Degradation. 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 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 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)(1).

COPYRIGHT NOTICE

The report transmitted herewith bears a Westinghouse copyright notice. The NRC is permitted to make
the number of copies of the information contained in this report which is 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. Copies made by the NRC must include the copyright notice in all instances
and the proprietary notice if the original was identified as proprietary.



Westinghouse Non-Proprietary Class 3

LTR-NRC-12-27 NP-Enclosure

Westinghouse Input Supporting Licensee Response to NRC 10 CFR 50.54(f)
Letter Regarding Nuclear Fuel Thermal Conductivity Degradation

(Non-Proprietary)

Westinghouse Electric Company LLC
1000 Westinghouse Drive

Cranberry Township, PA 16066

© 2012 Westinghouse Electric Company LLC
All Rights Reserved
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Fuel Performance and Design

Description of Methodology and Assumptions

The Nuclear Regulatory Commission (NRC) approved Performance Analysis and Design (PAD) 4.0 code,

with NRC-approved models (Reference 1) for in-reactor behavior, is used as the basis for the assessment of

the impact of thermal conductivity degradation (TCD) on fuel performance inputs to safety analyses. PAD
4.0 is a best-estimate fuel rod performance model, with established uncertainties for each of the major fuel

and cladding performance models.

The licensed PAD 4.0 fuel performance models do not explicitly address the impact of TCD. The fuel
thermal conductivity model in PAD 4.0 is:[

]a,c
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Figure 1: Comparison of Measured Minus Predicted Fuel Temperature as a Function of Burnup for
PAD 4.0 and PAD 4.0 TCD

ac
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Large Break Loss-of-Coolant Accident

Methodologies and Codes Used for TCD Evaluations

Westinghouse currently employs three best estimate Evaluation Model (EM) methodologies for analysis of
large break loss-of-coolant accidents:

* 1996 Westinghouse Best Estimate LBLOCA Evaluation Model (Code Qualification Document (CQD)
EM, Reference 3)

* 1999 Westinghouse Best Estimate LBLOCA Evaluation Model, Application to PWRs (Pressurized
Water Reactors) with Upper Plenum Injection, (CQD-UPI EM, Reference 4)

* 2004 Westinghouse Realistic LBLOCA Evaluation Model Using ASTRUM (Automated Statistical
Treatment of Uncertainty Method) (ASTRUM EM, Reference 5)

The CQD and CQD-UPI EMs are executed at [ ]a~c conditions. Analyzing [ ]a,c

conditions was concluded to [

]a"c The basis for the modeling approach and supporting sensitivity studies are discussed in Sections 21-

1, 21-2, 21-4, 22-7 and 25-4 of Reference 3.

The ASTRUM EM is executed assuming a LBLOCA to be

]a,c The

basis for the modeling approach and supporting sensitivity studies are discussed in Section 11-2-2 of
Reference 5.

The CQD and CQD-UPI EMs were originally licensed using PAD 3.4, and the ASTRUM EM used PAD 4.0.
Upon NRC approval of PAD 4.0 (Reference 1), its usage was extended to the CQD and CQD-UPI EMs, as
reported to the NRC in Reference 10. As discussed in Reference 10, implementation of PAD 4.0 is on a
forward fit basis. Both PAD 3.4 and PAD 4.0 fuel temperature calculations indicate that

]ac

The CQD, CQD-UPI and ASTRUM EMs use WCOBRA/TRAC and HOTSPOT for calculation of the
thermal-hydraulic and peak cladding temperature (PCT) response to a LBLOCA. WCOBRA/TRAC Version
M7AR7 and HOTSPOT Version 6.1 include options to use a fuel thermal conductivity model that accounts
for TCD, and HOTSPOT Version 6.1 also includes the ability to use pellet radial power profiles from
WCOBRA/TRAC which are appropriate to the bumup modeled for a given rod. (Previous versions of
HOTSPOT used a uniform radial pellet power profile.) The TCD evaluations will use code versions with
these features in order to appropriately initialize the WCOBRA/TRAC and HOTSPOT fuel rod to the input
fuel temperatures and pressures from the fuel performance code and determine the impact of TCD with
peaking factor burndown on PCT.
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]ax

Where:
[

]a~c

The differences between the WCOBRAITRAC and HOTSPOT code versions used in the TCD evaluations
and the versions used in a plant's analysis-of-record (AOR) may include a number of error corrections, code
improvements, and other miscellaneous code cleanup. These changes have been previously reported to the
NRC in References 7 through 20. The one exception is [

]a,c
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Evaluation Method Description

The purpose of the TCD evaluation is to consider fuel performance inputs generated with an updated PAD
code that explicitly models TCD and peaking factor bumdown, and utilize changes to design inputs to show
continued compliance with the 10 CFR 50.46(b)(1) PCT acceptance criterion (2200TF). The codes used to
assess thermal-hydraulic and PCT response also include explicit modeling of TCD through the use of a fuel
thermal conductivity model which includes degradation as a function of burnup. Therefore, the LBLOCA
evaluation considers the fuel TCD effects cited in NRC Information Notice 2011-21 (Reference 21) and the
10 CFR 50.54(f) Information Request (Reference 22).

As the calculated PCT approaches 2200'F, the impact of the zirconium-water reaction becomes more
dominating, since it is an exothermic reaction. Therefore, determining an estimated PCT effect due to TCD
and peaking factor bumdown for AORs with PCTs near the acceptance criterion may result in exaggerated
estimated PCT effects because of a calculated run-away zirconium-water reaction which could occur if the
AOR contains excessive conservatism. Therefore, to determine the estimated PCT effect of TCD, the
following approach is taken.

A PCT is calculated to demonstrate that compliance with 10 CFR 50.46(b)(1) is maintained. The calculations
include:

" Initial fuel temperatures and rod internal pressures that explicitly account for TCD
* Hot rod and hot assembly peaking factor burndown
• Pellet radial power profile appropriate to the burnup modeled for the rods
• Credit for changes to design inputs

In addition, a margin PCT is calculated which includes only credits for changes to design inputs. The utility
and Westinghouse utilize processes for reload safety evaluations which ensure that LOCA analysis input
values conservatively bound the as-operated plant values for those parameters.

Physically accounting for TCD leads to an increase in fuel temperature as the fuel is burned, while accounting
for peaking factor bumdown leads to a reduction in fuel temperature as the fuel is burned. As inferred from
the decrease in fuel temperatures and stored energy in Figures 3 and 4 of Reference 23, TCD and peaking
factor burndown are inter-related and should be coupled for the purposes of the evaluation. Therefore, the
effect of TCD including peaking factor burndown is estimated to be the difference between a compliance PCT
and a margin PCT.

The method used to calculate the PCT values for the three EMs is provided in the following subsections.

1996 Westinghouse Best Estimate LBLOCA Evaluation Model (CQD EM) and 1999 Westinghouse Best
Estimate LBLOCA Evaluation Model, Application to PWRs with Upper Plenum Iniection (COD-UPI EM)

The Reference Transient on which the uncertainty analysis is based was evaluated for TCD effects to ensure
that there remains a high probability that the PCT criterion in 10 CFR 50.46(b)(1) would not be exceeded.
The evaluation is based on a rerun of [

]a,c The calculations are performed as discussed previously.
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2004 Automated Statistical Treatment of Uncertainty Method Evaluation Model (ASTRUM) Realistic Large
Break LOCA Evaluation Model

The evaluation is based on running

]a"C The

calculations are as discussed previously.



Page 8 of 9
March 7, 2012

References

1) WCAP-1 5063-P-A, Revision I with Errata (Proprietary), Foster J. P., et al., Westinghouse Improved

Performance Analysis and Design Model (PAD 4.0), July 2000.
2) WCAP- 15836-P-A (Proprietary), Harris, W. R., et al., Fuel Rod Design Methods for Boiling Water

Reactors - Supplement 1, April 2006.
3) WCAP-12945-P-A, Volume 1, Revision 2, and Volumes 2 - 5, Revision 1 (Proprietary), Bajorek, S.

M., et al., Code Qualification Document for Best Estimate LOCA Analysis, March 1998.

4) WCAP- 14449-P-A, Revision I (Proprietary), Dederer, S. I., Application of Best Estimate Large
Break LOCA Methodology to Westinghouse PWRs with Upper Plenum Injection, October 1999.

5) WCAP-16009-P-A (Proprietary), Frepoli, C., et al., Realistic Large-Break LOCA Evaluation
Methodology Using the Automated Statistical Treatment of Uncertainty Method (ASTRUM), January

2005.

6) NUREG/CR-6534, Volume 4, Lanning, D.D., et al., FRAPCON-3 Updates, Including Mixed-Oxide
Fuel Properties, May 2005.

7) NSD-NRC-98-5575, Sepp, H. A., 1997 Annual Notification of Changes to the Westinghouse Small
Break LOCA and Large Break LOCA ECCS Evaluation Models, Pursuant to 10 CFR 50.46 (a)(3) (ii),
April 8, 1998.

8) NSD-NRC-99-5839, Galembush, J. S., 1998 Annual Notification of Changes to the Westinghouse
Small Break LOCA and Large Break LOCA ECCS Evaluation Models, Pursuant to 10 CFR 50.46
(a) (3) (ii), July 15, 1999.

9) NSBU-NRC-00-5970, Sepp, H. A., 1999 Annual Notification of Changes to the Westinghouse Small
Break LOCA and Large Break LOCA ECCS Evaluation Models, Pursuant to 10 CFR 50.46 (a) (3) (ii),
May 12, 2000.

10) LTR-NRC-01-6, Sepp, H. A., U. S. Nuclear Regulatory Commission, 10 CFR 50.46 Annual
Notification and Reporting for 2000, March 13, 2001.

11) LTR-NRC-02-10, Sepp, H. A., U S. Nuclear Regulatory Commission, 10 CFR 50.46 Annual

Notification and Reporting for 2001, March 13, 2002.

12) LTR-NRC-03-5, Sepp, H. A., U. S. Nuclear Regulatory Commission, 10 CFR 50.46 Annual
Notification and Reporting for 2002, March 7, 2003.

13) LTR-NRC-04-17, Gresham, J. A., U S. Nuclear Regulatory Commission, 10 CFR 50.46 Annual
Notification and Reporting for 2003, March 25, 2004.

14) LTR-NRC-05-20, Gresham, J. A., U. S. Nuclear Regulatory Commission, 10 CFR 50.46 Annual
Notification and Reporting for 2004, April 11, 2005.

15) LTR-NRC-06-8, Maurer, B. F., U. S. Nuclear Regulatory Commission, 10 CFR 50.46 Annual

Notification and Reporting for 2005, March 16, 2006.

16) LTR-NRC-07-23, Maurer, B. F., U. S. Nuclear Regulatory Commission, l0 CFR 50.46 Annual
Notification and Reporting for 2006, May 15, 2007.



Page 9 of 9
March 7, 2012

17) LTR-NRC-08-24, Gresham, J. A., U. S. Nuclear Regulatory Commission,10 CFR 50.46 Annual
Notification and Reporting for 2007, May 15, 2008.

18) LTR-NRC-09-17, Revision 1, Gresham, J. A., U. S. Nuclear Regulatory Commission, 10 CFR 50.46
Annual Notification and Reporting for 2008, April 7, 2011.

19) LTR-NRC-10-75, Gresham, J. A., U. S. Nuclear Regulatory Commission, 10 CFR 50.46 Annual
Notification and Reporting for 2009, January 10, 2011.

20) LTR-NRC- 11-7, Gresham, J. A., U. S. Nuclear Regulatory Commission, l0 CFR 50.46 Annual
Notification and Reporting for 2010, March 4, 2011.

21) NRC Information Notice 2011-21, McGinty, T. J., and Dudes, L. A., Realistic Emergency Core
Cooling System Evaluation Model Effects Resulting From Nuclear Fuel Thermal Conductivity
Degradation, December 13, 2011.

22) Ruland, W. H (NRC) to Gresham, J. A. (Westinghouse), Transmittal of Requests for Information
Pursuant to 10 CFR 50.54(f) related to Thermal Conductivity Degradation and its Impact on
Westinghouse Realistic Emergency Core Cooling System Evaluations, February 17, 2012.

23) McGinty, T. J. (NRC) to Gresham, J. A. (Westinghouse), Nuclear Fuel Thermal Conductivity
Degradation Evaluation for Light Water Reactors Using Westinghouse Codes and Methods (TAC
NO. ME5186), December 16, 2011.


