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Enclosed are copies of the proprietary and non-proprietary versions of Westinghouse responses to NRC
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Spectrum of Break Sizes (FULL SPECTRUM LOCA Methodology)".
Also enclosed is:
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AW-13-3749 (Non-Proprietary), with Proprietary Information Notice and Copyright 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 Proprietary Information
from Public Disclosure and an affidavit. The affidavit sets forth the basis on which the information
identified as proprietary may be withheld from public disclosure by the Commission.
Correspondence with respect to the proprietary aspects of the application for withholding or the
Westinghouse affidavit should reference AW-13-3749 and should be addressed to James A. Gresham,
Manager, Regulatory Compliance, Westinghouse Electric Company, Suite 310, 1000 Westinghouse
Drive, Cranberry Township, Pennsylvania 16066.
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A. Gresham, Manager
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APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject:

LTR-NRC- 13-45 P-Attachment, "Submittal of Westinghouse Responses to WCAP- 16996-P,
'Realistic LOCA Evaluation Methodology Applied to the Full Spectrum of Break Sizes
(FULL SPECTRUM LOCA Methodology)' Request for Additional Information - RAIs 9
and 12 (Proprietary)"

Reference:

Letter from James A. Gresham to Document Control Desk, LTR-NRC-13-45, dated June 26, 2013

The Application for Withholding Proprietary Information from Public Disclosure is submitted by
Westinghouse Electric Company LLC (Westinghouse), pursuant to the provisions of paragraph (b)(1) of
Section 2.390 of the Commission's regulations. It contains commercial strategic information proprietary
to Westinghouse and customarily held in confidence.
The proprietary information for which withholding is being requested is identified in the proprietary
version of the subject report. In conformance with 10 CFR Section 2.390, Affidavit AW-13-3749
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-13-3749 and should be addressed to James A. Gresham,
Manager, Regulatory Compliance, Westinghouse Electric Company, Suite 310, 1000 Westinghouse
Drive, Cranberry Township, Pennsylvania 16066.

ames 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 James 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:

James A. Gresham, Manager
Regulatory Compliance
Sworn to and subscribed before me
this 26th day of June 2013

Notary Public

COMMONWEALTH OF PENNSYLVANIA
Notarila Seal
Anne M.Stegman, Notary Public

Twp., Westm•reland
MyUnity
Commission
Expires Aug. County
7, 2016
MEMBER, PENNSYLVANIA ASSOCIATION OF NOTARIES
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(1)

AW-13-3749

I am Manager, Regulatory Compliance, 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)
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Each component of proprietary information pertinent to a particular competitive
advantage is potentially as valuable as the total competitive advantage. If
competitors acquire components of proprietary information, any one component
may be the key to the entire puzzle, thereby depriving Westinghouse of a
competitive advantage.

(e)

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

(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
appropriately marked in LTR-NRC- 13-45 P-Attachment, "Submittal of Westinghouse
Responses to WCAP-16996-P, 'Realistic LOCA Evaluation Methodology Applied to the
Full Spectrum of Break Sizes (FULL SPECTRUM LOCA Methodology)' Request for
Additional Information - RAIs 9 and 12 (Proprietary)", for submittal to the Commission,
being transmitted by Westinghouse letter, LTR-NRC- 13-45 and Application for.
Withholding Proprietary Information from Public Disclosure, to the Document Control
Desk. The proprietary information as submitted by Westinghouse is that associated with
Westinghouse's request for NRC approval of WCAP-16996-P, and may be used only for
that purpose.
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This information is part of that which will enable Westinghouse to:

(a)

Obtain NRC approval of the FULL SPECTRUM LOCA Methodology
documented in WCAP-16996-P, "Realistic LOCA Evaluation Methodology
Applied to the Full Spectrum of Break Sizes (FULL SPECTRUM LOCA
Methodology)".

Further this information has substantial commercial value as follows:

(a)

Westinghouse plans to sell the use of the information to its customers for the
purpose of assisting customers in obtaining license changes for a Westinghouse
pressurized water reactor (PWR).

(b)

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

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

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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Question 9: Worst SBLOCA
The WCAP-16996-P/WCAP-16996-NP, Volumes I, II, and III, Revision 0, Section 29.2.3 "Break
Type, Split Break Area and Break Flow Model Uncertainty Methodology," proposes a position
for the treatment of the break type and size [

]axc Section 29.2.3 claims that "this approach provides
an adequate coverage of all possible LOCA scenarios" and Section 30.1 "Statistical
Methodology Roadmap" asserts this is done [
]a,c According to Section 30.5
"Overview of Full Spectrum LOCA Statistical Procedure (ASTRUM-FS)", when generating a
representative sample of the LOCA scenarios population, [

]ac WCAP-16996P/WCAP-16996-NP, Volumes I, II and Ill, Revision 0 Section 31.3, "Analysis of Results for
Region I," presents a demonstration analysis of the FSLOCA T methodology for a selected
three-loop Westinghouse PWR. For Region I, the break area is sampled between [

I c
To assess the appropriateness of the proposed position in the FSLOCA methodology regarding
SBLOCA resolution and treating the worst break size in Region I, please present the results
from an additional analysis for the demonstration three-loop Westinghouse plant (V. C. Summer
(CGE)) examined in Section 31.3. In this analysis, please assume that the examined breaks
range from 2.0-inch to 6.0-inch equivalent diameter (0.022 ft2 to 0.196 ft2 or 0.5 percent to 4.8
percent break area), [
]a" Please present the updated Figures 31.3-4 to 31.3-7 and
Tables 31.3-1a and 31.3 lb to illustrate the obtained results. If this approach does not
guarantee adequate resolution of the worst break, please consider an alternative method as
discussed in the following paragraph. Please be aware that for some plants the PCT can
FULL SPECTRUMTM" and FSLOCA TM are trademarks of Westinghouse Electric Company LLC, its affiliates and/or its subsidiaries in
the United States of America and may be registered in other countries throughout the world. All rights reserved. Unauthorized use is
strictly prohibited. Other names may be trademarks of their respective owners.
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increase by a few hundred degrees Fahrenheit when the break size changes from 0.05 ft 2 to
0.06 ft2 . Thus, it has been shown for some plants that the PCT can increase by approximately
100 TF for a small break area increase of 0.005 ft2 so that the 0.055 ft 2 break PCT is higher than
both the 0.05 ft 2 and 0.06 ft2 break. This limiting break is characterized by an RCS pressure
that just depressurizes to a pressure within several psi of the safety injection tank (SIT)
actuation pressure. Because such behavior characterizes most plants, it is necessary to
resolve the size of the worst break controlled entirely by the HPSI injection only. While this low
range of small break sizes is most pronounce under Appendix K analysis assumptions, it still
needs to be evaluated in the best estimate space since future increased power levels and linear
heat generation limits will also produce such a temperature spike for such a small break
window. The included figure illustrates the described PCT behavior. In addition, sometimes this
worst break size can be just slightly larger than that at which SIT injection is prevented. In this
case, a small amount of injection after a deeper core uncovery can often lead to the worst break
because SIT injection quickly terminates with only a small increase in core level as the RCS
pressure can quickly increase with the small level change.
To assess the appropriateness of the proposed position in the FSLOCA methodology regarding
SBLOCA resolution and treating the worst break size in Region I, please present the results
from an additional analysis for the three-loop Westinghouse plant examined in Section 31.3. In
this analysis, please assume that Region I breaks range from 2.0-inch to 6.0-inch equivalent
diameter (0.022 ft2 to 0.196 ft2 or 0.5 percent to 4.8 percent break area) and vary the break in
increments of 0.2 inch. Please perform the analysis assuming nominal values for all remaining
sampled parameters including the break discharge coefficients. In addition, show the effect of
key parameter variations from the nominal values over this detailed range and present the
updated Figures 31.3-4 to 31.3-7 and Tables 31.3-1a and 31.3-1b using the obtained results.
In both approaches the Region I [

a,c

Please also show the spectrum evaluation for the Beaver Valley Unit 1 three-loop PWR plant
considered in WCAP-16996-P/WCAP-16996-NP, Volumes 1,11, and III, Revision 0, Section 26.3
"Beaver Valley Unit 1 Nuclear Power Plant" and compare the break spectrum results with the
Appendix K more limiting analysis.

NP-3
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Figure: Illustration of PCT Response to Break Size Variation for Appendix K SBLOCA
Analysis
Response:
The sampling of the break area as a random parameter (break spectrum) for the purpose of a
best-estimate loss-of-coolant accident (LOCA) analyses is currently employed in licensed
methodologies in the industry and has a regulatory precedence. For example, the break type
(double-ended guillotine of the cold leg (DEGCL) vs. Split) is sampled in the ASTRUM
Evaluation Model (EM) (WCAP-16009-P-A [1]), which covers the large break LOCA spectrum,
and for the Split breaks, the break area is also sampled. In other words, the break area is
assumed to be a random parameter in the uncertainty analysis for the purpose of demonstrating
with "high probability" that the 10 CFR 50.46 limits are not exceeded. As stated in Section
3.3.1.1 of the ASTRUM EM Safety Evaluation Report (SER), the staff reviewed the break
sampling approach and found it acceptable.
Region II of the FSLOCAT m EM essentially follows the same approach considered in the
ASTRUM EM with the only difference being the lower bound of the break spectrum
is now set to
[
]a,, instead of the generic value of I ft2 .
For Region I, a similar approach to the Split breaks of Region II was considered. The intent is to
develop a probabilistic statement with respect to peak cladding temperature (PCT) and
maximum local oxidation (MLO) for the possible break sizes within that region of the spectrum.
The rationale is that the break size at the onset of a LOCA event is unknown, and therefore a
stochastic variable considered in the analysis. The probabilistic statement is correct, as long as
the code is shown to be capable of predicting all possible scenarios adequately within the
spectrum (Region I in this case).
The second part of the RAI 9 focuses on this "code capability" aspect, recognizing that the
limiting break sizes could be confined within a small sub-region of Region I. An equivalent in
mechanics (vibrations) is the small resonance region within the spectrum of possible forcing
functions.
The approach in this response is therefore the following:
NP-4
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1) Restate the reasoning of sampling break size as a random variable, which as stated
above has regulatory precedence
2) Demonstrate code capability of predicting limiting scenarios within the spectrum of break
sizes.
Given the complexity of the response and recognizing that the current focus of the response is
limited to the second item above, Westinghouse discussed this topic with the Staff on December
3 and 4, 2012 and February 21 and 22, 2013. The response here provides an extension to the
information presented at those meetings.
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As stated previously, sampling break size has regulatory precedence, with the break size being
a legitimate random variable during a LOCA event. The limiting scenario is predicted to the
extent of its probability weight within the spectrum of possible break sizes, and the sampling
methodology is selected to [

]a,c
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[

Sa,c

PWR: Error Factor Adjusted Results
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Figure A: LOCA Frequency as a Function of Break Diameter (Figure 7.37 of NUREG-1829
V1 [2])
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Figure B: LOCA Frequency as a Function of Break Diameter (taken from Los Alamos
National Lab presentation, May 9, 2012 ACRS transcripts [3])
To demonstrate code capability of predicting limiting scenarios within the spectrum of break
sizes, the following studies were performed using a different 3-loop plant from that used for the
demonstration analysis:

A. A deterministic break study from [
]a,c in increments of [

]ac to [
]ac with as-coded models (i.e., no

uncertainty or bias applied)
B. Same deterministic break study performed in A, but with the core interfacial drag
uncertainty parameters (YDRAG) set to [
]a,c, respectively, and the high pressure
]ax
single-phase vapor heat transfer coefficient multiplier (SPV2_MULT) set to [
both are used to force a more severe core uncovery. This study will demonstrate the
code's capability to predict the impact of decreasing the key parameters which control
level swell and heat transfer to vapor, respectively.
C. Same deterministic break study performed in B, but forcing loop seal clearing of the
broken loop by deepening the loop seals of the two intact loops. This study will show the
impact of "controlling" the loop seal clearing behavior by forcing the clearing of the
broken loop.
D. Same deterministic break study performed in B, but forcing the multiplier on the criterion
for transition to stratified flow to be at its lowest allowed sampled values (Study D-1) or
the highest allowed sampled value (Study D-2).
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The following provides a discussion based on the calculation results.
Study A: Base Case
Figure 1 presents the PCT and number of loop seals venting vapor at the time of PCT versus
equivalent break diameter. The following observations are made: [

a,c

Study B: Biased Case
Figure 2 presents the PCT and number of loop seals venting vapor at the time of PCT versus
equivalent break diameter. The following observations are made: [

ax

Study C: Biased Case Plus Force Broken Loop, Loop Seal Clearing
Figure 3 presents the PCT and number of loop seals venting vapor at the time of PCT versus
equivalent break diameter. As seen from the figure, [

axC
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lac
Study D-1: Biased Case Plus HS SLUG=[
Figure 4 presents the PCT and number of loop seals venting vapor at the time of PCT versus
equivalent break diameter. As seen from the figure, [
a,c

ja
Study D-2: Biased Case Plus HS SLUG=[
Figure 5 presents the peak cladding temperature versus equivalent break diameter. As seen
from the figure, the results are very similar to Study B, which suggests that [
Ia,c

Based on the observations, further investigation and discussion on the effects of loop seal
clearing behavior was performed. The [

a,c

The following is provided in response to the request of comparing the break spectrum results
with an Appendix K type analysis.

NP-10
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Comparison with Appendix K Analysis
The results from an Appendix K analysis are compared to the results of Study B. The
comparison is performed to determine if similar trends in break size are observed as in the
Appendix K method. This is shown in Figure 6. In the break sizes of interest, Study B does
follow a similar trend as the Appendix K method, and due to the limiting nature of the
Appendix K analysis, the PCTs of Study B are much lower.
Conclusion
With the FSLOCA evaluation method, [

axC
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a,c

Figure 1: Peak Cladding Temperature vs. Break Diameter for Study A (Base Case)

a,c

Figure 2: Peak Cladding Temperature vs. Break Diameter for Study B (Biased Case)
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a,c

Figure 3: Peak Cladding Temperature vs. Break Diameter for Study C (Loop Seal Case)
a,c

Ia,c)

Figure 4: Peak Cladding Temperature vs. Break Diameter for Study D-1 (HSSLUG=[
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a,c

]ac)

Figure 5: Peak Cladding Temperature vs. Break Diameter for Study D-2 (HSSLUG=[

a,c

Figure 6: Peak Cladding Temperature vs. Break Diameter for Study B and Appendix K Analysis
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a,c

Figure 7: Peak Cladding Temperature and Collapsed Liquid Level of the Hot Assembly
vs. Time, Study B [
]ac Break
a,c

Figure 8: Peak Cladding Temperature and RCP Speed vs. Time, Study B [
Break

Ia,
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'N

r~

a,c

Figure 9: Comparison of Study B and Study C Peak Cladding Temperature vs. Time,
[
]ac Break
a,c

Figure 10: Comparison of Study B and Study C Vessel Mass vs. Time, [
Break

Ia,
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S

a,c

Figure 11: Comparison of Study B and Study C RCS Pressure vs. Time, [
Break

Iax
S

Figure 12: Comparison of Study B and Study C Total Vapor Flow through Loop Seals vs.
Time, [
jac Break
NP-17
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a,c

K

Figure 13: Comparison of Study B and Study C Vapor Velocity through Individual Loop
Seals vs. Time, [
]a,c Break
a,c

Figure 14: Comparison of Study B and Study C Void Fraction in Horizontal Section of
Individual Loop Seals vs. Time, [
]ac Break
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Worst Break Sampling

The small break spectrum for many PWRs will show the limiting small break to be in the range
from 0.05 ft2 to 0.2 ft 2 in the cold leg (3.03 inch to 6.06 inch). Depending on the axial power

distribution, SIT pressure, core power (decay heat), and HPSI injection flow capacity, PCTs can
increase significantly within a small window of break sizes of plus or minus 0.01 ft2 to 0.005 ft2.

In this break range, the worst break size is the largest small break that does not actuate SITs as
the RCS depressurizes to values just slightly above the SIT actuation pressure (within a couple
psi). Sampling the break spectrum in Region-I as it is described in WCAP-16996-P/WCAP16996-NP, Volumes 1,11, and Ill, Revision 0, Section 29.2.3 "Break Type, Split Break Area and
Break Flow Model Uncertainty Methodology" will not adequate resolve this detail or identify this
worst break. Break sizes of plus or minus 0.005 ft2 in the above range about this break size,
which is often thought to be limiting but identified with too coarse a spectrum of analyzed
breaks, can show an increase of 100'F - 200°F when the worst break is found. The concern is
that the proposed approach for Region Iis not adequate in identifying this limiting break. [
]a,c Either much more sampling is required or this break should
be first found deterministically assuming nominal initial conditions and then statistics is applied
appropriately for a spectrum of sizes about this peak to assure the limiting break is found. Since
power level is a key ingredient driving the PCT, use of the current power levels may not show
this distinct peak or narrow spike behavior. As such, please find this break size for the Beaver
Valley demonstration plant and increase the thermal power by 15 percent - 20 percent to show
future expected behavior for possible power uprates using the FSLOCA methodology. This
analysis should allow only one loop seal to clear ifthe break size is less than 5 inches. For this
analysis, please use a decay heat multiplier with an upper 2-a multiplier. For the purpose of
finding this limiting break size, the limiting conditions for PLHGR, core power (decay heat
nominal plus 2-a), limiting top skewed shape, minimum HPSI head flow curve, one loop seal
cleared, no hot leg nozzle gap and core barrel leakage paths open, and closed upper head
venting should be assumed. This question is closely related to Question 9.
Response:
See response to Question 9. In addition, [
Ia,c
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