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P.O. Box 355
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U.S. Nuclear Regulatory Commission Direct tel: (412) 374-4643
Document Control Desk Direct fax: (412) 374-4011
Washington, DC 20555-0001 e-mail: greshaja@westinghouse.com

Our ref: LTR-NRC-08-5
January 21, 2008 00 1O

Subject: Response to NRC's Draft Safety Evaluation by the Office of Nuclear Reactor Regulation, Topical Report
(TR) WCAP-14565-P-A, Addendum 2, Revision 0, "Addendum 2 to WCAP-14565-P-A, Extended
Application of ABB-NV Correlation and Modified ABB-NV Correlation WLOP (Westinghouse Low
Pressure) for PWR (Pressurized Water Reactor) Low Pressure Application" (TAC No. MD3184)
(Proprietary/Non-proprietary)

Enclosed is Westinghouse's proprietary review of NRC's Draft Safety Evaluation by the Office of Nuclear Reactor
Regulation, Topical Report (TR) WCAP-14565-P-A, Addendum 2, Revision 0, "Addendum 2 to WCAP-14565-P-A,
Extended Application of ABB-NV Correlation and Modified ABB-NV Correlation WLOP (Westinghouse Low
Pressure) for PWR (Pressurized Water Reactor) Low Pressure Application" (TAC No. MD3184) (Proprietary/
Non-proprietary). There is proprietary information identified in the draft safety evaluation and a few comments to
provide technical accuracy.

Also enclosed is:

1. One (1) copy of the Application for Withholding, AW-08-2374 (Non-proprietary) with Proprietary
Information Notice.

2. One (1) copy of 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 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 affidavit or Application for Withholding should reference AW-08-2374 and
should be addressed to J. A. Gresham, Manager, Regulatory Compliance and Plant Licensing, Westinghouse Electric
Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Very truly yours,

J. •Gresham, Manager
Re latory Compliance and Plant Licensing

Enclosures
cc: A. Mendiola, NRR

A. Attard, NRR
J. Kaiser, NRR
J. Thompson, NRR

"Electronically Approved Records Are Authenticated in the Electronic Document Management System"



W estinghouse Westinghouse Electric Company
Nuclear Services
P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

U.S. Nuclear Regulatory Commission Direct tel: 412/374-4643
ATTN: Document Control Desk Direct fax: 412/374-4011
Washington, DC 20555 e-mail: greshaja@westinghouse.com

Our ref: AW-08-2374
January 21, 2008

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: Response to NRC's Draft Safety Evaluation By the Office Of Nuclear Reactor Regulation, Topical Report
(TR) WCAP-14565-P-A, Addendum 2, Revision 0, "Addendum 2 to WCAP-14565-P-A, Extended
Application of ABB-NV Correlation and Modified ABB-NV Correlation WLOP (Westinghouse Low
Pressure) for PWR (Pressurized Water Reactor) Low Pressure Application" (TAC No. MD3184)
(Proprietary)

Reference: Letter from J. A. Gresham to Document Control Desk, LTR-NRC-08-5, dated January 21, 2008

The application for withholding 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 material 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-08-2374 accompanies this application for withholding,
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 this application for withholding or the accompanying affidavit should reference AW-08-
2374 and should be addressed to J. A. Gresham, Manager of Regulatory Compliance and Plant Licensing, Westinghouse
Electric Company LLC, P. O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

J.?Gehm Manager
Regulatory Compliance and Plant Licensing

Cc: A. Mendiola, NRR
A. Attard, NRR
J. Kaiser, NRR
J. Thompson, NRR



AW-08-2374

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

ss

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared J. A. Gresham, 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:

J. A. Gresham, Manager

Regulatory Compliance and Plant Licensing

Sworn to and subscribed

before me this day

of 2008.

Notary Public

COMMONWEALTH OF PENNSYLVANIA

Notarial Seal
Sharon L. Marlde, Notary Public

Monroeville Boro, Allegheny County
My Commission Expires Jan. 29,2011

Member, Pennsylvania Association of Notaries
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(1) I am Manager, Regulatory Compliance and Plant 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 rulemaking proceedings, and am authorized to apply for its withholding on behalf of

Westinghouse.

(2) 1 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" 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 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.
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(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 which 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.

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

marked Response to NRC's Draft Safety Evaluation By the Office Of Nuclear Reactor Regulation,

Topical Report (TR) WCAP-14565-P-A, Addendum 2, Revision 0, "Addendum 2 to WCAP-14565-

P-A, Extended Application of ABB-NV Correlation and Modified ABB-NV Correlation WLOP

(Westinghouse Low Pressure) for PWR (Pressurized Water Reactor) Low Pressure Application"

(TAC No. MD3184)(Proprietary), for submittal to the Commission, being transmitted by

Westinghouse letter (LTR-NRC-08-5) and Application for Withholding Proprietary Information

from Public Disclosure, to the Document Control Desk. The proprietary information as submitted by

Westinghouse Electric Company is that associated with the response to the NRC's draft safety

evaluation for WCAP-14565-P-A, Addendum 2.

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

(a) / Obtain generic NRC licensed approval for the Westinghouse correlation.

(b) Assist customers in improving their fuel performance (zero defects).

Further this information has substantial commercial value as follows:

(a) Westinghouse plans to continue to implement corrective actions to ensure the highest

quality of fuel in order to meet the customer needs.

(b) Assist customers to obtain license changes.

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.

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 of a

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 for developing the enclosed improved core thermal

performance methodology.

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 requests for generic and/or plant-specific review and approval.

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 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 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 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 if the original was identified

as proprietary.
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LTR-NRC-08-5 NP-Attachment
TAC No. MD3184

Response to NRC's Draft Safety Evaluation
By the Office Of Nuclear Reactor Regulation,

Topical Report (TR) WCAP-14565-P-A, Addendum 2, Revision 0,
"Addendum 2 to WCAP-14565-P-A, Extended Application of ABB-NV
Correlation and Modified ABB-NV Correlation WLOP (Westinghouse

Low Pressure) for PWR (Pressurized Water Reactor)
Low Pressure Application" (TAC No. MD3184)(Non-Proprietary)

Westinghouse Electric Company
P.O. Box 355

Pittsburgh, Pennsylvania 15230-0355

© 2008 Westinghouse Electric Company LLC
All Rights Reserved
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Response to NRC's Draft Safety Evaluation
By the Office Of Nuclear Reactor Regulation,

Topical Report (TR) WCAP-14565-P-A, Addendum 2, Revision 0,
"Addendum 2 to WCAP-14565-P-A, Extended Application of ABB-NV
Correlation and Modified ABB-NV Correlation WLOP (Westinghouse

Low Pressure) for PWR (Pressurized Water Reactor)
Low Pressure Application" (TAC No. MD3184)(Non-Proprietary)

Three items of proprietary information were identified by Westinghouse in the NRC's Draft Safety
Evaluation for WCAP-14565-P-A, Addendum 2 (refer to items 14, 15 and 17). Also included below are
clarifications and technical corrections previously identified in RAI responses. Changes are noted in
bold/underline (additions) and bold/lined-out (deletions) text.

1. Page 2, Lines 13-14:

Recommendation:

Reason:

-2. Page 2, Line 19:
Recommendation:

Reason:

3. Page 2, Line 39:
Recommendation:
Reason:

4. Page 3, Line 6:

Recommendation:

Reason:

5. Page 3, Line 7-8:

Recommendation:

Reason:

6. Page 3, Line 34:

Recommendation:

Reason:

"Section 50.34 of Title 10 of the Code of Federal Regulations (10 CFR),
AContents of construction permit and operating license applications;
technical Information,@ contains general..."
"Section 50.34 of Title 10 of the Code of Federal Regulations (10 CFR),
"AContents of construction permit and operating license applications;
technical Information, #_ contains general. .

Change stray typographic symbols to quotation marks, more
grammatically correct.

... safety analyses such as the critical power ratio (CPR)..
... safety analyses such as the eriiea! power- departure from nucleate

boiling ratio (C-P-RDNBR)..."
More accurate statement for PWR applications.

"3.1 ABB-NV CHF Correlations"
"3.1 ABB-NV CHF Correlation"
Single correlation, recommend deleting "s".

"... application of the ABB-NV correlation for the NMV grid region of
the Westinghouse PWR in... "
"application of the ABB-NV correlation for the NMV grid region of the
Westinghouse PWR fuel in... "
More technically accurate, Westinghouse fuel may be in other PWRs.
Correlation is related to the fuel.

"...Section 2 of TR WCAP-14565, Addendum 2, Revision 0. Two tests
were conducted to demonstrate the applicability of the ABB-NV
correlation. One used a 5x5 array of..."
"... Section 2 of TR WCAP-14565, Addendum 2, Revision 0. Two rod
bundle tests were used to demonstrate the applicability of the ABB-NV
correlation. One used a 5x5 array of..
More technically accurate statement.

"... thimbles, heated lengths from 48 in. to 150 in. and grid spacing
from 8.0 in. to 18.25 in. To..."
".... thimbles, heated lengths from 48 in. to 150 in. and grid spacing
from 8.0 in. to 4462521.5 in. To..
Consistent with Table 2-2 of topical report.

LTR-NRC-08-5 NP-Attachment Page 2 of 4
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7. Page 4, Line 15-16:

Recommendation:

Reason:

8. Page 4, Line 19:

Recommendation:

Reason:

9. Page 4, Line 25:

Recommendation:

Reason:

10. Page 4, Line 38:

Recommendation:

Reason:

11. Page 5, Line 13:

Recommendation:

Reason:

12. Page 5, Line 47:

Recommendation:

Reason:

13. Page 6, Line 42:

Recommendation:

Reason:

14. Page 6, Line 45-46:

15. Page 7 Table 1:
Recommendation:
Reason:

"rods or adjacent to the test shroud. Typical radial geometries for the
three specified fuels, with and without a guide thimble, are presented in
several figures in Section"
"rods or adjacent to the test shroud. Typical radial geometries for the
fuel design tests with and without a guide thimble, are presented in
several figures in Section"
More technically accurate statement.

" . . . 18 tests is shown in Table 2-2. The data from the Acorrelation
formation@ test sections were..."

... 18 tests is shown in Table 2-2. The data from the "Acorrelation
formation#" test sections were...
Change stray typographic symbols to quotation marks, more
grammatically correct.

"The test grids for all the tests are similar to the reactor design. The
standard grids were..."
"The test grids for all the tests are similar to the reactor fuel design. The
standard grids were... "
More technically accurate statement.

"WRB-1, WR13-2, and WRB-2M correlations (References 7 through 10,
respectively)."
"WRB-1, WRl4l3-2, and WRB-2M correlations (References 7 through
10, respectively)."
Correct name of correlation.

"... versus for the MV grid design. Based on Figure 4-1 of TR WCAP-
14565-P-A,...'"
".... versus Pressure for the MV grid design. Based on Figure 4-1 of
TR WCAP-14565-P-A,..."
Missing word.

plots and determined that although trends were evident,
Westinghouse..."
"C... plots and determined that although trends were evident in some of
the plots Westinghouse..."
More technically accurate statement.

cc... power shape correction in DNBR predictions between the NV and
the MV grid regions, the..."
" . . . power shape correction in DNBR predictions between the NMV
and the MV grid regions, the..."
Consistent with nomenclature used throughout safety evaluation report.

Proprietary statement highlighted in markup.

Proprietary statement highlighted in markup and correction to number.
"0.6798 to 1.08"
Previously identified correction in RAI #2, Reference 14.

LTR-NRC-08-5 NP-Attachment Page 3 of 4
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16. Page 7, Lines 10-12:

Recommendation:

Reason:

17. Page 8, Table 2:

Recommendation:
Reason:

18. Page 8, Line 22:

Recommendation:

Reason:

19. Page 9, Lines 4-5:

Recommendation:

Reason:

20. Page 9, Lines 13-14:

Recommendation:

Reason:

"WLOP will be applied to all Westinghouse PWR fuel designs, including
the 14x14 fuel products with rod ODs of 0.400 in. or 0.422 in., the 15x15
fuel products with rod OD of 0.422 in., the 16xl6 fuel products with rod
ODs of 0.360 in. or 0.374 in., and..."
"WLOP will be applied to all Westinghouse/CE PWR fuel designs,
including the 14x14 fuel products with rod ODs of 0.400 in., 0.422 in..
or 0.440 in., the 15x15 fuel products with rod OD of 0.422 in., the 16x16
fuel products with rod ODs of 0.360 in., 0.3 74 in., or 0.382in., and... "
Since the WLOP correlation is valid for both the Westinghouse and CE
fuel designs, add CE rod diameters to listing.

Proprietary statement highlighted in markup and correction to number
and deletion of one line.
Pressure (psia) 185200 to 1800
Previously identified corrections in RAI #2, Reference 14.

"The extension of the ABB-NV correlation to NMV Westinghouse fuel,
and the..."
"The extension of the ABB-NV correlation to the NMV grid region of
Westinghouse fuel, and the...
More technically accurate statement.

.... presented in Table 6.1-1 of TR WCAP-14565-P-A, Addendum 2,
Revision 0."
" . . . presented in the abstract Table 6.. lof TR WCAP-14565-P-A,
Addendum 2, Revision 0 and the clarification given in Reference 14."
Previously identified correction in RAI #2, Reference 14.

"... pressure conditions within the parameter range provided in Table
6.2-1 of TR WCAP-14565-P-A, Addendum 2, Revision 0,..."

pressure conditions within the parameter range provided in the
abstract Table•6.2 of TR WCAP-14565-P-A, Addendum 2, Revision
0 and the clarification given in Reference 14 .... "
Previously identified correction in RAI #2, Reference 14.

LTR-NRC-08-5 NP-Attachment Page 4 of 4
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January 7, 2008

Mr. James A. Gresham, Manager
Regulatory Compliance and Plant Licensing
Westinghouse Electric Company
P.O. Box 355
Pittsburgh, PA 15230-0355

SUBJECT: DRAFT SAFETY EVALUATION FOR WESTINGHOUSE ELECTRIC COMPANY
(WESTINGHOUSE) TOPICAL REPORT (TR) WCAP-14565-P, ADDENDUM 2,
REVISION 0, "ADDENDUM 2 TO WCAP-14565-P-A, EXTENDED
APPLICATION OF ABB-NV CORRELATION AND MODIFIED ABB-NV
CORRELATION WLOP [WESTINGHOUSE LOW PRESSURE] FOR PWR
[PRESSURIZED WATER REACTOR] LOW PRESSURE APPLICATIONS" (TAC
NO. MD3184)

Dear Mr. Gresham:

By letter dated September 20, 2006, Westinghouse submitted TR WCAP-14565-P,
Addendum 2, Revision 0, "Addendum 2 to WCAP-14565-P-A, Extended Application of ABB-NV
Correlation and Modified ABB-NV Correlation WLOP for PWR Low Pressure Applications," to
the U.S. Nuclear Regulatory Commission (NRC) staff for review. Enclosed for Westinghouse
review and comment is a copy of the NRC staff's draft safety evaluation (SE) for the TR.

Pursuant to Section 2.390 of Title 10 of the Code of Federal Regulations (10 CFR), we have
determined that the enclosed draft SE does not contain proprietary information. However, we
will delay placing the draft SE in the public document room for a period of 10 working days from
the date of this letter to provide you with the opportunity to comment on the proprietary aspects.
If you believe that any information in the enclosure is proprietary, please identify such
information line-by-line and define the basis pursuant to the criteria of 10 CFR 2.390. After
10 working days, the draft SE will be made publicly available, and an additional 10 working days
are provided to you to comment on any factual errors or clarity concerns contained in the draft
SE. The final SE will be issued after making any necessary changes and will be made publicly
available. The NRC staff's disposition of your comments on the draft SE will be discussed in the
final SE.

LTR-NRC-08-5 NP-Attachment
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To facilitate the NRC staffs review of your comments, please provide a marked-up copy of the
draft SE showing proposed changes and provide a summary table of the proposed changes.

If you have any questions, please contact Jon H. Thompson at 301-415-1119.

Sincerely,

IRA/

Stacey L. Rosenberg, Chief
Special Projects Branch
Division of Policy and Rulemaking
Office of Nuclear Reactor Regulation

Project No. 700

Enclosure: Draft SE

cc w/encl:
Mr. Gordon Bischoff, Manager
Owners Group Program Management Office
Westinghouse Electric Company
P.O. Box 355
Pittsburgh, PA 15230-0355
gordon.c.bischoff(aus.westinqhouse.com

LTR-NRC-08-5 NP-Attachment



Westinghouse Non-Proprietary Class 3

To facilitate the NRC staff's review of your comments, please provide a marked-up copy of the
draft SE showing proposed changes and provide a summary table of the proposed changes.

If you have any questions, please contact Jon H. Thompson at 301-415-1119.

Sincerely,
IRAI

Stacey L. Rosenberg, Chief
Special Projects Branch
Division of Policy and Rulemaking
Office of Nuclear Reactor Regulation

Project No. 700

Enclosure: Draft SE

cc w/encl:
Mr. Gordon Bischoff, Manager
Owners Group Program Management Office
Westinghouse Electric Company
P.O. Box 355
Pittsburgh, PA 15230-0355
qordon.c.bischoffcaus.westinqhouse.com
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DRAFT SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION,

TOPICAL REPORT (TR) WCAP-14565, ADDENDUM 2, REVISION 0,

"ADDENDUM 2 TO WCAP-14565-P-A, EXTENDED APPLICATION OF

ABB-NV CORRELATION AND MODIFIED ABB-NV CORRELATION

WLOP [WESTINGHOUSE LOW PRESSURE] FOR PWR [PRESSURIZED WATER REACTOR]

LOW PRESSURE APPLICATIONS"

WESTINGHOUSE ELECTRIC COMPANY

PROJECT NO. 700

1 1.0 INTRODUCTION AND BACKGROUND
2
3 By letter dated September 20, 2006, Westinghouse Electric Company (Westinghouse)
4 submitted TR WCAP-14565-P, Addendum 2, Revision 0, "Addendum 2 to WCAP-14565-P-A,
5 Extended Application of ABB-NV Correlation and Modified ABB-NV Correlation WLOP for PWR
6 Low Pressure Applications" (Reference 1), to the U.S. Nuclear Regulatory Commission (NRC)
7 staff for review. The TR describes the extension of the ABB-NV Critical Heat Flux (CHF)
8 correlation (Reference 2) to the non-mixing vane (NMV) grid region of the Westinghouse
9 Pressurized Water Reactor (PWR) fuel designs, and also describes the modification of the

10 ABB-NV correlation based on low pressure rod bundle data. The modified correlation
I I accommodates low pressure applications and is designated as the WLOP correlation.
12
13 In a similar manner to the NRC staff-approved W-3 correlation (Reference 3), the ABB-NV
14 correlation will be used for predicting departure from nucleate boiling ratio (DNBR) margin in the
15 NMV grid region to supplement the primary departure from nucleate boiling (DNB) correlation
16 for Westinghouse PWR fuel designs with mixing vane (MV) grids. The WLOP correlation will be
17 used for predicting DNBR margin at low pressure conditions that is typically encountered in a
18 steamline break accident analysis, as an alternative to the NRC staff-approved W-3 or MacBeth
19 correlations (References 3 and 4 respectively) for Westinghouse PWR plants and Combustion
20 Engineering PWR (CE-PWR) plants.
21
22 The ABB-NV correlation has previously been approved for application for CE-PWR plants with
23 both the TORC code (Reference 5) and the Westinghouse version of the VIPRE-01 (VIPRE)
24 code (Reference 6) thermal hydraulic codes. Westinghouse provided additional supplemental
25 rod bundle data evaluation to confirm.the current ABB-NV correlation at a 95 percent probability
26 and a 95 percent confidence level (95/95) DNBR limit of 1.13 with VIPRE for the NMV grid
27 region for Westinghouse PWR fuel designs. Westinghouse also provided supplemental data to
28 extend the applicable range of the ABB-NV correlation.

LTR-NRC-08-5 NP-Attachment
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-2-
1 Westinghouse formulated the WLOP correlation from a modified version of the ABB-NV
2 correlation specifically for low pressure conditions and extended the flow range to cover low flow
3 conditions. Modifications to the ABB-NV correlation form were made using existing CHF data
4 from rod bundles with NMV grids, incorporating many of the tests included in the ABB-NV
5 correlation. The WLOP coefficients were derived based on fluid conditions from VIPRE
6 calculations. The WLOP 95/95 DNBR limit is determined to be 1.18 with the VIPRE code for
7 both Westinghouse PWR and CE-PWR fuel designs. The WLOP 95/95 DNBR limit is also
8 qualified with test data from rod bundles containing MV grids simulating Westinghouse PWR
9 fuel designs.

10
11 2.0 REGULATORY EVALUATION
12
13 Section 50.34 of Title 10 of the Code of Federal Regulations (10 CFR), AContents of
14 construction permit and operating license applications; technical Information,4 contains general
15 requirements for the safety assessment of structures, systems, and components important to
16 safety. As part of the core reload design process, licensees (or vendors) perform reload safety
17 evaluations to ensure that their safety analyses remain bounding for the design cycle. To
18 confirm that the analyses remain bounding, licensees confirm that key inputs to the safety
19 analyses such as the G departure from nucleate boiling ratio (CP-RDNBR) are
20 conservative with respect to the current design cycle. If key safety analysis parameters are not
21 bounded, a re-analysis or re-evaluation of the affected transients and/or accidents is performed
22 to ensure that the applicable acceptance criteria are satisfied.
23
24 10 CFR Part 50, Appendix A, "General Design Criteria for Nuclear Power Plants," Criterion 10,
25 "Reactor design," requires that: The reactor core and associated coolant, control, and protection
26 systems shall be designed with appropriate margin to assure that specified acceptable fuel
27 design limits [(SAFDLs)] are not exceeded during any condition of normal operation, including
28 the effects of anticipated occurrences."
29
30 Section 4.4, "Thermal and Hydraulic Design," of the Standard Review Plan for the Review of
31 Safety Analysis Reports for Nuclear Power Plants: LWR Edition, NUREG-0800, Revision 2,
32 provides DNB acceptance criteria.
33
34 NRC Generic Letter 83-11, Supplement 1, "Licensee Qualification for Performing Safety
35 Analyses" provides guidance for the technology transfer process for CHF correlations.
36
37 3.0 TECHNICAL EVALUATION
38
39 3.1 ABB-NV CHF Correlations
40
41 The ABB-NV correlation is based on a linear relationship between CHF and local quality. The
42 correlation includes the following variables: pressure, local mass velocity, local equilibrium
43 quality, distance from grid to CHF location, heated length from inlet to CHF location, and heated
44 hydraulic diameter of the subchannel. Special geometry terms are used in the correlation to
45 correct CHF calculations for grid, heated length, heated diameter (cold wall effect), and guide
46 tube effects. The ABB-NV correlation has been used with the TORC code (Reference 5) and
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1 the VIPRE code (Reference 6) for CE-PWR licensing applications. The NRC staff-approved
2 DNBR limit is 1.13 with both codes (References 5 and 6) at 95/95. A more detailed description
3 of the ABB-NV correlation can be found in Reference 2.
4
5 Westinghouse provided a summary description of the CHF tests supporting the extended
6 application of the ABB-NV correlation for the NMV grid region of the Westinghouse PWR fuel in
7 Section 2 of TR WCAP-14565, Addendum 2, Revision 0. Two rod bundle tests were used
8 o to demonstrate the applicability of the ABB-NV correlation. One used a 5x5 array of
9 electrically heated rods with uniform axial power distribution with brazed Inconel NMV grids,

10 which simulated the geometry of a 17x1 7 fuel design. The second test was a hexagonal-lattice
I I test with seven rods in a triangular pitch. The test rod dimensions and pitch are similar to the
12 Westinghouse PWR fuel design. Validation of the application of the ABB-NV correlation to an
13 NMV grid test with a different geometry demonstrates that the correlation is robust and may be
14 applied to the NMV grid regions of different fuel configurations. Figures showing the geometry
15 for these qualification test sections are also shown in Section 2 of TR WCAP-14565,
16 Addendum 2, Revision 0, and a summary of the geometric characteristics for the supplemental
17 tests for the ABB-NV database is given in Table 2-1.
18
19 3.2 Modified ABB-NV Correlation for Low Mass Flow and Low Pressure Conditions
20
21 The WLOP correlation is a modified ABB-NV correlation specifically developed for low pressure
22 conditions. Modifications to the existing NRC staff-approved ABB-NV correlation form were
23 made using existing CHF data from rod bundles with NMV grids, incorporating many of the tests
24 included in the ABB-NV correlation. The correlation data for NMV grids were obtained for test
25 sections of heated lengths ranging from 48 in. to 150 in., grid spacings of 8.0 in. to 21.5 in., rod
26 diameters ranging from 0.374 in. to 0.440 in., flows above 0.15 Mlb/hr-ft2, and pressures above
27 185 psia. The WLOP coefficients were derived based on fluid conditions from VIPRE
28 calculations.
29
30 The WLOP correlation was developed based on CHF test data obtained from the Heat Transfer
31 Research Facility of Columbia University. The tests were performed with simulated 5x5 arrays
32 of 14x.14, 16x16, and 17x17 fuel assembly geometries for NMV grids. The correlation database
33 includes tests with uniform and non-uniform radial power distributions, with and without guide
34 thimbles, heated lengths from 48 in. to 150 in. and grid spacing from 8.0 in. to 44&-.2621.5 in. To
35 provide overlap with the ABB-NV correlation, the upper pressure of the database is set at 1800
36 psia. The lower pressure is determined by the available test data. This upper pressure limit
37 was chosen since it was found that measured CHF varied with pressure in a more complex
38 manner when the pressure range is increased.
39
40 The functional form of the CHF correlation is empirical and is based solely on experimental
41 observations of the relationship between the measured CHF and the correlation variables. The
42 form of the correlation is based on a linear relationship between CHF and local quality similar to
43 the ABB-NV correlation documented in Reference 2. The WLOP correlation includes the same
44 variables as the ABB-NV correlation: pressure, local mass velocity, local quality, a grid spacing
45 term, heated length from inlet to CHF location, and the heated hydraulic diameter ratio of the
46 CHF channel. Special geometry terms are applied to the correlation to correct CHF for grid
47 spacing, heated length, and heated diameter effects.
48
49 3.2.1 Description of WLOP Test Sections

LTR-NRC-08-5 NP-Attachment



Westinghouse Non-Proprietary Class 3

-4-
1

2 The data used for the development and validation of the WLOP correlation were obtained from
3 18 test bundles with a uniform axial power shape. The test sections, described in Table 2-2 of
4 TR WCAP-14565, Addendum 2, Revision 0, simulate a 5x5 array of fuel assembly geometries
5 without MVs. Thirteen of these test sections are representative of a 14x14 fuel assembly
6 geometry (0.440 in. outer diameter (OD) heated rods and 0.580 in. rod pitch); four test sections
7 are representative of a 16x16 fuel assembly geometry (0.382 in. OD heated rods and 0.506 in.
8 rod pitch); and one test section is representative of a 17x17 fuel assembly geometry (0.374 in.
9 OD heated rods, 0.500 in. rod pitch) with brazed Inconel grids. It is noted that high pressure

10 data from several tests were used in the development of the ABB-NV correlation and that the
11 test-specific geometry has already been documented in Reference 2.
12
13 Twelve of the tests were conducted with a simulated guide thimble. Tests were run with the
14 simulated guide thimble placed either near the center of the test section surrounded by heated
15 rods or adjacent to the test shroud. Typical radial geometries for the fuel design tests thee
16 ,p ~ , with and without a guide thimble, are presented in several figures in Section
17 2.0 of TR WCAP-14565, Addendum 2, Revision 0; the radial and axial geometries for these
18 individual tests are provided in Appendix E; and a summary of the test section geometry for the
19 18 tests is shown in Table 2-2. The data from the Acorrelation formation4 test sections were

.20 used to develop the coefficients for the WLOP correlation form. The data from the "validation"
21 test sections were used in the evaluation of the correlation. Test sections were selected to
22 provide data at the low flow, low pressure conditions and to cover the range for the geometric
23 parameters such as heated length, grid spacing, and heated hydraulic diameter.
24
25 The test grids for all the tests are similar to the reactor fuel design. The standard grids were
26 manufactured with Zircaloy-4 material for the early tests. The stronger Inconel 625 material was
27 used in later tests to provide improved support for the heater rods. The grid material change
28 does not affect CHF performance of the grid design.
29
30 Special demonstration tests were run using available data for MV grid designs to demonstrate
31 that the WLOP correlation is applicable or conservative for application to MV grid designs. In
32 general, MV grids have shown substantial performance gains when compared to NMV grids,
33 especially at small grid spacing (Reference 2). Westinghouse 'has provided the results of the
34 application of the WLOP correlation application to MV fuel design in Table 4-4 of TR
35 WCAP-14565, Addendum 2, Revision 0. Westinghouse noted in this TR that many of these
36 tests that were used to demonstrate the applicability of the WLOP correlation to MV grid fuel,
37 are the same tests used to develop and support previous correlations, such as the ABB-X2,
38 WRB-1, WRB43-2, and WRB-2M correlations (References 7 through 10, respectively).
39
40 In addition, Westinghouse also conducted calculations with the sub-channel computer code,
41 VIPRE, for each test section in the database based upon the bundle geometry and the axial and
42 radial power distributions.
43
44 A request for additional information (Reference 11) was sent to Westinghouse to justify the use
45 of WLOP down to the requested pressure range of the correlation for MV fuel designs.
46 Figure 4-4 of Reference 1 provides the WLOP ratio of measured to predicted (M/P) CHF versus
47 data for PWR tests for MV grids only down to approximately 700 psia. Figure 4-4 also shows
48 that there is a negative trend in the data, which may not hold true at lower pressures. In

LTR-NRC-08-5 NP-Attachment



Westinghouse Non-Proprietary Class 3

-5-
1 response to this RAI from the NRC staff, Westinghouse provided additional evaluations and test
2 data conducted by the Electric Power Research Institute (EPRI) for PWRs with MV grids
3 (Reference 12) which still demonstrated a negative trend in the M/P versus data down to
4 approximately 800 psia, although the M/P values were significantly greater than the original data
5 provided in Figure 4-4. Based upon further discussions with the NRC staff, Westinghouse
6 provided an additional WLOP M/P versus comparison with boiling water reactor (BWR) data for
7 an MV grid- (Reference 13) and NMV grid-designed fuel (Reference 14).
8
9 Enhancements in MV grid M/P values obtained from use of these data at approximately 800

10 psia were similar to those obtained from the use of PWR data. The BWR data also
I I demonstrated that at lower pressures (as low at 360 psia) the M/P values for the MV grid
12 designs are significantly higher than 1.0 and that there was no significant trend in the plot of M/P
13 versus Pressure for the MV grid design. Based on Figure 4-1 of TR WCAP-14565-P-A,
14 Addendum 2, Revision 0, Westinghouse provided a plot of NMV CHF data that showed that at
15 approximately 700-800 psia, there is a transition in the CHF data (an inflection point) and that at
16 lower pressures, the NMV CHF data behavior was consistent down to 185 psia (i.e., no
17 inflection point or discontinuity). Based on Figure 4-4, the additional PWR data, and the
18 additional BWR MV/NMV CHF comparison data, Westinghouse has substantiated that the CHF
19 behavior for the MV grid designs will remain conservative (i.e., M/P will remain greater than 1.0)
20 in comparison to the CHF behavior for the NMV grid design over the NMV CHF data range.
21 Therefore, Westinghouse has demonstrated that the WLOP correlation and the 95/95 DNBR
22 limit are applicable to both NMV and MV grid fuel designs for the pressure range requested in
23 TR WCAP-14565, Addendum 2, Revision 0.
24
25 3.3 Statistical Evaluation
26
27 This section evaluated all the statistical data that went into the development of the ABB-NV and
28 WLOP correlations. The following topics were considered: outliers, normality distribution,
29 comparison of the various data groups, the homogeneity of variance, and the 95/95 DNBR limit.
30 The means and standard deviations for the ratio of measured to ABB-NV-predicted CHFs were
31 given for the correlation database and the individual test sections and for the validation
32 database and the individual test sections. Similar means and standard deviations were
33 presented for the WLOP correlation. A statistical evaluation was performed with the ABB-NV
34 and the WLOP correlations for each test section and bundle array, the correlation database, the
35 validation database, and the combined correlation and validation database, to determine the
36 one-sided 95/95 DNBR limit applicable to each correlation. Standard statistical tests (the W and
37 D tests) were used to evaluate normality at the 95 percent confidence level: the W test for
38 groups with less than 50 test points and the D test for all other groups.
39
40 Standard statistical tests were performed to determine if all or selected data groups belong to
41 the same population in order to be combined for the evaluation of the 95/95 DNBR tolerance
42 limit. In addition, scatter plots were generated for each variable in the correlation to examine
43 the correlation for trends or regions of non-conservatism. The measured to correlation
44 predicted CHF ratio was plotted as a function of pressure, local mass velocity, local quality,
45 heated hydraulic diameter, distance from bottom to adjacent upstream grid, and heated length
46 from beginning of heated length (BOHL) to location of CHF. The NRC staff examined these
47 plots and determined that although trends were evident in some of the plots, Westinghouse
48 provided the NRC staff with satisfactory explanations to justify the trends. The 95/95 DNBR
49 limit was also shown on these plots to show the number of points that fall below the limit and the
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1 location of those points. The NRC staff examined all the plots and determined that the results
2 were typical. The NRC staff reviewed the elimination of the outliers and agreed that it was
3 appropriate.
4
5 3.4 Application of the ABB-NV and WLOP Correlations
6
7 The intended application of the ABB-NV and WLOP correlations for Westinghouse PWRs is
8 similar to the current application of the W-3 DNB correlation (Reference 3) to Westinghouse
9 PWRs. The intended application of the WLOP correlation for CE-PWRs is similar to the current

10 application of the MacBeth DNB correlation (Reference 4) to CE-PWRs. Westinghouse intends
1 to use the ABB-NV and WLOP correlations for evaluating safety margins with respect to CHF
12 and DNB acceptance criteria, but only at core conditions where the primary DNB correlations
13 are not applicable.
14
15 Section 4.4, "Thermal and Hydraulic Design," of the Standard Review Plan for the Review of
16 Safety Analysis Reports for Nuclear Power Plants: LWR Edition, NUREG-0800, Revision 2
17 (Reference 15), provides DNB acceptance criteria. One DNB acceptance criterion is met with
18 respect to the thermal-hydraulic design when the minimum DNBR of the hot rod in the hot
19 channel is above the 95/95 DNBR limit of the correlation. The ABB-NV and WLOP correlations
20 will be used only with a computer code that has been either used for the correlation
21 development or qualified with its 95/95 DNBR limit. The technology transfer process for the
22 ABB-NV and WLOP correlations will meet the requirements specified in NRC Generic Letter 83-
23 11, Supplement 1, "Licensee Qualification for Performing Safety Analyses" (Reference 16).
24
25 Selection of the appropriate DNB correlation, DNBR limit, engineering hot channel factors for
26 enthalpy rise, and other fuel-dependent parameters for a specific plant will still be justified for
27 each application of each correlation. These correlations, like other DNB correlations for PWR
28 safety analyses, were developed from steady-state test data. These correlations will be used
29 with appropriate codes (such as VIPRE) in calculating DNBRs for PWR power ramp and flow
30 coastdown transients, such as complete loss of flow, locked rotor, and control rod malfunctions.
31 The details of each correlation's application are discussed next.
32
33 3.4.1 Application of the Extended ABB-NV Correlation
34
35 The range of application for the extended ABB-NV correlation is summarized in this section.
36 The extended ABB-NV correlation will be used with the Westinghouse version of the VIPRE
37 code and is in full compliance with the limitations and conditions specified in the safety
38 evaluation (SE) for the TR documenting the VIPRE code and modeling (Reference 6).
39
40 ABB-NV will be used as a supplement to the primary DNB correlation for predicting DNBR
41 margin in the fuel region of Westinghouse fuel designs near core inlet. To ensure a continuity of
42 power shape correction in DNBR predictions between the NMV and the MV grid regions, the
43 same Fc factor (F-Factor to make corrections for non-uniform axial power shapes) used with the
44 primary DNB correlation of the Westinghouse PWR MV grid fuel design will be used with ABB-
45 NV correlation_ [ .
46 .. The 95/95 ABB-NV DNBR limit remains at a value of 1.13 for
47 Westinghouse PWR fuel design applications in the parameter range defined in Table 1.
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TABLE 1: Applicable Range of the ABB-NV Correlation

Pressure (psia) 1750 to 2415

Local mass velocity (Mlbm/hr-ft2) 0.8 to 3.16

Local quality <0.22

Heated length, inlet to CHF location (in) 48* to 150

Heated hydraulic diameter ratio, [ ] 0.6798 to 1.08

Grid Distance (in.) 7.3 to 24

I *Although the heated length below the first MV grid is below 48 in., the minimum heated length
used in the correlation is conservatively maintained at 48 in.

2
3 3.4.2 Application of the WLOP Correlation
4
5 The range of application for the WLOP correlation is summarized in this section. The WLOP
6 correlation will be used with the Westinghouse version of the VIPRE code and is in full
7 compliance with the limitations and conditions specified in the SE for the TR documenting the
8 VIPRE code and modeling (Reference 6).
9

10 WLOP will be applied to all Westinghouse/CE PWR fuel designs, including the 14x14 fuel
I I products with rod ODs of 0.400 in.--e, 0.422 in., or 0.440 in., the 15x15 fuel products with rod
12 OD of 0.422 in., the 16x16 fuel products with rod ODs of 0.360 in.,:-e 0.374 in., or 0.382in., and
13 the 17x17 fuel products with rod ODs of 0.360 in. or 0.374 in.
14
15 The WLOP correlations will be used as a supplement to the primary DNB correlation for
16 predicting DNBR margin under low pressure conditions. To ensure a continuity of power shape
17 correction in DNBR predictions between the pressure regions, the same F, factor used with the
18 primary DNB correlation of the PWR fuel design will be used with the WLOP DNB correlation.
19 The 95/95 WLOP DNBR limit is 1.18 in the parameter range defined in Table 2.
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Table 2: Applicable Range of the WLOP Correlation

Pressure (psia) 185200 to 1800

Local Coolant Quality < 0.75

Local Mass velocity (Mlb/hr-ft2) 0.23 to 3.07

Heated Hydraulic Diameter Ratio, [ - 0.679 to 1.00

Heated Length, HL (in.) 48* to 168

Grid Spacing Term 27 to 115

*Set as minimum HL value, applied at all elevations below 48 inches

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

4.0 LIMITATIONS AND CONDITIONS

1. The applicable range of the ABB-NV and WLOP correlations are presented in Table 1 and
Table 2, respectively, of this SE.

2. The ABB-NV correlation and the WLOP correlation must use the same F, factor for power
shape correction as used in the primary DNB correlation for a specific fuel design.

3. Selection of the appropriate DNB correlation, DNBR limit, engineering hot channel factors
for enthalpy rise, and other fuel-dependent parameters will be justified for each application
of each correlation on a plant specific basis.

4. The ABB-NV correlation for Westinghouse PWR applications and the WLOP correlation
must be used in conjunction with the Westinghouse version of the VIPRE-01 (VIPRE)
code since the correlations were justified and developed based on VIPRE and the
associated VIPRE modeling specifications.

5.0 CONCLUSION

The extension of the ABB-NV correlation to the NMV grid region of Westinghouse fuel, and the
modification of this correlation to low flow and low pressure conditions, is based primarily on
data taken from 1971 to 1982 and supplemented by more recent data. The following
conclusions for the extension of the ABB-NV correlation to Westinghouse PWRs and the
application of the WLOP correlation to CE-PWRs apply:

1. Analysis of supplemental NMV grid data with rod diameters of 0.36 in. and 0.374 in.
demonstrate the applicability of the ABB-NV correlation to the Westinghouse PWR fuel
designs in the heated length below the first MV grid.
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1 2. Analysis of the supplemental data indicates the data are poolable with the original data
2 and the approved.DNBR limit of 1.13 for the ABB-NV correlation for CE-PWR applications
3 is maintained for the Westinghouse PWR applications within the parameter range
4 presented in the abstract T of TR WCAP-14565-P-A, Addendum 2, Revision 0
5 and the clarification given in Reference 14.
6
7 3. Analysis of the WLOP correlation for low pressure and low flow conditions and the source
8 and validation data indicates that a minimum DNBR limit of 1.18 for the WLOP correlation
9 will provide a 95 percent probability with 95 percent confidence of not experiencing CHF

10 on a limiting rod.
11

12 4. The WLOP correlation with the 95/95 DNBR limit of 1.18 can be applied to the low
13 pressure conditions within the parameter range provided in the abstract T of
14 TR WCAP-14565-P-A, Addendum 2, Revision 0 and the clarification given in Reference
15 14, similar to the application of the W-3 correlation for Westinghouse PWRs and to the
16 application of the MacBeth correlation for CE-PWRs.
17
18 The correlation uses an approach employed by a previously-approved correlation, and the
19 statistics are performed in an acceptable manner. The NRC staff has performed a review of the
20 analyses in TR WCAP-14565-P-A, Addendum 2, Revision 0, and concludes that it is acceptable
21 for licensing applications, subject to the limitations and conditions identified in Section 4.0 of this
22 SE.
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