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OWestinghouse
U.S. Nuclear Regulatory Commission
Document Control Desk
Washington, DC 20555-0001

Westinghouse Electric Company
Nuclear Services
P.O. Box 3.55
Pittsburgh, Pennsylvania 1 5230-0355
USA

Direct tel: (412) 374-4643
Direct faa: (412) 374-4011

e-mail: greshaja@westinghouse.com

Our refi LTR-NRC-08-25

May 16, 2008

Subject: Response to NRC Request for Additional Information on WCAP-16608-P, Addendum 1, "Westinghouse
Containment Analysis Methodology, Addendum I Appendix C, PWR LOCA Mass and Energy Release
Input Calculation Methodology" (ProprietarylNon-Proprietary) dated May, 2008

Enclosed are five (5) copies of the proprietary and one (I) copy of the non-proprietary version of, "Response to
NRC Request for Additional Infonnation on WCAP- 1 6608-P, Addendum I, 'Westinghouse Containment Analysis
Methodology, Addendum 1 Appendix C, PWR LOCA Mass and Energy Release Input Calculation Methodology'."

Also encloted is:

One (i) copy of the Application for Withholding, AW-08-2422 (Non-Proprietary) with Proprietary Information
Notice, and
One (1) copy of the 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 sn.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 this affidavit or Application for Withholding should reference AW-08-2422 and
should be addressed to .1. A. Greshasn, Manager, Regulatory Compliance and Plant Licensing, Westinghtouse Electric
Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania 15230-0355.

•.A. Gre'sham, Manager

Regulatory Compliance and Plant Licensing

E~nclosures

cc: Jon Thompson (NR.C O-7E1A)
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bce: J. A. Gresham (ECE 4-7A) LL
R. Bastien (Nivelles, Belgium) iL, IA
C. B. Brinkrnan (Roekville) iL, lA
F. Gigliotti (ECE 4-7) 1L, lA
R. P. Ofstun (ECE-475M) iL, lA
J. M. Douglass (ECE-472C) 1L, IA
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O Westinghouse

U.S. Nuclear Regulatory Commission
Document Control Desk
Washington, DC 20555-0001

Westinghouse Electric Company
Nuclear Services
P.O. Box 355
Pittsburgh, Pennsylvania 1 5230-0355
USA

(412) 374-4643
(412) 374-4011
greshaj a~westinghou se.corn

Direct tel:
Direct fax:

e-mail:

Our ret. AW-08-2422

May 16, 2008

APPLICATION FOR WITH-HOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: LTR-NRC-08-25 P-Attachment, "Responses to NRC Request for Additional Information onWCAP- 16608-P, Addendum 1, 'Westinghouse Containment Analysis Methodology,
Addendutm I Appendix C, PWR LOCA Mass and Energy Release Input Calculation
Methodology," (Proprietary)

Reference: Letter from J. A. Gresham to U.S. NRC Document Control Desk, LTR-N'RC-08-25, dated
May 16, 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 2.3 90, Affidavit AW-08-2422 accompanies this
Application for Withholding, setting forth the basis on which the identified proprietary information may be
withheld from public disclosure.

Accordingly, it is respectflully 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-08-2422 and should be addressed to J. A. Greshans, Manager, Regulatory Compliance and
Plant Licensing, Westinghouse Electric Company LLC, P.O. Box 355, Pittsburgh, Pennsylvania
15230-0355.

Ver6zrul oms
tJ. A. Gresham, Manager
Regulatory Compliance and Plant Licensing

cc: Jon Thompson, NRC O-7E1A

Enclosures

WCAP- 17721-NP-A September 2015Revision 0
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AW-08-2422

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

55

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 (Westinghoutse), and that the aversnents of fact set forth in this

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

Regulatory Compliance and Plant Licensing

Sworn to and subscribed before me
this l6th day of May, 2008

Notary Public
COMMONWEALTH OF PENNSYLVANIA

Notarfal Seal

Sharon L Markle, Notary PublIc
Monmanvia~ Bore, Allegheny County

My Commission Espires Jan. 29,.2011

Member, Pennsylvania Association of Notaries

WCAP- 1772 1-NP-A September 2015
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2 AW-08-2422

(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 rule making proceedings, anid am authorized to apply for its

withholding on behalf of Westinghouse.

(2) I am making this Affidavit in confonmance 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) Pursuaant to the provisi~ons of paragr~aph (bX(4) of Section 2.390 of the Commission's regulations, the

following is firniished for consideration by the Conunission in determining whether the information

sought to be withheld from public disclosure should be withheld.

(i) The infonnation 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 detenmining the

typesofinforniation customarily held in confidence by it and, in that connection, utilizes a

system to detennine w~hen and whether to hold certain types of information in confidence.

The application of that system and the substance of that system constitutes Westinghouse

poli~cy and provides the rational basis required.

Under thatsystem, information is held in~confidened 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

WCAP- 17721-NP-A September 2015
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3 AW-08-2422

competitors without license from Westinghouse constitutes a competitive economic

advantage over other companies.

(b) It consists of supporting data, including teat 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 infonnation.

(c) Use by our competitor would put Westinghouse at a competitive disadvantage by

reducing his expenditure of resources at our expense.

WCAP- 17721-NP-A 
September 2015
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4 AW-08-2422

(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 infornation, any one component

may be the key to the entire puzzle, thereby depriving Westinghouse ofra

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.

(I) The Westinghouse capacity to invest corporate assets mn research and development

depends-upon the success in obtaining and maintaining a competitive advantage.

(iii) The infonnation is being transmitted to the Commission in confidence and, under the

provisions of 10 CER 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 ins not been previously employed in the same original manner or method to the

best of our knowledge and belief.

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

appropriately marked in LTR-NRC-08-25 P-Attachment, "Responses to NRC Request for

Additional Information on WCAP-16608-P, Addendum 1, 'Westinghouse Containmnent

Analysis Methodology, Addendum 1 Appendix C, PWR LOCA Mass and Energy Release

Input Calculation Methodology,"'" (Proprietary), for submittal to the Commission, being

transmitted by Westinghouse letter (LTR-NRC-08-25) and Application for WVithholding

Proprietary Information from Public Disclosure, to the Document Control Desk. The

proprnetary information as submitted by Westinghouse is that associated with westinghouse's

request for NRC approval of WCAP-16608-P, Addendum 1, 'Westinghouse Containment

Analysis Methodology, Addendum 1 Appendix C, PWR.LOCA Mass and Energy Release

Input Calculation Methodology."

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

WCAP- 17721-NP-A September 2015
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5 AW-08-2422

(a) obtain NRC approval of WCAP-16608-P, Addendum 1, 'Westinghouse Containment
Analysis Methodology, Addendum 1 Appendix C, PW'R LOCA Mass and Energy

Release Input Calculation Methodology."

Further this infonnation has substantial commercial value as follows:

(a) Westinghouse plans to sell the use of this infOrmation to its customers for purposes of

design basis containment licensing ahalyses.

(b) Westinghouse can sell support and defense of design basis containment licensing

analyses.

(c) The informnation requested to be withheld reveals the distinguishing aspects of a

methodology-wbich was developed by Westinghouse.

Public disclosure of this tproprietary information is likely to cause substantial harm to the

competitive position of Westinghouse because it would enhance the ability of competitors to

provide similar calculations and licensing defense services for commercial power reactors

without commensurate expenses. Also, public disclosure of the inrfomtation 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 desctibed in part by the information is the result of

applying the results of many years of experiencein 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 signi~ficant manpower effort, having the

requisite~talent and experience, would hiave to be expended.

Further the deponent sayeth not.

WCAP- 17721-NP-A 
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Proprietary hInformation 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 CER 2.390 of the Conumission'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 b)rackets, 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-hn 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) throughi (f)
located as a superscript inmmediately 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 infonnation Westinghotise customarily holds in confidence identified in Sections (4)(ii)(a)
through (4)(il)(t) of the affidavit accompanying this transmittal pursuant to 10 CER 2.390(b)(t).

Copyright Notice

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is pernritted 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, modlification, suspension, revocation, orviolation of a license,.
permit, order, or regulation subject to the requirements of 10 CER 2.390 regarding restrictions on public
disclosute to the extent such in~formation has been identified as proprietary by Westinghouse, copyright
protection notwithstanding. With respect to the non-proprietary versions of these-reports, the N-RC is
permitted to make the number of copies beyond those necessary for its internal us~e which are-necessary in
order to have one copy available for public viewing in the appropriate docket fllesjin the public document
room in Washington, DC and in local, public document rooms as may be required by NRC regulations if
the numher of copies submitted is insufficient for this purpose. Copies made .by the NRC must include
the copyright notice in all instaiules and the proprietary notice if the original was identified as proprietary.

WCAP- 17721-NP-A 
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Westinghouse Non-Proprietary Class 3

LTR-NRC-08-25 N-P-Attachment
TAC NO. MiD6380

Response to NRC Request for Additional Information on
WCAP-16608-P, ADDENDUM 1 REVISION 0, "WESTINGHOUSE CONTAINMENT ANALYSIS
METHODOLOGY, ADDENDUM 1, APPENDIX C, PWR [PRESSURIZED WATER REACTOR]

LOCA [LOSS-OF-COOLANT ACCIDENT] MASS AND ENERGY RELEASE INPUT
CALCULATION METHODOLOGY"

May, 2008

Westinghouse Electric Company LLC
P.O. Box 355

Pittsburgh, PA 15230-0355

©2008 Westinghouse Electric Company LLC
All Rights Reserved

Page 1 of
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Westingh~ouse Non-Proprietary Class-3

REQUEST FOR ADDITIONAL INFORMATION (RAl)
BY THE OFFICE OF NUCLEAR REACTOR REGULATION

WCAP-16608-P, ADDENDUM 1, REVISION 0, 'WESTINGHOUSE CONTAINMENT ANALYSIS
METHODOLOGY, ADDENDUM 1, ,APPENDIX C, PWR [PRESSURIZED WATER REACTOR]

LOCA [LOSS-OF-COOLANT ACCIDENT] MASS AND ENERGY RELEASE INPUT
CALCULATION METHODOLOGY"

WESTINGHOUSE ELECTRIC COMPANY
PROJECT NO. 700

Westinghouse Response in Italics

1. Section C.3.1,lItem 5: Please justify that a [ ]a~ increase in volume due to

thermal expansion is conservative. Refer to sentence:[

]a~C Please explain (a) which vessel calculation
is being referred to in this sentence, (b) why it is conservative to add the thermal expansion
volume [ ]a.C, and (c) whether guide tubes are part of the model.

westinghouse Response: Westinghouse is not requesting a change to the currently
approved [ f'c value that is used to account for the RCS volume increase due to thermal
expansion 1 ]a~ and measurement uncertainty[ I F~ as documented in WCAP-
10325-P-A, page 5-1!. This meets the ANVS 56.4-1t983 requirement listed as item t in Table
C. 3-2.

a. The WC/T vesselvolume input calculation is being described in this sentence.
The WC/T vessel model consists of a number of sections. Each section contains
several channels. The total vessel volume is the sum of the various channel
volumes.

b. f

J•,c

c.The metal-structures and fluid volumes associated with the control rod guide
tubes are modeled in the upper head and upper plenum sections of the WC/T
vessel.

2. Section C.3.1, Item 2: Please explain why a different set of [ ],
flows is required [ ]a~ for the pump suction and the_ hot leg
breaks LOCA massand energy (M&E) calculations and explain how these flows are
calculated?

Westinghouse Response: [

1

WCAP- 17721I-NP-A September 2015
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Westinghouse Non-Proprietary Class 3

3. Section C.3.1,lItem. 16: Please justify that [ ]a~c increase in steam generator
(SG) secondary side volume due to thermal expansion and measurement-uncertainty is
conservative.

Westinghouse Response: The percentage increase in S G secondary side volume due to
thermal expansion and measurement uncertainty should not be any different than the RCS.
The SG pressure is substantially lower and the temperature is-slightly Ilower than the RCS.

4. Section C.3.3, for minimum net positive suction head available analysis. Please explain why
is it conservative to []'

Westinghouse Response: [

5. Section C.4.1, second paragraph, last sentence: Please further explain the 60 second
steady-state case used to adjust the SO secondary side pressure and steam/feed flow rates

•to maintain the desired reactor coolant system operating conditions.

Westinghouse Response: The W_.C/'/ E CCS evaluation model input must be initialized at hot
full power steady state conditions. The LO CA transient analysis case is started from the end
of the steady state case. Typically, the initial SG secondary pressure and steamn/feed flow
rates must be adjusted slightly to maintain the desired RCS steady state conditions; For
example, the input SO secondary side steam and feed flow rates may have to be decreased
if the RCS pressure and average temperature decrease~during the steady state period

6. Section 0.3 Item 1 : States that the LOCA Emergency Core COoling System evaluation
model PIRT [phenomena identification and ranking table] is very similar to the LOCA M&E
release model PIRT, so WC/T [Westinghouse -COBRNTRAC] already contains.
models for most of the important M&E phenomena identified in the PIRT. Please explain
what other phenomena besides the SG reverse heat transfer were required to be modeled
in the WC/T code and 'how theY were validated?

WestinTghouse Response: The.SG metal energy must be considered, in the LQCA mass and
energy release calculation..Aside from the SG tubes, the S- mnetel energy was not modeled
in the WOIT code calculation. The capability to model the primary and secondary SG metal
was added to the code. This is described in Section:C.2.3of WCAP- i6608:P, Addendum 1.
The W_.O/IT SG metal energy conduction model was validated by~comparing the code
calculated transient SG metal temperature respon~se with the analytic s olution for a step
change in temperature at the conductor surface.

Although not required by the PIR T; coupling the RCS and containment response eliminates
the potential need for iteration during the post-blowdown-phases of-the LOCA event. The
W_.C/'I code~was updated to allow it to exchange information with GOTHIC. This is described
in Section C.2.4 of WOAP- 16608-P, Addendum 1. This code change was validated-by•

WCAP- 17721I-NP-A September 2015
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Westinghouse Non-Proprietary. Class 3

Comparing the interface variables-sent by M_..f/ and received-by GO THIC over the course of
a :transient.

7. Table C.3-i, Item 7: Under-the column titled."New Westinghouse Methodology"' states an
exception of not modeling heat transfer from reactor coolant-system hot metal during the
long term decay heat removal phase. Please provide the reasons for this exception and the
appropriate justification as to why it is biasing for the M&E release for the~containment
analysis? Please note Item 19 under the new Westinghouse methodology which states that

",,a long term decay heat boil-off model, -which also accounts for the remaining energy in
the- primary metal •.....' appears to be in contradiction to the statement in Itemn 7. Please
reconcilethese two statements.

Westinghouse Response: The text in Table C.3-1I will be clarified;~ Westinghouse is not
taking an exception to modeling the metal heat release during the long-term decay heat
removal phase; [

],,c

8. Table C.-S-i, Item- 10: Does the new Westinghouse methodology use the:alternate approach
given in Title 10 of the Code of Federal Regulations-(10 CFR) Part 50, Appendix K, Section
I .A, of assuming a constant blowdown profile using the initial conditions with an acceptable
choked-flow correlation? What choked-flow correlation is used?

WeStinghouse Response: If a utility were to request Westinghouse to use the-WC/' " L OCA
M&E release model to generate the break mass-and energy-releases for a short-term sub-
compartment-analysis, the input would be biased differently than for the containment peak
pressure and temperature analysis. The short-term LOCA M&E release calculation input
would~be biased to maximize the initial-break flow rate for the-sub-compartment analyses.
[

],;c

The TRACG PFIl break flow correlation, is-programmed into WC/ (see Section 4-8-of the

CQD,_ WOAP- 1-2945);.

9. Table: Ci3-!, Item 15: please provide ref~ere~nces to experimental data reports .used to
validate :the refill calculationS.

Westinghouse RespOnse: The predcictions of end Of FCC bypass and subsequent refill-have
been validated by-comparisons with full scale and scaled tests. These-comparisons are
provided in the WOJT CQD, WCAPL. 12945-P-A as follows:

UPTF- Test 6 (full scale) - S ection~s 1-4-4 and I• i-9
Creare tests (1115-th-and 115th scale) - Section 15-1-5

The data 'references are provided in each-of these sections. ln~addition, Section 25-6
providesa summary of the Comparisons with data.

WCAP- 17721 -NP-A Spebr21
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Westinghouse Non-Proprietary Class 3

10. Table 0.3-2, Item 9: Please confirm that an evaluation was performed to verify that M&E
added due to feedwater flow from the event initiation to feedwater isolation has no effect on
the containment response.

Westinghouse Response: A loss of offsite power is assumed at the start of a LO CA event.
The loss-of~offsite power Causes the feedwater pumps to trip-and the flow rate to coast
down. An SI signal causes the feedwater control valve to start to close. The SI signal is
generated fairly quickly" in a large L OCA event. Therefore, following the design basis large
L OCA event, the main feedwater flow would continue-for only a short period-of time. This
time would depend on how long it takes for the pumped flow rate to coast down and the flow
control valve to close.

A sensitivity case was run during the initialWCW'/" LOCA M&E model development program
to examine the containment response to modeling the feedwater flow coast down. W.C/T
uses the feedwater velocity as-input to the feedwater FILL component. For the sensitivity
case, the feedwater FILL velocity was ramped from 19.5 ft/s to 0.0 ft/s over the first 10
seconds of the transient. This added approximately 1100*5 = 5500 Ibm of water and
approximately 5500*4,50 = 2.5 MBTU of energy to each steam generator. This represents
about 2% of the total energy in each Steam generator.

The transient fluid energy plots for an intact loop SG and the broken loop SG are shown in
Figures 1 through 4. Both the intact loop and broken loop SG energy increase by
approximately 1.5 MB TU shortly after trip in. the base case (Figures 1 and 3). The SG
energy for the Sensitivity case-increases by approximately 4 MB TU shortly after trip (Figures
2 and 4). As expected, this is about 2.5 MBTU higher for each SG than the base case. At
the-end of the transient, the total fluid energy remaining in the sensitivity case steam
generators is about-18 MBTU greater than the base case steam generators. Therefore, the
sensitivity case steam generators are cooling down slower than the base case-steam
generators.

The transient containment pressure, temperature and sump temperature are shown in
Figures 5-through 7. The containment transient response is-not impacted by modeling the
feedwater flaW coastdow.n. Therefore, after finding noimpect on the containment peak
pressure and temperature response, Westinghouse decided not to model the feed water flow
coastdown in~the W_.IT LOCA M&E-reiease calculation.

WCAP- 1772 1-NP-A 
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11. Table 0,3-2, Item 25: Please justifythat the proposed LOCA M&E release model
nodalization [ ]ac is con~servative
for all phases of LOCA and meets the American Nuclear Society (ANS)-56.4-1 983, Section
32.4.1 guidance.

Westinghouse Response: The W_./TI" [re, noding structure. is much
more detailed than what is used in the current approved LOCA M&E release medel,
particularly during the ref/ood and post-ref/ood phases.

Nodalizetion studie~s performed with W.C/'I are summarized in Section 1 9-6 of the CQD,
WCAP- 12945-P-A. These include LOFT L2-5 (integral test, all phases of the transient),
ORNL 3.08.6c (high pressure film boiling heat transfer test, blowdown phase conditions), G-
2 Refill Test 743 (refill heat transfer test) and FLECHT-SEASET (reflood heat transfer test).

12. Table 0.:3-2, Item 33: Please justify that the use of same heat'transfer correlation as used in
the WC/T ECCS model is conservative-for the LOCA M&E calculations and will predict high
containment pressure.

Westinghouse Response: The WC/'T" E COS evaluation-model uses a standard set of heat
transfer correlations (McA dams, Dittus-Boelter, and Chen) to calculate the heat transfer to
the .RCS from :the fuel, RCS metal, SQ fluid (through the tubes), and SG metal(to the
fluid). The correlations were assessed for a large number of separate and integral tests over
a large range of scale and were found to be acceptable for calc ulating the heat transfer
during the LOCA event.

In order to address the over-prediction of the SG heat transfer as noted in Section C.2. 1, the
SG heat transfer model was modified and verified adequate for the L OCA M&E calculations
as described in Section C.2.2.

13. Section C.3.2: It is not clear from the explanationgiven for the[
]ac as~to how this maximizes the long term containment pressure and temperature.

Please explain further the contents of second paragraph of this section.

Westinghouse Respohse: The "long- term containment pressure and temperature increase as
the steam mass release rate increases. [

14. Figure 0.4.2-i: Pleaseprovide the GOTHIC input file electronic and hard copy for this
containment model nodal diagram.

Westinghouse Respohtse: The GOTHIC containment model input file will be provided. This
model was used to test the capability of the codes to run in parallel and to compare the
calculated containmentl response with WC/T L OCA M&E input to the response with WCAP-
10325 M&E input.
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Note, We~stinghouse intends to run the WC/T LOCA M&E release model in a stand-alone
mode for plants that do not use GOTHIC for their containment DBA calculations. The
following text changes (strikeouts and underlines indicate deletions and additions,
respectively) will be made to help clarify, this:

Page. C-12, Section C.2. 1- The containment response for the M&E calculations is can be
calculated with the GO THIC code (Reference C-24 through 0-26). In order to calculate the
R CS thermal-hydraulics with H!CIT and the containment calculations with GO THIC, W/C/I"
,'eedd.-te• b3was modified to allow running the code in parallel withGO THIC.

Page 0-40, item 1 - The new W C/T LO CA 1M&E release model will ca.qn be coupled with a
GO THIC Containment model tocalculate the containment response into the post-reflood
phase of the event. The SG fluid, metal, and RCS metal energy remaining at the end of the

W_..d j/T+~GQO THI#C-calculation Will be released, along with the decay heat, in the long-
term #•0.4I4IC containment response calculation.

Page C-58,. item 26- -Tho •-~coptd 00TH! C o:cd .•to.m taf.5c :re "-•'d fr the !ongt to,,m,

Page C•61, item 32-f[

Page C-68, Section C.3. 2, second paragraph - The long-term decay heat boil-off calculation
is performed in the •..:~ containment response model.

Page C-68, Section C.3.3- [

Page C-91, Section C.5. 2-As described in Section C. 3.2, the-long-term LCOA steam
release rate is maximized for the •.~# long-term EQ analysis.

Page C-94, Section C.5.3 3-As described in Section. 0.3.3, the L OCA steam release rate is
minimized for the GQT-NC minimum NP$Ha analysis.

15, Section 0.6, third paragraph, first~sentence: Please specify what acceptance~criteria and
which NRC regulation are referred to in thissentence.

Westinghouse Response: The_ text will be modified as follows to clarify this sentence: The
WOIT E COS evaluation mociel input was. bias~ed to produce conservative L OCA M&E
releases in. accordance with the acceptance criteria documentted in NUREG-O800, Section
6.2.1.3.

The standard review plan (SRP) provides guidance for the NRC safety review of various
applications. The S RP for the LO CA mass and energy release calculations is provided in
NURE G-0800, Section_ 6.2.;3.a This document lists~the a~reas of review, acceptance criteria,
and review.procedures.. ThereteVantrequir'ements of the api~licable NRC regulations are
listed-under the acceptance criteria section. Although compliance with the SRP- specific
acceptance crite ria is not required_ a comparison of both the new and old Westinghouse
L OCA M&E release calculation methodology with the SRP acceptance criteria is provided in
Table 0.3-1 of WCAP-16608-P, Addendum 1.
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16. Figure C.4.3-6: Please explainwhy the long term containment pressure wcIr curve
deviates considerably from the WCAP-1 0325 curve.

Westinghouse Response: The WCAP- 10325 model performs a deterministic calculation of
the L O CA mass and energy releases after b/owdown. The remaining post-blo wdown R CS
and SG energy is assumed to be released/in one hour. This assumption is very conservative
based on comparisons with test data. The W._C'I model performs a mechanistic calculation
of the L OCA mass and energy releases..As shown in Figure (24.3-4; the post-blowdown
LO0CA energyrelease rates calculated with the WC/T model are lower than those calculated
with the WCAP- 10325 model. The lower energyrelease rate yields a lower calculated long-
term containment pressure and temperature.

17. Figure 0.4.3-8: Please explain why the WO/T long term Containment vapor temperature
transient deviates considerably from the WCAP-1 0325 transient.

Westinghouse Response: See the response to item 16.

The following RAI questions are requested to clarify the WCOBRA'ITRAC (WfCIT) model
changes to address heat transfer in the steam generators, as described in Section 0.2.2 of the
topical report:

18. Regarding p 0-14,
a. Provide comparisons between the range of Westinghouse's intended use Unal's
correlation and the parametric ranges given in Table 1 from Reference 16 of WCAP-1 6608
(which include pressure, mass flux, dryout quality, and heat flux). Also provide a comparison
between the hydraulic diameters:of the test sections fromthe data provided in Table 1 and
the hydraulic diameters which Westinghouse intends to use with Unal's correlation.

Westinghouse Response: Unal specifies the ranges .for which his correlation fits the
experimental data; There are three sets of data cited. The table below
summarizes/combines all three sets of data.

Unal
Pressure 0. 1 7 MPa

Mass Flux 7-100 kg/(n~s)
Dryout quality 0.0-0. 99.

Heat flux __0.8- 22.5 W/cni2

Given the broad range of operating conditions, it is expected that any application of-Unal's
correlation for expected LOCA conditions would be appropriate.

For a round tube, the hydra ulic diameter is the same as the. tube~diameter. For the FLEGHT
tests ( OAP-8583), the/ID of the SG tubes we~reO. 775.inches. For older PWR's, a typical
outer diameter of the SG tubes is around 7/8." (with a wall thickness of 40 to 50 rnIls)• Newer
PWR's have~a typical outer diameter of the S Gtubes around 1•1/16" (with a wall thickness of
40 to 50 minls). Thus, the FLECHT tests represent the expected hydraulic diameters in
PWRs.

11
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Unal uses the experimental data from Unal Reference 18 to develop the model and then
uses the experimental data from Unal References 12 and-13 to verify the model. Unal
Reference 18 is for a 3x3 rod bundle experiment while Unal References 12 and 13 are for
single tube experiments. The hydraulic diameter fort he. tests in Unal Reference 12 is
0.606." 'Una/Reference 13 could not be found. An article~compiling the data from.Unal
Reference 13-("AsSessment of Post Critical Heat Flux Models with Lehigh None quilibrium
Data", April 1986) does not contain the actual test dimensions.

For Unal Reference 18, the OD is 09.374" with a pitch of 0.496"; This results in a hydraulic
diameter of 0. 464";

The overall range of hydraulic diameters (including the FLECHT tests) indicate the
applicability of Una/'s correlation to Westinghouse applications. The table below
summarizes the hydraulic diameters.

___________ Hydraulic Diameter Notes
Unal Reference 12 0.606!' Round tube
Unal-Reference 13 unknown _____________

Unal Reference 18 0.464" Rod bundle
WeStinghouse 0. 835" or 0. 6475" .Assuming1 40 mil thick walls

FLECHT 0. 775" Round U- tubes

b. Depending on the results from above, additional information may be required to justifythe
use of Unal's correlation. For example, if Westinghouse intends to-use Unal's correlation at
lower heat fluxes than those listed in Table 1 (i.e. in ranges where the radiative heat transfer
may no longer be insignificant compared to the convective heat transfer) additional work
may be. needed to account for radiative heat transfer. Also, if Westinghouse intends to use
thel cOrrelation Over a small subset of the ranges given in Table 1, a further rev'iew of the
correlation compared to only the data in the intended range may be necessary. Further
considerations may be-identified after the comparisons in part 'a' of this question have been
addressed.

Westinghou2se ReSponse: Unal's correlation. will.be used withini the paramhetric ranges
outlined, in his paper.

19. Regarding p C-15, a. Provide comments on Reference 20, with respect.to
Pasamehmetoglu's requirement that'there are no non-condensable components in the
steam environment.' Is this a correct assumption for the steam generator when this model
will be used?lf there are non-condensables in the-steam generator at this time, justify the
use-of this correlation, or address the WCIT treatment of non-condensables.

Westinghouse Response: In reality, it is likely that there will be some non-condensable
components in the steam environment. W_..J'I ignores the presence of non-condensable gas
in the steam flow. For the post-blowdown. LO0CA M&E- release-calculations, the main concern
is rthe transfer of heat from th SQ tubes to the RCS steam/waterdair mixture flowing through
them. Ignoring the non-condensable gas-would conservatively over predict the SQ heat
transfer rate and thus increase the energy release rate• to containment. This is a
conservative assumption since the presence of any non-condensable gas (e.g. air, N• IH2,
He, etc.) in the -steam -results in a significant reduction in heat transfer during condensation.
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Accumulation of non-condensable gases near the condensate film restricts the diffusion of
vapor from the steam flow mixture to theflquid film on the droplet

b. Provide the derivation for the dimensionless instantaneous cup temperature found on
page C-15 from equation 4 of Pasamehmetoglu's paper: Define terms not defined by
Pasamehmetoglu. specifically td, DH, and grdrop.

Westinghouse Response: [

13
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.t,c

20. Regarding the Biasi correlation, will the parameters in the steam generator be within the
ranges for the Biasi correlation?.

Westinghouse Response: The Biasi correlation has been developed based on-Critical H-eat
Flux test data for tubes ranging from 0.12 inches to 1.47 inches (diameters) and tube
lengths up to 20 feet. This range of test data covers typical geometfry of steam generator
tubes (see end of response to question 18). Also, the range of conditions in the test data
cover the expected PWR steam generator conditions during reflood. There should be no
Scaling bias. IReference: WCAP-12945-P-V1, Section 6&3-4J

21. The comparisons of the proposed revised wcIT results to the currently approved methods
do not show the impactof the changes within WC/T. Regarding section 0.4.3, provide the
same plots with the addition of calculations from the unmodified version of WCJ'T (without
the .code updates). Include additional results to show the quench behavior at a few sele~cted
locations, and discuss the results comparing the modified WCIT model tothe unmodified
model for steam generator heat transfer.

Westinghouse Response: A-comparison of-the L OcA mass and energy release results from
the unmodified W_ C/ code with WCAP- 10325 results was not included-in the topical report;
however, this was done as part of a feasibility assessment. The results were documented
internally and presented in a paper that was published as part of the ICONE14 conference
proceedings (/CONE14-89258). The unmodified W.C/T RCS model does not include the
improved SG noding structure, SG secondary metal, the interfacial heat and mass transfer
model, or run in parallel with the GO THIC containment model.

The LOCA ECCS evaluation model input deck for a Westinghouse 4-loop, 3600 MWth /PWR
was used to test the feasibility of Using W__C/T for LOCA M&E Calculations. The LOCA ECOS
evaluation model input was biased to generate bounding L OCA M&E releasedata for the
containment model. The -system, volume was increased to account for measurement
uncertainty and therrna/ expansion. The WC/ F STGEN component did not include metal, so
the SG secondary water volume was increased to account for the SG secondary metal
stored energy and uncertainty in the secondary volume. Additional RCS pipe volumes were
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incorporated in the W._Cff ECCS evaluation model to include the metalHn the SG in~let and
outlet plenums. The initial core thermal power, RCS pressure; and RCS temperatures were
also increased to include uncertainties. After making these changes, a steady state restart
point Was created. The initial WC/T- model mass and energy was compared with the
benchmark LOCA M&E release model mass and energy on a component by component
basis to verify the model initial conditions were equivalent before running the transient
benchmark comparisons.

The mass and energy release output from the biased W..C/T models was compared with the
current LOCA M&E release modeloutput for a double ended pump suction LOCA event.
The integrated blowdown mass and energy release comparison for the 4-loop plant model is
shown in Figures 8 and 9. The biased WC/FI model calculated approximately the same
blowdown break mass and energy release. The integrated long-term mass and energy
release comparison is shown in Figure 10 and 11; the biased W..C/Tl model calculated a
lower long-term energy release. An investigation identified the cause of the difference. The
calculated SG heat transfer in the biased wC/T model was lower than the non-mechanistic
SG heat release from the current LOCA M&E release model; the W..C/TI SG model was
cooling down from the bottom up and the secondary fluid had become stratified.

The mass and energy releases were fed into the corresponding GO THI C containment
model to determine the impact on the containment pressure. As can be seen in Figure 12,
the blowdown-peak pressure is the same, but because the biased W._O/IT long-term energy
release is lower, the long-term peak containment pressure is at least 5 psi lower than that
predicted using the current LOCA M&E release model
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Figure 8- BiasedV_._TlIntegrated Blowdown Mass Release Comparison
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The following RAI questions are requested in order to clarify the WCOBRA/TRAC (WJC/T) to
GOTHIC interface methodology, as described in Section C.2.4 of the topical report:

22. On page C-35, reference to Figure 3.2, which does not exist, should be changed to the
correct Figure, C.2.4-2.

Westinghouse Response: The text will be corrected in the final report.

23. The mass and energy averaging, described on page C-35, appears to under predict the
values if a quantity is monotonically decreasing over the GOTHIC time step range. As
presented, it~seems that the average is based on the quantity at the end of the WCIT time
step multiplied by the time step size instead of using the averag~e quantity over the time
step. Address the apparent under prediction of the mass and energy enteringthe
containment, and include the process used to establish and justify the time step size in both
WCIT and GOTHIC.

Westinghouse ResPonse: Figure 0.2. 4-2 on page C-39 will be corrected, the Current figure
does .not show the calculation of the average break flow and enthalpy in W_._C/'I and the
transfer of the average values to GO THIC. The modified Figure 0.2. 4-2 is shown on the next
page. The highlighted text will be added. The text on page C-34 (Code Implementation-
Output interfaces from WC/T to GO THIC) will also be corrected to be consistent with the
changes in Figure C. 2.4-2. The mass and energy averaging that was implemented
conserves mass and energy transfer across the interfaces from WC/T to GO THIC.

The time step size used in WC/T and GOTHIC is consistent with the time step size used in
WC/'I LOCA calculations and GO THIC containment analysis calculations, respect ively.
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Figure 0.2.4-2 Schematic of the GOTHIC - WC/T Parallel Execution
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24. The SI flow can come from GOTHIC (during recirculation) or come from WC/T to GOTHIC
for RWT inventory calculations. Please describe the Si modeling in terms of how the flows
are obtained in each code, and, how the energy in the SI flow is modeled. Is there a period of
time, for example during recirculation, when both codes are calculating the SI flow
separately.? If so, is this one of the verification parameters.?

Westinghouse Response: The SI flow rate is calculated in the wC/'/ SI FILL boundary
conditions by interpolating an input SI velocity vs. RCS pressure table. The RWST
temperature is input for the SI temperature in the W C/T/ L OCA M&E model. WC/T continues
to calculate the SI flow rate and temperature until- a non-zero recirculation flow-rate is
received from GO THIC. At this point, the W__.IT SI FILL boundary condition will use the
recirculation flow rate.and temperature specified by GO THIC.

GOTHIC models the RWST. The combined SI flow rafe for all loops is passed from .WC/T to
GOTHIC. The SI and containment spray flow rates are subtracted from the RWST water
volume.

The recirculation flow rate is determined by GOTHIC after the RWS T level reaches the
setpoint to transfer to recirculation. A constant recirculation flow rate input value, was used in
the GO THI C model for the topical report cases. The recirculation flow rate and calculated
RHR heat exchanger outlet temperature are passed to-WC[/'.

There is no period of time when both codes are calculating the -SI flow rates separately.

The following RAI questions are requested to clarify the use of WOIT to obtain the mass and
energy releases for the containment peak pressure LOCA analysis:

25. Address how uncertainties in the WCIT core heat transfer models are to be applied.
Specifically, during core-safety analysis the overall heat transfer coefficient-in WC/T would
be cornservatively decreased due to uncertainties if there was not enough data to justify a
more realistic heat transfer-coefficient. This decrease in the heat transfer coefficient would
be conservative for core safety analysis, as it would decrease core heat removal resulting in
more energy remaining, in the fuel. However, this.decrease in the- heat transfer coefficient
would not be conservative for mass and energy (M&E) release, as it would decrease-core
heat removal resulting in less energy transferred into containment. Therefore, consider the
uncertainties in the core heat transfer models in WC/T and pr'ovide, the rationale for applying
them to the containment M&E analysis.

Westinghouse Response: Heat transfer uncertainties are not applied in the WOIT ECCS
Evaluation Model They are applied in the HO-TSPO-T code, which is a one-dimensional
conduction model that uses W__C/T calculated fluid condition~s as- boundary conditions.

The W._COIT ECCS evaluation model uses a standard set of heat transfer co rrelations
(McA dams, Dittus-Boefter, and Chen) to calculate the heat transfer to the RCS from-the fuel,
RCS metaL SG fluid (through the tubes), and SG metal (to the fluid). The correlations were
assessed for a large number of separate and integral teSts over a large range of scale and
were found to be acceptable for calculating the heat transfer during the LOCA event.
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The uncertainty in the Core heat transfer correlations has not been considered for the.new
W_.IT L OCA M&E calculation. Likewise, the uncertainty in the core heat transfer correlations
is not considered in the currently approved L OCA mass and energy release methodology.

26. Provide justification of the break flow model in WC/T, with respect to its 20 percent
uncertainty. Address the guidance provided in SRP 6.2.1.3, 'Mass release rates should be
calculated using a model that has been demonstrated to be conservative by comparison to
experimental data."

Westinghouse Response: The TRA C PFI break flow correlation is programmed into WC/T
(see Section 4-8 of the CQD, WCAP- 12945-P-A). The WC/T break flow model predictions of
the Marviken critical flow data are presented in Section 25-2 of the CQD. The resulting
cumulative distribution function is shown in Figure 25-2-10. The 50th percentile value of
measured/predicted break flow is about 1.0. Over 90% of the Comparisons are within +1-
15%.

The measured-to-predicted break flow is higher for small values of LID (< 1), but decreases
as-LID increases. Most of the uncertainty occurs in the transition from subcooled to
saturated flow conditions, which occurs early in the event (see Section 16-4 of the CQD,
WCAP-12945-P-A). The LA) for a large double ended pipe break located near the vessel is
greater than 1.5. Therefore, for these types of breaks, the TRA C PEt break flow correlation
will slightly over-predict the break flow.

The WC'IT calculated DEHL and DEPS L OCA M&E releases were compared with those
calculated using the approved SA TAN LOCA M&E model and were found to be very close
over the blowdown• period. The SA TAN break flow correlations were compared with data
from other test facilities and were found to over-predict the data (see WCAP-8264).

27. What sensitivity studies were performed to justify the level of detail necessary to adequately
model the steam generator? Address both the FLECHT-SEASET model and the PWR
model. Is the PWR model expected to be sensitive to the steam generator design, for
example the tube design, or pre-heated sensors? If so, please describe the process to be
used for other steam generator designs.

Westinghouse Response: [

The WOJ'I code was revised to improve the calculation of the SG tube quenching process. A
standalone SG model was built to compare the revised WC/T code results with the FLECHT
test data. A SQ noding study was performed using the standalone FLECHT SQ model and
convergence was obtained when the .SG was modeled withf []'• cells in the primary and
[ ]fC cells in the secondary.

The SQ noding in the .i___C'IT LOCA M&E plant model was increased to be similar to the
noding structure used for the FLECHT mode]L The primary side was modeled with [ I'
cells andthe Secondary side was modeled with [ ]•, cells.
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28. Does Westinghouse plan to use the revised steam generator interface masslheat transfer
exchange packagefor other accident analyses to be used to support licensing actions? Are
there, plans to incorporate the model into other computer programs for use in supporting
licensing actions?

Westinghouse Response: No, Westinghouse does not plan on incorporating the revised
steam generator interface heat and mass transfer model into other computer programs.
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APPENDIX A :NRC RATS AND WESTINGHOUSE RESPONSES -
WCAP-17721

The NRC RAIs for the WCAP- 17721 -P-Al/WCAP- 17721 -NP-A submittal were supplied to Westinghouse
via References 30-32. The following pages contain the RAI text along with the accepted Westinghouse
responses. Note that the RAL responses are presented in the order in which they were answered, not in the
order they were received.
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(sic) the review of the Westinghouse Electric Company [Westinghouse] Topical Report [TR]
WCAP-17721I-P, Revision 0 and WCAF-! 772lI-N-P, Revision 0, "Westinghouse Containment
Analysis Methodology - PWR [Pressurized \Vater Reactor] LOCA.[Loss-Of-Coolant Accident]
Mass and Energy Rclcaso Calculation Methodology."

Subject: Submittal of"WCAP-17721-P NRC Confirntatory Study Inputs - Response to RAIs" (Non-
Proprietary).

The purpose of this letter is to transmit responses to the Nuclear Regulatory Commission's request for

additional information (RAI) [2] for a confirmatory study relative to the WCAP-1'7721-P [1) submittal.

The responses are presented in Attachment 1, and they contain no proprietary information.

Corrcspondcnvc concerning this submittal should be addressed to James A. Greshamn, Manager,
Regulatory Compliance, Westinghouse Electric Company, 1000 Westinghouse Drive., Building 3 Suite
310, Cranberry Township, Pennsylvania 16066.

Very truly yours,

Regulatory Compliance

Attachment 1: "WCAP-17721-P NRC Confirmatory Study Inputs.- Response to RA~s"
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COPYRIGHT NOTICE.

The report transmtittcd herewith bears a Westinghouse copyright notice. The NRC is permitted to make
the number of copies of the information contained in this report which is necessary for its internal use in
conncction with gcneric and plant-specific reviews and approvals as wall as the issuance, denial,
amcndment, transfer, renewal, modification, suspension, revocation, or violation of a license, permit,
order, or regulation subject to the requirements of 10 CFR 2.390 regarding restictions on public
disclosure to the extent such information has been identified as proprietary by Westinghouse, copyright
protection notwithstanding. With respect to the non-proprietary report, the NR.C 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 rthe 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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VC.AP-17721-P .N-RC Conhrxmatory Study Inputs -Response to R.Als

Attachment 1: W~esftn~house Resrponses

Introduction
Per the clarification call, the information presented below is limited to the large dry 4 loop
WCOBRA/TRAC (WCT) and coupled GOTHIC model presented in WCAP-1 7721-P [1] and
WCAP-17721-NP [2].

RAI #1
NRC - Specify if the broken loop safety injection water goes directly to the sump pool, or mixes
with the containment atmosphere and condenses vapor. If it mixes provide details on the
mixing such as what percentage mixes and the basis for that value.

Westinghouse Response - The liquid effluent'.,,hich exits the pump side break location does not
mix with the containment atmosphere and condense vapor. The containment code (GOTHIC in
this case) transports liquid break flow directly to the sump.

RAI #2
NRC -The initial SI (RWST) and accumulator water temperature. (2 values)

Westinghouse Response - The initial safety injection temperature, supplied by the refueling
w.,ater storage tank, was 120°F. The initial accumulator,,,ater temperature was 1 30°F.

RAI #3
NRC - Specify the water volume held in the RWST at the beginning of the event (1 value)

Westinghouse Response - Per the clarification call, Westinghouse understands that the RWST
wrater volume was requested to determine vhen core cooling and containment spray systems
switch to recirculation. Therefore, Westinghouse is supplying injection and recirculation core
cooling flow rates and containment spray flow rates (see Figures 1 and 2 below) in addition to
the total RWST water volume of 48710 ft3'. Safety injection recirculation is reached after
24,180 ft3 of water has been delivered from the RWST. Containment spray recirculation is
reached after 43,710 ft3 of water has been deliv~ered from the RWST.

C 2G14 We benleBear Com~anyLL
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Alrachmqnt 1: Wasiinthouse Repne
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Anttacment 1: We-tingh•ouse Responses
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.4ttacluwent 1: Wgslinf house Responses

RAI # 4
NRC - Durng9 switherl, is any period of no injection ass•ild If so, how iong is that period
of no i'njection?

Westinghouse Response - Core cooling flow and containment spray flow were uninterrupted
during the swthoe process. There was not a period of timie without core cooing flow or
cotimn spray flow.

RAI #
NRC - Provide plots of the Iqluid and vapor mass flow rates and uiqd and vapor temperatures
from both sid:es of the break as a funclhon of time. (8 pltos)

Westinghouse Response - Figures 3 through 1:2 below provides the requested infonnabon from
the WCO6RAITRAC traiinst
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Attachenmt 1: W~estinehouse Resvonses
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Aitachiwiti: Wesfrn~*ouse Responses
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Aitachraw.tl: Wastiiw*ousa R~s~onses

PUMP side liquid flow

a,

-1 g z
10 10 IC 10 10

Time (s)
Figure 6~ DEPS Break Pwnp Side Liquid Flow

J0

WCAP- 17721l-NP-A September 2015
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-13
WESTINGHOUSE NON-PROPRIETARY CLASS 3 A- 13

tPa~ 9gf33

Atfachlnwmt 1: resiivwousa R~xsvoss
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Atraduwet 1: Wr •i~o~~ Rssvonse
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Attachment 1: Wes1inEhoU~e Rewonsex
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Altacknt, 1: Wesii, kousa e lmoses
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.Alrachat l: Wutiwkrz Rajxsa
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Attachrwmt 1 : Wsijwcms Rasponsas

RAI 6
NRC - Provie a plot of the Steam Generator (SG) tube heat transfer power to the primary
system for the broken and intact loops, incude decay heaL (5 plots)

Westinghouse Response - Figures 13 through 20 provide the reque-sted information. Note that
all 4 steam generaos aie expicitly modeled in WCOBRATURAC, and the heat transfer from the
intact loop is the sun of the 3 intact loop steam generator heat transfer rates.
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Anadunent 1: Wes-nnekouse Responses
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Attacnenm~t 1: We, tinghanoua Rasv~onuse.
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Affachtment 1 : Westng= oue =Raspones
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Attaclrme,,t 1: Wes'inhouse Ran'ponsas
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Attachme,,t 1: Wesfrnkous. Rasvcoiisa
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Attachment 1: We nhouse •Rewose
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Altachment 1 : Wesiin~'ouse Rewons•s

RAI #7
NRC - Provide plots of the SG pressure for the broken and intact loops. (4 plots)

Westinghouse Response - Figure 21 and Figure 22 below show the steam generator secondary
side pressure history for the DEPS and DECL breaks. The pressure was taken from the
uppermost steam generator secondary side node.
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Airachunet 1: Wesinvnou•a Re,,,ns
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Attachmen~t 1: W~eslinvhouis R •on

RAJI'8
NRC - Provide plots of the SG wall temperatures at 1,4 and 10 foot elevations for the broken
and intact loops as a function of tkne. (12 plots)

Westinghouse Response - Figures 23 through 30 below provide the SG shell wall tempeate
at the requested elevations. The temeate presented are from the innermost node of the SG
shell.
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4ttachment 1: Westingouse Rsoi
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Attachment 1 : Wes~ttnvhous. Rxvponses
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'ttachma~t 1: We-tmnhotuse Rea•Tnsuas
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Attachment 1: Westinyhouse Responses

I II w.,l I tmmp----- 4 II wtall feral;
...... 0 tO H wal I timp

LA." ... '

Z -0

o I•0 o30 4oou

Figure 2" DE(KL areak Intact 'IC 1 Soudarn" Side W~all Ttenterature:

WCAP- 1772 I-NP-A September 2015
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 A3A-34

Page 30 of 33

Altaclmnenti1: Wlsiingou.e Rawonses
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Airachmentl: West~nwhouse R spose
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Airachrwent 1: Wetstinyhouse Responses
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Attachment 1: Wes'tinghouse Responses

References
1) WCAP-17721-P, W~estinghouse Containment Analysis Methodology- PWR LOCA Mass

and Energy Release Calculation Methodology," April 2013.
2) WCAP-1 7721 -NP, W~estinghouse Containment Analysis Methodology - PWR LOCA Mass

and Energy Release Calculation Methodology," April 2013.
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()Westinghouse

U.S. Nuclear Regulatory Commission
Doeument Control Desk
11555 Rockville Pike
Rock-ville, MD 20852

Wesiinghouse Electrc Company
Engineering, Equipment and Major Projects
1000 Westinghouse Drive, Building 3
CranbeiryTownship, Pennsylvania 16066
USA

Dirert tel:
Dtrcet fax:

c-mail:

(412) 374-4643
(724) 940-856o
greshaja~westisghouse.com

LTR-NRC -15 -5

January 22, 2015

Subject: Submittal of"WCAP-l7721-P NRC Set 2, Safety and Code Review Branch, and Set 3,
Containment and Ventilaton Branch - Response to Selected RAIs" (ProprietaryiNon-

Enclosed are the proprietary and non-proprietary versions of a report "WCAP-1 7721-P NRC Set 2, Safety
and Code Review B~ranch, and Set 3, Containment and Ventilation Branch - Responso to Selected RAIs."

Also enlosed are;

1. An Application for Withholding Proprietary Information from Public Disclosure, A\V-15--4080 (Non-
Proprietary), with Proprietary Information Notice and Copyright Notice

2. An Affidavit (Non-Proprietary).

This submittal contains proprietary information of Westihzouse Electric Company LLC. In
conformance with the requirements of 10 CF 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 Ailidavit. 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 aspccts of the Application for Withholding or the
Westinghouse Affidavit should reference AW-I15-4080 and should be addressed to Janres A. Greshami,
Manager, Regulatory Compliance, Westinghouse Electric Company, 1000 Westinghouse Drive,
Building 3 suite 310, Cranberry Township, Pennsylvania 16066.

Very truly yours,

iJames~ehm, Manager

Regulatory Compliance

Enclosures
cc: Ekaterina Lenning (NRC)

Dr. Joshua Kaizer (NRC)
Dr. Shie-Jeng Peng (NRC)
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LTR-NRC-I 5-5
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bcc: James A. Gresham
Cheryl Robinson
Anne M. Stegrnmi
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()Westinghouse

U.S. Nuclear Regulatory Commission
Document Control Desk
11555 Rockvillc Pike
Reckville, MD 20852

Westinghouse Electric Company
Engineering. Equipment and Major Projects
1O000Wesllnghouse Drive, Building 3
Cranberry Township, Pennsyivanta 16068
USA

Direct tel:
Direct fant

e-mail:.

(412) 374.4643(724) 940-8560
grcshaja~westinghouse.comn

AW-15-4080
January 22, 2015

APPLICATION FOR WITIHHOLDINGO PROPRIETARY
INFORMATION FROM PUBLIC D IS•CLOSVRE

Subject: LTR-NRC-I15-5 P-Attachment, "WCAP-17721-P NRC Set 2, Safety and Code Review
Branch, and Set 3, Containment and Ventilation Branch - Response to Selected RA~s"

Reference: Letter from James A. Gresham to Document Control Dcsk, LTR-NRC-l5-5, dated
January 22, 2015

The Application for Withholding Proprietary Inforination from Public Disclosure is submitted by
Westinghouse Electric Company LLC (Westinghouse), pursuant to the provisions of paragraph (b)(l) of
Section 2.390 of the Commission's regulations. It contains commercial strategic information proprietary
to Westinghouse and customarily held in confidence.

The proprietary information for which withhtolding is being requested is identified in the proprietary
version of the subject report. In conformance with 10 CFR Section 2.390, Affidavit AW-15-4080
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 requtested that the subject information whfich 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 th~e proprietary aspects of the Application for Withholding or the
accompanying Affidavit should reference AW- 15-4080 and should be addressed to lames A. (3rsham,
Manager, Regulatory Compliance, Westinghouse Electric Company, 1000 Westinghouse Drive,
Building 3 Suite 310, Cranberry Township, Pennsylvania 16066.

James A. Gresham, Manager

Regulatory Compliance
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AW-15-4080
January 22, 2015

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

as

COUNTY OF BUTLER:

1, James A. Gresham, am authorized to execiate this Affidavit on behalf of Westinghouse Electric
Company LLC (Westinghouse), and that the avennents of fact set forth in this Affidavit are true and

correct to the best of my knowledge, information, and belief.

Regulatory Compliance
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(1) ILam Manager, Regulatory Compliance, 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 disclosutre in connection with nuclear power plant

licensing and rule making proceedings, and am authorized to apply for its withholding on behalf of

Westinghouse.

(2) l 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 Informatiotn 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 sccret, privileged or as confidential commercial or financial information.

(4) Pursuant to the provisions of paragraph (bo)(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 detcrmrinc when and whether to hold certain types of information in confidence.

The application of that system and the substance of that system constitute Westinghouse

policy and provide the rational basis required.

Under that system, information is held in confidence ifit falls in one or more of several

types, the release of which might result in the loss of Zan existing or potcntial competitive

advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component,

structure, tool, method, etc.) where prevention of its usc by any of Westinghouse's
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competitors without license f'rom 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 str'ategies 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.

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

(iii) 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 WVestinghouse ability to sell

product•s and services involving the use of the information.

(e) Usc by our competitor would put Westinghouse at a competitive disadvantage by

reducing his expenditure of resources at our expense.
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(d) Each component of proprietary information pertinent to a particular competitive

advantage is potentially as valuablc 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 corpordte assets in research and development

depends upon the success in obtaining and maintaining a competitive advantage.

(vi) 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.

(v) The information sought to be protected is not available in public sources or available

informa~tion has not been previously employed in dile same original manner or method to

the best of our knowledge and belief.

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

appropriately marked in LTR-NRC- 15-5 P-Attachment, "WCAP-l17721-P NRC Set 2,

Safety and Code Review Branch, and Set 3, Containment and Ventilation Branch -

Response to Selected RA~s" (Proprietary), for submittal to the Commission, being

transmitted by Westinghouse letter, LTR-NRC-15-5, 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 N-RC approval of WCAP-17721-F, and may be used only for

that purpose.

(a) This information is pert of that which will enable We~stinghouse to:

(i) Obtain NRC approval of the LOCA Mass and Energy Release Calculation

Methodology documented in WCAP-17721-P, "Westinghousqe
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Containment Analysis Methodology - PWR LOCA Mass and Energy
Release Calculation Methodology."

(b) Further this information has substantial commercial value as follows:

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

for the purpose of assisting customers in obtaining license changes for a

Westinghouse pressurized water reactor (PWR).

(ii) WVestinghouse can sell support and defense of industry guidelines and

acceptance criteria for plant-specific applications.

(iii) The information requested to be withheld reveals the distinguishing

aspects ofra methodology which was developed by Westinghouse.

Public disclosure of this proprietary information is likely to cause substantial harn 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 NR.C 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 Westnghouse to duplicate this information, similar technical

programs would have to be performed and a significant manpower effort, having the

requtisite talent and experience, would have to be ex',pended.

Further the deponent sayeth not.
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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 2.390 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 dclete~d
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 ease letters (a) through (I)
located as a superscript immediately following the brackets enclosing each item of information being
identificd as proprictary or in the margin opposite such information. These lower ease letters refer to tihe
types of information WVestinghouse customarily holds in confidence identified in Sections (4)(iiXa)
through (4Xii)(f) of the Affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westingho use copyright notice. The NRC is permitted to
make the number of copies of the information contained in thlese reports which are necessary for its
internal use in coonnction with generic and plant-specific reviews and approvals as well as the issuance,
denial, amendment, transfer, renewal, modification, suspension, revocation, or violation of a lienuse,
permit, ordecr, or regulation subject to the requirements of 10 CFR 2.390 regarding restrictions on public
disclosure to the extent such infornation 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 hawe one copy available for public viewing in rthe appropriate docket fics 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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WE-STINGHOUSE NON-PROPRIELARY CLASS 3

LTR-?JRC-15-5 NPT-Attachment

W¢CAP-17721-P NRC Set 2, Safety' and Code Review Branch, and
Set 3, Containment and Ventilation Branch - Response to

Selected RAIs (Non-Proprietary)

W estinghouse Electric Corn~arty tIC1000 Westinghouse Drive
Cranbeny Township, Penmsyhv-nia 16066

©•2015 W "es'tiniwe Electric CoxntnyfLLC. Al! R:ights Resen-edT
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The table below summarizes the Set 2 RAts from the Safety and Code Review Branch1 which
have responses induded in this attachment.

RAI # Ttl~e
2.1 RAI-3 - Downcomer stored energy release
2_3 RAI-3 - Break flow model
2.5_____RAI-3 - Core Rloo~ding
2.6 RA-3 - Liquid Entrainment
2.7 RAI-3 - Upper Plenum Entrainment
2.8 RAI-2- Hot le entrainment
2.9 RAt-3 - Steam Quenching
2_20 RAI-3 - Co! Leg/Accumulator Condensation
2_21 RAI-3 - Downcoomer Condensation
2.22 RAI-3 - Loop FRow Split

Note: These Set 2 RAls are addressed by reference to the response to Set 3 RA!
SCVB-RA!-1 1.

The table belowv summarizes the Set 3 RAls from the Containment and Ventilation BranCh2

which have responses included in this attachment.

RAlI# Title
SCVB-RAI-l Methodology, on Modeling Containment Condition
SCVB-RAI-2 Direct Vessel Iniection and ADS-4 Operation
SCVB-RAI-5 GOTHIC Topical Report
SCVB-RAI-6 GOTHIC Runningd In Parallel With WCOBRAVIPRAC
SCVB-RAI-7 24-hr Containment Pressure
SCVB-RAI-8 24-hr Integrated Mass and Energy Release via Break
SCVB-RAI-9 Conservatism of Calculated Containment Pressure Peak
SCVB-RAI-1 0 Limitation of Containment Modeling for WCAP-17721 Methodology
SCVB-RAI-1 1 Conformance of Regulatory Guide (RG) 1.203, "Transient and

__________Accident Analysis Methods=

Request for Additional Inlormeaton Re: Westinghouse Electric Company Topical Report
WCAP-17721-P, Revision 0, and WCAP-17721-NP, Revision 0, "Westinghouse Containment Analysf s
Methodology - PWR~ [Pressurize.d Water Reactor] LOCA [Loss-Of-Coolant Accident] Mass and Energy
Release Calculation Methodolog';,= -Set 2 (Safety and Code Review Branch) (TAC No. MF1797),
October 20, 2014 (ADAMS Accession No. ML14254A251)

2Request fo-Additional Information Re: Westinghouse Electric Company Topical Report
WCAP-17721-P, Re,,ision 0, and WCAP-17721-NP, Revision 0, "Westinghouse Containment Analysis
Methodoogjy - PWR [Pressuri.zed Water Reactor] LOCA [Loss-Of-Coolant AccidentJ Mass and Energy
Release Calculaton Methodology' -Set 3 (Containment and Ventilation Branch) (TAC No. MF1797),
October20, 2014 (ADAMS Accession No. M1.14254A200)
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2.1 RAI-3 - Downcomer stored energy release

RAl:Demonstrate that the method for modeling the downcomer stored energy release in
WCOBAR(sic)JrRAC) (CrCI") is appropriate for the Mass and Energy (M&E) evaluation model
such that the mass and energy release is adequately predicted.

Comment:In section 2.11 of their initial submittal, Westinghouse stated that the same
downcomer stored energy release model was used for the emergency core cooler system
evaluation model as were used in the M&E evaluation model. However, the ECCS evaluation
model is focused on obtaining an adequate prediction of peak cladding temperature. On the
other hand, the M&E evaluation model is focused on obtaining an adequate prediction of the
mass and energy release rates to obtain an adequate prediction of containment pressures and
temperatures. Because the figure of merit between the two evaluation models is substantial
different, what may be conservative or adequate in one evaluation model may be non-
conservative or inadequate in the other. For example, the M&E release is generally decreased
to generate a conservative PCT calculation. On the other hand, the M&E release rate is
generafly increased to generate a conservative containment pressure calculation.

Westinghouse Resoonse

See the response to Set 3 RAI SCVB-RAI-1 1.

2.3 RAI-3 - Break flow model

RAl:Demonstrate that break flow model used in WCIT provides an appropriate prediction of the
break flow for the M&E evaluation model such that the mass and energy release is adequately
predicted.

Comment:In table 4-1, row 12 of their initial submittal [1]. Westinghouse stated that the same
break flow model was used for the ECCS evaluation model as were used in the M&E evaluation
model. However, the ECCS evaluation model is focused on obtaining an adequate prediction of
PCT. On the other hand, the M&E evaluation model is focused on obtaining an adequate
prediction of the mass and energy release rates to obtain an adequate prediction of containment
pressures and temperatures. Because the figure of merit between the two evaluation models is
substantial different, vhaat may be conservative or adequate in one evaluation model may be
non-conservative or inadequate in the other. For example, the M&E release is generally
decreased to generate a conservative PCT calculation. On the other hand, the M&E release
rate is generally increased to generate a conservative containment pressure calculation.

Westinghouse Response

See the response to Set 3 PA! SCVB-RAI-1 1.
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2.5 RAI-3 - Core flooding

RAh:Describe the validation data which supports WC/T ability to model the core flooding rate
and demonstrate that this data justifies WC/T ability to predict the Reactor Coolant System
(RCS) transient response for the M&E evaluation model.

Comment:in table 4-1 row 16 of their initial submittal [ 1], Westinghouse stated ECCS evaluation
model had been validated for the core flooding rate by comparison with experimental data.
However, the ECCS evaluation model is focused on obtaining an adequate predicton of PCT.
On the other hand, the M&E evaluation model is focused on obtaining an adequate predition of
the mass and energy release rates to obtain an adequate prediction of containment pressures
and temperatures. Because the figure of merit between the two evaluation models is substantial
different, what may be conservative or adequate in one evaluation model may be non-
conservative or inadequate in the other. For example, the M&E release is generally decreased
to generate a conservative PCT calculation. On the other hand, the M&E release rate is
generally increased to generate a conservative containment pressure calculation.

Westinohouse Response

See the response to Set 3 PAI SCVB-RAI-1 1_

2.6 RAI-3 - Liquid Entrainment

RAI:Descnibe the validation data which supports WC/T ability to model liquid entrainment and
demonstrate that this data justifies WCff ability to predict the RCS transient response for the
M&E evaluation model.

Comment:In table 4-1 row 16 of their initial submittal [1], Westinghouse stated ECCS evaluation
model had been validated for liquid entrainment by comparison with experimental data.
However, the ECCS evaluation model is focused on obtaining an adequate prediction of PCI.
On the other hand, the M&E evaluation model is focused on obtaining an adequate prediction of
the mass and energy release rates to obtain an adequate prediction of containment pressures
and temperatures. Because the figure of merit between the two evaluation models is substantial
different, what may be conservative or adequate in one evaluation model may be non-
conservative or inadequate in the other. For example, the M&E release is generall decreased
to generate a conservative PCT calculation. On the other hand, the M&E release rate is
generally increased to generate a conservative containment pressure calculation.

Westinghouse Response

See the response to Set 3 RA! SCVB-RAI-1 1.
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2.7 RAI-3 - Upper plenum entrainment

RAI:Demonstrate that method for modeling the upper plenum entrainmentlde-entrainment and
condensation in WC)T is appropriate for the M&E evaluation model such that the mass and
energy release is adequately predicted.

Commentln section 2.5 of their initial submittal [1], Westinghouse stated that the same upper
plenum entrainmentlde-entrainment and condensation model was used for the ECCS evaluation
model as were used in the M&E evaluation model. However, the ECCS evaluation model is
focused on obtaining an adequate prediction of PCT. On the other hand, the M&E evaluation
model is focused on obtaining an adequate prediction of the mass and energy release rates to
obtain an adequate prediction of containment pressures and temperatures. Because the figure
of merit between the two evaluation models is substantial different, what may be conservative or
adequate in one evaluation model may be non-conservative or inadequate in the other. For
example, the M&E release is generally decreased to generate a conservative PCT calculation.
On the other hand, the M&E release rate is generally increased to generate a conservative
containment pressure calculation.

Westinahouse Response

See the response to Set 3 RAl SCVB-RAI-1 1.

2.8 RAI-2 - Hot leg entrainment

RAh:The justification for the hot leg entrainment/de-entrainment being independent of the
pressure seems to suggest that all entrainment/de-entrainment modeling is independent of the
final pressure calculation as the RCS steam temperatures will match those on the secondary-
side within minutes after event initiation_ However, this concept seems to be in contradiction
with the M&E Phenomena Identification and Ranking Table (PIRT) which has entrainment and
do-entrainment as high ranked phenomena as well as the other changes to the M&E model to
better model the heat transfer from the secondary side to the primary side in the steam
generators. Provide further clarification on this topic.

Commentln section 2.7 of their initial submittal [1], Westinghouse stated that the sensitivity
study performed which varied the slip in the hot leg demonstrated that the mass and energy
release (i.e., peak pressure) was relatively insensitive to the hot leg entrainmentlde-
entrainment. This wras verified through a sensitvt which varied the slip ratio in the hot leg.

Westinghouse Response

See the response to Set 3 RAI SCVB-RAI-1 1.
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2.9 RAI-3 - Steam Quenching

RAl:Describe the validation data which supports WCJT ability to model steam quenching and
demonstrate that this data •ustifles WCIT ability to predict the RCS transient response for the
M&E evaluation mode]. Both the steam quenching during reflood and post-retlood should be
considered.

Comment:In table 4-1 row 18 of their initial submittal [1], Westinghouse stated ECCS evaluation
mode! had been validated for steam quenching by comparison with experimental data.
However, the ECCS evaluation model is focused on obtaining an adequate prediction of PCI.
On the other hand, the M&E evaluation model is focused on obtaining an adequate prediction of
the mass and energy release rates to obtain an adequate prediction of containment pressures
and temperatures. Because the figure of merit between the two evaluation models is substantial
different, what may be conservative or adequate in one evaluation model may be non-
conservative or inadequate in the other. For example, the M&E release is generally decreased
to generate a conservative PCT calculation. On the other hand, the M&E release rate is
generally increased to generate a conservative containment pressure calculation.

Westinghouse Response

See the response to Set 3 RAl SCVB-RAI-1 1.

2.20 RAI-3 - Cold leglaccumulator condensation

RAI: Describe the validation data which supports WC/'f ability to model cold leglaccumulator
condensation and demonstrate that this data justifies WC/T ability to predict the RCS transient
response for the M&E evaluation model.

Comment:In section 2.9 of their initial submittal [1], Westinghouse stated that the same cold
leg/accumulator condensation model was used for the ECCS evaluation model as were used in
the M&E evaluation model. However, the ECCS evaluation model is focused on obtaining an
adequate prediction of PCT. On the other hand, the M&E evaluation model is focused on
obtaining an adequate prediction of the mass and energy release rates to obtain an adequate
prediction of containment pressures and temperatures. Because the figure of merit between the
two evaluation models is substantial different, what may be conservative or adequate in one
evaluation model may be non-conservative or inadequate in the other. For example, the M&E
release is generally decreased to generate a conservative PCI calculation. On the other hand,
the M&E release rate is generally increased to generate a conservative containment pressure
calculation.

Westinghouse Reso~onse

See the response to Set 3 RAI SCVB-RAI-1 1.
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2.21 RAI-3 - Downcomer condensation

RAl:Descnibe the validation data which supports WC/T ability to model downcomer
condensation and demonstrate that this data justifies WC/T ability to predict the RCS transient
response for the M&E evaluation model.

Commentln section 2.10 of their initial submittal [1], Westinghouse stated that the same
downcomer condensation model was used for the ECCS evaluation model as were used in the
M&E evaluation model_ However, the ECCS evaluation model is focused on obtaining an
adequate prediction of PCI. On the other hand, the M&E evaluation model is focused on
obtaining an adequate prediction of the mass and energy release rates to obtain an adequate
prediction of containment pressures and temperatures. Because the figure of merit between the
two evaluation models is substantial different, what may be conservative or adequate in one
evaluation model may be non-conservative or inadequate in the other. For example, the M&E
release is generally decreased to generate a conservative PCT calculation. On the other hand,
the M&E release rate is generally increased to generate a conservative containment pressure
calculation.

Westinghouse Response

See the response to Set 3 RAI SCVB-RAI-1 1.

2.22 RAI-3 - Loop flow split

PAl:Describe the validation data which supports WC/T ability to model the loop flow split and
demonstrate that this data justifies WCfU ability to predict the ROS transient response for the
M&E evaluation model.

Commentln section 2.13 of their initial submittal [1]. Westinghouse stated that the same loop
flow split modeling was used for the ECOS evaluation model as were used in the M&E
evaluation model. However, the ECOS evaluation model is focused on obtaining an adequate
prediction of POT. On the other hand, the M&E evaluation model is focused on obtaining an
adequate prediction of the mass and energy release rates to obtain an adequate prediction of
containment pressures and temperatures. Because the figure of merit between the two
evaluation models is substantial different, what may be conservative or adequate in one
evaluation model may be non-conservative or inadequate in the other. For example, the M&E
release is generally decreased to generate a conservative PCT calculation. On the other hand,
the M&E release rate is generally increased to generate a conservative containment pressure
calculation.

Westinghouse R.esponse

See the response to Set 3 RAI SCVB-RAI-1 1.
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SCVB-RAI-1: Methodology on Modeling Containment Condition

Please describe the input requirement or disposition of the containment condition. The
containment condition may include the containment pressure and temperature conditions at the
break locations and safety injection flow conditions during recirculation phase. Provide
information about whether a containment model like the one developed with GOTHIC as shown
in WCAP-17721, Revision 0, TR is required in order to provide the required containment
condition. If a containment model is required, please prescribe such a requirement in WCAP-
17721, Revision O. Othen~se, please specify how the containment condition shall be input and
justify its conservatism for the containment response.

Westinghouse Response

The containment pressure, recirculation start time, recirculation flow rate, and recirculation
enthalpy are required as input for the WC/i" LOCA M&E release calculation. All of these input
values can be conservatiely defined when not running the W.C/T LOCA M&E model in parallel
with a containment model.

Using a higher containment backpressure will[

Jc. This is consistent with the recommendation in ANS 56.4-1983.

The recirculation flow rate is calculated using a resistance model and, like the safety injection
flow rate, is [ ]a.. Because the
recirculation water temperature is typically higher than the injection water temperature, starting
recirculation [ ]•c will increase the steam release to
containment and result in a higher calculated containment pressure and temperature. Therefore,
when running the W C/T LOCA M&E model in stand-alone mode, the recirculation start time is
typically [ ]Fc. The
recirculation start time is[

•= The
calculated recirculation water temperature output value from the containment model is used in
subsequent iterations.

Page 8 of 41

WCAP- 17721 -NP-A September 2015
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-55
WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-55

W"STflG0OUSENON-PRDPRIETAR.Y ClASS 3 L'Ia-1qRC-15-5 'P-AIbdmien

SCVB-RAI-2: Direct Vessel Injection and ADS-4 Operation

Provide the reason to introduce the direct vessel injecton and ADS-4 operation in WCAP-
17721. Revision 0, that, as described, are applicable to the passive plant design. If WCAP-
17721. Revision 0, TR covers these two operations, then a complete description and
justification of modeling with WCOBRAITRAC should be provided in WCAP-17721, Revision 0.
Otherwise, they should be removed from TR WCAP-17721, Revision 0.

Westinghouse Response

These tw important phenomena are listed in the referenced LOCA M&E phenomena
identification and ranking table document Westinghouse feels that it is important to include
them in the WCAP-17721-P Table 2-1 for completeness. The methodology that is described in
WCAP-1 7721-P does not consider these two phenomena because they are related to the
passive plant design. Instead, Sections 2_12 and 2_14 refer to another document that has not
yet been submitted to the NRC for review. Therefore, to eliminate a reference to a report that
has not yet been officially submitted, the last sentence in those two Sections will be revised in
the linal version of the topical report as follows: The LOCA M&E release calculation
methodology for the passive plant design is described in a separate document that is not a part
of this topical report.
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SCVB-RAI-5: GOTHIC Topical Report

Section 5.2 stated that an approved GOTHIC TR was used in the proposed WCAP-17721,
Revision 0. TR methodology. Please add the approved GOTHIC TR in the reference section
(Section 9). In addition, specify the GOTHIC version that can be as used with COBRAITRAC.

Westinghouse Resoonse

WCAP-17721-P describes the PWR LOCA M&E release calculation methodology and how¢ the
W.C/T code has been modified to allow itto run in parallel with the GOTHIC containment
analysis code. The__WCIT code can run in parallel with GOTHIC code versions that have the
InterProcess Communications option: this includes GOTHIC version 7.2 and subsequent
versions. Running the_.WCIT LOCA M&E release calculation coupled with a GOTHIC
containment model is an option for utlitdies that use GOTHIC to calculate the containment
response, but this is not a requirement for the LOCA M&E release calculation methodology.

A number of plants have amended their licensing basis to use the GOTHIC code for their
containment evaluation model. Typically, this has been done as part of a power uprate
submittal. The GOTHIC large dry containment model that is described in this topical report w,,as
developed following the methodology that is presented in WCAP-17152-P, which supports an
extended power uprate submittal.
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$CVB-RAI-6: GOTHIC Running In Parallel With WCOBRAITRAC
Provide the methodology for the requirement of time steps. e.g. maintaining relative magnitude
or ratio of time steps, used in both GOTHIC and WCOBRAITRAC when GOTHIC is running in
parallel with WCOBRATtRAC. Provide these time steps used in both Sec. 5.3 and 6.1 cases."

Westinghouse Response

The time step sizes of the representative cases presented in topical report WCAP-17721-P are
consistent with Westinghouse guidance for each of the respective codes. Table 1 shows the
Westinghouse guidance recommendations for GOTHIC time steps for a loss-of-coolant accident
(LOCA) transient_ The representative GOTHIC model uses the time step data that is shown in
Table 2. These time steps are more restrictive than the guidance recommends to capture all
important containment response phenomena.

Table 1: Recommended Time Steps for LOCA

K I
Table 2: GOTHIC Time Domain Data used in the Representative Case

Section 22-5 of the W.C/T Code Qualification Document (CQD) (WCAP-1 2945-P-A Volume 4,
Revision 1) describes the development of the approved time step controls and the maximum
allowable time step sizes. A large number of WC'I- simulations were performed for selected
experimental facilities and pressurized water reactors (PWRs) to determine the sensitivity of
calculated results to timestep controls and maximum allowable timestep sizes.[

]Jc The representative WC/'I LOCA mass and energy release (M&E) model input
follows the CQD recommendations, as shown in Table 3.
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Table 3: WC/J" "ime Domain Data used in the Representative Case ._

en WCTand GOTHIC are coupled the codes execute in parallel with their own time steps
and re yncronzedthrough the readMrrte run-time files to provide to each other time-

consistent information. The code with the larger time step (typically GOTHIC) waits at the end of
each time step for the other code to catch-up in time to continue. Although GOTHIC typically
runs with larger time steps than WCJ, the code interface logic has been constructed such that
this is not a requirement, as a more complicated containment model could potentially run with
very small time steps.

WCAP-17721-P does not document a requirenment for setting the maximum time step size for
each of the codes, because the interface was written to be able to work properly regardless of
the time step size of the W.C/T and GOTHIC processes.

The representative runs documented in Sections 5.3 and 6.1 use a GOTHIC maximum time
step which is [ ]r. The first of the
representative cases is a double-ended pump sucton (DEPS) LOCA with minimum safety
injection (SI). The time step sizes are primarily [ ]'= for
GOTHIC and W.ClT, respectively. Figure 1 shows a comparison of the time steps used in W C/T
and GOTHIC for the DEPS Min SI case. The double-ended cold leg (DECL) and double-ended
hot leg (DEHL) runs presented in Section 6.1 of WCAP-17721-P yielded similar time step sizes
for W C'IT and GOTHIC. Results from these cases were presented in WCAP-17721-P.

In order to demonstrate the null-effect of reducing the GOTHIC maximum timestep size, the
DEPS Min SI case was run again with a GOTHIC maximum time step size oft[]•=
consistent with the maximum WCJT time step size. Figure 2 compares the GOTHIC and WC/T
time step sizes from this sensitivty case.
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Figure 1: Comparison of WC/T and GOTHIC Time Step Size from the Representative DEPS LOCA CasePresented in WCAP-1771-P

aLc

Figure 2: Comparison of WOFIT and GOTHIC lime Step Size from the Sensit•t Case with the Reduced
Maximnum GOTHIC Time Step Size
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A comparison of the primary figure of merit, peak containment pressure, is shown in Figure 3.
Visually, the figure shows little to no difference in results with the reduced GOTHIC time step
size_ A finer look at the data reveals that the containment pressure remains within [ ]f*c psi of
the results presented in the topical report_

Figure 4 shows that the vapor temperature is initially slightly higher than the reduced time step
case for the first couple seconds, but then levels out for approximately 2000 seconds before the
sensitlivity case calculates a higher temperature. The long term vapor temperature from the
reduced time step case never reaches more than [ ]•F above the base case results.

Differences in the sump temperature are as large as [ ]a00=F in the first 10 seconds, but beyond
150 seconds the sump temperatures remain within [ JaC°F of the results shown in the topical
report shown in Figure 5.

The instantaneous break releases, Figure 6 through Figure 9, are much harder to compare
because of the oscillatory nature of results from W.C/T therefore a comparison of integrated
break mass releases is also induded in Figure 10. The integrated break releases of the
sensitivity case always remain within less than [ ]3.C of the base case. Please note that the
break flow is calculated as a negative value because of the GOTHIC flow path orientation. The
minimal differences between these two cases demonstrate that even if the GOTHIC DTMAX is
reduced to the WC/T DTMAX the effect on the transient results is negligible.
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One additional sensitivity case was completed to further demonstrate that even if the GOTHICD'IMAX is reduced below the W Cf" DTMAX the impact on the resudls is sf1 negligibe. The
calculated peak containment pressure and vapor temperature are equal to the previous
sensitiviy case results where the maximum time step size is equal in both of the codes. The
maximum calculated liquid temperature is within [ ]*F of the base case. Figure 11 compares
the time step size used in each of the transients. Figure 12, Figure 13 and Figure 14 compare
the figures of merit

It has been demonstrated that tmranient results from the coupled codes are not sensitive to time
step size.

Page 19 of 41

WCAP- 17721I-NP-A Spebr21
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-66

WESTING)Ut1SNON-PROREARYai.ASS 3 ETR-NRC-15-5 NP-Andm.

Figure 11: Comparison of WCI and GOTHIC Time Step Size from the Sensitiv'ty Case whr the
Maximuim GOTHIC Timne Step Size <«thie Maximuzn WC/T Time Step: Size
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Figure 12: Copro of Calculated Containment Pressure between the Representative DEPS LOCA
Case presented n WCAP-17721-P and the Senstvt Cases wit Reduced Maxinmum GOTHIC Trime

Step Sizes
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SCVB-RAE-: 241-hr Containment Pressure

Figure 6-2 shows that the cotainment pressure, especiall for double-ended pump suction
(DEPS) case, is nsing ale 5000 sec. Provide 24-hour (86400 seconds) conqtainment response
for both DEPS (Secdion 5.3) and double-ended hot leg (DEHL) (Section 5.4) cases. Provide the
analysis procedkme (methodolo~gy) to assure the adequacy of coriaxirment heat removal system
by demonsratkig, fo exampzle, that the containment pressure will be below 50% of peak
pqresswe alter 24-ho•w ino LOCA (NUREG-0800, "Standard Review Ptan 62.2," Contauiment
Heat Removal Systems.')

w estfi•'ouse Rsos

The LOCA M&E cacioalaion for the long-term equipment quaification (EG) application is biased
to maximize th calclajaed long-teim containment pressure and temperature. The biasing for
this applrication is decre in Section 4.2 of WCAP-1772 1-P and the cowresponcing
cotiweiresponse for the DEPS, DECL, and DEHL cases is shown in Figures 6-1 and 6-2.
As show in Figure 6-1. ihe calculated pressure for the DEHL case increases the fastest during
blowdown phase, but coutimues to decrease after the end of blowdown and becomes less than
the DEPS and DECI cases after about 300 seconds.

After the end of blwdw, the LOCA M&E releases for the DEH-L case will always be lower
thai the DEPS aid DECI cases because[

]r• Therefoe, the calculated conrtainment pressure for the DE-HL case will always
be lower thai the DEPS or DECL cases within a short period of time alter the end of blwdw.
Thsis cordinned in Figure 6-2. Figure 6-2 also shows that the calcuiated pressure for the DEPS
and DECL cases is less thai 50% of the peak by 3000 seconds, but starts trending upward just
before 5000 seconds.

Figure 6-12 in Secdion 6.2 shows that the calculated pressure for the DEPS case levels off at
about 33 psia, which is sli less than 50% of the peak pressure, then contiues to trend
donwn out to 50000 seo~ids as the core decay heat continues to decrease. As shown in
Figlure 15, this case was extended to 24 hours to demonstrate that the containment pressure
woeld remain less thai 50% of the peak at 24 hours after the LOCA event•
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SCVB-RAi-8: 24-h=r Integrated Mass and Energy Release via Break

Please provide the integrated mass and energy release from break up to 24-hour (86400
seconds) for Figures 5-7 and 5-8; similarty, for DEHL case (Section 5.4).

WetnhueResponse
The integrated mass and energy release comparison for the DEPS case has been extended out
to 24 hows and us shown in Figure 16 and Figure 17. After 5400 seconds (the end of the WO/T
calculation), the DEPS case mass and energy releases are calculated following the method that
us desoried in Section 42 of WCAP-17721-P. The integrated mass release comiparison shows
that the mass release from WC/T remains higher than the benchmark case after about 1000
seconds. This us because wc, r calculates the recirculation time to begin about 300 seconds
later thn tie time that was assumed in the benchmark case. The intgae energy release
cornpaison shows that the energy release from WC/T is lower than the becmr until about
20000 .seconds. This is because WCIT calculates lower steam generator and metal energy
release rates than were assumned in the benchmark case. Because the irta stored energy in
the WC/ model us slightly higher than the benchmark case, the integrated energy release

The DEHL mass and energy releases for the benchmark case are only available through the
end of blowdown. Therefore, a long-term compason of the integrated DEHL mass and energy
release cannot be made.
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Fugure 16: Integrated DEPS LOCA Mass Release Cornrarison
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$CVB-RAI-9: Conservatism of Calculated Containment Pressure Peak

Use the sample cases in Sec. 5.3 or 6.1 as examples to provide the order of magnitude of the
conservatism of containment peak pressure by assuming that the conservatism is completely.
due to the mass and energy release calculation with WCAP-17721, Revision 0, methodology.

Westinghouse Response

In order to quantify the amount of loss-of-coolant accident (LOCA) containment peak pressure
margin due to conservatisrms in WCAP-17221-P, two additional break cases were created for
the large dry representative plant_ These cases are based on those presented in
WCAP-17721-P Sections 5.3 and 61.1 except that the LOCA M&E mode! conservatism has

been removed in the following ways:[

The majority of the operating plants in the PWR fleet have large dry containment designs.
These are typically limited by the double-ended hot leg (DEHL) blowdown peak containment
pressure. As shown in Figure 18, the blowdown peak pressure of the DEHL LOCA case with the
LOCA M&E model conservatism removed has over [ J• psi of margin and the pressure is as
much as [ ]• psi lower. A comparison of the peak calculated pressures is presented in Table 4.
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Table 4: Summary of Results from the DEl-L Cases

[Description Base Case Nominal CaseI Difference
Containment Pressure pia) 59.36 [•

Figure 18 compares the containment pressure for a 600 second DEHL LOCA transient
a.

Figure 18: Containment Pressure Comparison for DEl-L LOCA
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A double-ended pump suction (DEPS) LOCA transient with minimum safety injection (SI) flows
case wtas run with the same LOCA M&E model conservatisms removed as the previous DEH-L
case. The results in Table 5 show that there is approximately [ ]a~ in peak pressure
margin as compared to the case presented in WCAP-17721-PR The long term calculation
demonstrates an increased pressure margin is pfimanly due to the [ ]
(Figure 19).

Table 5: Summary of Results from the DEPS Mmn SI Cases

SDescriplion Base Case[ Nominal Case Difference[

Containment Pressure (pia) 56.58 [

Figure 19 compares the containment pressure for the first 600 seconds of a 5000 second
transient. .

Figure 19: Containment Pressure Comparison for D EPS LOCA with Mmnirmum S I Flaw Rates
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The limiting ice condenser case was also run with the same LOCA M&E model conservatisms
were removed as desczbed for the large, dry containment design.

The peak pressure and temperatures of the DEPS LOCA with Minimum SI flow case show that
there is overt [ ]= psi margin on the peak calculated pressure. The larger benefits are seen in
the long-term transient effects. The nominal case extends the time to melt out the ice and
maintains a lower containment pressure for a longer duration. A summary of the peak calculated
pressure and temperatures is seen in Table 6.

Table 6: Summary of Results from the DEPS Mmn SI Cases in an Ice Condenser Containment

~DescriptionIContainment Pressure (osia) SBase Case Nominal Case Difference

Figure 20 compares the containment pressure for a 20,000 second transient.

Figure 20: Containment Pressure Comparison for DEPS LOCA with Minimum SI Flow Rates fn an Ice
Condenser Containment
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Note that the LOCA M&E model conservatisms that were removed for these sensitvt cases

are based solely on the conservatisms that are explicitly stated in WCAP-17721-P Section 4.1.
Many inputs to a LOCA M&E analysis are specified by various entities within Westinghouse,
and in many cases utilities specify the input. For example, if containment pressure margin was
needed in a licensing basis analysis, efforts may be made to recalculate SI flows with less
conservative assumptions. Though not directly a WCiT input, another example could be less
restrictive heat exchanger (liX) performance provided by the utilities which would yield cooler
recirculation SI.

In summary, approximately [ ]f. of margin are available in the WCAP-17721-P
peak pressure cases for the large dry and ice condenser plants, respectively, based on
remaining conservatism from inputs [ ]Jc However, it is expected a
licensing basis calculation, which relies on many inputs external to the analysis, could yield
additional margin.
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SCVB-RAI-1O: Limitation of Containment Modeling for WCAP-1 7721, Revision 0,
Methodology

Provide the limitations on the containment model in order to employ the coupling methodology
between WCOBRAITRACT (sic) and GOTHIC as descnibed in WCAP-17721, Revision 0. Note
that Table 5-2 indicates that the containment is modeled as one single lumped volume. Will the
multi-volume containment model not be applicable to the methodology?.

Westinqhouse Response

The only potential limitation on the type of GOTHIC containment model that could be coupled
with W_.CT would be associated with the time step size selection. The time step size selection
logic that is used in GOTHIC is independent from the time step size selection logic that is used
in W C/T. Typically, the time step size that would be used in a GOTHIC single lumped parameter
volume containment model would be much larger than the time step size that would be used in
a WC/T model. [

]JE=lt is possible that the time step size for a multi-node lumped parameter or distriuted

parameter GOTHIC model could be smaller than the one selected in a WCIT model_ However,
the response to SCVB-RAI-6 provides the results of two sensitivity cases that demonstrate the
coupled GOTHIC containment code results are not affected by the time step size selection logic.

Therefore, there are no known limitations on the type of GOTHIC containment model that could
be used to employ the coupling methodology with WCJT. [

to calculate the containment response in parallel with the LOCA M&E releases.
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SCVB-RAI-1l: Conformance of Regulatory Guide (RG) 1.203, "Transient and Accident
Analysis Methods."

Please justify the applicability of WCAP-1 2945-P-A, 'Code Qualification Document for Best
Estimate LOCA Analysis," March 1998. to the demonstration of WCAP-1 7721, Revision 0,
conforming to RG 1.203, 'Transient and Accident Analysis Methods." Note that all development
and assessment made in WCAP-12945-P-A is focused on the ligure-of-menit of peak cladding
temperature (PCT) while the expecting development and assessment for WCAP-1 7721.
Revision 0I, is known to be the figure-of-merit of the peak of containment temperature and
pressure. The timing (order of 100 seconds) and thermal-hydraulic conditions (reflood phase)
determining POT are not necessarily the same as those for peak containment temperature and
pressure (i.e., order of 10 and 1000 seconds for blowdown and post-reflood phase,
respectively). An equivalent code qualifcation document for TR WCAP-17721, Revision 0, is
expected to be developed and assessed with respect to the peak containment temperature and
pressure, or, at least, the corresponding mass and energy release.

Westinghouse Response

Regulatory Guide 1.203 describes a process that the US Nuclear Regulatory Commission
(NRC) staff considers acceptable for use in developing and assessing evaluation models that
will be used for analyzing design basis accidents as described in Chapter 15 of the Standard
Review Plan (NUREG-0800). This RAI questions whether key aspects of RG 1.203 are
adequately documented for the Loss of Coolant Accident (LOCA) Mass and Energy (M&E)
methodology described in WCAP-17721-P. The basis of the question is largely focused on
whether the code validation that wams used to assess the figures of merit for a large break LOCA
to demonstrate compliance with 10 CFR 50.46 can be applied to the generation of LOCA M&E
input for the containment integrity analyses.

It is recognized that the figures of merit for a LOCA analysis meant to validate the ECCS
performance (i.e., ensure compliance with peak cladding temperature and maximum local
oxidation, along with other criteria as identified in It0 CFR 50.46), and a LOCA analysis meant to
assess containment integrity (i.e.. peak containment pressure and equipment qualification
requirements), are different. For legacy methods this has led to different emphasis on the
conservative biases applied to the physical modelling (e.g., bias modelling to obtain minimum
containment backpressure for ECCS performance calculations, versus bias modelling to obtain
maximum containment backpressure for containment integrity).

With the advent and successful licensing of realistic LOCA analysis codes, an alternate
approach is to use a mechanistic code to provide the realistic system response to a given set of
inputs, while biasing the inputs to ensure a conservative calculation of the LOCA M&E release_
It is acknowledged that the goal of a completely realistic calculation of the complex phenomena
associated with a large break LOCA cannot be perfectly realized_ Therefore, it is important that
the imperfections in the code calculation of the key parameters affecting the figures of merit be
quantified via comparisons wit applicable data, and the consequences explained. In this
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manner, any biases (conservative or non-conservative, depending on the figure of merit) can be
clearly explained in the context of the given application.

From Section 2 of WCAP-1 7721-P, the following high ranked phenomena have been identified
for the LOCA M&E application. Each of these is considered to be realistic or appropriately
biased to be used with the WCOBRAJTRAC WCJI") code for calculation of the LOCA M&E
release, as explained in the following.

Break Flow - As discussed in Section 2.1 of WCAP-117721-P, the break flow model in WCJT
has been compared with relevant data from the Marviken facility, and is considered to be an
appropriate predictor of critical flow. The critical flow model is important during the blowdown
phase of the transient. Section 25 of WCAP-12945-P-A addresses code and experiment
accuracy according to Step 9 of the Code Scaling, Applicability and Uncertainty (CSAU)
methodology'. Step 9 of the CSAU methodology is similar to Step 14 of RG 1.203, where
assessment of code accuracy is considered. Section 25-2 of WCAP-1 2945 focuses on the
critical flow comparisons to test data, specilically the Marviken separate effects tests. As
described in WCAP-17721 -P, Figure 25-2-1 indicates[

]&C. The WCIT
break flow model has been shown to generally agree well with the Marviken test data.

For the LOCA M&E application to PWR analyses, the RCS volume is [ ]• and
uncertainties on RCS temperature are skewed in the conservative direction to maximize the
blowdown M&E release. Therefore, the WC/T break flow model with these input biases provides
an adequately conservative prediction of the LOCA M&E release.

This response also addresses Set2 RAI 2.3.

Core Stored Energy Release -As explained in Section 2.2 of WCAP-17721-P, the initial core
stored energy is biased conservatively (high) via inputs for the LOCA M&E application.

Decay Heat - The figure of merit between LOCA M&E (containment pressure) and LOCA PCT
(peak cladding temperature) differ;, however, high decay heat is conservative in both
applications. As explained in Section 2.3 of WCAP-17721-P, the inputs required to specifi! the
decay heat model in WC/T are biased very conservatively, unless otherwise specified in a plant-

SNUREGICR-5249, Rev. 4, "Quantifying Reactor Safety Margins, Application of Code, Scaling,
Applicability, and Uncertainty Evaluation Methodology to a Large Break, Loss-of-Coolant Accident,=
December1989
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specific application. The key inputs for decay heat in the ANS-1 979 model are fuel bumup and
fuel enrichment. Values are typically selected that would bound plant operation.

In the event a more realistlic treatment is taken for a plant-specific application, then the applicant
would have to clearly describe the approach. Cycle specific checks would have to be made to
verifyj plant operation wourd not violate the LOCA M&E decay heat modelling assumnptions.

Reflood Heat Transfer- Section 2.4 of WCAP-17721-P summarizes the performance of the
W CJT reflood heat transfer predictions, and references WCAP-12945-P-A. For the reflood heat
transfer assessment, WCAP-12945-P-A contains__WC/T simulations of experiments in live
separate effects test facirities (Volume 2) and three integral effects test facilities (Volume 3).
Although the focus of the assessments was the LOCA PCT application, data useful relative to
the LOCA M&E application is presented. From the perspective of LOCA M&E releases, the
most relevant conclusion is that [

P.-

[ ]JaG can be observed in Table 7 below, which
summarizes the WC/T rellood test comparisons from WCAP-12945-P-A. It should be noted that

[

This response also addresses Set 2 RAI 2_5 and Set 2 RAI 2.6.

Table 7: WCOBRAJTRAC COD Test Comparison [
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Upper Plenum EntrainmentlDe-Entrainment and Condensation - The discussion in
Section 2.5 of WCAP-1 7221-P is similar to the Reflood Heat Transfer discussion directly above.
The CCTF tests (Section 14-2 of WCAP-12945-P-A) provide good integral test data relative to
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these upper plenum phenomena because it includes 4 loops, a full length core, and simulated
upper plenum construction. As indicated above ma Table 7, the W.C'IT model[

I•
WCAP-12945-P-A Section 14-2-6-1 in particular descnibes how WC/T [

]1,c.
This response also addressed Set 2 RAI 2_7_

Hot Leg Condensation - This phenomenon is ranked high after the transfer from cold leg to
hot leg recirculation. As noted in Section 2.6 of WCAP-17721-P, the transfer to hot leg
recirculation is not considered in the WCJT LOCA M&E model. Hot leg recirculation would
condense most, if not all, of the core steam release going through the broken loop (especially
long term), and reverse the directon of core flow. Therefore, modelling of this phenomenon has
been neglected in the WCAP-17721-P methodology to conservatively maximize the steam
release from the RCS to containment.

Hot Leg EntrainmentlDe-Entrainment - This phenomenon is ranked high in Section 2.7 of
WCAP-17221-P because of its relationship to the liquid droplet transport from the core to the
steam generator (via the upper plenum and the hot leg). In the WC/T model, [

IJ,, which enhances secondary to primary heat transfer.
Appendix A of WCAP-1 2945-P-A provides a discussion of loop flow characteristics in pages
A-38 through A-40 for the CCTF Test 62. The overall conclusion is that[

In response to Set 2 RAl 2_8, hot leg entrainment and do-entrainment were high ranked
phenomena because[

]F'. Subsequent WC/T studies indicated that [

f-c

Steam Generator Heat Transfer - Secondary to primary heat transfer is ranked high for the
long term period. As noted in Sections 28 and 3.2 of WCAP-17721-P, the WCJTI calculated
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steam generator secondary fluid temperature decreases faster than the FLECI-T-SEASET test
data. This indicates that the model over predicts this phenomenon. This is conservative for the
LOCA M&E release calculation.

Cold LeglAccumulator Condensation - The UPTF experiments included a test designed to
examine steamlwater mixing in the cold legs and downcomer. This is documented as UPTF
Test 8 in Sections 14-4-12 through 14.-4--14of WCAP-12945-P-A. Figures 14-4-175 through
14-4-178 indicate that WC/T provides a [

]f=o indicating realistic prediction of interfacial heat
transfer and condensation. UPTF Test 8 Figures 14-4-167 and 14-4-168 show the relatively
constant steam flow rate of approximately 100 kg/s and the varying ECCS injecton rates, which
range from 150 kg/s to 600 kg/s. These test conditions indicate that WC/T is capable of
modelling steam/water mixing consistent with test data over a significant range of steam flow to
ECCS flow ratios, induding those applicable to the post reflood portion of a LOCA transient.

This response also addresses Set 2 RAI 29 and Set 2 RAI 2.20.

Downcormer Condensation - Tests that do not model a forced refiood condition (i.e_ no
blocked downcomer) are the most useful for validation of the modelling of this phenomenon.
UPTF Test 8 (WCAP-12945 Sections 14-4-12 through 14-4-14) provides the best basis for
condensation performance comparisons. Phase A is the relevant part of Test 8 to this
discussion, as Phase B considers hot leg recirculation which is not modelled in the WCIT LOCA
M&E methodology. Figures 14-4-177 and 14-4-178 show measured and predicted fluid
temperatures near the vessel in Loop 2, downstream of the safety injection location. The
measured and predicted fluid temperatures [

]f0. The liquid slug formation cydle as described in
Section 14-4-12 is allowing a non-equilibrium mixture, consisting of saturated steam and
subcooled water, to enter the downcomer. These conditons will provide significant
condensation in the downcomer. Condensation is not a parameter that can be directly
measured in the test facflities, so the condensation performance must be compared in a
somewhat qualitative manner. [

]•=. Therefore, this
phenomenon is adequately predicted by WCIT through the reflood phase. The accumulator and
safety injection input parameters are conservatively biased for the long-term LOCA M&E
release calculation, as described in Section 2.10 of WCAP-1 7721-P.

This response also addresses Set2 RAI 2.21.

Downcomaer Stored Energy Release - The WCJT vessel heat transfer package breaks up wall
heat transfer models into two large categories based on local fluid flow and wall temperature
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conditions, as discussed in WCAP-l12945-P-A Sections 3 and 6. The first of these is the 'hat
w,,al" flow regime, which is selected when a heated surface (i.e., nuclear or heater rod) is
present and the wall surface temperature exceeds the critical heat flux temperature. This is
largely observed in the core on the fuel rod outer surfaces during the reflood phase of the
transient The second flow regime is referred to as 'normal wall' or 'cold wall,' where the wall
surface is able to be fully wetted. This is typically the situation for the bulk of downcomer metal
heat transfer to the primary fluid where the heat transfer mode may be nucleate boiling in a
saturated environment or nucleate boiling in a subcooled liquid environment, both effective
means of heat transfer. The contribution of downcomer stored energy is considered to be
conservatie for both the LOCA M&E and PCT calculations. Removing stored RCS metal
energy rapidly results in a high steam generation rate and accordingly a high RCS break energy
release rate. The generation of steam in the downcomer, while conservative for the LOCA M&E
calculation, is also conservative for POT [

]fc. UPTF Test 25 was initiated with superheated vessel wall and
barrelibaffle metal. The test pressure in the vessel varied between 240 kPa and 320 kPa
(35 psia and 46 psia) according to Figures 14-4-144 and 14-4-145, with corresponding
saturation temperatures of 126CC and 135CC (259°F to 275°F). The measured and predicted
fluid temperatures shown in Figures 14-4-16 through 14-4-149 are[

This response also addresses Set 2 RAt 2_1.

Loop Flow Split - The loop flow split, or the ratio of steam exiting the core into the intact
loop(s) versus the broken loop, is dictated by differences in the loop flow resistances. The most
significant flow resistances occur in the steam generators and the pumps.[

Just after transient initiation, the pumps will trip and begin to coast down according to the

homologous curves, which account for the various flow conditions that may exist in each loop
(e.g. foiward flow, reverse flow, two phase). This model is described in WCAP-12945-P-A
Section 9-4. Relative to transient test data, WCAP-12945-P-A Figures 14-1-18 and 14-1-19
indicate that WCJT accurately predicts the broken loop hot leg flow rate for the LOFT blowdown
for tests L_2-5 and LB-i (tests with sipped pumps). Figures 14-1-26 and 14-1-27 indicate
reasonable agreement for measured and predicted intact cold leg flow rates for 1.2-5 and LB-i,
respecivly. This agreement indicates that the WOIT calculated core exit flow split is acceptable
relative to applicable test data.

The steam generatorfiow resistances are based on the amount of fluid entering the steam
generators from the core, which is typically a relatively high quality two phase mixture. The
steam generator secondary fluid temperature is much higher than the ROS fluid temperature
after blowdown. Until the steam generator secondary fluid temperatures equilibrate with the
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primary side temperature, liquid entering the tubes will boil. This will create a large volume of
steam and the associated pressure drop will be based on the loss coefficient input values. As
the transient progresses, the amount of steam and water exiting the core changes, and the
steam generators progressively cool down. These parameters vary dynamically as the transient
progresses, and the associated ratio of intact and broken loop flow is considered to vary
appropriately.

In very long term WC/T LOCA M&E calculations, there is the potential for liquid to enter the
intact loop seals. This phenomenon, referred to as loop seal plugging, is described in
WCAP-17721-P Section 2.13. While loop seal plugging affects loop flow resistances and thus
the loop flow split, it is considered to be realistic.

This response also addresses Set 2 RAt 2_22_

Conclusion - In summary, the previous code assessments documented in WCAP-12945-P-A
for the LOCA PCT calculation also provide an adequate assessment of the WC/T code from the
perspective of the LOCA mass and energy release calculation. For the most part, the
predictions can be considered realistic or conservative for the LOCA M&E application when
biased appropriately. A conservative LOCA M&E analysis result is obtained by conservatively
biasing the code inputs. Where the predictions of important phenomena are biased, they are
adequate and appropriate for use in mass and energy release calculations. WCAP-12945-P-A,
as supplemented by WCAP-1 7721-P. serves as an appropriate vehicle for documenting the
informational needs identified in RG 1_203.
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U.S. Nuclear Regulatory Commission
Document Control Desk
11555 Rockville Pike
Rockville, Mid 20852

Westinghouse Electric CompanyEngineering, Equptment and Major Projects
1000I Westinghouse Drive, Buildings3
CranberryTownahlp, Pennsylvania 16058
USA

Direct tel:
Direct fax:

c-mail:

(412)3s7464(724) 940-8560
gieshaja@westingouse.sem

LTR-NRC-15-18

March 10, 2015

Subject.: Submittal of "WCAP-l7721-P N'RC Set 2, Safcty and Code Review Branch -Response to
Selected RAts" (Proprictary/Non-Proprictary),

Enclosed are the proprietary and non-proprietary versions of a report "WCAP-17721-P NRC Set 2. Safety

and Code Review Branch - Response to Selected RAIs."

Also enclosed are:

1. An Application for Withholding Proprietary Information from Public Disclosure, AW-15-4118 (Non-
Proprietary), with Proprietary Infornmation Notice and Copyright Notice

2. Au Affidavit (Non-Proprietary).

This submittal contains proprietary infornation 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 scts 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-15-41 18 and should be addressed to James A. Gresham2,
Manager, Regulatory Compliance, Westinghouse Electric Company, 1000 Westinghouse Drive,
Building 3 Suite 310, Cranberry Township, Pennsylvania 16066.

Very truly yours,

Regulatory Complinc

Enclosures
cc: Ekaterina Lenning (NRC)

Dr. Joshua Kaiser (NRC)
Dr. Shie-Jeng Peng (NRC)
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()Westinghouse

U.S. Nuclear Regulatory Commission
Document Control Desk
11555 Rockville Pike
Rockville, MD 20852

Westinghouse Electzric Company
Engineering, Etiuipment and Malor Projects
1000 Westinghoajse Driv, Bulrding 3
CranborryTownshlp, Pennsylvania 16068
USA

Direct tel" (412) 374-4643
Dir fax: (724) 940-8560

e.malb grcshaja @westingiouse.com

AW-15-4I 18

March 10,.2015

APPLICATION FOR WITHIIOLDING PROPRIETARYINFORMATION FRO.My PUBLIC DISCLOSURE

Subject: LTR-NRC-I 5-18 P-Attachment, "WCAP-1772 1-P NRC Set 2, Safety ,and Code Review
Branch - Rcsponse to Selected RAts"

Reference: Letter from James A. Gresham to Document Control Desk. LTR-NRC-1 5-1 8, dated
March 10, 2015

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 CPR Section 2.390, Affidavit AW-15-41 18
accompanies this Application for Withholding Proprietary Information from Public Disclosure, setting
faith 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-15-4118 and should be addressed to James A. Greshamn,
Manager, Regulatory Compliance. Westinghouse Electric Company, 10030 Westinghouse Drive,
Building 3 Suite 310. Cranberry Township, Pennsylvania 16066.

Very truly yours.

Regulatory Compliance
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AW-15-41 18
March 10, 2015

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

SS

COUNTY OF BUTLER:

I, James A. Gresham, am 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 my knowledge, information, and belief.

James A. Gresham, Manager

Regulatory Compliance
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(1) 1 axnManager, Regulatory Compliance. 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 nile making proceedings, and am authorized to apply for its withholding on behalf of

Westinghouse.

(2) I am malking this Affdavit in conformance with the provisions of 10 CFR Secetion 2.390 of the

Commission's regulations and in conjunction with the Westinghouse Application for Withholding

Proprietary Information from Public Disclosure accompanying this AffidavitL

(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 he 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 contitute Westinghouse

policy and provide the rational basis required.

Under that system, information is held in confidmene 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
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competitors without license from Westinghouse constitutes a competitive
economic advantage aver 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 improvcd marketability.

(c) Its use by a competitor would rcduce 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) Tt reveals aspects of past, presnt, 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.

tiii) 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 diminishcs thc Westinghouse ability to sell

products and services involving the use of the information.

(c) Use by our competitor would put Westinghouse at a competitive disadvantage by

reducing his expenditure of resources at our expense.
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(d) Each component of proprietary information pertinent to a particular competitive

advantage is potentially as valuable as the total competitive advantage, If

competitors acquire components of proprietary information, any one component

may be the key to the entire puzzle., thereby depriving Westinghouse ofra

competitive advantage.

(e) Unre~stricted disclosure would jeopardize the position of prominence of

Westinghouse in tihe 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.

(vi) 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.

Cv) 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.

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

appropriately marked in LTR-NRC-l5-lS P-Attachment, "WCAP-17721-P NRC Set 2,

Safety and Code Review Branch - Response to Selected RAIs" (Proprietary), for submittal

to the Commission, being transmitted by Westinghouse letter. LTR;-NRC-l 5-18, 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 N-RC approval of WCAP-t7721-P, and

may be used only for that purpose.

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

(i) Obtain NRC approval of the LOCA Mass and Energy Release Calculation

Methodology documented in WCAP-17721-P, 'Westinghouse
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Containment Analysis Me~thodology, - PWR LOCA Mass and Energy
Release Calculation Methodology."

(h) Further this information has substantial commercial value as follows:

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

for the purpose of assisting customers in obtaining license changes for a

Westinghouse pressurized water reactor (PWR).

(ii) Westinghouse can sell support and defense of industry guidelines and

acceptance criteria for plant-specific applications.

(iii) The information requested to be withhl~d reveals the distinguishing

aspects of a methodology which was developed by Westinghouse.

Public disclosure of this proprietary informnation is likely to cause substantial barmn 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 ytears 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 he expended.

Fur'ther the deponent sayeth not.
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Transmitted herewith are proprietary and non-proprietary versions of documents fisruished to the NRC
associated with Westingh ouse's request for NRC approval ofWCAP-17721, and maybe used only for
that purpose.

Tn order to conform to the requirements of 10 CFR.2.390 of the Commission's reguelations cou-eming the
protection of proprietary, infonmation so submitted to the NRC., the information which is proreary in the
proprietary versions is contained wihi brackets, and where the proprietaryi 5nforation has been deleted
in the non-proprietary versions, only the brackets remain (the informaation that was conamined within e
brackets in the proprietary versions hav•ing been deleted). The jus-tification for claiming the information
so designated as proprietary is indicated in both versions by means of lower case letters (a) trough (I)
located as a superscript immediately following the brackets enclosing each item of information being
identified as proprietary or in the margin opposite such informaation. These lower case letters refbrt the
types of information Westinghouse customarily holds in confidence identified in Sections (4)(ii(a)
through (4)(ii)(f) of the Affidvit accompanying this transmittal pursuant to 10 CFR 2390(b)(1)_

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The 'RC/ isprmte to
make the number of copies of the. informaation contained in these reports which are necessary, for its
internal use in connection with genaeric and plant-specific reviews and approvals as well as the isuac,
deiLamendment, 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 infformation has been identified as proprietary, by Westinghouse, coprih
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 aprpite docket files in the pulblic. document
room in Washington, DC and in local public document rooms as may be required by NR¢C regulatio-ns if
the nmmber of copies submitted is insuffcient for this purpose_ Copies made by the N'RC must include
the copy'right notice in all instances and the proprietary notice if the original was identified as pr-oprietary_
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WrCAP-17721-]P N'RC Set 2, Safety and Code Review Branch -
Response to Selected RA.Is (Non-Proprietary)

Westnlifouse Electric CompanyLLC
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The table below summarizes the Set 2 RAIs from the Safety and Code Review Branch' which
have responses included in this attachment

RAI # Title
2_7 RAI-3 - Upper plenum entrainment
2.10 RAI-3 - Equipment Qualification (EQ) and Net Positive Suction Head

__________analysis (NPSHa)
2.11 RAI-3 - Long term boil-off
212 RAI-3 - Event definitions
2.13 RA-3 -Main feedwater
2.14 RAI-2 - Auxiliary feedwater
216 RAI-3 - Safety Iniection (SI) water volume and temperature
2 17 RAI-3 - Nodalization
223 RAI-3 - Hot leg condensation in NPSHa and EQ
228 RAI-3- I-eat transfer directly to containment
2.29 RAI-3 - Inactive metal
2_33 RAI-3 - Secondary side heat transfer
2.34 RAI-6 - Delinitions for acronyms

Note: RAI 2.7 was previously addressed via LTR-NRC-15-52 by reference to the Westinghouse
response to SCVB-RAI-11I which w,,as included in that transmittal. Subsequent clarification calls
with the NRC reviewer responsible for set 2 have led to a request for Westinghouse to
supplement the previously supplied response with additional information relative to upper
plenum entrainment and de-entrainment. This supplemental information is provided in the
attachment to this letter.

Request for Additional Information Re: Westinghouse Electric Company Topical Report
WCAP-17721-P, Revision 0, and WCAP-17721-NP, Revision 0, lWestinghouse Containment Analysis
Methodology - PWR [Pressurized Wa•ter Reactor] LOCA [Loss-Of-Coolant Accident] Mass and Energy
Release Calculation Methodology," - Set2 (Safety and Code Review Branch) (TAC No. MF1797),
October 20, 2014 (ADAMS Accesston No. IML14254A251)

LTR-NRC-15-5, =Submittal of WCAP-17721-P NRC SatZ2 Safety and Code Review Branch, and Set 3,
Containment and Ventilation Branch - Response to Selected RAls" (ProprietarylNon Proprietary),"
January 2015.
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2.7 RAI-3 - Upper plenum entrainment

RAh: Demonstrate that method for modeling the upper plenum entrainmentlde-entrainment and
condensation in WC/T is appropriate for the M&E evaluation model such that the mass and
energy release is adequately predicted.

Comment In secton 2.5 of their initial submittal [1], Westinghouse stated that the same upper
plenum entrainment/de-entrainment and condensation model was used for the ECCS evaluation
model as were used in the M&E evaluation model. However, the ECCS evaluation model is
focused on obtaining an adequate prediction of PCT. On the other hand, the M&E evaluation
model is focused on obtaining an adequate prediction of the mass and energy release rates to
obtain an adequate predicton of containment pressures and temperatures. Because the figure
of merit between the two evaluation models is substantial different, what may be conservative or
adequate in one evaluation model may be non--conservatie or inadequate in the other. For
example, the M&E release is generally decreased to generate a conservative PCT calculation.
On the other hand, the M&E release rate is generally increased to generate a conservative
containment pressure calculation.

Westinghouse Response

Upper Plenum EntrainmentlDe-Entrainment and Condensation are discussed in the
Westinghouse response to SCVIB-RAI-1 1' which was transmitted to the NRC via
LTR-NRC-15-52. Subsequent clarification calls between Westinghouse and the NRC have led
to a request for Westinghouse to supplement the previously supplied response with additional
information regarding upper plenum entrainment and de-entrainment This supplemental
information is provided beE)o,,.

Supplemental Information Re: RAI 2.7 - Upper Plenum Entrainment I De-ent~rainment

SCVB-RAI-1 1 questioned the applicability of WCAP-1 2945-P-A (WCOBRAITRAC loss of
coolant accident (LOCA) peak clad temperature (PCT) code qualification document) to the
LOCA mass and energy (M&E) methodology, considering the figures of merit for LOCA PCT
and LOCA M&E are different The Westinghouse response to SCVB-RAI-1 1 contained a
summary of key LOCA M&E'phenomena and related them back to WCAP-12945-P-A from a
LOCA M&E perspective..

SRequest for Additional Informnation Re: Westinghouse Electric Company Topical Report

WCAP-17721-P, Revision 0, and WCAP-17721-NP, Revision 0, VWestinghouse Containment Analysis
Methodology- PWR (Pressuried Water Reactor] LOCA [Loss-Of-Coolant Accident] Mass and Energy
Release Calculation Methmdology' - Set 3 (Containment and Ventilation Branch) (TAC No. MF1 7971,
October 20, 2014 (ADAMS Accession No. ML14254A260).

'- LTR-NRC-15-5, =Submitta1 of W•CAP-17721-P NRC SetZ2 Safety and Code Review Branch, and Set 3,
Containment and Ventilation Branch - Response to Selected RAls' (Propnetaryi~on Proprietary),"
January 2015.
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One of the phenomena addressed in the Westinghouse response to SCVB-RAI-11I was upper
plenum entrainment and de-entrainment, wahich was specifically mentioned in RAt 2.7. The
Westinghouse response, documented in LTR-NRC-15-5, was focused on how test simulations
with WCOBRAITRAC suggested that [ ]•c during
the reflood process, and the two phase core effluent was transported out of the upper plenum. A
key figure used in this argument was WCAP-12945--P-A Figure 14-2-24, which showed that
WCOBRAITRAC predicted a [

]3.0 for the Cylindrical Core Test Facility (CCTF) Run 62. In
subsequent discussions, it was agreed that the[

It is recognized that the ability of WCOBRAITRAC to predict upper plenum entrainment and de-
entrainment must be determined [

]•. There are other
aspects of CCTF Run 62 that aid in determining the level of de-entrainment occurring in the
upper plenum. WCAP-12945-P-A Figure 14-2-25 shows general good agreement in the

[
]=c. The pressure drop from the lower plenum to the

upper plenum is influenced mainly by [

J3.0 in the prediction than the test data. Additionally, WCAP-1 2945-P-A
Figures 14-2-29 and 14-2-30 demonstrate that the measured vs. predicted flow rates through
the broken and intact loops are well predicted as compared to test data. Taken in conjunction
with the [ ]F,. the good agreement
on the [ f0 and the good agreement on the broken
and intact hot leg fluid flow rates indicate that WCOBRAITRAC is accurately predicting the net
effect of the upper plenum entrainment I de-entrainment phenomena.

Additionally, Section 15-2-3 of WCAP-1 2945-P-A provides information on the Upper Plenum
Test Fact'lity (UPTF) Test 29B. This was a separate effects test where a two phase mixture was
injected into an upper plenum simulator, and the predicted upper plenum fluid mass was
compared to the value calculated from test data. The conclusion of this comparison is that
WCOBRAJTRAC tends to [
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2.10 RAI-3 - Equipment Qualification (EQ) and Net Positive Suction Head analysis
(NPSHa)

RAl: Provide an explanation of the methodology for EQ and NPSHa analysis. With this
methodology, define the acceptance criteria which are used, how those criteria are
demonstrated to be meeL Provide this explanation for each of the three containment types (large
dry, sub-atmospheric, and ice-condenser). Additionally, address the relevant phases of each
methodology, incuding the post-reftood phase and the decay heat phase. Also address the
determination of the single active failure for both types of analyses.

Comment In table 4-1 row 20 their inital submittal [1], Westinghouse stated that they would
assume no steam-water mixing during the long-term containment pressure and temperature
analysis for EQ and complete steam-water mixing for minimum NPSHa analysis. However,
Westinghouse did not provide an explanation of the methodology for EQ or NPSI-a analysis,
what acceptance criteria were used, and how those criteria were demonstrated to be met.

Westing]house Response

WCAP-1 7721-P includes information on how Westinghouse intends to calculate mass and
energy releases used for input to the EQ and NPSHa analyses. Because the loss of coolant
accident mass and energy (LOCA M&E) release calculation is considered to be input to the EQ
and NPSI-a calculations, the acceptance criteria relative to EQ and NPSHa do not lie withi'n the
methodology described in WCAP-17721 -P. Westinghouse may supply mass and energy
releases biased to maximize steam release to the containment atmosphere to a third party
responsible for containment response. If Westinghouse is cognizant of the containment
response, limiting long term transients 'will be supplied to the party responsible for determining if
equipment will remain operational under the calculated conditions (typically utilities are
responsible for EQ programs). The NPSHa calculations are analogous, except that the biases
applied maximize sump liquid temperature.

The acceptance criteria for EQ are described in NUREG-0588 Revision 1. Item (1) under
Section 1.1 indicates that the time dependent temperature and pressure transients established
for the containment design may be used for EQ purposes (i.e. peak containment pressure
transient). For large dry and sub-atmospheric containments, WCAP-1 7721-P Section 42. states
that mass and energy releases with WCOBRAITRAC WCIT) will be calculated for at least one
hour in order to capture the transfer to sump recirculation. During this one hour period, the
blowdown, retlood, and post retlood (long term) phases are covered. After the VC/T mass and
energy release calculation is terminated, the long term boil off (decay heat phase) calculation is
initated (see Westinghouse response to RAl 2.11). The long term boil off calculation, or
steaming calculation as it may be called, conservatively maximizes steam release to the
containment atmosphere. The WCiT M&E release calculations for ice condenser plants are run
through the time of peak containment pressure. A transient time of 20,000 seconds is typically
long enough to capture ice bed meltout, reach the resulting peak containment pressure, and
demonstrate a downtumn in containment pressure subsequent to the peak. After the WCiT
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release calculation is terminated, an enhanced version of the typical steaming calculation is
used to calculate M&E releases (see Westinghouse response to RAI 2.11). The ice condenser
steaming calculation conservatively maximizes steam release to the containment atmosphere.
Note that long term EQ containment calculations are normally 30 day containment integrity runs;
therefore the W__C/T mass and energy releases are used only in a short portion of the overall
transient Whether the subject plant is a large dry., sub-atmospheric, or ice condenser design,
the mass and energy releases used for EQ purposes will be a composite of WC/T calculated
results (3,600-20,000 seconds) and steaming calculation results (up to 30 days).

Sump conditions become limiting when various pumps providing either core cooling or
containment spray flbw switch from refueling wrater storage tank (RWST) injection mode to
surnp recirculation mode, challenging NPSHa. These changeovers occur prior to 1 hour after
the double ended reactor coolant system (RCS) pipe rupture. At this time, the sump is at an
elevated temperature and the concern is that cavitation may occur due to the warm sump fluid
and pressure drop associated with the pumps and piping, and reduce the emergency core
cooling system (ECCS) or containment spray effectiveness. This is true for large dry, sub-
atmospheric, and ice condenser designs. The WCIT LOCA M&E release calculation is biased to
maximize energy in the liquid phase of the break releases. This is completed by calculating the
[

]•= Specific calculations for a plant application would determine the limiting single
failure, which could either be the loss of an emergency diesel generator, the loss of a
containment spray pump, or loss of a train of containment fan coolers (if the plant analysis
models safety grade fan coolers).
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2.11 RAI-3 - Long term b~oil-off

RAl: Describe how the steam-water mixing is calculated in this lang-term boil off calculation.

Comment: In table 4-1 row 22 of their initial submittal [1], Westinghouse discussed the long-term
phases of the event, but the definitions of each phase were not entirely cdear. Additionally, some
additional phases were discussed, but not defined. Also, further documentation was needed to
clarify the differences between the event itself and how that event was simulated. During an
audit at Westinghouse, the information requested above was discussed and the NRC staff
believed the information helped to provide a clearer understanding of the event and how the

event was simulated.

Westingqhouse Response

The LOCA M&E transient can be broken down into four phases; blowdown, reijood, post-
reflood, and long term decay heat removal. The blowdown through post-reflood phases are
calculated using the W_•C/T code, and are characterized by the blowdown peak calculated
pressure followed by an established trend of decreasing containment pressure after reflood for a
large dry containment, or after ice bed meltout for an ice condenser containment The long term
decay heat removal phase is not calculated by WLC/T. The long term decay heat removal phase,
also known as the boil-off calculation or steam•ing calculation, is calculated either in the
containment code (for example, using control variable logic in GOTHIC), or through hand
calculations (typically with a spreadsheet type application). The information provided below
details how the long term decay heat removal phase is modelled for the large dry, sub-
atmospheric, and ice condenser plant designs.

Large Dry and Sub-atmospheric Containments

The WC/T calculation is terminated at approximately 1-1.5 hours after break initiation. At this
time, there is energy stored in the RCS metal, steam generator metal, and steam generator
fluid. The quantity of stored energy for each of these terms is reported in WC/T output. Using
the code output, [
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This calculation maximizes the steam release to containment, as described in WCAP-17721-P
Table 4-I row 22. Although this calculation is non-mechanistic, the large dry containment heat
removal systems are capable of continuous depressurnzation in the long term transients.

Ice Condenser Contain ments

Ice condenser containments have a low design pressure and the containment heat removal
capabilities are not as robust as a large dry plant once the ice bed is melted out_ If after 20,000O
seconds the mass and energy releases in an ice condenser containment model were changed
from W.C!rTto the large dry steaming calculation descnibed above, a drastic increase in
containment pressure would result from the instantaneous change to the non-mechanistic
steaming calculation_ In addition, the ice condenser containment volume is approximately 1/3 of
a large dry containment For these reasons, the steaming calculation was enhanced for ice
condenser applications [
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2.12 RAI-3 - Event definitions

RAI: Provide a table which contains the following:

1. The phase of the event (e.g., Blowdo,,,n, Refill, Reflood)
2. The conditions which define the beginning of that phase.
3. The conditions which define the end of that phase
4. An approximate duration of that phase (in seconds)
5. An approximate starting time of that phase (in seconds -with 0 being the event initiation)
6. A description of how the phase is simulated (e.g., mechanistically in WC/T, conservatively

using certain approximations)

Additionally, provide a second table wh•ich contains a description of the energy sources which
impact each of the phases listed in the above table:

1. List each major energy source. The sources of energy should include, but not be limited
to: Inital stored energy in the fuel, primary wrater, water in the broken loop SG, water in the
intact SGs, primary metal, metal in the broken loop SG, metal in the intact loop SGs,
decay heat.

2. The approximate initial energy of that energy source at the beginning of the event (in kW).
3. The approximate amount of energy which is released during phase 1 (include both kW

and %)
4. The approximate amount of energy which is released during phase 2 (include both kW

and %)
5. The approximate amount of energy which is released during every other phase of the

event (include both kW and %)

Comment: In their initial submittal [1], Westinghouse discussed the different phases of the
event, but the definitions of each phase were not entirely dear. Additionally, some additional
phases were discussed, but not defined. Also, further documentation was needed to clarify the
differences between the event itself and how that event was simulated. During an audit at
Westinghouse, the information requested above was discussed and the NRC staff believed the
information helped to provide a dearer understanding of the event and how the event was
simulated.

Westinahouse Response

The requested tables are attached. Table 1 lists the various phases for the double-ended pump
suction (DEPS) loss of coolant accident (LOCA) evenL It also includes the time frames, the
conditions at the beginning and end of each phase, and a brief description of how the transient
response for that phase is calculated. Table 2 presents the transient energy inventory and
releases for a DEPS LOCA at a typical 4-loop plant with a large dry containment. The units for
the energy release are given in MBTU. The percentage values represent the fraction of the total
initial energy that is stored in that component or the fraction of the energy released by that
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component during the period. The fluid energy is referenced to 32°F, and the fuel and metal
energy are referenced to 212"F.
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Table 1 - Phases of the Lame DEPS Break LOCA Event
Phase Start Time Conditions at Start Approximate Conditions at End How Simulated

(seconds) Duration
_________seconds)

Blowdown 0 Full power steady state 20-30 The containment pressure has WNCOBRA-
increased substantially due to the TRAC (WCT)
rapid mass and energy release. The
reactor coolant system (RCS) is
mostly voided and the pressure is
approximately equal to the
containment pressure. The steam
generator (SG) pressure is at or near
the safety valve setpoint because the
turbine is tripped and the main steam

______________________________ __________isolation valves (MSIVs) are closed. _______

Refill 20-30 The accumulators are injecting 10-20 Accumulator Injection has filled the WC/'T
into the cold legs, but the vessel lower plenum to the bottom of
downcomer and lower plenum the active fuel. The SG pressure
of the vessel are mostly remains high. The containment
voided. The lower plenum pressure is constant or slowly
pressure is starting to decreasing.
increase. The containment
pressure is constant or slowly

_________decreasing. _______

Reflood 30-50 The fuel temperature is slowly 100-200 Safety Injection has quenched the WC/T
increasing. Safety injection core, the collapsed liquid level in the
has actuated and water is just core is stable and slowly Increasing,
starting to cover the active and the fuel temperatures are
fuel. dropping. A frothy 2-phase mixture is

exiting the vessel. The SG pressure
remains high. Containment pressure
could be constant or slowly increasing

________ ________ _____________________ _________(depending on the design). _______
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Table I - Phases of tihe Large DEPS Break LOCA Event (continued)
Phase Start Time Conditions at Start Approximate Conditions at End How Simulated

(seconds) Duration
(seconds) _________________

Post- 150-250 The core Is quenched, A frothy 5000 (dry) Sump recirculatlon has started, The WC/T
Reflood 2-phase mixture is entering the 20000 (ice) SG tubes have quenched and the

SG tubes and the lower inlet remaining secondary-side energy is
section has started to quench. being transferred to containment. The

SG fluid and metal is cooling from the
tubesheet up. Containment pressure
is past peak and decreasing.

Long-term 5400 (dry) Primarily a liquid release from Until End of C onservatively
Steaming 20000 (Ice) the vessel side and a Transient calculated, as

saturated steam or two-phase described in
release from the SG side of Section 4.2 of
the break. WCAP-17721-P

and in the
response to

____ ___ __ ___ __ ____ ___ ___ ___ ___ _ __ ___ ___ ___ ___ ____ ___ ___ ___ ___ RAI 2.11,
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2.13 RAI-2 - Main feedwater

RAI: Provide an estimate of the additional energy which the inclusion of main feedwater flow
would add to the secondary side of the steam generator and demonstrate that including this
additional energy is negligible compared to the total energy" already stored in the steam
generator_

Comment: In table 4-2 row 9 of their submittal 11], Westinghouse discussed how the main
feedwater flow would be ignored in the modeling of the event. Main feedwater flow is relatively
hot and will increase the energy stored in the steam generators, which will also increase the
mass and energy released to containment and could increase the peak containment pressure
and temperature. Therefore, ANS 56.4 suggests that this flow should be considered during
analysis. Westinghouse stated that they did not need to consider this flow for their analysis as
the adcditonal energy was negligible, but did not any quantitative analysis.

Westinghouse Response

A less of offsite power is assumed at the start of a LOCA event. The loss of offsite power
causes the feedwater pumps to trip and the flow rate to coast down. A safety injection (SI)
signal causes the feedwater control valve to start to dose. The SI signal is generated fairly
quickly in a large LOCA event Therefore, the main feedwater flow would continue for only a
short period of time following the design basis large LOCA event_

During the initial WCJT LOCA mass and energy (M&E) model development program, a
sensitivity case was made to examine the containment response to modeling the coast down of
feedwater flow. For the sensitivity case, the feedwater flow wras ramped down to zero over the
first 10 seconds of the transient. This added approximately 5500 Ibm of hot water and
approximately 2-5 MBTU of energy to each steam generator. This represented about 2% of the
total energy in each steam generator. The calculated containment pressure and temperature
were not affected by this small increase in the steam generator energy (see response to RA1 10
on page 10-14 of WCAP-1T721-P).

From RAI 2.12. the total energy release to containment at the end of the reflood phase is
approximately 470 MBTU. Of this amount, about [

]J= Assuming the additional energy from

modeling the coast down of main feedwater would be released at the same rate as the rest of
the steam generator energy, the increase in the amount of energy that would be released at the
end of reflood phase would be about 0.7 MBTU. This represents 0.15% of the total energy
release at the end of the reflood phase and is considered to be negligible.

Page 16 of26

WCAP- 1772 1-NP-A September 2015

Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-113
WESTINGHOUSE NON-PROPRIETARY CLASS 3 A- 113

•BSIINGOU E NON-PRO RL4•Y CLASS 3 LT.NC1-g '.talm

2.14 RAI-2 - Auxiliary feedwater

RAI: Clarify the modeling of the auxiliary feedwater and extraction steam. If bath of these
systems are being modeled in the M&E evaluation model, justify the modeling of both of these
systems when the modeling of the main feedwater has been deemed negligible.

Comment: In table 4-2 row 10 of their submittal [1J, Westinghouse discussed how the auxiliary
feedwater flow would be modeled in the event. Auxiliary feedwtater flow is relatively cool and will
decrease the energy stored in the steam generators, as will extracton steam. In turn, this could
decrease the calculated mass and energy released to containment which would decrease the
calculated peak containment pressure and temperature. While modeling of these system can be
appropriate, the NRC staff questioned the validity of modeling extraction steam and auxiliary
feedwater (which would reduce the mass and energy released to containment) but ignoring
main feedwater flow (which would increase the mass and energy released to containment).

Westinghouse Response

Row 10 of Table 4-2 in WCAP-17721-P indicates that [

]a=c Revised text will be supplied in a future
transmittal collecting changes resulting from responses to all RAUs.

Page 17 of 26

WCAP- 17721-NP-A 
September 2015

WCAP- 17721-NP-A
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-114
WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-114

ESThNGHOtJSE NON-PROPR1ETAXY C.ASS 3 L¶R-NIC 15-18NP-A.hmeknt

2.16 RAI-3 - Safety Injection ($1) water volume and temperature

RAd: Are measurement uncertainties considered for the values of the initial safety injection tank
water volume and water temperature?

Comment In table 4-2 row 21 of their initial submittal [1], Westinghouse stated that
measurement uncertainties were considered in the modeling of the accumulator pressure, but
did not state whether measurement uncertainties were considered in the model of the water
volume and temperature in the accumulator.

Westinghouse Response

Core cooling fluid is supplied prior to sump recirculation by the accumulators and pumped
injection from the refueling wrater storage tank. The accumulators are located inside
containment,[

]1.C The refueling water storage tank (RWST) is
located outside containment The boundary conditions representing pumped safety injection in
w~CIT[
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2.17 RAI-3 - Nodalization

RAd: Provide justification which demonstrates that the nodalization used in wciT- results in
appropriate predictions of the break flow and flow in the broken and intact loops such that the
resulting predictons of mass and energy release will result in appropriate calculations of
containment temperature and pressure. Additionally, provide a sensitivity study which
demonstrates that the noding sensitvity in the steam generator.

Comment: in table 4-2 row 25 of their initial submittal [1], Westinghouse stated that the same
nodaliation ,.vas used for the ECCS evaluation model as was used in the M&E evaluation
modeL However, the in section 2.8 of their submittal, Westinghouse stated that the noding was
increased to account for physcal phenomena. However, there is no data which demonstrates
that the solution is not sensitive to the noding chosen and a further increase in noding may be
needed.

Westinghouse Response

The break flow modelling and the loop flow split, whnich are dependent upon the WC/T noding
structure, are discussed in the Westinghouse response to SCVB-RAI-11I which was transmitted
to the NRC via LIR-NRC-15-5 1.

The statement in Table 4-2 row 25 of WCAP-1 7721-P was in reference to the general vessel
arid loop layout, [

]z also described in WCAP-17721-P Section 4.1.

The LOCA PCT SG model includes [ ]fc In order to more
accurately model the post-LOCA SG cool down, the LOCA M&E SG model uses[

]fC The level of subdivision in the LOCA M&E model has been

demonstrated to be sufficient through a FLECHT-SEASET simulation sensitivity study. The
number of secondary nodes was [

fC The SG outlet vapor temperatures in Figure 2 show that the

temperatures of the sensitvity case remain within 2% of the base case results during the first
50 seconds of the transient and within 1% for the rest of the transient The SG tube wall
temperatures were also similar as shown in Figure 3, Figure 4 and Figure 5. This demonstrated

=LTR-NRC-15-5, "SubmitTal of 'WCAP-1 7721-P NRC Set 2, Safety and Code Review Branch, and Set 3,
Containment and Ventilaton Branch - Response to Selected RAls" (PropfetaivINon Proprietary),"
,Januaiy 2015_

Page 19 of 26

WCAP- 17721 -NP-A September 2015
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 A 1A-116

WBS"IJlNG0USE NON-PROlPRIETAP.Y CLASS 3 L1'.-NRC-I5-18 NP-A.naebmt

that the current SG secondary fading structure[
was adequate.

Io

Figure 2: FLECHT Steam Generator Outlet Vapor Temperature Comparison

84

Figure 3: FLECHT Steam Generator Wall Temperature Comparison at 1 ft
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a.c

Figure 4: FLECI-T Steam Generator Wall Temlperature Comparison at 4 ft

a_.c

F~jure 5: FLECHT Steam Generator Wafl Temperature Companson at 10 ft
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2.23 RAI-3 - Hot leg condensation in NPSHa and EQ

RAI: Demonstrate that the assumption to ignore any hot leg condensation is also appropriate for
NPSHa and EQ analysis.

Comment: In section 2_6 of their initial submittal [1]. Westinghouse stated that the hot leg
condensation would be ignored as this was conservative for a contaminant pressure as it
insured the maximum amount of steam to containment. However, Westinghouse did not
address how this assumption would impact the other two purposes of an M&E analysis, NPSHa

and EQ analysis.

Westinqhouse Response

The NPSHa for the recirculation pumps is only a concern when the operator transfers from the
injection mode to the cold leg recirculation mode. This occurs within about an hour after the start
of the large break LOCA event. Hot leg condensation is not possible at this time; there is no
source of cold water or metal in the hot legs that would condense the steam coming from the
core. Therefore, ignoring hot leg condensation has no effect on the NPSHa analysis.

Hot leg condensation does not become important until after the operator transfers from cold leg
to hot leg recirculation. This occurs several hours after the start of the large break LOCA event.
The relatively cold recirculation water that enters the hot legs condenses steam coming from the
core. This reduces the amount of steam released to containment and allows the containment
pressure and atmosphere temperature to decrease. This reduction is beneficial when comparing
the calculated containment response to the equipment qualification pressure and temperature
envelopes. Therefore, ignoring the effect of hot leg condensation is conservative for the EQ
analysis.

Page 22 at 26

WCAP- 17721 -NP-A 
September 2015

WCAP- 17721-NP-A
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-119
WESTTNGHOUSE NON-PROPRIETARY CLASS 3 A- 119

% S•TINcHOUSE NON-PROPRIETARY CLASS 3 L''-NRC-15-1SNPAnm•

2.28 RAI-.3 - Heat transfer directly to containment
RAI: Is heat transfer from the primary and secondary metal to containment directly calculated
and if not why is this appropriate?

Comment: None.

Westinghouse Response

Direct heat transfer to containment is not modeled from the active RCS and SG metal. Because
mast of the RCS and SG metal is insulated, the direct heat transfer rate to the containment
atmosphere would be fairlyj low when compared with the heat transfer rate to the corresponding
RCS or SG fluid that is in contact with the active metal.

The heat transfer rate from the active RCS and SG metal is modeled in the WCIT LOCA M&E
reflease calculation. The active RCS metal energy that is transferred to the RCS fluid will be
released to containment via the break. The active SG metal energy that is transferred to the SG
fluid ,,,il be transferred through the SG tubes to the RCS fluid, and then released to containment
via the break. This approach, to transfer the active metal energy to produce steam from the
RCS, is more conservative than direct heat transfer from the metal to containment through the
insulation.
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2.29 RAI-3 - Inactive metal

RAI: Define inactive metal and discuss how it is treated.

Comment: None.

Westinghouse Response

Inactive metal is defined as metal that is not in direct contact with water at the end of the
blowdown phase of the large LOCA event_ This includes the RCS upper head and pressurizer
metal, along with the metal in the upper regions of the steam generators.

Because the inactive RCS and SG metal is not in direct contact with the RCS fluid, it does not
cooldown as quickly as the active metal. If modeled, free convection and radiation from the
outside surface, along with conduction to active metal components, would allow the inactive
metal energy to be transferred to containment at a much slower rate.

Currently, the inactive metal in the WC/T model is [
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2.33 RAI-3 - Secondary side heat transfer

RAI: Specify how the heat is treated between the secondary side metal to the secondary side
coolant, and from the secondary side coolant to the steam generator tubes.

Comment: In their initial submittal [1], Westinghouse did not specify have this heat transfer wras
treated.

.Westinghouse Response

Heat transfer between the active SG metal and the secondary side coolant, and between the
secondary side coolant and the SG tubes, is included in the WCIT LOCA M&E release model.
During steady state (prior to the LOCA), nucleate boiling from the tubes to the secondary fluid is
the dominant heat transfer mode. After the LOCA starts, the MSI~s close and the feedwater
flow stops, causing the steam generators to be isolated. After SG isolation occurs, the heat
transfer mode is primarily natural convection from the secondary fluid to the tubes, and either
natural convection or nucleate boiling from the secondary shell to the fluid.

The WCfT secondary side heat transfer calculation uses the same correlations that are applied
to the TRAC components; the TRAC wall heat transfer model is described in detail in
Section 6-3 of WCAP-12945-P-A, Volume 1, Revision 2. The TRAC correlations are:- smngle
phase liquid natural convection (the maximum of McAdams - laminar and Holman - turbulent),
single phase liquid forced convection ( the maximum of Rohsenow/Choi - laminar and
Dittus/Boelter - turbulent), nudleate boiling (Chen), critical heat flux (Biasi), transiton boiling
(JoneslBankoff), film boiling (Forslund/Rohsenow for wall-to-liquid, when the vapor void fraction
is [ •-, and the maximum of DougalilRohsenow, Bromley, or McAdams for wa ll-to-vapor,
when the vapor void fraction is [ ]I.c), and single phase vapor (the maximum of McAdams -

turbulent natural convection and Dittus/Boelter - turbulent forced convection when the vapor
void fraction is [ ]J')-
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2.34 RAI-6- Definitions for acronyms

PAl: Provkde the definition for the following acronyms: PCWG, DEPSG. EQ, NPSHa. DEHLG.
GENF

Comment None

Westinghouse Response

PCWG - Performance Capability Working Group
DEPSG - Double-ended Pump Suction Guillotine
EQ - Equipment Qualification
NPSHa - Net Positive Suction Head - Available
DEHILG - Double-ended Hot Leg Guillotine
GENF - This is not an acronym; it is the name of a computer program that calculates the

•steady state thermal performance for a steam generator.
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()Westinghouse

U.S. Nuclear Regulatory Commission
Document Control Desk
11555 Rockville Pike
Rockville, MD 20852

Westinghouse Electri Company
Engineering, Equiprnent and Major Projects
1000 Westinghouse Drive, Builrtng 3
Cranberr Township. Pennsylvania 16066
USA

Dircet lel:
Direct fax:

c-mailh

(412) 374-4643
C724) 940-856O
gresbaja @westinghouse.com

LTR-NRC-15-19

March 16,.2015

Subject: Submittal of"WCAP-17721-P NRC Set 2, Safety and Codc Review Branch, and Set 3,
Containment and Ventilation Branch - Response to Selected RAIs" (ProprietarylNon.
Proprietary).

Enclosed are the proprietary and non-proprietary versions of a report "WCAP- 17721-P NRC Set 2, Safety
and Code Review Branch, and Set 3, Containment and Ventilation Branch - Response to Selected RAIs."

Also enclosed are:

1. An Application for Withholding Proprietary Information from Public Disclosure. AW-iS-4126 (Non-
.Proprietary), with Proprietary Information Notice and Copyright Notice

2. An 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
front 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-15-4126 and should be addressed to James A. Gresham,
Manager, Regulatory' Compliance. \Vestinghouse Electric Company, 1000 Westinghouse Drive,
Building 3 Suite 310. Cranberry Township, Pennsylvania 16066.

Very truly yours.

Regulatory Compliance

Enclosures
cc: Ekaterina Lenning (NRC)

Dr. Joshua Kaizer (NRC)
Dr. Shie-Jeng Peng (NRC)
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Westinghouse Westinghouse Electric Company
Engineering, Equipment and Major Projects
1000 We~tnghousn Driv, Bu~d~ng 3
CranbernyTo'wnshtip, Pennsylvania 18068
USA

U.S. Nuclear Regulatory Commission
Document Control Desk
11555 Roclville Pike
Rockville, MD 20852

IDnct gel:
Direct fax;

c-nail:

(412) 374-4643
(724) 940-4560
grcslaja @westingho use.com

AW-15-4126
March 16, 2015

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: LTR-NRC-15-19 P-Attachment, "WCAP-1772 I-P NRC Set 2, Safety and Code Review
Branch, and Set 3, Containment and Ventilation Branch - Response to Selected RAIs"

Reference: Letter from James A. Gresham to Document Control Desk, LTR-NRC-15.19, dated
March 16, 2015

The Application for Withholding Proprietary Information from Public Disclosure is submitted by
Westinghouse Electric Company LLC (Westinghouse), pursuant to the provisions of paragraph (b)(l) of
Section 2.390 of the Commission's regulations. It contains commercial strategic information proprietary
to Westinghouse and customarily held in confidence.

The proprietary information for which withholding is being requested is identified in the proprietary
version of the subject report. In conformance with 10 CFR. Section 2.390, Affidavit AW-15-4126
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-15-4126 and should be addressed to James A. Gresham.
Manager, Regulatory Compliance, Westinghouse Electric Company. 1000 Westinghouse Drive,
Building 3 Suite 310, Cranberry Township. Pennsylvania 16066.

Very truly yours,

Regulatory Compliance
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AW-15-4126
March 16, 2015

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

SS

cOUNTY OF BUTLER:

I, James A. Gresham, am authorized to execute this Affidavit on behalf of Westinghouse Electric
Company LLC (Westinghouse), and that dhe averments of fact set forth in this Affidavit are true and

correct to the best of my knowledge, information, and belief.

Regulatory Compliance
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(I) I am Manager, Regulatory Compliance. Westinghouse Electric Company LLC (Westinghouse),

and as such, I have been specifically delegated the function of reviewing the proprietary

information sought to bc 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) l am ma"king 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) 1 have personal knowledge of the criteria and procedures utilized by Westinghouse in designating

information as a trade secret, priv'ileged or as confidential commercial or financial information.

(4) Pursuant to the provisions of paragraph (bX4) ofS•ection 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 ownled and has been held

in confidence by Westinghouse.

(ii) The informtion 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 constitute Westinghouse

policy and provide 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
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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, eec.), the application of which data secures a

competitive economic advantage, c.g., by optimization or improved marketability.

(c) Its use by a comp~etitor would reduce his expenditure of resources or improvc 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 str-ategies of Westinghouse, its customers or suppliers.

(e) It reveals aspects of past. present. or future Westinghousc or customer fundedd

development plans and programs of potential commercial value to Westinghouse.

(I) It contains patentable ideas, for which patent protection nmay be desirable.

(iii) 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 We.stinghouse 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.

(e) Use by our competitor would put Westinghouse at a competitive disadvantage by

reducing his expenditure of resources at our expense.
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(d) Each component of proprietary information pertinent to a particular competitive

advantage is potentially as valuable as the total competitive advantage. If

competitors acquire components of proprietary information, any one component

may be the key to the entire puzzic, thereby depriving Westinghouse ofra

competitive advantage.

(e) Unretrcted 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 thc success in obtaining and maintaining a competitive advantage.

(vi) 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.

(v) 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.

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

appropriately marked in LTR-NRC-15-19 P-Attachment, "WCAP-17721 -P NRC Set 2,

Safety and Code Review Branch, and Set 3, Containment and Ventilation Branch -

Response to Selected RAIs" (Proprietary), for submittal to the Commission, being

transmitted by Westinghouse letter, LTR-NRC-15-19, and Application for Withholding

Proprietary Information from Public Disclosure, to the Document Control Desk. 'Ihe

proprietary information as submitted by Westinghouse is that associated with

Westinghouso's request for NRC approval of WCAP-i7721-P, and may be used only for

that purpose.

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

(i) Obtain NRC approval of the LOCA Mass and Energy Release Calculation

Methodology documented in WCAP-1772 1-P. "Westinghouse
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Containment Analysis Methodology - PWR LOCA Mass and Energy
Release Calculation Methodology."

(b) Further this information has substantial commercial value as follows:

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

for the purpose of assisting customers in obtaining license changes for a

Westinghouse pressurizedl water reactor (PWR).

(ii) Westinghouse can sell support and defense of industry guidelines and

acceptance criteria for plant-specific applications.

(iii) The informatiotn requested to bc 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 cvaluation 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 yeats of experience in an intensive Westinghouse effort and

thie 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.
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PROPRIETARY INTORMATION NOTICE

Transmitted herewith are proprietary and non-proprietary versions of documents furnished to the NRC
associated with Westinghouse's request for NRC approval of WCAP-17721, and may be used only for
that purpose.

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 CIR 2.390(b)(!).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright noticc. The NRC is permitted to
make the number of copies of the information contained in those 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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The table below, summarizes the Set 2 RAIs from the Safety and Code Review Branch 1 which
have responses included in this attachment

RAl # Title
2.2 RAI-3 - Break size
2.4 RAI-3 - Refill
2.15 RAI-3 - Steady state steam glenerator pressure
2.18 RAI-5 -Steam tables
2.19 RAI-3 - Flow modeling
2.24 RA-3 - Dynamic pump model
2.35 RAI-4 - Clarification on quench front paragraph

The table below summarizes the Set 3 RAIs from the Containment and V/entilation Branch2

which have responses included in this attachment.

IRAI # Ttle
SCVB-AI-3 Control of Applicability

SCVB-RAI-4_ Break Spectrum

*Note: This Set 3 RAl is addressed by reference to the response to Set 2 RAI 22.

Request for Additional Information Re: Westinghouse Electric Company Topical Report
WCAP-17721-P, Revision 0, and WCAP-17721-NP, Revision 0, "Westinghouse Containent Analysis
Methodology- PWR [Pressurized Water Reactor] LOCA [L~oss-Of-Coolant Acddentl Mass and Energy
Release Calculation Methodology," - Set 2 (Safety and Code Review Branch) ([IAC No. MF17Q7),
October 20, 2014 (ADAMS Accession No. ML14254A2.51)

2Request for Additional Informaton Re: Westinghouse Electric Company Topical Report

WCAP-17721-P, Revision 0, and WCAP-17721-NP, Revision 0, "Westinghouse Containment Analysis
Methodology- PWVR [Pressurized Water Reactor] LOCA [Loss-Of-Coolant Acdident] Mass and Energy
Release Calculation Methodo~og'(- Set 3 (Containment and Ventilation Branch) ([IAC Nqo. MF1 797),
October 20, 2014 (ADAMS Acces•sion No. ML14254A260)
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2.2 RAI-3 - Break Size

RAl: Westinghouse stated that the break size used for the M&E evaluation model is the double
ended break. Provide information on the consideration of slot breaks. If the breaks are
considered, when are they used? If the breaks are not considered, what is the justification for
ignoring them?

Comment: In table 4-1, r,,v9 of their initial submittal [1], Westinghouse stated that their
previous M&E evaluation model used a slot break to maximize M&E release in the Combustion
Engineering (CE) Nucdear Steam Supply System (NSSS) designs. For the proposed Evaluation
Model (EM), they did not specify if they considered slot breaks.

Westinghouse Response

Several slot breaks of varyng sizes on both the hot leg and pump suction leg were performed
using the 4 loop plant models described in Section 5 of WCAP-17721-P to demonstrate the
sensitivity of the results to break type and to break size. The slot break sizes considered w,,ere
CD = 1.6, 1.8 and 2.0 whtere CD for a slot break is defined as:

Co(Slot)=j *break area .
!•main loop pipe area j

Therefore, a slot break wit•h C0 = 2.0 has a flow area equal to that of a double-ended break_ The
split break differs from the double-ended guillotine break, in that, the slot break allow.s full
communication betw.een the approach regions on either side of the break; whereas, the
gu~iotine break models a complete severance of both ends of the severed pipe.

Comparing the Cn = 2.0 slot break to the double-ended guillotine break as shown on Figure 1
and Figure 2, the peak mass release rate for the guillotine breaks is approximately 6000 Ibmls
greater than for the slot break on both the hot leg and pump suction leg. The peak energy
release rate ranges from 4x1 05 Btuls to 6x1 06 Btu/s higher for guillotine breaks relative to slot
breaks as shown on Figure 2 and Figure 4 for hot leg and pump suction leg breaks,
respectively.

The slot break peak mass and energy release rates during blowdown are proportonal to the slot
break flow area regardless of break location_ Referring to Figure 1 through Figure 4, as the
break area (C0) decreases, so does the peak mass and energy release rate.

Therefore, the maximum peak containment pressure and long-term containment pressure
occurs for double-ended guillotine breaks as shown on Figure 5 through Figure 8. These same
figures show that peak containment pressure decreases as the slot break flow area (Ca)
decreases further reinforcing the condusion that double-ended guillotine breaks are the limiting
break type and size for the mass and energy (M&E) evaluation model.
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2.4 RAI-3 - Refill

RAI: Descnbe the validation data which supports WC)T ability to model the refill phase and
demonstrate that this data justifies WC/I" ability to predict the RCS transient response during the
refill phase for the M&E evaluation model.

Comment in tabfe 4-i row 15 of their initial submittal [1], Westinghouse stated ECCS evaluation
model had been validated for refill calculations by comparison with experimental data. However,
the ECCS evaluation model is focused on obtaining an adequate prediction of PCT. On the
other hand, the M&E evaluation model is focused on obtaining an adequate prediction of the
mass and energy release rates to obtain an adequate prediction of containment pressures and
temperatures. Because the figure of merit between the two evaluation models is substantial
different, what may be conservative or adequate in one evaluation model may be non-
conservative or inadequate in the other. For example, the M&E release is generally decreased
to generate a conservative PCT calculation. On the other hand, the M&E release rate is
generally increased to generate a conservative containment pressure calculation.

Westinghouse Response

Refill is calculated based on the realistic modelling of the key physical processes (e.g., end of
critical flow in the broken pipe; interfacial heat transfer and interfacial drag in the intact cold legs
and downcomer). The most relevant validation is based on comparisons of WCOBRAITRAC
predictions with full-scale ECC bypass tests in the Upper Plenum Test Facirity (UPTF Test 6).
As summarized in Section 25-6 of WCAP-12945-P-A1_ WCOBRA/TRAC tends to slightly under-
predict the penetration of ECC water into the lower plenum at the end of blowdown. This trend
would tend to be conservativ•e for PCT calculations (prolonged heat up prior to cladding
temperature turnaround during reflood)o but could potentially be non-conservative for LOCA
mass and energy release applications (delay of onset of reflood). A more detailed consideration
of the timing of interest leads to the conclusion that a few second delay in the onset of reflood
(same as end of refill) is inconsequential. That is because the limiting time periods from a LOCA
mass and energy release perspective are either, 1) blowdown for the hot leg break, in which
case refill is irrelevant,, or 2) post-reflood, in which case the amount of energy addition to the
containment is not sensitive to a few seconds of timing in the end of refill/lbeginning of rellood.

This post-reflood conclusion is applicable to both pump suction and cold leg break scenarios.

Additional information il[ustrating the relative unimportance of the refill time period for the LOCA
M&E release calculation is provided in the response to RAl 2.122.

SWCAP-12945-P-A, Volume 5, Revision 1, =Code Qualificalion Document for Best Estimate LOCA

Analysis Volume '1: QuantifIcation of Uncertainty,7 March 1998.
2 LTR-NRC-15-18, =Submnittal of=WCAP-17721-P NRC Set 2, Safety and Code Review Branch -

Response to Selected R•Js• (PropdietaiyiNon Proprtetaiy)," March 20)15.
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2.15 RAI-3 - Steady state steam generator pressure

RAt: Justify the use of the steam generator pressure calculated from the steady state
calculation. Is this initial pressure always greater than or equal to the initial measured pressure
in the steam generator plus uncertainty? If not, provide justification for using a pressure below
the steam generator pressure plus uncertainty.

Comment: in table 4-2 row 17 of their initial submittal [1], Westinghouse discussed how the
steam generator pressure was calculated from the steady state calculation, but did not confirm
that they will ensure this calculated value would be greater than or equal to the expected value
plus uncertainty.

Westinghouse Response

There are parameters that are known as the nuclear steam supply system (NSSS) design
parameters. These NSSS design parameters are established for use throughout the
Westinghouse design and safety analyses and these parameters serve as the common basis
for the NSSS, fuel design, and safety analyses. For each aspect of the design and analyses, the
appropriate adjustments are included by the designer or analyst in the conservative direction to
account for uncertainty. With respect to steam pressure, Westinghouse recognizes that there
are aspects of the design for which a high steam pressure is limiting; including the long term
loss-of-coolant-accident (LOCA) mass and energy releases used for containment integrity. To
address this safety analysis aspect, [

]= This effectively corresponds to ideal steam generator heat transfer. As a result of
assuming ideal heat transfer, no additional uncertainty is deemed appropriate. In practice, the
NSSS design steam pressure[

With the value establshed above for the NSSS design pressure, the WCOBRA/T'RAC steady
state calculation attempts to use this value, [

r' to converge on a
reasonable set of steady state conditions. The steam generator secondary pressure may
require some minor adjustment in order to meet the desired set of conditions[

]'c Current experience
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indicates that the final steam generator pressure required to meet the RCS temperature is
generally very close to the desired designed NSSS value [ ]a.R
or exceeds the desired value by a few psi_ Hence, no additional adjustment to steam generator
steam outlet pressure for instrument uncertainty is made while converging on all of the steady
state conditions.
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2.18 RAI-5 - Steam tables

RAI: Which steam tables are used in the M&E evaluation model? Are those steam tables
consistent with the 1967 ASME Steam Tables?

Comment In table 4-2 row 26 of their initial submittal [11. Westinghouse stated that the same
steam tables were used for the ECCS evaluation model as was used in the M&E evaluation
mode]. However, the ECCS evaluation model is focused on obtaining an adequate prediction of
PCT. on the other hand, the M&E evaluation model is focused on obtaining an adequate

prediction of the mass and energy, release rates to obtain an adequate prediction of containment
pressures and temperatures. Because the figure of merit between the two evaluation models is
substantial different, what may be conservative or adequate in one evaluation model may be
non-conservative or inadequate in the other. For example, the M&E release is generally
decreased to generate a conservative PCT calculation. On the other hand, the M&E release
rate is generally increased to generate a conservative containment pressure calculation.

Westinahouse Response

The bases for the steam tables used in the WCOBRAITRAC code are described in Section 10-2
of WCAP-12945-P-A'. The prop erties used in the code are based on 1968 and 1983 versions of
the ASME Steam TablesZ3 . and the 1984 National Bureau of StandardslNational Research
Council (NBSINRC) Steam Tables 4. Comparisons of code properties with those from the
reference steam tables are provided in Figures 10-1 through 10-16 for the vessel component,
and Figures 10-17 thro ugh 1 0-28 for the 1-D components. Good agreement is observed.

Note that there is no attempt to bias steam tables in safety analysis applications. The intent is to
closely replicate the best-estimate properties in both M&E and ECCS evaluation models. The
WCOBRA/TRAC representation of the steam tables has previously been approved for use in
realistic ECCS evaluation models.

' WCAP-12945-P-A, Volume 1, Revision 2, =Code Qualification Document for Best Estimate LOCA
Analysis Volume l: Models and Correlations," M~ardh 1998.

2 ASME Steam Tables. 1958, American Society of Mechanical Engineers, 2n• Edition.

SASME Steam Tables, 1983, Thermodynamic Transport Propertes of Steam, 5m Edition, The American
Society of Mechanical Engineers, New York.

"Haar, L, Gallagher, J.S., and Kerl, G.S., 1984, NBSINRC Steam Tables, Hemisphere Publishing
Corporation, New York.
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2.19 RAI-3 - Flow Modeling

RAI: Confirm that the following effects have been taken into account in the flow modeling used
in the M&E evaluation model:

(1) temporal change of momentum,
(2) momentum convection,
(3) forces due to wall friction,
(4) forces due to fluid pressure,
(5) forces due to gravity, and
(6) forces due to geometric head loss effects (for example, contractions, expansions, bends,

and pump losses).

Additionally confirm that the frictional losses in pipes and other components are calculated using
models that include realistic variation of friction factor with Reynolds number, and realistic two-
phase friction multipliers that have been adequately verified by comparison with experimental
data.

Additionally confirm that if an uncertainty in a pressure loss exists, the pressure loss shall be
conservatively minimized.

Comment: In table 4-2 row 21 of their initial submittal [1J, Westinghouse stated that the same
flow modeling was used for the ECCS evaluation model as was used in the M&E evaluation
model. However, they did not provide details on that flow modeling.

Westinghouse Response

•The recommendations from ANS 56.4-19B31 with regard to flow modelling are very similar to
those in Regulatory Position C.3.7, 'Momentum Equation,r of Regulatory Guide (RG) 1_1572,
'Best-Estimate Calculations of Emergency Core Cooling System Performance." Compliance
with this Regulatory Position is discussed in Secton 28-2 of WCAP-1 2945-P-A3 , starting on
page 28-17. Items (1) through (6) in this RAI can be mapped to the Section 28-2 discussion of
the WCOBRA!TRAC momentum equation as follows:

(1) temporal change of momentum - maps to item 1) in Section 28-2
(2) momentum convection - maps to item 2)
(3) forces due to wall friction - maps to item 5)
(4) forces due to fluid pressure - maps to item 4)

SANS 56A-1 983, 'pressure and temperature transient analysis for fight water reactor contaminments,"

December 1983.
2 Regulatory Guide (RG) 1.157, 'Best-Estimate Calculations of Emergency Core Cooling System

Performance," May 1989.

3WCAP-12945,-P-A, Volume 5, Revision 1, 'Code Qualification Document for Best Estimate LOCA

Analysis Volume V: Quantifcation of Uncertaintjj, March 199.
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(5)
(6)

forces due to gravity- maps to item 7)
forces due to geometric head loss effects - maps to items 3) and 6), additionally, pump
losses when in the dissipative mode are reflected in the homologous curves (Sections 9-44
and 16-~3s of WCAP-12945-P-A)

The frictional losses are calculated using models that include realistic variation of friction factor
with Reynolds number, and realistic two-phase friction multipliers that have been verified by
comparison with experimental data. This is discussed with respect to Regulatory Position C.3.6
of RG 1.157, =Frictional Pressure Drop, starting on page 28-16 of WCAP-12945-P-A3 .

The pressure losses for PWR applications of the WCAP-17721-P methodology will be
calculated mn a best-estimate manner. See "Loop Flow Split in the response to SCVB-RAI-11i6
for additional discussion. In addition to the LOFT flow• split predictions discussed there, it is
noted that the CCTIF Run 62 flow split is also well predicted; see Figures 14-2-29 and 14-2-303 of
WCAP-12945-P-A5 . The ability of WCOBRA/TRAC to accurately predict the loop flow split in
these large scale facirities indicates there is no need to apply additional biases on pressure
losses due to uncertainty.

-"WCAP-12945-P-A, Volume 1, Revision 2, "Code Quardication Document for Best Estmate LOCA
Analysis Volume I: Models and Correlations," March 1998.

s WCAP-12945-P-A, Volume 3, Revision 1, "Code Qualification Document for Best Estimate LOCA
Analysis Volume Ill: Hydrodynamics, Components and Integral Validation," March 1998.

"LTR-NRC-15-5, =Submittal of "WCAP-1 7721-P NRC Set 2, Safety and Code Review Branch, and Set 3,
Containment and Ven~tlation Branch -Response to Selected RAIs" (Proprietary/Non-Proprietaiyy.
January 2015.
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2.24 RAI-3 - Dynamic pump model

RAt: Demonstrate that the dynamic pump model used in WC/T provides an appropriate
predicton of the pump dynamics for the M&E evaluation model such that the mass and energy
release is adequately predicted. Additonally, justify the rationale for assuming the rotor remains
locked following the flow reversal during blowdown in a double ended pump suction break.

Comment In table 4-2 row 28 of their initial submittal [1], Westinghouse stated that the same
dynamic pump was used for the ECCS evaluation model as was used in the M&E evaluation
model. However, the ECCS evaluation model is focused on obtaining an adequate prediction of
PCT. On the other hand, the M&E evaluation model is focused on obtaining an adequate
predicton of the mass and energy release rates to obtain an adequate prediction of containment
pressures and temperatures. Because the figure of merit between the two evaluation models is
substantial different, what may be conservative or adequate in one evaluation model may be
non-conservative or inadequate in the other. For example, the M&E release is generally
decreased to generate a conservative PCT calculation. On the other hand, the M&E release
rate is generally increased to generate a conservative containment pressure calculation.
Additionally. Westinghouse did not provide justification for the assumption of a locked rotor.

Westinahouse Response

The reactor coolant pump (RCP) model was ranked as =medium° and =low" for all phases of the
long term loss-of-coolant-accident (LOCA) transient for mass and energy releases for
containment integrity when the phenomena identification and ranking table (PIRT) was
documented in BE-2004 Proceedings'. Thus, the standard dynamic pump model in
W.COBRAITRAC was not modified for the long term LOCA mass and energy release
calculation. While many modeling assumptions differ between the PCT analysis and the long
term LOCA M&E analysis, when considering the RCP modeling, the approach is the same. It is
conservative to empty the initial inventory in the reactor vessel as quickly as-is physically
possible. The pump model includes transfer of momentum from the pump to the fluid, as
described by Equation 9-1 in WCAP-12945-.P-Az. The speed of the pump is taken into account
through Equation 9-9 in WCAP-1 2945-P-A. The pressure difference through the pump, and the
torque applied by the fluid on the pump impeller, are calculated using empirically determined
single and two-phase homologous curves. The data used to obtain these curves is described in
WCAP 12945-P-A, Volume 3, Section 16-33.

SR. P. Ofstun and 1. C. Smith, =PIRT for Large Break LOCA Mass and Energy Release Calculations,"

BE-20]04 Proceedings, International Meeting on Updates in Best Estimate Methods in Nucdear
Installation Safety Analysis, November 2004.

2 WCAP-12945-P-A, Volume 1, Revision 2, 'Code Qualitication Document for Best Estimate LOCA

Analysis Volume I: Models and Correlations," March 1998.

SWCAP-12945-P-A, Volume 3, Revision 1, =Code Qualification Document for Best Estimate LOCA

Analysis Volume Ill: Hydrodynamics, Components and Integral Validation," March 1998.
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The standard assumption when generating mass and energy releases from a large break LOCA
for containment integrity is that offsite power has been rost at the initiation of the event. Thus,
the reactor coolant pumps would be free to coast down or spin based on the loop flow rates.
WCOBRAITP.AC has an input option for locking the RCP rotor. Locking the rotor could be
necessitated in order to model the reverse rotation pawls that exist on Westinghouse standard
designed reactor coolant pumps. The locked rotor option is used only in the event of reverse
rotation in any RCP. When a double-ended break is modeled in the pump suction piping or in
the hot leg, there is a vety brief period of time during the initial blowdown when the flow in the
broken loop continues to be directed toward the reactor vessel cold leg inlet nozzle. The flow
quickly reverses because the break is on the inlet side of the RCP. At this point (tenths of a
second), the RCP forward speed is quickly reduced to zero and from that time on the RCP rotor
is prevented from spinning in reverse. Flow reversal is not predicted for a double-ended cold leg
break so the RCP will gradually coast down and then spin freely in the forward direction as the
flow and RCP moment of inertia dictate.
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2.35 RAI-4- Clarification on quench front paragraph

RAI- The first full paragraph on page 3-5 does not make sense. Revise this paragraph and
re-submit it_

Comment- None

Westn~qnouse Response

Replace the first full paragraph on page 3-5 with the following paragraph:

According to Collier (Reference 21, Section 4.5.2), the heat transfer processes in the vicinity of
the quench front are characterized by two main heat transfer regimes separated by the liquid
film dryout location. Downmstream of the quench front, and before the dry saturated vapor region,
there is a flow pattern characterized by a liquid deficient region, where dispersed flow heat
transfer takes place, and an interfacial heat transfer cotrelation which can deal with
nonequillbuium superheated steam conditions needs to be applied. Upstream of the quench
front there is a region characterized by a thin liquid film wetting the tube walls. The thickness of
this film is often such that the effective thermal conductivity is able to prevent the liquid in
contact with the wall from being superheated to a temperature which would allow bubble
nucleation. The energy is transferred by forced convection in the film to the liquid-vapor core
interface, wh•ere evaporation takes place. This heat transfer process can no longer be called
nucleate boilting because nucleation is suppressed. This region is called the two-phase forced
convective region. According to Figure 4.14 in Reference 21, the heat transfer coefficient in this
region raises as the film becomes thinner and, when the dryout occurs, there is an abrupt
reduction in the value of this parameter.
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$CVB-RAI-3: Control of Applicability

Provide the control measure that is put in place to prevent the analyst from applying the
WCAP-17721, Revision 0, TR methodology beyond its scope and range of applicability.
Provide the details and associated basis for this control measure.

Westinghouse Response

The means to control the applicability of the WCAP-17721-P methodology and ensure it is not
applied beyond its approved scope is through the development of methodology specific
guidance. This guidance is currently being developed concurrently with the as-submitted
WCAP-1T7"21-P methodology, and an up-to-date copy',,ill be provided for review at the Nuclear
Regulatory Commission and Westinghouse audit scheduled for April 2015. Upon receiving a
safety evaluation and compiling the approved version of WCAP-17721-P, Westinghouse will
update the guidance to include any applicable conditions placed on the methodology.
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$CVB-RAI-4: Break Spectr'um

For the Item 9 of Table 4-1, justify why the result of break spectrum sensitivity studies using the
previous methodology is applicable to the proposed WCAP-17721, Revision 0, TR methodology
in which the double-ended break will still be limiting when the proposed methodology is used for
break spectrm studies.

Westinghouse Response

See the response to Set 2 RAt 2.2 (RAI-3 - Break size).
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()Westinghouse

U.S, Nuclear Regulatory Commission
Document Control Desk
11555 Rockvillc Pike
Rockville, MD 20852

Was~kghouse ElectrIc CompanyEnginoerfg, Equ~mont and Major Projects
1000 Woslinghause Drive. Building 3
Cranberny Townshiip, Pennsylvania in066
USA

Dlrect tel:
Direct fax:

c-maih

(412) 374.4643
(724) 94O-$5G0
greshaja @westinghouse.com

LTR-NRC- 15-20

March 26, 2015

Subject: Submittal nf"WCAP-17721.P NRC Set 2, Safety and Code Review Branch - Response to
Selected RAIs" (roprietaryiNon-Proprietary).

Enclosed ame the proprietary and non-proprietary versions of a report "WCAP-17721-P NRC Set 2. Safety
•and Code Review Branch - Response to Selected RAIs."

Also enclosed are:

1. An Applicationi for Withhtolding Proprietary Information from Public Disclosure. AW-15-4147 (Non-
Proprietary), with Proprietary Information Notice and Copyright Notice

2. An Affidavit (Non-Proprietary).

This submittal contains proprietary information of Westinghouse Electric Company LLC, In
conformance with the requirements of 10 (F Section 2.390, as amended, of the Commission's
regulations, we are enclosing with this submittal an Application for Withholding Proprietary Information
from Pulblic 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-15-4147 and should be addressed to James A. Greshamn,
Manager, Regulatory Compliance, Westinghouse Electric Company, 1000 Westinghottse Drive,
Building 3 Suite 310, Cranberry Township, Pennsylvania 16066.

Very truly yours,

/aesA. Gresham, Manger

Regulatory Complianc

Enc~losures
cc: Ekaterina Lenning (NRC)

Dr. Joshua Kaizer (NRC)
Dr. Shlie-Jeng Peng (NRC)
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bce: James A. Gresham
Cheryl Robinson
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()Westinghouse

U.S. Nuclear Regulatory Commission
Document Control Desk
11555 Rockville Pike
Rockville, MD 20852

Westinghouse Electric Company
Engineering, Equipment and Major Projects
1O000Westlnglhouse Drive, Buildfng 3
CranberryTovnishlp. Pennsylvania 16006
USA

Dircit cel:
Direer fax:

e-mail:

(412) 374-4643(724) 940-8560
greshaja@•-etinghouse~com

AW-15-4147
Mareh 26, 2015

AI•pP.ICATION FOR WITHHtOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: LTR-NRC-15-20 P-Attachment, "WCAP- 17721-P NRC Set 2, Safety and Code Review
Branch -Response to Selected RAis"

Reference: Letter from James A, Gresham to Document Control Desk, LTR-NRC-15-20, dated
March 26, 2015

The Application for Withholding Proprietary Information from Public Disclosure is submitted by
Wecstinghousc Electric Company LLC (Westinghouse), pursuant to the provisions of paragraph (b)(l1) 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-15-4147
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 su1ject information which is proprietary to Westinghouse
be withheld from public disclosure in accordance with 10 CFR Section 2,390 of the Commission's
reIgulatons.

Correspondence with respect to the proprietary aspects of the Application for Withholding or the
accompanying Affidavit should reference AW-15-4 147 and should be addressed to James A. Gresham,
Manager, Regulatory Compliance. Westinghouse Electric Company, 1001) Westinghouse Drive,
Building 3 Suite 310, Cranberry Township, Pennsylvania 16066.

Very truly yors

//ames A. Gresham, Manager

Regulatory Compliance
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AW-15-4147
March 26, 2015

_AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

ss

COUNTY OF BUTLER:

I, James A. Gresham, am authorized to execute this Affidavit on behalf of Westinghouse Electric
Company LLC (Westinghouse). and that the avenments of fact set forth in this Affidavit are true and

correct to the be~st of my knowledge, information, and belief.

Regulatory Compliance
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2 AW-15-4147

(1) I am Manager, Regulatory Compliance, Westinghouse Electric Company LLC (Westinghouse),

and as such. I have been specifically delegated the function of reviewing the proprietary

information sought to he 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 ini conformance with the provisions of 10 CFR Section 2.390 of the

Comnmission's regulations and in conjunction with the Westinghouse Application for Withholding

Proprietary Information from Public Disclosure accompanying this Affidavit.

(3) 1 have personal knowledge of the criteria and procedures utilized by Westinghouse in dcsignating

information as a trade secret, privileged or as confidential commercial or financial information.

(4) Pursuant to the provisions of paragraph (bX4) of Section 2.390 of the Commission's regulations,

the following is furnished for consideration by the Commission in determining whe~ther the

information sought to be withheld from public disclosure should be withheld.

(i) Thc information sought to be withheld from public disclosure is owned and has bcen 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 whaen and whether to hold certain types of information in confidence.

The application of that system and the substance of that system constitute Westinghouse

policy and provide the rational basis required.

tinder 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, ctc.) where prevention of its use by any of Westinghouse's
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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 reducee his• expenditure of resources or improve his

competitive position in the design, manufacture, shipment, installation, assurance

of quality, or licensing a similar product.

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

commercial strategies of Westinghouse, its customers or suppliers.

Ce) It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

(t) It contains patentable ideas, for which patent protcction may be desirable.

(iii) There are sound policy reasons behind the Westinghouse system which inclutde the
following:

Ca) The use of such information by Westinghouse gives Westinghouse a competitive
advantage over its competitors. htis, 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 dimiises the Westinghouse ability to sell

products and services involving the use of the information.

(c) Use by our competitor would put We~stinghouse at a competitive disadvantage by
reducing his expenditure of resources at our expense.
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(d) Each component of proprietary information pertinent to a particular competitive

advantage is potetntially 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.

(t) The Westinghouse capacity to invcst corporate assets in research and development

depends upon the success in obtaining and maintaining a competitive advantage.

(vi) The information is being transmitted to the Commission in confidence anid, undecr the

provisions of 10 CFR Section 2.390, it is to be received in confidence by the Commission.

(v) The information sought to he 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.

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

appropriately marked in LTR-NRC-15-20 P-Attachment, "WCAP-1 7721-P NRC Set 2,

Safety and Code Review Branch - Response to Selected RAIs" (Proprietary), for submittal

to the Commission, being transmitted by Westinghouse letter, LTR-NRC-15-20, and

Application for Withholding Proprietary Information from Public Disclosure, to the

Docunmnt Control Desk. The proprietary information as submitted by Westinghouse is

that associated with Westinghouse's request for NRC approval of WCAP-17721-P, and

may be used only for that purpose.

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

(i) Obtain NRC approval of the LOCA Mass and Energy Release Calculation

Methodology documented in WCAP- 17721-P, "Westinghouse
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Containment Analysis Methodology - PWR LOCA Mass and Energy
Release Calculation Methodology."

(b) Further this information has substantial commercial value as follows:

Ci) Wcstinghonse plans to sell the use of similar information to its customers

for the purpose of assisting customers in obtaining license changes for a

Westnghouse pressurized water reactor (PWR).

(ii) Westinghouse can sell support and defense of industry guidelines and

acceptance critcria for plant-specific applications.

(iii) 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

commnercial 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 thc right to usc the information.

The development of the technology described in par 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.
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and non-proprietary versions of documents furnished to the NRC
associated with Westinghouse's request for NRC approval of WCAP-17721, and may be used only for
that purpose.

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 (t)
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 (4Xii)(f) of the Affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(l).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghousc copyright notice. The NRC is permitted to
make the number of copies of the information contained in these reports which arc 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 av'ailable 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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WESTINGHOUSE NON"-PROPR.I•tA CLASS 3

LTR-NRC-15-20 N-P-Attachment

WCAP-17721-P NRC Set 2, Safety. and Code Review Branch -
Response to Selected RAIs (Non-Pr'oprietary.)

WetirgmseE•lediic Cmnpany TIC1000 Westiahose Drive
Cianben'y Taw, ipPenn.slvania 16065

© 2015 Westinghoue Electrik Comprany ..IC. All R~its Reserved
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WEST2NGHOUS• NON-POPIEA" CLASS 3 LTR-NRC-1S20 N'P-A•~~

The table below summarizes the Set 2 RAls from the Safety and Code Review Branch' which
have responses included in this attachment

RA!I# Trtle
2.25 RAI-3 - GOTHIC time step sensitiv-ty
22.6 RAI-3 - WCiT coupled vs. standalone
2_27 RAI-3 - Heat transfer correlations
230 RAI-3 - Unai's Correlation
231 RAI-3 - Biasi Range
232 RAI-2 - FLEACHT (sic) heat release rate

Pages from WCAP-17721--P will change as a result of the PAI responses provided in this
transmittal and the RAI responses provided in LTR-NRC-15-182 and LTR-NRC-15-193.
Mark-ups of the affected pages are included at the end of this attachment_ Due to code
modiffications implemented as part of the response to RAt 231,* the FLECHT-SEASET
comparison, large dry containment plant comparison, and ice-condenser containment plant
comparison figures needed to be revised. This transmittal includes the revised figures for the
FLECHT-SEASET and large dry containment plant comparisons. The revised figures for the ice-
condenser plant comparison are forthcoming.

SRequest for Addfitional Information Re: Westinghouse Electric Company Topical Report
WCAP-17721-P, Revision 0, and WCAP-17721-NP, Revision 0, W~estinghouse Containment Analysis
Methodology - PWR [Pressurized Water Reactor] LOCA [Loss-Of-Coolant Accident] Mass and Energy
Release Calculation Methiodology,' - Set 2 (Safety and Code Review Branch) (TAC NO. MF1 797),
October 20, 2014 (ADAMS Accession No. ML14254A251)

LTR-NRC-15-18, =Subniitta[ of =WCAP-1772-P NRC Set 2, Safety and Code Review Branch -

Response to Selected RAIs" (ProprietaryJNon-Proprietary,)," March 2015.

-• LTR-NRC-15-19, =Submittal of =WCAP-1771-P NRC Set 2, Safety and Code Review Branch,
and Set 3, Containment and Ventilation Branch - Response to Selected RAIs" (Proprietary/Non-
Proprietary)," March 2015.
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2.25 RAI-3 - GOTHIC time step sensitivity

RAI: Provide justification that WC/T mass and energy predictions are not sensitive to all
possible time steps which are able to be used in GOTHIC in the M&E evaluation model.
Additionally, demonstrate that the mass and energy are conserved between codes under all
possible times steps and that no time step will result in numerical instabilities. Additionally,
provide clarification on how the GOTHIC and WC/T time steps interface and when information is
passed from code to code.

Comment In sections 3.3 and 3.4 of their initial submittal [1], Westinghouse described the
interface between WCIT and GOTHIC, but the NRC staff was not able to understand this
description. Additionally, because of this coupling, there is a possibility that the mass and
energy passed between WCIT and GOTHIC is not conserved and the NRC staff wanted to
ensure this was not the case.

Westinqhouse Response

The user specifies the maximum and minimum time step sizes for both WCOBRA/TRAC (WC/T)
and GOTHIC for parallel execution of the codes. lime step sensitivities were performed and
discussed in the response to SCVB-RAI-6, which was transmitted to the Nuclear Regulatory
Commission (NRC) via LTR-NRC-15-5 1. The transient results were not sensitive to changes in
the selected maximum and minimum time step sizes.

An inter-process communication option is available in GOTHIC. This option allows the user to
specify read/lrite mn-time data files through which data written by one code can be read by the
other. WC/T was modified to incorporate the capability to read from and write to these run-time
data files to allow it to run in parallel with GOTHIC. This process is explained in Section 3.4 of
WCAP-1 7721-P.

The two codes, W.C/T and GOTHIC, execute in parallel with their own independent time step
sizes and are synchronized through the readlwrite mun-time files "brk_cond" (break conditions
written by WC/T) and =cont_cond" (containment conditions written by GOTHIC) to provide time-
consistent information to one another. The variables in these two files are described in
Section 3A of WCAP-17721-P. The code with the larger time step size (typically GOTHIC) waits
at the end of its large time step for the code with the smaller time step size (typically WCIT) to
catch-up. This discussion focuses on W.C/T having the smaller time step size, but the method
was developed so it could be used no matter which code had the smaller time step size.

For loss-of-coolant accident (LOCA) mass and energy (M&E) release calculations, W C/T"
usually executes with time steps that are significantly smaller than GOTHIC. The response to

LTR-NRC-15-5, =Submittal of =WCAP-17721-P NRC Set 2, Safety and Code Review Branch, and Set 3,
Containment and Ventilation Branch - Response to Selected PAls" (ProprtetaryiNon-Proprietary),"
January 2015.
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SCVB-RAI-6 shows that GOTHIC typically executes with time steps that are[
than those used by WC/T (see Figure 1 in SCVB-RAI-6).

]3=larger

[

]'= This information is passed to GOTHIC through the 'brk cond"' run-time data file.
Figure 3-51 of WCAP-1 7721-P provides both the equations and a visual representation showing
how the release rates calculated byj WC/I" are[

[

]f= This data
passing cycle continues until the end of the transient.

The transfer of information between the codes is illustrated in Figure 3-56 in WCAP-17721-P.
A schematic of the implementation of the [ ]•= in W.C/T is shown in
Figure 3-55 in WCAP-17721-P.

The coupling method, wh•ich uses the[
•cwas developed to conserve mass and energy between the codes. The

transfer between W.CIT and GOTHIC was validated by comparing the interface variables from
W.C/T and GOTHIC. The results coincided identically.

A description of the GOTHIC time step control is given in Section 15.11 of the GOTHIC
Technical Manual2. The time steps in GOTHIC are limited by the user specified maximum time

step size and by GOTHIC control models for implicit or semi-implicit implementation of the
models. The current implementation uses the [ ]J3G solution in GOThIC which
limits the time step by stability consideration of the component models. Explicit quantities in the
transport terms require that the time step be limited by Courant type limit conditions which take
into account the cell's volume and the total volumetric flow out of the cells.

As mentioned earlier, the GOTHI-C time step size is typically larger than the W CJTI time step
size, but this does not introduce inaccuracies in the calculation of the containment pressure for
a couple of reasons. First, the [

]• Second, unlike subcompartment analyses, the
containment is a large, open volume; the size of the volume is such that it does not respond

•- NA1 8907-06, Revision 17, "GOTHIC Containment Analysis Package Technical Manual Version 7.21,
(QA)," March 2009.
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immediately to changes in the M&E releases. As described in the response to SCVB-RAI-6,
transferring WC/T data to GOTHIC over a time interval oft = or less is sufficient to
maintain accuracy in the calculation of the containment response.
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2.26 RAI-3 - wc/-r coupled vs. standalone

RAI: Provide a comparison between results from a WCFIT analysis which has been coupled to
GOTHIC and a WCI'T analysis which is run in standalone mode. Demonstrate that the results of
the WCJT run in standalone mode are conservative compared to those coupled with GOTHIC.

Comment In section 3.4 of their initial submittal [1], Westinghouse stated that using WC/T in
standalone mode was conservative compared to the more mechanistic calculation of using it
coupled to GOTHIC. However, Westinghouse did not provide any supporting analysis.

Westinajhouse Response

The calculated containment pressure, temperature, and sump temperature response during a
loss of ccolant accident (LOCA) are dependent on the LOCA mass and energy release input
After the blowdown phase, the LOCA mass and energy (M&E) releases are somewhat
dependent on the [

]V,0

Section 3.4 of WCAP-17721-P discusses WCOBRA/TRAC (WCiT) running in parallel with
GOTHIC. Inter-process communication is available in GOTHIC by specifying readfwrite data
fles. WCIT was modified to incorporate the same read!write data files; this allows WCIT to run
in parallel with GOTHIC.

When W CI is run standalone (i.e. not coupled to a containment code), assumptions must be
made relative to the [

]I~C When WCIT and GOTHIC are coupled, the "realr values for these
parameters are communicated between the codes. In a standalone case, values must be
assumed in the W C'I" run, and then confirmed to be conservative via the containment response.
The[

]a,0 calculated with the containment code. [

]P0 compared to a
coupled case.

The final parameter that must be assumed in the standalone run is the containment
backpressure. WCAP-177'21-P indicated that Westinghouse will assume[

]ac for the backpressure in the WCIT LOCA M&E calculation. This statement was
based on a sensitivity run that demonstrated elevated containment pressure with W.CJT M&Es
using a backpressure set to[

•0 More recently, it has been recognized that due to variances in plant

parameters (containment design, safety injection system design, etc) there is no[
]a~ for the containment backpressure.

A series of standalone WCIT and GOTHIC runs were completed where the containment
backpressure input was manipulated[
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]r0 These standalone sensitivity cases isolated the
diferences in the calculation to the containment pressure seen by .WC/T. Each case modeled a
double-ended pump suction break with an emergency diesel generator (EDG) failure, which is'
typically a limiting post-blowdown peak pressure scenario for a large dry containment.

The containment pressure results of these cases are shown below in Figure 1. The most
important conclusion that can be drawn from Figure 1 is that the containment peak pressure is
unaffected by backpressure assumptions. Therefore, if the definition of "conservative" in the RAI
is taken in the context of peak containment pressure, the backpressure assumed in WC/T is
irrelevant for blowdown limited containment designs. The post-blowdown long term pressure is
not sensitive to the backpressure assumed in the WC!T calculation, as long as the assumed
backpressure is within reason. Varying the back-pressure input witqhin [ ]J~ psi of the final
calculated containment pressure does not significantly affect the results; significant margin to
the containment design pressure exists. Therefore, rather than use a [

]• for standalone WC/T runs as stated in WCAP-1 7721-P, Westinghouse will
assume a backpressure curve that lies within [ ]J= psi of the final calculated containment
pressure response from the containment code.

Regarding ice-condenser applications, WCAP-17721-P indicated that Westinghouse would
conservatively [ ]•= the back pressure for the WC/T M&E release calculation. Sensitivity
studies showved that a [ ]Pc backpressure was clearly limiting for this application. In the
event that a GOTHIC ice-condenser containment model is developed and coupled with WC/T,
the transfer of the real time containment pressure from GOTHIC to WC/T should yield a[
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2.27 RAI-3 - Heat transfer correlations

RAI: Demonstrate that the heat transfer correlations used in WCIT provide an appropriate
prediction of the heat transfer for the M&E evaluation model such that the mass and energy
release is adequately predicted. Both the primary and secondary side heat transfer correlations
should be considered.

Comment: In table 4-1 row 13 and 14 and table 4-2 row 33 of their initial submittal [11,
Westinghouse stated that the same heat transfer correlations were used for the ECOS
evaluation model as were used in the M&E evaluation model. However, the ECCS evaluation
model is focused on obtaining an adequate prediction of PCT. On the other hand, the M&E
evaluation model is focused on obtaining an adequate prediction of the mass and energy
release rates to obtain an adequate prediction of containment pressures and temperatures.
Because the figure of merit between the two evaluation models is substantial different, what
may be conservative or adequate in one evaluation model may be non-conservative or
inadequate in the other. For example, the M&E release is generally decreased to generate a
conservative PCT calculation. On the other hand, the M&E release rate is generally increased to
generate a conservative containment pressure calculation.

Westinahouse Response

The W.COBRAITRAC (WC/T) heat transfer correlations have not been biased lor either the loss
of coolant accident (LOCA) peak clad temperature (PCT) or the LOCA mass and energy (M&E)
release calculations. Inside the reactor vessel, the heat transfer calculation uses the correlations
from the COBRA code; the COBRA heat transfer model is described in detail in Section 6-2 of
WCAP-12946-P-A1 . The COBRA correlations are listed in Table 1. Outside of the reactor
vessel, the heat transfer calculation uses the correlations that are applied to the TRAC
components; the TRAC wall heat transfer model is described in detail in Section 6-3 of
WCAP-1 2945-P-A. The TRAC correlations are listed in Table 2.

The W C/T vessel heat transfer correlations have been validated for the LOCA application using
scalable data from both separate effects and integral tests (see Section 13 of
WCAP-12945-P-A). The validation tests were designed to support development of the
emergency core cooling system (ECCS) evaluation models, and they cover the expected range
of the reactor coolant system (RCS) conditions during a LOCA event The blowdown heat
transfer validation tests included: six tests in the Westinghouse G-1 Loop facifity, four tests in
the Westinghouse G_.-2 Loop facility, and three tests from the Oak Ridge Nation Lab THTF
series. The refill heat transfer validation tests included seven tests from the Westinghouse G-2
Loop facility. The reflood separate effects heat transfer validation tests included: five FLECHT-
SEASET Refiood tests, three FLECHT Low Flooding Rate tests, five FLECI-T Skewed Power
Reflood tests, four FEBA Reflood tests, and three Westinghouse G-2 Rellood tests.

•- WCAP-12945-P-A, Volume 1, Revision 2, =Code Qualification Document far Best Estimate LOCA
,Analysis Volume I: Models & Correlations," March 1998.
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Outside the reactor vessel, it is important to model the heat transfer from the steam generators
in the LOCA M&F retease calculation; this calculation is performed in TRAC. A modification was
made to the [ ]•= in TRAC to improve the calculation of heat
transfer at the [

r• This modification is only used inside the steam generator tubes for the
LOCA M&E application, and is described in Section 3.1 of WCAP-17721-PR The revised steam
generator tube heat transfer correlation has been validated by comparison with data from seven
of the FLECHT-SEASET steam generator heat transfer tests, as described in Section 3_2 of
WCAP-17721 -P.
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Table 1: COBRA Heat Transfer Correlations
Phase Regime Correlation
Vapor Laminar natural convection Constant Nu=10I
a > Turbulent natural convection McAdams
[ ]F. Laminar forced convection Constant Nu=10

Turbulent forced convection Dittus-Boelter, Wong-Hochreiter
Liquid Laminar natural convection Kim

Turbulent natural convection N/A
Laminar forced convection N/A
Turbulent forced convection Dittus-Boelter

Two-phase Subcooled pool boiling Chen
Nudeate boiling Chen
CHF

Pool Boiling Zuber
Forced Convection Biasi

Trans-tion boiling Maximum of:
ql = qwv+qrwv+qrwe+qdcht, where qwv is the
vapor phase value, qrwvv and qrwe are the
radiation heat transfer values, and qdcht uses
the Forsiund and Rohsenow model.

q2 =qwv+qrwv+qwet, where qwv is the vapor
phase value, qrwv is the radiation heat transfer
value, and qwet is the CHF value with a
multiplier by Bjorand and Griflih.

q3 = qwv+qrwv+qrwe+qtq, where qwv, is the
vapor phase value, qrwv is the radiation heat
transfer value, and qtq is based on a model by
Zuber.

Fimboiling
Inverted Annular (a < [ ]f=) Bromley
(a <[ ]•) ([ ]I~) Interpolate between Bromley

and dispersed flow value
qdf = qcwv+qrwv+qrwe~qdwc, where qcwv is

Dispersed Flow the vapor phase value with two-phase and grid
(ci >[ •=) heat transfer enhancement factors, qrwv and

qrwe are the radiation heat transfer values, and
qdwc uses the model by Forslund and
Rohsenow.

Radiation
(to vapor, drops, and films)

Sun, Gonzalez, and "lien
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Table 2: TRAC Heat Transfer Correlations
Phase Regime Correlation
Vapor Laminar natural convection N/A

Turbulent natural convection McAdams
Laminar forced convection N/A
Turbulent forced convection Dittus-Boelter

Liquid Laminar natural convection McAdarns
Turbulent natural convection Holman
Laminar forced convection Rohsenow(Choi
Turbulent forced convection Dittus-Boelter

Two-phase Subcooled pool boiling Chen
Nucleate boiling Chen
ClHF Biasi
Transition boiling JoneslBankhoff
Film boiling _____________

(wall-to-liquid, a •; [ ]a~) Forslund-Rohsenow
(wall-to-vapor, a > [ ]*=) Maximum of

Dougall-Rohsenow, Bromley,
and McAdams
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2.30 RAI-3 - Uinal's correlation

RAI: Provide validation for Unal's correlation over its application domain as used in the M&E
evaluation model.

Comment Unalrs correlation is a highly empirical correlation fitted to a specific range of data.
Therefore, validation is needed to justify the use of the correlation.

Westinajhous Response

The Unal correlation 1 is used to calculate the interfacial heat transfer for post-CHF conditions in
the steam generator tubes during the reflood and post-reflood periods of a LOCA, for mass and
energy release calculations performed for large dry and ice-condenser containment plants with
WCOBRAiTRAC (WCIT). The predicted vapor superheat with the correlation was compared by
Unal et al for 530 single tube data points from the EWC test data2 , 509 single tube data points
from INEL experiments3, and 348 3 x 3 rod bundle data points from UTC test data=. The range
of the post CHF non-equilibrium test data is shown in Table 3.

Table 3: Unal Correlation Test Data Range

EWC Test Data2  INEL Test Data2 UTC Test Data"
__________ (single tube) (single tube) (rod bundle tube)

Pressure (k-Pa) 240 -539 200 -7000 105 -120
(psia) 34.8 -782 29.0 -1015. 15.2 -17.4

Mass Rux (kglm2 -sec) 14 -78 72-100 7 -26
(lbmnft 2-sec) 2.9 -16.0 14.7 -20.5 1.4 - 5.3

Dry'out Qualiy, 0 -0.99 0.01 - 0.66 0. - 0.5

The pressure in th steam generator tubes during the period of time when the correlation is
being applied are 30- 60 psia for large dry containment plants (Figure 2), and between 28 and
30 psia for ice-condenser containment plants (Figure 5). The broken loop steam generator
tubes mass flux values range between 5 and 30 Ibrrdft2 sec (Figure 3 and Figure 6). Its
magnitude depends on the safety injection fluid conditions and the time during the transient
Although the intact loops show much lower steam flux than the steam flux for the broken loop

%Vapor Generation Rate Model lbr Dispersed Droplet Row," C. Unal et al., Nuclear Engineering and
Design 125 (1991)161 -173.

" Axially vaIrng vapor superineats in convective film boiling," 0. Evans et aL, ASME J. Heat Transfer

107 (August 1985)5 63-669.

-• "Forced convective noneqt'i~brium post-CHF heat transfer expernments in a vertcal tube,' R. C. Gotula
et al, ASME-JSME, Thermal Engineering Conference, Honolulu, March 1983_
" Thermodyjnamic nonequillbrium in post-OH F boiling in a rod bundle,' K. Tuzia et al, Vols 1 -4,

NUREGF'CR-5095 (1988).
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(see Figure 4 and Figure 7, most of the steam exits through the broken loop steam generator),
the cooling of the intact loop steam generators is still significant. See Figure 8 through Figure 11
for a comparison of the SG secondary side liquid temperature for the broken and intact loops for
both the large dry and ice-condenser containment plants. The quality near the quench fro~nt in
the steam generator tubes is within the range of validation in Table 3. The pressure and fluid
conditions for which the correlation was developed covers a large range of conditions in the
steam generator tubes during reflood and post-reflood for both dry and ice-condenser
containments.

Applicability of the WC/T code with the Unal correlation was validated with the test comparisons
of the FLECHT-SEASET steam generator tests documented in Section 3.2 of WCAP-1 7721-P.
The FLECHT-SEASET tests had prototypical steam generator tube lengths and diameters. The
mass flux for the FLECHT-SEASET tests used for the validation of the LOCA M&E model
ranges from 4.7 Ibmlft-sec to 9.4 Ibmlft2-sec (see WCAP-17721-P, Table 3-1). The steam
generator tubes inlet quality ranges from 0.1 to 1.

As noted in Section 3.1.1 of WCAP-1 7721-P, the reference version ofWC)T [

]1a The modified version of WC/T calculates [
]a•c exiting the steam generator tubes and [ ]J~ exiting the steam

generator tubes consistent with experimental data. Comparison of the steam temperature
exiting the steam generator tubes (with the modified version of WC/T) against test data is shown
in the following figures from WCAP-1 7721-P for the high pressure tests,

Figure 3-2, FLECHT-SEASET Test 22701 SG Outlet Temperature.

Figure 3-8, FLECHT-SEASET Test 23402 SG Outlet Temperature.

Figure 3-20, FLECHT-SEASET Test 22314 SG Outlet Temperature.

Figure 3-26, FLECHT-SEASET Test 21806 SG Outlet Temperature.

Figure 3-32, FLECHT-SEASET Test 21909 SG Outlet Temperature.

Figures 3-2 and 3-8 from WCAP-17721-P are reproduced here to illustrate the improvement in
the comparisons against experimental data of the steam temperatures exiting the steam
generator tubes.

The impact of the steam generator heat transfer modifications on the steam generator exit
quality for these high pressure tests is shown in Figures 3-7, 3-13, 3-25, 3-31, and 3-37 of
WCAP-17721-P. Figures 3-7 and 3-13 of WCAP-17721-P are reproduced here using a different
scale on quality and show liquid carryover out of the steam generators consistent with
experimental data.

Regarding the application of the modified steam generator heat transfer logic for the low,
pressure (24 psia) FLECI-T-SEASET Test R22503, WCAP-17721-P, Section 3.2 noted that it

[3.
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This limitation was resolved in the response to RAI 2.31 by extending the range of applicability
of the Biasi correlation [ ]30 This was done by specifying that, if the local
pressure value for the calculation of CHF with the Biasi correlation is [

]-• An evaluation of this
=pressure-bounded" Biasi correlation was done as part of the response to RAI 2_31 and showed
that this extension of the critical heat flux calculated by Biasi bounds the critical heat flux
calculated by Groeneveld (see Figure 12 through Figure 17 in the response to PAl 2.31) and is
appropriate for LOCA M&E calculations.

Application of the modified version of the code to the low pressure FLECHT-SEASET Test
R22503 is shown in Revised Figures 3-14 through 3-19 in the response to RAI 2.31. Revised
Figure 3-14 in the response to RAI 2.31 shows the improvement in the calculation of the SG
outlet temperature compared to experimental data. Revised Figure 3-19 in the response to
RAI 2_31 shows a lower SG plenum exit quality for the revised model consistent with test data.
Revised Figures 3-15 through 3-17 in the response to RAI 2.31 show the occurrence of
stratification on the SG secondary side consistent with experimental data.

The conservative calculation of results for the low pressure FLECHT-SEASET Test R22503
using the pressure-bounded Biasi correlation supports the use of the modified heat transfer
logic in WCIT for ice-condenser as well as large dry containment plants.

Conclusion:

Use of Unalrs correlation for the calculation of post-CHF thermal-hydraulics in the steam
generator tubes during the reflood and post-reflood periods of a LOCA for mass and energy
release calculations was validated for large dry and ice-condenser containment plants wi•th
VC/T. Application of the correlation improves the WC/T standard version of the code [

]fC exiting the steam generators for FLECHT-
SEASET steam generator tests. Application with the pressure-bounded Biasi correlation yielded
a conservative comparison to data for the low pressure FLECHTU-SEASET Test R22503 and
supported the application of the WCJT LOCA M&E model for ice-condenser as well as large dry
containments.
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a..c

Reproduced Figure 3-2 of WCAP-1772i-P
FLECHT-SEASET Test 22701 SG Outlet Temperature

Reproduced Figure 3-8 of WCAP-17721-P
FLECI-4T-SEASEr Test 23402 SG Outlet Temperature
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a.c

Reproduced Rigure 3-7 of WCAP-1 7721-P
FLECHT-SEASEr Test R22701 SG Exit Quality
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Reproduced Figure 3-13 of WCAP-17721-P
FLECHT-SEASEI Test R23402 SG Exit Quarrty
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2.31 RAI-3 - Biasi Range

RAl: Demonstrate that the Biasi critical heat flux correlation will provide a conservative estimate
of the critical heat flux (whaich in this case is used to determine the when rewet occurs) for the
range over which the correlation is being applied_

Comment In section 3.1.1 of their initial submittal [1], Westinghouse stated that the condition for
rew et wras going to be based on the critical heat flux calculated from the Biasi correlation.
However, in the original paper for the Biasi correlation [2], the correlation's predictive capability
was only validated over a small range of application domain due to the current state of
computational resources. Therefore, the NRC staff questioned the correlation's predictive
capability over its entire application domain.

Westinahouse Response

W.COBRAITRAC QLWC/T) uses the Biasi' correlation in the steam generator tubes to calculate
reovet of the tubes during the reflood and post reflood periods of a LOCA. The correlation is
based on nearly 5000 experimental burnout data from laboratories all over the world. The
correlation was established using data over the following ranges of conditions:

0.3 cm < Diameter < 3.75 cm

(0.12 inch < Diameter< 1.48 inch)

20 cm < Length < 600 cm

(0.6 ft < Length < 19_7 ft)

2_7 ata < Pressure < 140 ata

(39.7 psia < pressure < 2058 psia)

(2.74 bar < pressure < 141.9 bar)

lg g/cmn2-sec < Mass flux < 600 g!cmn -sec

(20.48 lbm/ft-sec < Mass flux < 1228.8 lbm/ft2-sec)

(100 kglm2-sec < Mass flux < 6000 kglm2-sec)

X•,•it < 0

1/(1 + pd p•)<x < 1

Pressure and inlet mass flux conditions occurring at the steam generator tubes inlet for a large
dry containment plant during a typical LOCA M&E analysis (suction leg break with minimum
safety injection flow) are shown in Figure 2 through Figure 4 in the response to RAI 2.30. The
quality near the dry out point in the tubes is witin the validation range. The range of fluid

"Studies on Burnout Part 3-A New Model for Roundl Ducts and Uniform Heating and Its Comparison
wIth World Data", L Biasi et al., 1967, Energia Nuicleate 14: 530-536.
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conditions for which the Biasi correlation is being applied is within the range of applicability of
the correlation with the following exceptions.

* The mass flux for the broken loop may fall below the minimum data base value for the
correlation (20.48 Ibmlft-sec), particularly after the start of recirculation from the
containment sump at approximately 1500 seconds (see Figure 3 in the response to
RAI 2.30).

* The intact loops mass flux lies below the minimum data base value for the correlation
during most of the transient (see Figure 4 in the response to RAI 2_30).

* The SG tube pressure falls below the minimum value of the correlation (39.7 psia)
starting at approximately 14W) seconds (Figure 2 in the response to RAl 2.30).

Figure 5 though Figure 7 in the response to RAI 2.30 provide pressure and mass flux conditions
at the steam generator tubes inlet for a typical four-loop ice-condenser plant. The pressure is
below the lower limit of applicability of the Biasi correlation (39.7 psia) during the entirety of the
reflood and post-reflood. Figure 6 in the response to RA! 2.30 shows that the broken loop steam
generator mass flux for ice-condenser plants may fall below the lower limit of the correlation
(20.48 lbm/fft-sec) during the latter part of the transient. The mass flux for the intact loops is
below~ the minimum data base value for the correlation during most of the transient.

The Biasi correlation, as implemented in TRAC, has been modified to limit the minimum mass
flux input. This is discussed in NUREGICR-67242 Section F.2-1.8.4, where it is noted that the
Biasi correlation over predicts the CHF value at low mass fluxes. As implemented in the
TRAC-M code2 , the minimum mass flux was limited to 20 glcm2-sec. The minimum value in
WC/T is [ ]J= (WCAP-1 2945-P-A3 ), which is conservative for LOCA M&E
calculations due to the CHF over prediction at low mass flux values (i.e. there will be a tendency
to remain in nucleate boiling with the higher calculated CHF).

WCAP-17721-P Section 2_8 and text in Section 3.2 stated that Westinghouse will not use the
modified LOCA M&E steam generator heat transfer logic for low backpressure plant applications
(.e. ice-condensers and subatmospheric designs) due to the fact that [

]V= Further investigation
revealed that this ,was largely due to the fact that[

]a, Hereafter in this RAI response this modification to the application of the Biasi
correlation will be referred to as the =pressure-bounded Biasi" correlation. This change

-" NUREGICR-6724, •TRAC-M!FORTRAN 90 (Version 3.0) Theoiy Manual,' July 2001.

-• WCAP-12945-P-A, "Code Qualification Document for Best Estimate LOCA Analysis," March 1998.
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eliminates the[

]•c The pressure limit modification to the Biasi correlation was
validated using data from thle low pressure FLECHT-SEASET test R22503 (24 psia). See
Revised Figures 3-14 through 3-19 in this RAI response. Comparison of Revised Figure 3-18 to
the original Figure 3-18 in WCAP-17721-P shows that the calculated [

] more dosely matching test data.

The pressure-bounded Biasi correlation was further validated by comparison to the Groenieveld"
data (see Figure 12 through Figure 17). Figure 12 through Figure 15 show the effect on Cl-F of
the low pressure limit, as the critical heat flux reaches a minimum value as the pressure
decreases for given mass flux and quality values representative of conditions near the quench
front in plant calculations. Similarly, Figure 16 and Figure 17 show the effect of the limitation on
the minimum mass flux value in comparisons to Groeneveld predictons.

Conclusions:

Comparison of the pressure-bounded Biasi correlation to the Groeneveld et al Cl-F look-up
table for conditions occurring in the steam generator tubes during the reflood and post-reficod
periods of a LOCA showed that, in general, the pressure-bounded Biasi over-predicts
Groeneveld et al. Thus, for LOCA M&E release calculations use of the pressure-bounded Biasi
is conservative compared to Groeneveld.

Application of the Biasi CHF correlation to low mass flux conditions limits the mass flux to the
lower bound of the database. This is also conservative relative to Groeneveld.

Application of the pressure-bounded Biasi correlation has no impact on LOCA M&E calculations
for large dry containment plants with WC/T. This was confirmed through a regression test. The
comparison results shown in Figure 18 through Figure 23 demonstrate that the calculated
results are the same between the WCIT versions with and without the pressure limit on the Biasi
correlation.

Application of the pressure-bounded Biasi correlation yielded conservative results for the low
pressure FLECHT-SEASET Test R22503. Revised Figures 3-'14 through 3-19 similar to those
documented in this RAI will replace Figures 3-14 through 3-19 in WCAP-17721 -P. These are
included in the change pages provided at the end of this attachment

The results of the revised low pressure FLECHT-SEASET Test R22503 support the application
of the W.C/T LOCA M&E model for ice-condenser containments. Text dispersed in
WCAP-17721-P related to the application of the WC/T LOCA M&E model for ice-condenser
containments will be updated to indicate that the model is applicable to ice-condenser
containments. See the change pages provided at the end of this attachment.

4 =The 2006 CHF look-up-table," 0. C. Groeneveld et aL., Nudlear Engineering and Design 237 (2007)
191)9-1922.
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a-.c

Figure 12: Comparison of Q• Biasi vs. Qc~FGroeneveld for Low Pressure Conditions
(Function of Pressure)
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a-c

Figure 13: Comparison of QCH Biasi vs. Qc• Groeneveld for Low Pressure Conditions
(Function of Pressure)
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K

Figure 14: Comparison of Qa• Biasi vs. Qow Groe~neveld for Low Pressure Conditions
(Function of Pressure)
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Figure 15: Comparison of Qc•F Biasi vs. QC• Groeneve[d for low Pressure Conditions
(Function of Pressure)
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Figure 16: Comparison of Qc~ Biasi vs. Qc, Groeneveld for Low Pressure Conditons
(Function of Flow)
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Figure 17: Comparison of Qc•F Biasi vs. Q•F Groeneveld for Low Pressure Conditions
(Function of Flow)
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•- ~Four Loop Plant (DEPS MinSI)
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S UK ~ lirae~sec

Figure 18: Steam Generator Secondary Side Uqu~ Temperature (Bro4ken Loop)
(Bottom of Steam Generb)
Large Dry Containment Pant

Page 38 of 168

WCAP- 17721-NP-A September 2015
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-197
WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-197

ThG!US N-ON-PRPIEAY CLS 3 Lm-NRc- 15-20 N-P-Aittchamm

Four Loop Plant (DEPS MinSI)
L-

aLc

*1

Figre 19: Steam Generator Secondaay Side Lkii Tenleratuge (Brokenl Loop)
(8 It EBev'Ion)

Large Dry Contannet Plai
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Fiiure 20: Steam Geertr Secondary Side Liii Temp~eratire (Broken Loop)

Large Dry Contaiwnent Plant
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Figure 21: Steam Generaor Secondary Side Liquid Temperatu~re (Intact Loop)
(Bottom of Steam Generator)
Large Dry Containet Plant
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Figur 23: Sta Geeior Secondary Side Ukquid Teniperatfie (Intact Loop)
(17 It Elevation)

LgeDwy Containment P1afl
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Revised Figure 3-14 FLECHT-SEASET Test R22503 SG Outlet Vapor Temnpsrahre
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a.€

Revied Fagure 3-15 FLECI-T-SEASET Test R22503 SG Tubs W~all - 1 ft
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a...

Re~.sed Figure 3-16 FLECHT-SEASET Test R22503 SG Tuba Wa~l - 4 ft
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a.c

Revised Figure 3-17 FLECHT-SEASEV Test R22503 SG Tube Wal - 10 it
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a.c

FRwised Fi•-ne 3-18 FLECHT-SEASEr Test R22503 SG Heat Retease Rate
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Revised Figure 3-19 F[FCI-T-SEASET Test R22503 SG Exit Quality

Page 49 of 168

WCAP- 17721-NP-A September 2015
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-208
WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-208

"ESI•1NGHOUSE NON-PROPRITAY CLASS 3 LTR."£ -NSC-LS-20•NP-Atata

2.32 RAI-? - FLEAGHT (sic) heat release rate

RAt: Provide plots of The integrated secondary heat release rate as a function of time forthe
FLEACHT-SEASET (sic) data and for the WC/T prediction (with the proposed interracial heat
transfer and steam generator heat transfer changes) for the seven FLECHT-SEASET cases
described in the topical. Provide a discussion which demonstrates that WCT with the proposed
changes provides an adequate prediction of the FLECH-T data.

Comment: In section 3.2 of their initial submittal [1], Westinghouse provided plots of the
secondary heat release rate. However, those plots seemed to indicate that WCdT with the
proposed modifications consistently under predicted the heat release from The steam generator_
Under predictng the heat release wo•uld be non-conservative and may result in an inadequate
prediction of the mass and energy release.

Westinghouse Response

The data forthe measured FLECI-T-SEASET steam generator secondary heat release rates
were taken from plots that were provided in WCAP-9724' (NUREGICR-1524) and
WCAP-96212 . The information that is shown in those plots was calculated using the measured
temperature differences and heat transfer areas, but with estimated heat transfer coeflicients.
Therefore, the plot data only provide an estimate of the measured FLECHT-SEASET steam
generator secondary heat release rates.

The transient secondary heat release rates can be compared indirectly by comparing the
measured and code calculated transient secondary fluid temperatures. This information is
shown in Figures 3-44 through 3-50 from WCAP-17721-P. This comparison shows that The
WCOSRA)TRA•C (W__C/T) calculated secondary fluid temperatures[

]to

The plots for the FLECHT-SEASET steam generator test cases have been re-generated as part
of the response to the request for additional information (RAI) 2231. These plots also show that
The__WCJ' calculated secondar! fluid temperatures are[

]tC (see the change pages provided at the end of this
attachment for these revised plots).

The requested plots, which compare the measured and W._f/ calculated secondary heat

release as a function of time, follow (Figure 24 through Figure 30). The measured steam
generator (SG) heat release rate test data for case 21909 is not available between 50 and
550 seconds, so the integrated SG heat release comparison for this case is not good. For 3 of

WCAP-9724, Revision 0, "PVIJ, FLECHT SEASET Steam Generator Separate Effects Task Data
Analysis and Evaluation Report, FebrJarj 1982.

2 WCAP-95'21 , Revision 0, =PWR FLECHT SEASET Steam Generator Separate Effects Task Data
Report,' January 1980.

Page 50 of 168

WCAP- 17721I-NP-A September 2015
Revision 0



WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-209
WESTINGHOUSE NON-PROPRIETARY CLASS 3 A-209

WES'~IGNHOUSENON•I-PROPRIETAKtY CLASS S LT'-R-lS.,2ONhP-,Atbcbnnt

the 7 cases (21806, 22314, arid 22503), the WCiT calculated transient heat release, with thespecial SG tube heat transfer models, [ r
The WCIT calculated secorndary fluid temperatures for these cases, as shown in new
Figures 3-48, 3-47, and 3-46 in the change package, are[

]a~ This also implies the code is calculating a
higher transient heat release rate than the test For te other 3 cases (22701.,22920. 23402),
the WCFIT calculated transient heat release, with the special SG tube heat transfer models, is
[ ]ft However, the WCJT calculated secondary fluid temperatures, as
shown in new Figures 3-44, 3-50, and 3-45 in the change package, are[

J2.O
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a-c

Figure 24: Secondary Heat Release Comparison (R21 806)

Figure 25: Secondary Heat Release Comparison (R21 909)
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aBC

Figure 26: Secondmry Heat Release Comparison (R22314)

Figure 27: Secondary Heat Release Comparison (R2:2503)
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Figure 28: Secondary Heat Release Comparison (R22701)

Figure 29: Secondary Heat Release Comparison {R22920)
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a._c

Figure 30: Second~ary Heat Rele~ase Comparison (F23402)
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()Westinghouse

U.S. Nvlear Regtrlatoy Corecssio~n
Document Control Desk
1 1555 Rockville Pike
Roekville, MD 20852

Weslinghouse Electric Compan
Engineetlng, Equlluent arid Major Projects
1000 Wasllnghaousa Dtve, Bui•ldg 3
Crmnbmnry Township, Pennsylvania 1606
USA

Dilect tel:
Dirert fax:

c-nai:

(412) 374-4643

greshajalwe-stinghou.se.,om

LTR-tNRC-l5-33

April 22, 2015

Subje&t Submittal of "WCAP-17721--P NRC Set 2, Safety and Code Review Brunch - RA.l 2.32
Response Supplemaent" (Proprietary/Non-Proprietary).

Enclo~sed are the p7roprietay and non-proprietary versions of a report "WCAP-17721-P NRC Set 2. Safety
and Code Review Branch - RAI 2.32 Response Supplemnet."

Also enclosed are:

1. Au Application for Withholding Proprietary Informnation from Public Disclosure, AW-l 5-41 66 (Non-
Proprietary), with Proprietary Information Notice and Copyright Notice

2. An Affidavit (Nan_-Proprietary).

This submittal contains proprietary information of Westinghouse Electric Company LLC. In
conformance with thae requirements of 10 CFR Section 2390, as amaended 1 of the• Commission's
regulations, we are enclosing with this submittal an Application for Withholding Proprietary Information
from Pulblic Disclosure and an Affidtvit• The Affidavit sets forth the basis on which the information
identified as proprietary may be withheld from public disclosure by the Commission.

Correspond~ene with respect to the proprietary aspects of the Application for Withholding or the
Wcstinghousa Affidavit should refer'ence AW-I15--4166 and should be addressed to Jame•s A. Gresham,
Manager, Regulatory Compliance. Westinghouse Electric Company. 1000 Westinghouse Drive,
Building S Suite 310, Cranberry Township, Pennsylvania 16066.

Very truly yours,

3•• . O•[ am+Manager

Regulatory Compliance

Enclosures
ce: EkaterinaLenning (NRC)

Dr. Ioshua Kaiser (NRC)
Dr. Shie-Jeng Peng (NRC)
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LTR-NRC-I1533
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bcc: James A. Gresham
Cheryl Robinson
Anne Id. Steginan
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()Westinghouse

US' Nuclear Regulatory Commission
Doumnent Control Desk
11555 Rockville Pike
Rookvilie, M~D 20852

Weslingticuse Sleniri CompanyE-ngineefrin, Equiment end Major Projects
1000 Wes~ngiouse Drive, Butiding S
OmebnyTownahip, Penrtsylvania 16066

Direct telt (41:2) 374-4643
Dlt.et the ('724) 940-8560

c-maih: greshaj a @we-sdnghousec-om

AW-15-4166

April 22, 2015

APPLICATION_ 1!OR WITHH'OLDING PROPRIETARY
INFORMATION FROM PUBLIC DISC2LGSIJ

Subject: LTR-NRC-I5-33 P-Attachment, "WVCAP.17721-P N-RC Set 2, Safety and Code Review
Brnh- RAY 2.32 Response Supplement"

Reference: Lette from James A. Gresham to Document Control Desk, LTR-NRC-15-33, dated
April 22, 2015

Th~e Application for Whitholding Propriethry Infornation from Public Disciosree is submitted by
Westinghouse Electric Company LLC (Westinghouse), pursuant to the provisions of paragraph (b)(tI) of
Section 2390 of the Commission's regulations. It contains commercial strategic information proprietary
to Westinghouse and customarily held in confidence.

The praoprietry• informatfion 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-15-4166
accompanies this Application for Withholding Proprietary Information from Putblic Disclosure, setting
forth the basis on whicih the identified pr~opriet ary infomnintion may he withheld from public disclosure.

Accordingly, it is respetfly requested that the subject information which is proprietary to Westinghouse
be withheld from public disclosure in accordance with 10 CFgR Section 2.390 of the Commission's
rgtlfglhlloIlS.

Correspondence with respect to the proprietary aspects of the Application for Withholding or the
acconpaaying Affidavit should reference AW-15-4166 and should be addressed to James A. Gresbam,
Manager. Regulatory Compliance, Westinghouse Electric Company, 1000 Westinhouse Drive,
Building 3 S~uite 310, Cranber'ry Township, Pennsylvania 16066.

Sfames A. GIresham, Manager
Regulatory Compfliance
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AW-l5-4166
April 22, 2015

AFFIDAVIT

COMMONWEALTH OF PEiNNSYLVANIAa

55

COUNTY OF BUTLER

Ll anms A. Omrehan,, am autliwizedl to execute this Affidavit on behalf of Wesinghoulse Electic
Company LLC (Westinghouse). a•nd that the averments of fact set forth in this Affidavi~t i tru anid

corret to the best of try knowledge, information, and belief.

Re~gulatory Compliance
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2 AW-l5•4l66

(1) 1 am Manager, Regulatory Compliance, Westinghouse Electric Company LLC2 (Westinghouse),

and as such, I have teen specifically delegated the function of re~viewing the proprietary,

infonnatiort sought to be withheld frn public disclosure in connection with inniest power plant
licensing arnd rule mlaking proceedings, and ani authorized to apply for its withholding on behalf of

Westinghouse.

(:2) 1 am making this Affidavit in conformance with the provisions of I0 CFR Section 2.390 of the

Comtnissioi's regulations and in conjunction with the Westinghouse Applicationt for Withholding

Proprietary Inforrmation from Public Disclosure accompanying this Affidavit.

(3) . Ihave personal knowledge of the criteria and procedures utilized by Westinghouse in designating

information as a trade secret, privileged or as confidential commeocial or financial information.

(4) Pursuat to_ the provisions of paragrph (b)(4) of Section 2.390 of the Commission's regulations.

the following is furnished for consideration by the Commission in determining whether the

informtation sought to be withheld from puablic disclosure should be withheld.

(i) The information sought to he withheld from public disclosure is ownoed and has been heold

in confidence by Westinghouse.

(ii) The information is of a type custoenaxily 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

systm to determine when and whet:her to hold certain types of information in confidence.

The application of that system and the substance of that system constitute Westinghouse

polic-y and provide th rational basis requited.

Under tha systerm• information is held in confidence if it fulls in one or mor of several

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

advantage, as follows:

(a) The information reveals the distingihing aspects of a proces~s (or component.

structure, tool, method, etc.) wher prevention of its use by any of Westinghou~se's
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competitors without license from Westinghouse canstitatits a competitive

economic advantage over other compmaies.

(b) It consists of supporting data, including test data, relative to a process (or

,componen~t, stoicur, toel, meho, etc.), the application of which data secures a

competitive economic advantage. e.g., by optimization or improved marketability.

(a) Its tus by a competitor would reduce his expenditure of resources or imaprove his

competitive position in the design, manufacture, shipment, installation, assurance

of quality, or licensing a similar product.

(d) •it reveals cost or price infbnnaficn, production capacities. budget levels, or

comrial staeie~s of Westinghouse, its customers or suppliers.

(e) ft reveals aspects of past, present, or future Westinghouse or custome fended

developmrent plans and programs of potential commercial value to Westinghouse.

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

(iii) There are sound policy reasons ebeirid the Westinghouse syste which include the

following:

(a) The use of such information by Westinghouse gives Westinghoues a competitive

advantage over its competitors. It is, therfore, withheld from disclosure to proect

the Westinghouse competitive position.

(I,) It is information that is warke-tble i many ways. The extent to_ which such

informaton is available to competitors diminishes the Westinghouse ability to sill

products and services involving the use of the inoraion.

(c) Use by our competitor would put Westinghouse at a competitive disadvantage by

reducing his e.xpenditure of resources at our expense. -
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(d) Each component of' proprietary information pertinent to a particular competitive

advantage is potentially as valuable as the total competitive advantage. If'

competitors acquire components of proprietary information, any one component

may bc 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.

(t) The Westinghouse capacity to invest corporate assets in research and development

depends upon the success in obtaining and maintaining a competitive advantage.

(vi) 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.

(v) The information sought to be protected is not available in public sources or available

information has not been previously cmploycd in the same original manner or method to

thc best of our knowledge and belief.

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

appropriately marked in LTR-N-RC- 15-33 P-Attachment, "WCAP-17721-P NRC Set 2,

Safety and Code Review Branch - RAI 2.32 Response Supplement" (Proprietary), for

submittal to the Commission, being transmitted by Westinghouse letter, LTR-NRC-15-33,

and Application for Withholding Proprietary Informaation 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-17721-P, and

may be used only for that puropose.

(a) This information is part of tbat* which will enable Westinghouse to:

(i) Obtain NRC approval of thc LOCA Mass and Energy Release Calculation

Methodology docunented in WCAP-17721-P, "Westinghouse
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Cont~imnrant Analysis Methodology [ PWi LOCA Ma~ss and Ener'gy

Release Calcnlation Methodology:'

(1,) Further this information has substantial coroniciial value as follows:

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

for the putrpose of as~sis•ting customers in obtaining lices changes for a
Westinghoue pressurized water reactor (['Wi),

(ii) Westinghouse can sell support and defense of industry guidelines and

acceptance criteria for plant..speciflc applications.

(iii) The information requested to be withheld reveals the distinguishing

aspects ofra methodology which was developed by Westinghouse.

Public disclosure of this proprietary information is likely to cause substantial harm to thc
competitive pd~sition 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 eomwnonsurato expense. Also, public disclosure of the

information would enable others to use the information to meet NRC requirements for

licensing dooumentation without purchasing the right to use the information.

The development of the technology describ~ed in part by the infornstion 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 mone-y.

In order for competitors of Westinghouse to duplicate this information, similar technical

programs would have to be pereformed and a significant manpower effort, having the

requisite talent and experience, would have to be expended.

Furt~her the deponent sayeth not.
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and non-proprietary versions of documents furnished to the NqRC
associated with Westinghouse's reuclat for NRC approval of WCAP-1 7721, and may be used only for
that purpose.

In order to conform to the requieets of" 10 CR1 2.390 ofthe Commaission's regulations concerning the
protection of proprietary information so submitted to the NRC! the information which is pr'oprietary 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 thc
brackets in the proprietary versions having been deleted), The justification for claiming tile information
so designated as proprietary is indicated in both versions by meanes of lower case letters (a) through (1)
located as a superscript immediately following the bracklets menlosing 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 C•l 2.3900b(l).

COPYRIGHtT NOTICE

The reports trnmmitted herewith earch 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 issuanee•
denial, amendment, transfer, renewal, modification, suspension, revocation, or violation ofra license,
permit, order, or regulation subject to the requirments of 10 CFR 2,390 regarding retictons on public
disclosure to the extent such information has been identified as poprietar by Westingh•ouse, copyright
protection notwithstanding. With sespect to the non-proprietary versions of these reports, the NRC is
permitted to make the number of copies beyond thos necessay for its internal use which are necessary in
order to have one copy available for public viewing in the appropriate docket riles in the public document
room in Washington, DC and in local public document mooms as may be require by NRC regulations if
the number of copies submitted is insufficient for this purpose. Copies made by thxe NRCmust includle
the copyright notice in all instances and the proprietary notice if the original was identified as proprietary.
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Background

Request for Additional [nformaton (RAt) 2.32' requested Westinghouse to generate plots of
integrated secondary side energy release for the FLEd-ITf SEASET steam generator (SG) test
case simulations presented in WCAP-17721-P Section 32_The RAt also requested that
Westinghouse provide a discussion which demonstrates that WCOBRA/TRAC (WCT) provides
an adequate prediction of the FLECI-T SEASElT data. The response to the RAI is documented
in Westinghouse letter LTR-NRC-l5-202 and provided the requested plots. The response
indricated that 3 of the?7 FLECH-T SEASET simulations calculated secondary to primary heat
trarsfer rates that [ f• than the test data (R21806, R2O23 14, and
R22503). Test data wras unavailable fora large portion of R21909, and code calculated
secondary to primary heat transfer was [ ]r, for 3 tests (R22701, R22920J, and R23402).
The response to RAI 2.32 indicated that the SG heat transfer data from the test was only an
estimate, and it was based on the primary side energy" balance. Plots showing calculated and
measured secondary side temperature vs. elevation w~ere referred to, and largely the WOT
simulations calculated [

]-,even for R2270l, R22920, and R23402. During the April 8-9 Nuclear Regulatory
Commission (NRC) audit, the NRC pointed out that the WCT [

fa, than measured and that the
measured [

f'=. There was also an
ontgoing discussion relative to the 'spike3 in secondary to primary heat transfer shown early in
;time for some of the tests.

Further Discussion

Weslintghouses argument that the WCT FLECI-T SEASET SG simulations provided
conservative results relative to secondary to primary heat transfer was primarily based on the
[ f•'= WCAP-9724 (NUREGICR-1 534)3 contains isometric
plots which show radial secondary side temperatures vs elevation above the tube sheet for
R227Ot. Figure 5-46 through Figure 5-48 (reproduced belw) indicate that there is [

f•= at any given time and elevation_ The lack of
[ ] can be demonstrated for R,22920 and R23402 as well with

'Request for Additonal Information Re: Westinghouse Electric Company Topical Report
WCAP-17721-P, Revision 0, and WCAP-17721-NP, Revision 0, ='Westinghouse Containment Analysis
Methodology - PWR [Pressurized Water Reactori LOCA [Loss-Cf-Coolant Accident] Mass and Energy
Release Calculation Methodology,' - Set 2 (Safety and Code Review B3ranch) (TIAG No. MFI1797),
October 14, 2014 (ADAMS Accession No. ML14254A251)

2LTR-NRC-15-20, "Submnittal of •'WCAP-i772i-P NRC Set 2Z Safety and Code Reviewv Branch -
Response to Selected RAls" (Proprtetaryl/•on Proprdetary,€," March 2015

3 WCAP-9724 (NlJREG-ICR-1534), "PWR FLEd-FT SEASEU Sea~ni Generator Separate Effects Task
Data Analysis and Evaluation Reporl" February" 1982

Page 2 of 14
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WE-.STLGOHOUSIE NON-PlROPRIET.•lY CLA•JSS 3 LI'k-NPRC-15-33 N'P-M4ttncbment

infornmation from WCAP-96-21 4 (detailed data report) Figure 1 and Figure 2 show the secondary
fluid temperature at 69 ft from the tube inlet (i.e_ near the outlet) for radial positions 1 (cdose to
centerline) and 4 (closest to SG shell) for R22920. The temperature profiles for radial positions
I and 4 [ ]=.e Figure 3 and Figure 4 show, the same comparison for
R23402 This indicates that the SG was coaling down []a.

Regarding the secondary to primary heat transfer spike, shown most notably in WCAP-1772 1-P
Figure 3-6 (R22701), Figure 3-12 (R23402), and Figure 3-42 (R22920), WCAP-9724 on
page 5-35 provides some key information. It is stated (for the reference case, R22701) that this
early peak is due to a flow transient caused by the loop flow and pressure controllers, and after
the first minute, the transient decays into steady state flow. Omitting the transient data, the peak
secondary to primary heat transfer rate is estimated to be approximately 144kW (137' BTU/~s) on
page 5-35, as compared to the 200kW (190 BTU/s) peak which occurs during the transient flow
period. Figure 5-14 of WCAP-9724 (NUREGICR-1534) indicates that the transient flow condition
exists for more than 60 seconds for the R22701 test, as it does not drop to 144kW until about
125 seconds. Therefore, the initial peak in heat transfer for the FLECI-T SEASET test data is
attributed to transient behavior that was not modeled in the WCT simulations.

The summary data on page 22920-1 of WCAP-9621 for P2.2920 indicates that the temperature
of the steam flow was 157=C, which was modeled in WCT; however, the plot showing the SG
inlet temperature on page 22920-7 (copied below as Figure 5) shows,, the SG inlet temperature
[ ],x=There is also a flow
transient shown on page 22920.4 (copied below as Figure 6). The R22920 case was re-run with
WCT accounting for the aforementioned items. The WCT calculated integral of the SG energy
release is still [

Considering the transient effects in the FLECHT SEASET test data and allowing for some
uncertainty in measured values (temperatures, flows,,, etc.) and calculated heat transfer rates,
the W.CT simulations demonstrate that the heat transfer is relatively well predicted compared to
test data_

"WCAP-g621, 'PWR FLECHT SEASET Steam Generator Separate Efet Task Data Report,"
January 1980
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Figure 5-46. IsometrIc Plot of Secondary Fluid Temperatures at 3.'~ Minutes
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tif

~ ~sI..riqure 5-faD. Isometric Plot of Secondary Fluid Temperatures nt 12.1 Minutes

Into Tronsient, Rleference Run
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Figure 1: R22920 Steam, Tube Wall, and Secondary Temperature vs. "lime for Radial Position 1
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Figure 2 R22920 Steam, Tube Wall, and Secondary Temperature vs_ -Time for Radial Position 4
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Figure 3: R23402 Steam, Tube Wall, and Secondary Temperature vs_ "Time for Radial Position 1
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Figure 4: R23402 Steam, Tube WaJl, and Secondary Temperature vs. lime for Radial Position 4
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Figure 5: R22920 Primary Side Inlet Temperature
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Figure 6: R22920 Primary Side Mass Flow
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Figure 7: Case R22920 Integrated SG Heat Release Rate
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Figure 8: Case R2.2920 Secondary fluid Temperature Comparison
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()Westinghouse

U.S. Nuclear Regulatory Commission
Document Control Desk
11555 Rockyille Pike
Rockville, MD 20852

Westinghouse Electric ComnpanyEngineering, Equipment and Major Projects
1000 Westinghouse Drive, Building 3
Cranbenry Township, Pennsylvania 16086
USA

Direct teir
Direct fax:

e-mail:

(412) 374-4643
(724) 940-8560
geshaja @westinghoutse~com

LTR-NRC-I15-39

May 21, 2015

Subject; Submittal of "WCAP- 1772 1-P RAI Response Supplements" (proprietary/Non.Proprietary)

Enclosed are the proprietary and non-proprietary versions of a report "WCAP-17721-P RAI Response
Supplements."

Also enclosed are:

1. An Application fur WVithholding Proprietary Information from Public Disclosure, AW-15-4191 (Non-
Pr'oprietary), with Proprietary Iniformation Notice and Copyright Notice

2. An Affidavit (Non-Proprietary).

This submittal contains proprietary information of Westinghouse Electric Company LLC. In
conformance with the requirements of 10 ClER 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-15-4191 and should be addressed to James A. Gresham,
Manager, Regulatory Compliance, Westinghouse Electric Company, 1000 Westinghouse Drive,
Building 3 Suite 310, Cranberry Township, Pennsylvania 16066.

Regulatory Compliance

Enclosures
cc: EkalerinaI..enning (NRC)

Dr. Joshua Kaizer (NRC)
Dr. Shie-Jeng Pcng (NRC)
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bce: James A. Greshami
Cheryl Robinson
Anne M. Stegman
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WWestinghousceoComan0 W estighouseEnglneering, Equiprent and Major Prajacia
10 00 w estin gtro u se D d lve, B uilding~in e y o i s l , P n s l a i I63

USA

U.S. Nuclear Recgulatory Commnission Diiec tel: (412) 374-4643
Document Control Desk Direct fax: (724) 940-8560
11555 Rockville Pike -'-mail: gnesbaja@wcstinghouse~com
Rockville, MD 20852

AW-15-4191

May 21, 2015

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION PROM PUBLIC DISCLOSURE

Subjedt LTR-NRC- 15-39 P-Attachment, "WCAP-17721-P RAT Respon~se Supplemoents"

Reference: Letter fromo James A. Gresham to Document Control Desk, LTR-NRC-15-39, dated
May 21,.2015

The Application for Withholding Proprietary Information from Public Disclosure is submitted by
Westinghouse Electric Company LLC (Westinghouse). pursuant to the provisions of paragraph (b)(l) of
Section 2.390 of the Commission's regulations. It contains commercial strategic information proprietary
to Westinghouse and customarily held in confidence.

The proprietary information for which withholding is being requested is identified in the proprietary
version of the subject report. In conformance with 10 CFR Section 2.390, Affidavit AW-15-4191
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 respectfuily requested that the subject information which is proprietary to Westinghouse
he 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 fbr Withholding or the
accompanying Affidavit should reference AW-15-4191 and should be addressed to Jamnes A. Gresham,
Manager, Regulatory Compliance, Westinghouse Electric Company. 1000 Westinghouse Drive,
Building 3 Suite 310, Cranberry Township. Pennsylvania 16066.

Very trulyyours

•sAGresham,Mage

Regulatory Compliance
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AW-15-4191
May 21, 2015

AFFIDAVIT

COMLMONWEALTFH OF PENNSYLVANIA:

ss

COUNTY OF BUTLER:

I, James A. Gresham, am authorized to execute this Affidavit on behalf of Westinghouse Electric
Company LLC (Westinghouse). and that the avernents of fact set faith in this Affidavit an: true and

correct to the best of my knowledge, information, and belief.

'/Jame~s A. Gncsam, Manager

Regulatory Compliance
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2 AW-15-4191

(1) I am Manager, Regulatory Compliance. 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) l 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) 1 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,

Cii) 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 constitute Westinghouse

policy and provide 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
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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 proess (or

component, strutcture. tool, method. etc.), the application of which data secures a

competitive economic advantage, e.g., by optimization or improved marketability.

(e) 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 reveal cost or price information, production capacities. budget levels, or

commercial strategies of Westinghouse. its customers or suppliers.

Ce) It reveals aspects of past, present, or future Westinghouse or customer funded

development plans and programs of potential commercial value to Westinghouse.

(f) ft contains patentable ideas, for which patent protection may be desirable.

(iii) There are sound policy reasons behind the Westinghouse system which include the

foliowing:

(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.

Cc) Use by our competitor would put Westinghouse at a competitive disadvantage by
reducing his expenditure of resources at our expense.
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(dl) Each component of proprietary information pertincnt to a particular compctitivc

advantage is potentially as valuable as the total comrpetitive 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
Westnghouse in the world market, and thereby give a market advantage to the

competition of those countries.

(t) The Westinghouse capacity to invest corporate assets in research and development

depends upon the success in obtaining and maintaining a competitive advantage.

(vi) 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.

(v) 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.

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

appropriately marked in LTR-NRC-l 5-39 P-Attachment, "WCAP-1 7721 -P RAT Response

Supplements~" (Proprietary), for submittal to the Commission, being transmitted by

Westinghouse letter, LTR-NRC-15-39, 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-l17721-P, and may be used only for that purpose.

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

(i) Obtain NRC approval of the LOCA Mass and Energy Release Calculation

Methodology documented in WCAP-17721I-P, "Westinghouse

Containment Analysis Methodology - PWR LOCA Mass and Energy

Release Calculation Methodology."
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(b) Further this intformation has substantial commerrcial value as follows:

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

for dhe purpose of assisting eustomers in obtaining license changes for a

Westinghouse pressurized water reactor (PWR).

(ii) Westinghouse can sell support and defense of industry guidelines and

acceptance criteria for plant-specific applications.

(iii) 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 developmnent of the technology described in part by the information is the result of

applying the results of many years of expcricnce 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 manpowver effort, having the

requisite talent and experience, would have to be expended.

Further the deponent sayeth not.
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PROPRIETARY INFORMlATION NOTICE

Transmitted herewith are proprietary and non-proprietary versions of doetuments furnished to the NRC
associated with Westinghouse's request for N-RC approval of WCAP-17721, and may be used only for
that purpose.

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 N"RC, the information which is proprietary in the
proprietary versions is contained within brackets, and where the proprietary information has been deleted
in thre 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 (1)

•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)Xii)(a)
through (4)(iif)0 of the Affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a WVestinghoutse copyright notice. The NRC is permitted to
make thle 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 beeon identified as proprietary by Westinghouse, copyright
protection notwithstanding. With respect to the non-proprictary 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 f-les in the public document
room in Washington, DC1 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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The table below summarizes the RAIs which have responses included in this attachment.

RAI # Title
ISet 2 R~i1 225 IRAI-3 - GOTHIC time step sensitivit
Set 3 RAI SCVB-RAI-6 GOTHIC Runnin9 In Parallel With WCOBRAITRAC
Set 2 RAlI 230 RAI-3 - Unars Correlation

RAl 225 and RAl 230 were previously addressed via LTR-NRC-15-203 and SCVB-RAI-6 was
previously addressed via LTR-NRC-15-54 . Subsequent discussions with the NRC reviewers
have led to a request for Westinghouse to supplement the previously supplied responses. This
supplemental information is provided in the attachment to this totter.

'Request for Additional Information Re: Westinghouse Electric Company Topical Report
WCAP-17721-P, Revision 0, and WCAP-17721-NP, Revision 0, "Westinghouse Containment Analysis
Methodology - PWR [Pressurized Water Reactor] LOCA [Loss-Of-Coolant Accident] Mass and Energy
Release Calculation Methodology," -Set2 (Safely and Code Review Branch) (TAC No. MF1 797),
October 14, 2014 (ADAMS Accession No. ML14254A251)

2Request for Additional Informatin Re: Westinghouse Electric Company Topical Report

WCAP-17721-P, Revision 0, and WCAP-17-r21-NP, Revision 0, =Westighouse Containment Analysis
Methodology - PWR (Pressurized Water Reactor] LOCA [Loss-Of-Coolant Accident] Mass and Energy
Release Calculation Methiodoloqf - Set 3 (Containment and Ventilation Branch) (TAC No. MF1797),
October 20, 2014 (AD)AMS Accession No. M_14254A260)

SLTR-NRC-15-20, =Submittal of "WCAP-1771-P NRC Set 2, Safety and Code Review Branch -

Response to Selected RAIs" {PropretarylNon Proprietary)," March 26, 2015

SLTR-NRC-15-5, 'Submittal oP WCAP-17721-P NRC SetZ2 Safety and Code Review Branch, and Set 3,
Containment and Ventilation Branch - Response to Selected RAts" (Proprietary1Non-Proprietarf,),•
January 22, 2015
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2.25 RAI-3 - GOTHIC time step sensitivity
and
SCVB-RAI-6: GOTHIC Running In Parallel With WCOBRA/TRAC

Background

The Nuclear Regulatory Commission (NRC) provided 2 Requests for Additional Information
(RAIs) relative to the WCOBRA/TRAC (WCT) and GOTHIC coupling process. These RAls were
provided to Westinghouse as RAI 2251 and SCVB-RAI-62 . The Westinghouse responses were
provided in LTR-NRC-15-20 3 and LTR-NRC-15-5 4. Subsequent to the submittal of the"

responses, an NRC/Westinghouse audit was held the week of Apnl 5, 2015. Discussion relative
to the GOTHIC/WCT coupling process, where it was recognized that there is an approximation
inherent in the data transfer between WCT and GOTHIC, resulted in Westinghouse taking an

action to further justify the existing coupling process.

Further Discussion

Any concems relative to approximations in the GOTHIC/WCT coupling process can best be
studied in [ i-F
Since break flow increases rapidly in the first few tenths of a second of the transient, followed by
a monotonically decreasing flow rate until the end of blowdown, the discussion on the
approximation in the coupling process will be focused on[

r-e. Figures 1 and 2 below demonstrate the[
]'= for the [ ]I=,

respectively_ Figure 3 shows the total break flow rate during blowdown, and both [
]ac are observed.

Request for Additonal Informatin Re: Westinghouse Electric Company Topical Report

WCAP-17721-P, Revision 0, and WCAP-17721-NP, Revision 0, =Westighouse Containment Analysis
Methodology - FPWR [Pre=ssurized Water Reactor] LOCA [Loss-Of-Coolant Accident] Mass and Energy
Release Calculation Methodology,"-Set 2 (Safety and Code Review Branch) (TAC No. MF1797),
October 14, 21314 (ADAMS Accession No. ML14254A251)

2Request for Aodditonal Informatin Re: Westinghouse Electric Company Topical Report

WCAP-17721-P, Revision 0, and WCAP-17721-NP, Revision 0, =Westinghouse Containment Analysis
Methodology - PWR [Pressurized Water Reactor] LOCA [Loss-of-Coolant Accident] Mass and Energy
Release Calculation Methodology," - Set 3 (Containment and Ventilatin Branch) (TAC No. MF1 797),
October 20, 2014 (ADAMS Accession No. ML14254A260)

SLTR-NRC-15-20, 'Subm~ttal oV WCAP-17721-P NRC Set 2, Safety and Code Review Branch -
Response to Selected RAls" (ProprietaryiNon Proprietary)," March 26, 2015

SLTR-N RC-15-5, 'Submittal of "WCAP-17721 -P NRC Set 2, Safety and Code Review Branch, and Set 3,
Containment and Ventilation Branch - Response to Selected RAls" (Ppropetary/Non-Proprietaly),.
January 22, 2015
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In order to understand the effect that the approximation in the coupling process can have on the
figure of merit (containment pressure), sensitivity studies where the[

] were performed. [
]•o The results of

these [ ]a.= sensitivity studies are shown in Figure 4. [
]f0 yielded a negligible decrease in the

calculated peak containment pressure as compared to the nominal case. Figure 4 also shows a
containment pressure response for a coupled WCT/GOThIC run with a[

]'s. The result vwas a negligible increase in peak containment pressure
relative to the nominal case. The conclusion supported by the data presented in Figure 4 is that
the current coupling process, as described in WCAP-17721 -P, is an acceptable approach.
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Figure 1: WCT + GOTHIC Coupling [

Figure 2: W.CT + GOTHIC Coupling

F.

a._c

]I,
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Figure 3: DEPS MIN Total Break Flow Rate

a._c

Figure 4: Peak Containment Pressure - WCT Time Step Size Sensitivity and Modified GOTHIC
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2.30 RAI-3 - Unars correlation

Background

The Nuclear Regulatory Commission (NRC) issued a Request for Additional Information (RAI)
regarding use of the Unal correlation in the Westinghouse topical Report WCAP-1772l-P'
methodology via letter dated October 14, 20142. The response to the RAI is documented in
Westinghouse letter LTR-NRC-15-203 _ Subsequent to the issuance of Ihe response, it wras
noted in the April 8-9, 2015 audit at Westighouse Rockville that the mass flux through the
broken loop steam generator can exceed the range of validation data presented in Table 3 of
LTR-NRC-15-20. It wras recognized that further justification would be required for the post
critical heat flux (CHF) interfacial heat transferilreatment

Further Discussion

Break flow is largely dictated by the boundary conditions representing the safety injection
system, and the mass flux through the steam generators for the large break loss of coolant
accident (LOCA) is dependent on these parameters. Therefore, Westinghouse proposes to
restrict the use of the modified interfacial heat transfer logic, which invokes the Unal correlation,
described in WCAP-17721-P Section 3.1.1 to plant applications where the steam generator
mass flux is wiqthin the validation range (less than or equal to 20.5 Ibmlft2-sec). Plant analyses

where the steam generator tube mass flux in the post-retlood period is greater than
20.5 lbmift2-sec post-reflood will use the 'WCT Standard" steam generator heat transfer logic,
which led to the over-prediction of steam generator energy release in the FLECHT SEASET
simulations (See WCAP-17721-P Section 3.2). (It is recognized that the mass flux may be
higher during the accumulator injection period, but this is short-lived and of little consequence to
the integrated mass and energy releases that contribute to the second containment pressure

peaks of interest:)

WCAP-1 7721-P, "Westinghouse Containment Analysis Methodology- PWR LOCA Mass and Energyj

Release Calculation Methodology,," April12013

2 Request for Additional Infomrnation Re: Westinghouse Electric Company Topical Report

WCAP-17721-P, Revision 0, and WCAP-17721-NP, Revision 0, "Westinghouse Containment Analysis
Methodology - PWR [Pressurized Water Reactor] LOCA [Loss-Of-Coolant Accident] Mass and Energy
Release Calculation Methodologyi," - Set 2 (Safety and Code Review Branch) (TAC No. MF1 797),
October 14, 2014 (ADAMS Acces~eon No_ ML14254A251)

SLTR-NRC-15-20, "Submittal of "WCAP-17721-P NRC Set 2, Safety and Code Review Branch -

Response to Selected RAIs" (Propretary/Non Proprietary)," March 26, 2015
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The "W.CT Standard-" interfacial heat transfer is based on the Lee-Ryley4 correlation, presented
in WCAP-12945-P-A5 Section 5-3-4. T[he use of the Lee-Ryley correlation for the interfacial heat
transfer from superheated vapor to droplets has previously been approved for use in the
Westinghouse realistic large break LOCA Evaluation Models (Equation 5-157 of
WCAP-1 2945-P-A and WCAP-1 6009-P-A6). It was concluded that the prediction of steam
binding was conservative (Section 25-7 in WCAP-12945-P-A), and an over-prediction of droplet
vaporization in the steam generator tubes is conservative for the LOCA M&E application as well.
The Lee-Ryley correlation is based on the widely accepted formulation where the Nusselt
number is expressed as a function of the Reynolds and Prandtl numbers (see Equation 1).
Expressing the Nusselt number in terms of Reynolds and Prandtl numbers is more mechanistic
as compared to the Unal correlation, which is highly empirical.

Nu = 2.0 + 0.74Re•. Pr133  (1)

The range of data used in the development of the Lee-Ryley correlation is shown in Table 1.
Regarding droplet diameter, the droplet diameter in the steam generator tubes will be[

]J.G in the annular-mist flow
regime at relevant conditions according to the logic described in Section 3-4-5 of
WCAP-12945-P-A. The relative velocity in the steam generator tubes ranges from very small
values (in which case the drop diameter is assigned a conservatively small value) to
approximately [ ]f~ tllsec for the ice condenser plants. The pressure in the steam generator
tubes will generally be above the correlation development range for the large dry containment
design, and the steam generator tube pressure for the ice condenser plants will generally be at
the top of the validation range. Superheating in excess of the Table 1 values is known to occur

in the WCOBRA1TRAC plant analysis cases in the steam generator tubes.

4 Lee, Kt, and Rytey, D.J., The Evaporatin of Water Droplets in Superheated Steam," Trans kS.ME J
Heat Transfer, Vol. 90, pp. 445-451

s WCAP-12945-P-A Volume 1, Revision 2, =Code Qualification Document for Best Estimate LOCA
Analysis Volume I: Models and Correlations,* March 1998

WCAP-1 6009-P-A. =Realisllc Large-Break LOCA Evaluation Methodology Using the Automated

Statistical Treatment Of Uncertainty Method (ASTRUM)," January 2005

,[.
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Table 1: Data Range for the Lee-Ryley Correlation

Initial droplet diameter 230-1126 microns
Droplet Reynolds number 64-250
Degrees of superheat 5°F-61*F
Steam pressure 14.7 psia -28.9 psia
Steam velocity 8.8-39.2 ft/sec

Although the Lee-Ryley correlation is potentially being applied outside of the original data range,
the mechanistic nature of the Nusselt number as a function of the Reynolds and Prandtl
numbers lends itself well to extrapolation. The RELAP5JMOD3 documentation on models and
correlations (NUREGICR-5535 Volume 48) indicates that a modified Lee-Ryley correlation was
used in the annular mist calculations for heat transfer from the continuous vapor phase to the
dispersed liquid droplet phase. Section 4.1.1 of NUREG/CR-5535 Volume 4 indicates that the
Lee-Ryley correlation, in its original format (as employed in WCT), compares well with test data
over a large range of Reynolds numbers (up to 10s~) versus Nusselt numbers, based on wo•rk
summarized in Kreith-=. Under the conditions of the steam generator tubes post-LOCA, the
Prandtl number of the continuous vapor phase will not deviate significantly from a value of 1.0.
making the Nusselt number dependent primarily upon the Reynolds number. The large range of
Reynolds numbers over which the Lee-Ryley correlation provides good agreement relative to
test data (in the absence of superheat) suggests that it should be able to be applied to slightly
higher pressures than the original database.

Subsequent to the work completed by Lee and Ryley, it has been demonstrated that
superheating has a suppressing effect on interfacial heat transfer due to the fact that the mass
efflux from a droplet in the film region has a shielding effect relative to getting energy into the
droplet through the boundary layer. The correlation presented by Ban and Kim'0 is similar to the
Lee-Ryley correlation in that the Nusselt number is expressed as a function of the Reynolds
number and Prandtl number, but it indudes the multiplicative term xfe,,x~jn. The ratio of
actual quality to equilibrium quality decreases withd increasing superheat. Yuen and Chen'1

accounted for the shielding effect by incorporating the mass transfer number in another Nusselt
number expression that is simiular to the Lee-Ryley correlation. The effect of incorporating the
mass transfer number is that a higher free stream temperature tends to suppress the Nusseit
number, and thus the calculated interfacial heat transfer coefficient

SNUREG/CR-5535 Volume 4, =RELAP5JMOD3 Code Manual Models and Correlations," August 1995

'Kreith, F., =Principles of Heat Transfer," Third Edition, 1973

Jo Ban, H.B., and Kim, Y., "Evaporation ofta Water Droplet in High-Temperature Stean," Journal of the
Korean Nuclear Society, Vol. 32, pp. 521-529

"l uen, M.C., and Chert, LW., CHeat Transfer Measurements of Evaporating Liquid Droplets," int J. Heat
Mass Transfer. Vol. 21, Pp. 537-5-42
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Conclusions

The Lee-Rytey correlation has been shown to provide good agreement with test data over a
large range of Reynolds numbers, and it is based on a more mechanistic model than the Unal
correlation. The standard WCT steam generator heat transfer package, which uses the Lee-
Ryley correlation, was shown to provide conservative calculations relative to FLECHT SEASET
steam generator test energy release in WCAP-1 772 1-P. Additionally, the Lee-Ryley correlation
conservatively does not account for suppression of the Nusselt number in superheated steam
environments. Therefore, when the post-reflood mass flux through the steam generators
exceeds the validation range of the U~nal correlation, the Lee-Ryley correlation will be used by
turning off the modified interfacial heat transfer option in WCT.
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US. Nuclear Regulatory Commisson
Document Control Desk
11555 Rackville Pike

Rockville, MD 20852

Westlnghouso Elecltri Company
Enieung, Equipment and Major Projects
1000 VWestinghouse Drive, BRutoing 3
CrmnbenyTovinshfp Pennsylvania 16C66
USA

Dhrcrti±
DirectIb

e-malI

(412) 374-4643
(724) 940-8560
grcslha~jawestsnghouse.cam

LTR-NRC-1S-42

May 26, 2015
References:

I. WCAP-17721-P, "Westinghouse Containment Analysis Methodology - PWR LOCA Mass and
Energy Release Calculation Methodology." April 2013.

Subject: Submittal of "WCAP-t1772 1-P - Response to Draft RAE' (Non-Proprietary).

The purpose of this letter is to transmit a response to the Nuclear Regulatory Commission's draft request

for additional information (RAfl on thle WCAP-17f21-P [1) submittal.

The responses are presented in Attachment 1, and they contain no proprietary information.

Correspondence concerning this submittal should be addressed to James A. GIresham, Manager,
Regulatory Compliance, Westinghouse Electric Company, 1000 Westinghouse Drive, Building 3 Suite
310, Cranberry Township, Pennsylvania 16066.

Very truly yours,

4 es A. Gresham, Manager

Regulatory Compliance

Enclosures
cc: EkaterinaLeaning ('NRC)

Dr. Joshua IKaizer (NRC)
Dr. S-hie-Jeng Peng (NRC)
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COPYRIGHT .NOTICE

The report transmitted herewith bears a Westinehouse copyright notice. The NRC is permitted to make
the nmante of copies of the information contained in this report isaich is necessary for its internal use in
connection with generic and plant-specific reviews and appr'ovals as well as the issuances, denial.
ame•ndment transfer, renewal,, modification, suspension, revocation, or violation of a license, pennit,
order, or regmulation subject to the requirements of 10 CW 2.390 regarding restrictions onpumblic
disclosure to the extent such information has been identified as proprietary by Westinghouse, copyright
protection notwithstanding. With respect to the non-proprietary report, 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, DC3 and in local public document rooms as may be required by NR,'C regulations if the
number of copies submitted is inufcient for this purpose. Copies made by the NRC must include the
copyr"ighat notice in all instances and the proprietary notice if the original was identified as proprietary'.
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LTR-NRC-15-42 Attachment

•VCAP-1 7721-P - Response to Draft RA (Non-Plroprietaly)

Westinghouse Electric Cou. any LLC
1000 Westinghouzse Drive

Cranben3, Towsbip, Pennsylania 16066

@ 2015 Westingbouse Electric Coinpan.- i.C. All Rights P, sezv'ed
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RAt

The Nuclear Regulatory Commission (NRC) draft Request for Additional Information (RAI) was
supplied as follows:

The NRC staff is aware of Westinghouse's InfoGram IG-14-1 which discusses material
properties for LOCA M&E release analyses. However, the InfoGram does not explicitly
discuss the material properties used in WCOBRAITRAC. Are the volumetric heat
capacities in the WCOBRAITRAC M&E analysis lower than those given in the ASME
Boiler and Pressure Vessel Code? If so, provide appropriate justification for the use of
lower volumetric heat capacities.

Westinghouse Response

Although not explicitly stated in the document, InfoGram IG-14-1 [1] was specific to the
WCAP-1 0325-P-A 12] methodology. The WCOBRAITRAC (NCT) structural materials that
comprise the vessel and loop components are typically limited to stainless steel, carbon steel,
and Inconel®' alloys 600 and 690 (steam generator tubes). Good agreement is generally
observed when the heat capacity2 for these materials is compared to the values obtained from

the ASME Boiler and Pressure Vessel Code 2004 edition [3], as shown in Figures 1 through 4.
The only notable exception is for the lower temperature stainless steel data, as shown in
Figure 1. Although the heat capacity values for the structural materials in WCT differ from those
in the ASME data, the WCT data is considered to be acceptable and was obtained from credible
andlor approved sources, as discussed below.

Vessel Metal Heat Capacity

The heat capacity data for stainless steel and carbon steel in the vessel were obtained from the
1967 Touloukian compilation [41. As shown in Figure 1, there is a deviation between the ASME
data and the WCT data for stainless steel at temperatures below approximately 3000*F, and the
carbon steel data matches very closely throughout all temperatures. It should be noted that the
bulk of the vessel metal is carbon steel, as the pressure vessel itself is thick carbon steel with a
thin stainless steel layer on the interior for corrosion resistance. Therefore, there is no significant
impact on stored vessel metal energy due to inconsistencies in assumed material properties
relative to stainless steel in the reactor vessel.

Loop Metal Heat Capacity

The largest source of metal energy in the loop components is the steam generator pressure
barrier, which is comprised of carbon steel sharing the same heat capacity data as the vessel
carbon steel. The next largest source of energy is the steam generator tube metal, which is

SInconel is a registered trademarl of the Special Metals Corporation group of companies.

2 It is noted that the volumetric heat capacity is the product of heat capacity and density. The cold state

density values for the materials in question in WCT are within +I- 1% of the ASME values.
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typically Inconel 600 or Inconel 690. The heat capacity for Inconel alloys was provided in
Section 10-5-2 of approved topical report WCAP-160J09-P-A [5]. The smallest conbributor of
stored metal energy in the loops is the stainless steel loop piping. The material properties for the
loop stainless steel materials (304 and 316) were also reported in Section 10-,5-2 of
WCAP-1 6009-P-A 151.
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Figure 2: Carbon Steel Specific Heat Comparison
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Figure 3: Incooel 600 Specific Heat Comparison
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Figure 4: Inconel1690 Specific Heat Comparison
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