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December 9, 1993
CAW-93-553

Document Control Desk
US Nuclear Regulatory Commission
Washington, DC 20555

Attention: Dr. Thomas Murley, Director

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: North Atlantic Energy Service Corporation Letter and Application for Withholding
Proprietary Information from Public Disclosure 1o Document Control Desk.

Dear Dr, Murley:

The proprietary information for which withholding is being requested in the above-referenced letter 1s
further identified in Affidavit CAW-93-553 signed by the owner of the proprietary information,
Westinghouse Electric Corporation. The affidavit, which accompanies this letter, sets forth the basis on
which the information may be withheld from public disclosure by the Commission and addresses with
specificity the considerations listed in paragraph (b)(4) of 10 CFR Section 2.790 of the Commission’s
regulations.

Accordingly, this letter authorized the utilization of the accompanying Affidavit by the North Atlantic
Energy Service Corporation and Yankee Atomic Electric Company.

Correspondence with respect to the proprietary aspects of the application for withholding or the
Westinghouse affidavit should reference this lerter, CAW-93-553, and should be addressed to the
undersigned

Very truly yours,

LK éé,

Nicholas J. Liparulty, Manager

Nuclear Safety and Regalatory Activities

Enclosures

oc: Keéy in Bohrer / NRC (12HS5)
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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 2.790 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
iniormation so designated as proprietary is indicated in both versions by means of lower case letters (a)
through (1) iocated 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)(11)(f) of the affidavit accompanying this transmittal pursuant to 10 CFR 2.790(b)(1).



Copyright Notice

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to
make the number of copies for the information contained in these reports which are necessary for its
internal use in connection with generic and plant-specific reviews and approvals as weli 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 2.790 regarding restrictions on public
disclosure to the extent such information has been identified as proprietary by Westinghouse, copyright
protection not withstanding. With respect to the non-proprietary versions of these reports, the NRC is
permitted to make the number of copies beyond these necessary for its internal use which are necessary
in order 10 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. The NRC is not authorized
1o make copies for their personal use or for members of the public who make use of the NRC public
document rooms. 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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AFFIDAVIT

COMMONW LALTH OF PENNSYLVANIA:

S8

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared Henry A. Sepp. 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 Corporation ("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: F

~ ~— Y

&
Henry A. Sepp. Manager

Strategic Licensing Issues

Swaorn to and subscribed

IL
before me this ( day

of _lleeprnlier) 1993

—

\...7,»1"’ e - : .
> :;MJQ QAlca
Notary Public
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3. CAW-93.553

I am Manager, Strategic Licensing Issues, in the Nuclear and Advanced Technology Division,
of the Westinghouse Electric Corporation and as such, 1 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 the Westinghouse Energy Systems Business Units.

I am making this Affidavit in conformance with the provisions of 10 CFR Section 2.790 of the
Commission’s regulations and in conjunction with the Westinghouse application for withholding

accompanying this Affidavit.

I have personal knowledge of the criteria and procedures utilized by the Westinghouse Energy
Svstems Business Units in designating information as a trade secret, privileged or as confidential

commercial or financial information.

Pursuam to the provisions of paragraph (b)4) of Section 2.790 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 informatior; sought 10 be withheld from public disclosure is owned and has been held

in confidence by b stinghouse.

(i) The information is of & 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 reguired.

Under that system, information is held in confidence if it falls in one or 1oore of several

types, the release of which might result in the loss of an existing or potential competitive

advantage, as follows:
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3. CAW-93.553

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 hicense 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, eic.), the application of which data secures
a competitive economic advamiage, 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 guality. 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 Westinghoase or customer funded
development plans and programs of potential commercial value to

Westinghouse.

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

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

following:

(a)

b)

The use of such information by Westinghouse gives Westinghouse a
competitive advantage over its competitors, It is, therefore, withheld from
disclosure 1o protect the Westinghouse competitive position.

It is information which is marketable in many ways. The extent to which such
information is available to competitors diminishes the Westinghouse ability 10
sell products and services involving the use of the information.

ok




(i)

(v

(v)

-4 CAW-93-553

(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 advamtage 18 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 1o the
competition of those countries.

() The Westinghouse capacity to invest corporate assets in research and
development depends upon the success in obtaining and maintaining a

competitive advantage.

The mformation is being transmitted to the Commission in confidence and, under the
provisions of 10 CFR Section 2.790, it is to be received in confidence by the

Commission,

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

The proprietary information sought to be withheld in this submintal is that which is
appropriately marked in "Revised Thermal Design Procedure,” WCAP-11397-P-A
(Proprictary), April 1989, for information in support of North Atlantic Energy Service
Corporation’s submittal to the Commission, transmitied via letter, North Atlantic, NYN-
93020, dated February 2, 1993, "Request for NRC Review and Approval of Analysis
Methodologies to be Applied to Seabrook Station”, and Application for Withholding
Proprietary Information from Public Disclosure, Nicholas J. Liparulo, W, Manager
Nuclear Safety and Regulatory Activities 1o the attention of Dr. T. Murley, Director,
Office of NRR. The proprietary information as submitted for use by the Yankee Atomic
Electric Company for the Westinghouse reload cores is expected to be applicable in other
licensee submittals in response to certain NRC requirements for justification of statistical
thermal design procedures.
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This information is part of that which will enable Westinghouse to:

(a) Justify the statistical methodology associated with the Revised Thermal Design
Procedures.

(h) Assist its cusiomers to obtain licenses.

(¢ Optimize reactor design and performance while maintaining a high level of fuel
integrity.

Further this information has substantial commercial value as follows:

(a) Westinghouse plans to sell the use of similar information to its customers for

purposes of future fuel upgrades.

b) Westinghouse can sell support and defense of the product to its custoiners in

the licensing process.

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
o provide similar improved core thermal performance methodology 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 documeantation without purchasing the right o use the

information.

The development of the technology described in part by the information is the resalt of applying
the results of many vears of experience in an intensive Westinghouse effort and the expenditure

of a considerable sum of money.

In order for competitors «.f W estinghouse to duplicate this information, similar technical programs
would have to be performed and 2 significant manpower effort, having the requisite talent and
sperience, would have 1o be expended for developing the enclosed improved core thermal

performance methodology

Further the deponent sayeth not.



Westinghouse
Commercial Nuclear Fuel Division
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Mr. W. J. Johnson, Manager
Nuclear Safety Department
Westinghouse Electric Corporation
Box 355

Pittsburgh, PA 15230-0355

pDear Mr. Johnson:

SUBJECT: ACCEPTANCE FOR REFERENCING OF LICENSING TOPICAL REPORT
WCAP-11397, "REVISED THERMAL DESIGN PROCEDURE"

We have completed our review of the subject topical report submittecd by
Westinghouse by letter dated March 16, 1987, We find the report to be
acceptable for referencing in license applications to the extent specified
and under the limitations delineated in the report and the associated NRC
evaluation, which is enclosed. The evaluation defines the basis for
acceptance of the report.

We do not intend to repeat our review of the matters described in the report
and found acceptable when the report appears 2s a reference in licence
applications, except to assure that the material presented is applicable to
the specific plant involved. Our acceptance applies only to the matters
described in the report.

In accordance with procedures established in NUREG-0390, 1t is requested that
Westinghouse publish accepted versions of the report, proprietary and
non-proprietary, within 3 months of receipt of this letter, The accepted
versions shall incorporate this letter and the enclosed evaluation between the
title page and the abstract. The accepted versions shall include an -A
(designating accepted) following the report fdentification symbol.

Should our criteria or regulations change such that our conclusions as to the
acceptability of the report are invalidated, Westinchouse and/or the
applicants referencing the topical report will be expected to revise and
resubmit their respective documentation, or submit justification for the
continued effective applicability of the topical report without revision of
their respective documentation,

Stucerely,

/e va?&v‘“
- I /"
Ashok |C. Thadani, Assistant Director
for Systems
Division of ‘raineering & Systems Technology
0ffice of Nuclear Reactor Regulation

Enclosure:
Topical Report Enclosure
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SAFETY EVALUATION BY THE OFFICE OF NRR
RELATING TO TOPICAL REPORT WCAP-11397

REVISED THERMAL DESIGN PROCEDURE

WESTINGHOUSE ELECTRIC CORPORATION

1. INTRODUCTION

The subject topical report WCAP-1397, describes a revised thermal design
procedure (RTDP) for predicting the departure from nucleate boiling ratic
(DNBR) design 1imit in Westinghouse pressurized water reactors (PWRs). This
s 2 modification of the existing improved thermal design procedure (ITDP)
methodology (Ref. 1) which has baen reviewed and approved by the NRC (Ref. ?).
As with the I1TDP, the RTDP s also based on consideration of system
uncertainties in plant operating parameters, fabrication parameters, nuclear
and thermal parameters, and the use of the appropriate departure from nucleate
boiling (DNB) correlation for the plant.

The DKE design basis remains the same, namely, that there must be at least a

95 percent probability at a 95 percent confidence level that the limiting power
fuel rod will not experience DNB during normal operation and anticipated
operational occurrences. Parameter uncertainties or variances obtained from
the evaluation of data are determined 2t 2 95 percent confidence level.

With the 1TDP methodology, these system uncertainties were statistically
combined separately from the DNB correlation uncertainty. The two were then
combined directly rather than statistically to determine the DNER 1imit. The
proposed RTDP methodology would combine the system and correlation
uncertainties statistically rather than deterministically. This is similar to
the statistical DNBR evaluation methodolocies developed by the other PWR
vendors and approved by the NRC.

The staff review encompassed the origina] submittal as well as responses to
staff requests for additionz) information (Ref. 3). The staff was assisted
in this review by our consultants at Pacific Northwest Laboratories.



2.0 SUMMARY OF TOPICAL REPORT

The topical report describes the mathemetica) relationships used in both the
approved ITDP and the proposed RTDP and presents a sample calculation of 2
representative plant using both methods to illustrate the difference between
them. In addition, a description of how fuel rod bow s accounted for in both
methodologies is given and the effect on rod bow penalty is compared.

Finally, 2 discussion 2s to how sensitivity factors are determined for various
statepoints over an appropriate rance of conditions is given,

3.0 EVALUATION

The existing 1TDP method of protecting against DNB in Westinghouse pressurized
water reactors was reviewed extensively by the NRC and a staff evaluation was
issued in 1978 (Ref. 2). Because the ITDP resulted in 2 large reduction in
DNBR mzrgin as compared to the traditional method, referred to by Westinghouse
as the fixed value method, the staff examined 211 the parameters to assure
that all uncertainties had been appropriately considered. The genera)
methodology for the RTDP will be implemented in the same manner 2s for the
1TOP. Sensitivity factors will be determined for each new correlation, set of
design parameters, or range of applicability. The design parameter variances
will be determined on a plant specific basis by the identical procedure
currently used for the ITDP,

However, since the RTDP extends the ITDP methodology in that the DNB
correlation will be statistically combined with the system uncertainties, the
adequacy of the relationship of the DNBR uncertainty factor to changes in the
values of the design parameters given by

dy/y = S'dx‘/x1
was evaluated. The procedure used to check the validity is the same 2s that
previously used and evaluated by the NRC and was based on test calculations
performed by Westinghouse using the THINC-IV computer program. These test
results indicate that, with the sensitivity factors used, the above relationship



provides a conservative model for changes in DNBR, as calculated by THINC-IV,
for smal) changes in parameter values. Therefore, no uncertainty allowance is
required for this equation with the sensitivity parameters used in the topical
report. However, if sensitivity factors change as 2 result of correlation
changes or changes in the application or use of the THINC-IV code, the
uncertainty allowance must be re-evaluated.

B linearity approximation was made in the ITDP to obtain Equation (2-9) in the
topical report. This eguation is used to determine the statistical parameters
for the DHBR uncertainty factor from the design parameters. There 15 2
corresponding linearity 2ssumptien in the derivation of Equation (2-17) in the
report for the RTDP which must be validated. In investiocating the adequacy of
the linear approximations, Westinghouse compared resulits both with and without
the assumption of linearity. The cases tested were those suggested by the NRC
in the evaluation of the 1TDP (Ref. 2). In every case, the linearity
assumption gave more conservative results than the calculation which did not
assume linearity. Eased on this, the staff feels it is reasonable to expect
the linear approximations to be conservative anc, therefore, acceptable.

In the existing 1TDP, fuel rod bow is accounted for by 2 correlation which
relates the upper 95 percent tolerance limit for the standard deviation of
channel closure for the worst span and burnup. This is combined with 2
relation between DNBR penalty and channel closure. The DNER penalty is then
combined statistically with the CHF correlation uncertainty to calculate 2
1imit DNBR. The rod bow penalty is the percent difference between this limit
DNBR and the limit DNBR with no rod bow. The analysis in the proposed RTDP
methodology is performed in the same way except that the DNBR correlation
uncertainty is statistically combined with the plant parameter and other
uncertainties for both the unbowed and bowed cases. This results in a slight
decrease in the rod bow penalty compared to the 1TDP methodology. For example,
for 17 x 17 standard fue) at the rod limiting burnup of 24 GWD/MTU, the ITDP
resulted in @ rod bow penalty of 1.1 percent wherezs the RTDP resulted in 2 rod
bow penalty of 1.0 percent using the WRB-1 correlation. The staff considers



the effect of the sme)) difference to be negligible and, therefore, finds the
rod bow treatment described in the topical report acceptable.

4.0 STAFF POSITION

The RTDP procedure for calculating DNB limits, as presented in WCAP-11397, is
acceptable for use in licensing applications. It provides a reasonable
approximation to the proposed statistical basis. As with the existing ITDP,
however, certain restrictions must be imposed on the implementation of the
method because of the sensitivity of the method to changes in the
correlations and codes used. These restrictions are:
1. Sensitivity factors used for a particular plant and their ranges of
applicebility should be included in the Safety Analysis Report or reload
submittal,

2. Any changes in DNB correlation, THINC-IV correlations, or parameter
values listed in Table 3-1 of WCAP-11397 outside of previously
demonstrated acceptable ranges require re-evaiuation of the sensitivity
factors and of the use of Equation (2-3) of the topical report.

3. 1f the sensitivity factors are changed as a result of correlation changes
or changes in the application or use of the THINC code, then the use of an
uncertainty allowance for application of Equation (2-3) must be
re-evaluated and the linearity assumption made to obtain Eguation (2-17)
of the topical report must be validated.

&4, Variances and distributions for input parameters must be justified on 2
plant-by-plant basis until generic approval is obtained.

5. Nomin2) initial condition assumptions apply only to DNBR analyses using
RTDP. Other analyses, such as overpressure calculations, require the
appropriste conservative initial condition assumptions.



6. Nominal conditions chosen for use in analyses should bound all permitted
methods of plant operation,

7. The code uncertainties specified in Table 3-1 (= 4 percent for THINC-IV
and + 1 percent for transients) swst be included in the DNBR analyses
using RTDP,

The statistica) method as presented includes no explicit design margin to
accommodate unknowns. Such 2 margin could reduce or eliminate the impact of
core related problems which are discovered after a core is designed and after
a plant is operating. Although no particular margin is quantified, margin is
inherent in the overall procedure used with the revised thermal design
procedure. This margin is available to offset the effects of yet-to-be-
discovered design problems. However, if newer procedures are proposed which
substantially reduce thermal margin, then a design margin to accommodate
unknowns should be explicitly identified.

The parameter ranges do not cover the range required for part loop operation.
1f the method is to be used for analysis of part loop operation, the topical
report must be amended to cover this wider range.

5.0 REFERENCES

1. Chelemer, H., Rowman, L. H., and Sharp, D.R., "Improved Thermal Design
Procedure, "WCAP-B567-P, July 1975,

2. letter from D. F. Ross, Jr. (NRC) to C. Eicheldinger (W), "Staff
Evaluation of WCAP-7956, WCAP-B05&, WCAP-8567, and WCAP-8762," April 19,
1978.

3. Friedland, A. J., and Ray, S., "Revised Therma) Design Procedure,”
WCAP-11397, Addendum 1, June 1988,
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Westinghouse Power Systems Box 35 _

Electric Corporation Pimsburgh Pennsyivania 15230 0355
NS-NRC-87-3209
March 16, 1987

Mr. James Lyons, Chief

Technical & Operations Support Branch
Office of Nuclear Reactor Regulations
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

ATTENTION: Document Control Desk

ATTENTION: Carl H. Berlinger, Chief
Reactor Systems Branch
Division of PWR Licensing-A

SUBJECT : Submittal of Westinghouse Topical, WCAP-11397, "Revised
Thermal Design Procedure”, for Review and Approval

Reference: 1. Chelemer, H., Boman, L.H., and Sharp, D.R., "Improved
Thermal Design Procedure,” WCAP-B567-F (Proprietary)
and WCAP-8568 (Non-proprietary), July 1975.

Dear Mr. Lyons:

Enclosed are twenty-five (25) copies of the topical report, "Revised
Thermal Design Procedure”, WCAP-11397 (Proprietary).

The enclosed topical has been submitted to revise the Improved Thermal
Design Procedure, Reference 1. Our objective is to provide a more
realistic prediction of the DNER limit which satisfies the design
criterion, by removing some of the conservatism in the Improved Thermal
Design Procedure methodology. The procedure described in this report
will be applied in our standard reactor design methodology and
referenced in future licensing applications.

It is requested that the review of this ter ical be completed in the
third quarter of 1987 so that Westinghouse can extend their analytical
capabilities as the need arises.



Mr. James Lyons
Page Two

This submittal contains Westinghouse proprietary information of trade secrets,
commercial,, or financial information which we consider priviledged or
confidential pursuant to 10CFRY.5 (4). Therefore, it is requested that the
Westinghouse proprietary information attached hereto be handled on a
confidential basis and be withheld fram public disclosure.

This material is for your internal use only and may be used for the purpose for
which it is submitted. It should not be otherwise used, disclosed, duplicated,
or disseminated, in whole or in part, to any other person or organization
outside the Office of Nuclear Reactor Regulation without the . press written
approval of Westinghouse. Correspondence with respect to the Application for
Withholding should reference Aw-87-022, and should be addressed to K. A.
Wiesemann, Manager of Regulatory and Legislative Affairs, Westinghouse Electric
Corporation, P. 0. Box 355, Pittsburgh, Pennsylvania 15230-0355.

Very truly yours,

\ e
W.[J son, Manager
NusTexr Safety Department

/PJ

Enclosure(s)
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Westinghouse Power Systems Pmstuigh Pennsylsani 15230 0385

Electric CDI fion March 16, 1987
AW-87-022

Mr. Herbert M. Berkow

Standardization & Special Projects Branch
D‘vision of PWR Licensing-B

U. §. Nuclear Regulatory Commission
Washington, D.C. 20555

Reference: LETTER JOHNSON TO LYONS, NS-NRC-87-3209, DATED MARCH, 1987

Dear Mr. Berkow:

SUBJECT: WCAP-11397, "Revised Thermal Design Procedure”

The subject report transmitted by the ret renced letter contains
information proprietary to the Westinghouse Electric Corporation.

The material will not be employed as a part of a license application or
other action identified in 10CFR2.790(a) at this time. It will be
separately submitted with an Application for Withholding accompanied by
an Affidavit meeting the requirements of 10CFR2.790(b) prior to such
use

Accordingly, we request that the material be treated as proprietary
information within the provisions of 10CFRY.5(4), "Freecom of
Information Act Regulations”. If there is a need to make public
disclosure of the material prior to a separate Westinghouse submittal
for docket in accordance with the provisions of 10CFR2.790(a), please
notify Westinghouse prior to making a disclosure determination.

Correspondence with respect to the proprietary aspects of this
submittal should reference AW-87-022 and should be addressed to the
undersigned.

Very_ truly yours,

e / ‘
‘Q_/, T gceud il -
Robert A. Wiesemann, Manager
Regulatory & Legislative Affairs

ce: E. C. Shomaker, Esq.
Office of the CGeneral Council, NRC
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ABSTRACT

A Revised Thermal Design Procedure (RTDP) is developed which satisfies the design
criterion that protects against Departure from Nucleate Boiling (DNB) in @ PWR core.
Variations in plant operating parameters, nuclear and thermal parameters, fuel fabrication
parameters, and DNB correlation predictions are considered statistically to obtain a DNB
uncertainty factor. Applying this factor leads 1o a limiting DNBR value to be used for
accident analysis. Since the uncertainties are all included in the uncertainty factor, the
accident analysis is done with input parameters at their nominal or best estimate values.

RTDP revises the previous procedure, calied the Improved Thermal Design Procedure (ITDP),

in that DNB correlation uncertainties are combined statistically with the ITDP uncertainties
instead of being treated separately. This provides a more reaiistic prediction of the DNBR
limit which satisfies the design criterion

The mathematical relationships are derived and a sample caiculation is presented using
numerical values for a 3 loop plant with 17x17 standard rod array fuel essemblies, and the
WRB~1 DNB correiation. This Revised Thermal Design Procedure retains the capability of
readily and realistically accommodating additional parameters which affect DNB or changes
in the values or uncertainties of parameters

458, 6-BR032E i
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‘ SECTION 1
INTRODUCTION

A Revised Thermal Design Procedure (RTDP) is presented in this topical report for purposes
of realistically predicting the Departure from Nucleate Boiling Ratio (DNBR) design limit in
Westinghouse PWR's. This procedure removes some of the conservatism in the Improved
Thermal Design Procedure (ITDP) methodology“]' while satisfying the design criterion that
protects against DNB in 2 PWR core. The DNB thermal design criterion is that the
probability that DNB will not occur on the most limiting fuel rod is at least 85% (at & 85%
confidence ievel) for any Condition | or Il event.

With ITDP methodology, system uncertainties are statistically combined separately from the
DNEB correlation uncertainty. The two are then combined directly, rather than statistically, to
determine the DNBR limit.

The system and correlation uncertainties are independent variabies, and in the revised
procedure they are statistically combined to more realistically predict the DNBR limit by
removing seme of the unnecessary conservatism in ITDP. The RTDP is a natural extension
¢f the ITDF and is similar to the approach developed by Virginia Powern],

The development of the mathematical relationships for the revised procedure is given in
Section 2 and a sample plant analys:s is shown in Section 3. Section 4 describes the
spplication to fuel rod bow, and the justification for the use of sensitivity factors is
presented in Section 5.

* Superscripts in brackets refer to list of References

Ses8L 6-89032¢ 1




SECTION 2
MATHEMATICAL RELATIONSHIPS
RTDP is essentially an extension of ITDP. The n.athematical relationships used in ITDP are
derived in the first part of this section. The second part shows the extension of these

relationships for RTDP.

21 ITDP Methodology

The following is a2 summary of the methodoiogy used in ITDP.[”

For a DNB correlation such as WRB-‘IBI the statistical parameters of the data base are
obtained: mean ("‘M/P)' and standard deviation (SM/P)' where M/P is the ratic of

measured-to-predicted heat fluxes at the point of minimum DNBR. When ITDP is used, the

DNBR Correlation Limit (CL) is set so that with 895% confidence there is at least a 95%
probability that DNB will not occur for a statepoint with DNBR 2 CL. CL is given by

CL * et (2-1)
Msp - RSysp

where K is obtained from tables prepared by Owcn“) and is a function of the confidence
level, the probability, and the number of data points in the DNB data set.

in order 1o relate the variations in design parameters to DNBR variations, an uncertainty
factor, v, defined by the following equation, is used:

y = UNBR(variable)/DNBR{rominal) (2-2)

The value of DNBR(nominal) is determined by considering the values of ail the design
parameters to be at their nominsl or best estimate values. The value of DNBR(variable) is

based on values of the design parameters including their uncertainties and deviations from

nomina! values. Conseguently, in any particular application, DNBR(nominal) wiil have 2
single determinable value while DNBR(variable) will be &2 random variable.

The DNBR uncertainty factor is considered to be affected by changes in the values of the
design parameters according to a relation of the form

dx dx dx <
.d..! = sl T - 32 ..;.2. * vas sm ..x_m.. (2 3)
y 1 2 m
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where
X is the value of the i"‘ design parameter,
dx, is the differential change in the value of X
dy is the differential change in y resulting from the differential changes dxl.

The factor s; represents the sensitivity factor associated with the i'h parameter. If all the
parameters in Equation (2-3) are held constant except for one, then it is clear from Equation
(2-3) that if the x, are independent

ax,;
s, = Y i . allny) (2-4)

i y Xy a(In x,.‘)

Thus the value of s, can be interpreted as representing the percentage change in DNBR
resulting from a one percent change in x, all other parameters being heid constant.

integrating Equation (2-3), considering the s, values fixed, and taking antilogarithms gives

S S S
yrtay? Ay * avs Ky (2-5)

where C is obtained from the constant of integration.

in order to evaluate the uncertainty factor to be used in the design value of the DNBR, it is
necessary to obtain a relationship between it and the uncertainties in the design parameters
used to determine DNBR.

Consider each of the independent design parameters X; 28 being distributed about a8 mean
value . If v is expanded in a8 Taylor's series about the ¥ the following expression is obtained

o

(7w} * 3= (xgmupy + oo = (xguy)

1 2 m
+ higher order terms

L A (2-6)

The partial derivatives in Equation (2-6) are evaluated at the point where ail the X; are at
their mean values up The value of y at this point is represented by uv.
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From Equation (2-5)

ug® € ulsl uzsz ver oW (2-7)

If the pertubations from the mean values are small, the higher order terms in Equation (2-6)
will be considerably smaller in magnitude than the first order terms and can be ignored.
Under these conditions, the variance of v determined using Equation (2-6) results in the

(5]

foliowing expression

2 _ 43y 2 2, ,3y 2 2 ay 12 2 B
oy (E‘le o] (;{E) o5 *+ e (sl—xm) of (2-8)

Using Equation (2-5) and (2-7) in Equation (2-8) leads to the equation

c = (o] o o
°y2 . 2 1.2 2 %22 2 m2 P
(uy, L t*l) * s (“2) oSy (‘“m) (2-9)
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