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Enclosed is Westinghouse's proprietary review of NRC's Draft Safety Evaluation for Westinghouse
Electric Company Topical Report WCAP- 16865-P/WCAP- 16865-NP, Revision 1, "Westinghouse BWR
ECCS Evaluation Model Updates: Supplement 4 to Code Description, Qualification and Application"
(TAC NO. ME2901) (Proprietary/Non-Proprietary). Proprietary information is identified in the draft
safety evaluation as well in comments to provide technical accuracy.
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1. One (1) copy of the Application for Withholding Proprietary Information from Public Disclosure,
AW- 11-3165 (Non-Proprietary), with Proprietary Information Notice and Copyright Notice.

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

This submittal contains proprietary information of Westinghouse Electric Company LLC. In
conformance with the requirements of 10 CFR Section 2.390, as amended, of the Commission's
regulations, we are enclosing with this submittal an Application for Withholding Proprietary Information
from Public Disclosure and an affidavit. The affidavit sets forth the basis on which the information
identified as proprietary may be withheld from public disclosure by the Commission.

Correspondence with respect to the proprietary aspects of the application for withholding or the
Westinghouse affidavit should reference AW- 11-3165 and should be addressed to J. A. Gresham,
Manager, Regulatory Compliance, Westinghouse Electric Company LLC, Suite 428, 1000 Westinghouse
Drive, Cranberry Township, Pennsylvania 16066.

Very truly yours,

i.A rehm Manager
Regulatory Compliance

Enclosures
cc: E. Lenning



Westinghouse Westinghouse Electric CompanyNuclear Services1000 Westinghouse Drive

Cranberry Township, Pennsylvania 16066
USA

U.S. Nuclear Regulatory Commission Direct tel: (412) 374-4643
Document Control Desk Direct fax: (724) 720-0754
11555 Rockville Pike e-mail: greshaja@westingoouse.com
Rockville, MD 20852

AW-1 1-3165

June 6, 2011

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: LTR-NRC- 11-24, P-Enclosure, "Response to NRC's Draft Safety Evaluation for
Westinghouse Electric Company Topical Report WCAP-16865-P/WCAP-16865-NP,
Revision 1, "Westinghouse BWR ECCS Evaluation Model Updates: Supplement 4 to Code
Description, Qualification and Application" (TAC NO. ME2901) (Proprietary)

Reference: Letter from J. A. Gresham to Document Control Desk, LTR-NRC-11-24, dated June 6, 2011

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 material for which withholding is being requested is identified in the proprietary version
of the subject report. In conformance with 10 CFR Section 2.390, Affidavit AW-1 1-3165 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-l 1-3165 and should be addressed to J. A. Gresham,
Manager, Regulatory Compliance, Westinghouse Electric Company LLC, Suite 428, 1000 Westinghouse
Drive, Cranberry Township, Pennsylvania 16066.

Verytruly yurs

J. A. Gresham, Manager
Regulatory Compliance

Enclosures
cc: E. Lenning
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AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

ss

COUNTY OF BUTLER:

Before me, the undersigned authority, personally appeared J. A. Gresham, who, being by me duly

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

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

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

J. A. Gresham, Manager

Regulatory Compliance

Sworn to and subscribed before me

this 6th day of June 2011

Notary! ublic

COMMONWEALTH OF PNNST MVAMI
NOTARIAL SEAL

Renee Gaimpole, Notary Publi |
Penn Township, Westmorelnm CountyMy Commision Ex GPeg b 285. 2013
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(1) I am Manager, Regulatory Compliance, in Nuclear Services, Westinghouse Electric

Company LLC (Westinghouse), and as such, I have been specifically delegated the function of

reviewing the proprietary information sought to be withheld from public disclosure in connection

with nuclear power plant licensing and rule making proceedings, and am authorized to apply for

its withholding on behalf of Westinghouse.

(2) I am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the

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

Proprietary Information from Public Disclosure accompanying this Affidavit.

(3) I have personal knowledge of the criteria and procedures utilized by Westinghouse in designating

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

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

the following is furnished for consideration by the Commission in determining whether the

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

(i) The information sought to be withheld from public disclosure is owned and has been held

in confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not

customarily disclosed to the public. Westinghouse has a rational basis for determining

the types of information customarily held in confidence by it and, in that connection,

utilizes a system to determine when and whether to hold certain types of information in

confidence. The application of that system and the substance of that system constitutes

Westinghouse policy and provides the rational basis required.

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

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

advantage, as follows:

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

structure, tool, method, etc.) where prevention of its use by any of
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Westinghouse's competitors without license from Westinghouse constitutes a

competitive economic advantage over other companies.

(b) It consists of supporting data, including test data, relative to a process (or

component, structure, tool, method, etc.), the application of which data secures a

competitive economic advantage, e.g., by optimization or improved

marketability.

(c) Its use by a competitor would reduce his expenditure of resources or improve his

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

of quality, or licensing a similar product.

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

commercial strategies of Westinghouse, its customers or suppliers.

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

development plans and programs of potential commercial value to Westinghouse.

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

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

following:

(a) The use of such information by Westinghouse gives Westinghouse a competitive

advantage over its competitors. It is, therefore, withheld from disclosure to

protect the Westinghouse competitive position.

(b) It is information that is marketable in many ways. The extent to which such

information is available to competitors diminishes the Westinghouse ability to

sell products and services involving the use of the information.

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

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

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

competitors acquire components of proprietary information, any one component

may be the key to the entire puzzle, thereby depriving Westinghouse of a

competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of

Westinghouse in the world market, and thereby give a market advantage to the

competition of those countries.

(f) The Westinghouse capacity to invest corporate assets in research and

development depends upon the success in obtaining and maintaining a

competitive advantage.

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

provisions of 10 CFR Section 2.390; it is to be received in confidence by the

Commission.

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

information has not been previously employed in the same original manner or method to

the best of our knowledge and belief.

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

appropriately marked in LTR-NRC- 11-24 P-Enclosure, "Response to NRC's Draft Safety

Evaluation for Westinghouse Electric Company Topical Report WCAP-16865-P/WCAP-

16865-NP, Revision 1, "Westinghouse BWR ECCS Evaluation Model Updates:

Supplement 4 to Code Description, Qualification and Application" (TAC NO. ME290 1)

(Proprietary) for submittal to the Commission, being transmitted by Westinghouse letter,

LTR-NRC- 11-24, and Application for Withholding Proprietary Information from Public

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

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

for WCAP-16865-P/WCAP-16865-NP, Revision 1, and may be used only for that

purpose.



5 AW-11-3165

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

(a) Demonstrate the acceptability of the Westinghouse BWR LOCA ECCS

Evaluation Methodology.

(b) Assist customers in implementing an improved fuel product.

Further this information has substantial commercial value as follows:

(a) Westinghouse plans to continue to implement improvements to ensure the

highest quality of fuel and analyses in order to meet the customer needs.

(b) Assist customers to obtain license changes.

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

competitive position of Westinghouse because it would enhance the ability of

competitors to provide similar fuel design and licensing defense services for commercial

power reactors without commensurate expenses. Also, public disclosure of the

information would enable others to use the information to meet NRC requirements for

licensing documentation without purchasing the right to use the information.

The development of the technology described in part by the information is the result of

applying the results of many years of experience in an intensive Westinghouse effort and

the expenditure of a considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar technical

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

requisite talent and experience, would have to be expended.

Further the deponent sayeth not.



PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the NRC
in connection with requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.3 90 of the Commission's regulations concerning the
protection of proprietary information so submitted to the NRC, the information which is proprietary in the
proprietary versions is contained within brackets, and where the proprietary information has been deleted
in the non-proprietary versions, only the brackets remain (the information that was contained within the
brackets in the proprietary versions having been deleted). The justification for claiming the information
so designated as proprietary is indicated in both versions by means of lower case letters (a) through (f)
located as a superscript immediately following the brackets enclosing each item of information being
identified as proprietary or in the margin opposite such information. These lower case letters refer to the
types of information Westinghouse customarily holds in confidence identified in Sections (4)(ii)(a)
through (4)(ii)(f) of the affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted to
make the number of copies of the information contained in these reports which are necessary for its
internal use in connection with generic and plant-specific reviews and approvals as well as the issuance,
denial, amendment, transfer, renewal, modification, suspension, revocation, or violation of a license,
permit, order, or regulation subject to the requirements of 10 CFR 2.390 regarding restrictions on public
disclosure to the extent such information has been identified as proprietary by Westinghouse, copyright
protection notwithstanding. With respect to the non-proprietary versions of these reports, the NRC is
permitted to make the number of copies beyond those necessary for its internal use which are necessary in
order to have one copy available for public viewing in the appropriate docket files in the public document
room in Washington, DC and in local public document rooms as may be required by NRC regulations if
the number of copies submitted is insufficient for this purpose. Copies made by the NRC must include
the copyright notice in all instances and the proprietary notice if the original was identified as proprietary.
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The following Westinghouse comments are provided in response to the NRC staffs proposed draft safety
evaluation (SE) for WCAP-16865-P/WCAP-16865-NP, Revision 1. A line by line markup of the draft
SE is also provided to identify any text containing proprietary information and the bases for its
designation pursuant to the criteria of 10 CFR 2.390.

Comment 1

Page 1, lines 27 and 28 - The SE's description of the change to the Evaluation Model (EM) implies that a
change was made to the GOBLIN code in the manner in which it calculates the end of lower plenum
flashing. In fact, the GOBLIN code has not been changed. Instead, the requested change is to the manner
in which the user defines the end of lower plenum flashing. Thus, Westinghouse proposes that the
sentence be modified to read:

"The Evaluation Model (Reference 2) was updated to include a change to the manner in which the
end of lower plenum flashing is defined."

Comment 2

Page 1, lines 30 through 34 - Similar to Comment #1, the draft SE description implies that a change was
made to the GOBLIN code. However, the GOBLIN code has not been changed. Instead, Westinghouse
proposes that the sentence starting on page 1 at the end of line 30 be modified to read:

"Thus the convective cooling from lower plenum flashing that was passed as a boundary condition to
the downstream heat-up code was ended prematurely. The new determination of the end of lower
plenum flashing is based on the completion of flashing in the lower plenum and as such, credit is
taken for the convective cooling due to flashing in the lower plenum as long as the lower plenum
continues to flash or the core spray flow reaches rated conditions."

Comment 3

Page 2, lines 24 and 25 - Similar to Comment #1, the draft SE description indicates that there is a change
to the GOBLIN code. However, the GOBLIN code has not been changed. The requested change is to the
manner in which the user defines the end of lower plenum flashing. Westinghouse thus proposes that the
sentence be modified to read:

"WCAP- 1 6865-P/WCAP- 16865-NP, Revision 1, requests a change to the manner in which the end of
lower plenum flashing is defined."

Comment 4

Page 3, lines 10 and 11 - The sentence indicates that GOBLIN calculates the peak cladding temperature
(PCT). As indicated in Section 4 of WCAP-16865-P/WCAP-16865-NP, the GOBLIN code predicts the
LOCA system transient and provides boundary conditions from the hot channel to the heat-up code
CHACHA. The CHACHA code is used to predict the PCT. Westinghouse proposes that the sentence be
modified to read:

Page 1 of4
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"GOBLIN calculates the system transient response to a LOCA and other figures of merit that are used
as boundary conditions in the heat-up calculation where the results are compared to regulatory limits
to ensure the safety of the public if such an unlikely event were to occur."

Comment 5

Page 3, lines 39 through 41 - The draft SE description states that the core spray pumps generdte the most
head and will be the first to inject water into the core. Because that may not always be true and is also not
relevant to the argument, Westinghouse suggests the two sentences be combined to read:

"When the core spray pump injection valves open, subcooled water will spray into the upper plenum
of the core thereby condensing steam."

Comment 6

Page 3, line 45 - There is a typo in the Section 3.1.2 heading title. The heading should read, "Lower
Plenum Flashing".

Comment 7

Page 3, line 47 - There is a typo in the sentence. The sentence should read, "...into the core but after e4
the liquid...".

Comment 8

Page 4, line 21 - There appears to be an extra word in the sentence. The sentence should read,
"...convection, 4frb*1eft-and laminar natural convection)."

Comment 9

Page 4, lines 33 through 36 - Similar to Comment #1, the first sentence implies that the GOBLIN code is
being modified. What is changing is how the user defines the end of lower plenum flashing as it affects
the convective heat transfer coefficients that are passed to the heat-up calculation by the CHACHA code.
Westinghouse proposes that the paragraph be revised to read:

"In this TR, Westinghouse proposes to change how the end of lower plenum flashing is determined.
This change credits lower plenum flashing for a longer time than in the current evaluation model.
The additional crediting of lower plenum flashing would provide increased steam cooling to the fuel
and reduce the PCT."

Comment 10

Page 5, lines 1 and 2 - Similar to Comment #1, the sentence implies a code change. Instead, the change
is to how the code results are used. Westinghouse proposes that the sentence be revised to read:

Page 2 of 4
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"This determination is conservative in that the credit for lower plenum flashing ends prematurely and
the calculated PCT is higher than would be expected."

Comment 11

Page 5, lines 10 and 11 - In order for Item (1) to be consistent with the definition proposed by
Westinghouse, and because the draft SE's description is not a practical method since the difference
between the water temperature and the saturation temperature is small, Westinghouse believes that the
more practical method is to focus on the change in system pressure. Westinghouse therefore proposes
that the sentence be revised to read:

"Lower plenum flashing would end when: (1) depressurization in the lower plenum stops or the water
in the lower plenum becomes subcooled, or (2) there is no longer any water in the lower plenum to
flash."

Comment 12

Page 5, line 29 - There is a missing word in the first sentence. The sentence should read, "The TLTA
bundle...".

Comment 13

Page 5, line 35 - For completeness, the sentence should read, "...the fuel rod simulator to boil off...".

Comment 14

Page 6, line 3 - There is a missing word in the first sentence. The sentence should read, "The ROSA-III
test simulates...".

Comment 15

Page 8, lines 3 and 4 - The limitation proposed in the draft SE [

]a,e Westinghouse instead proposes that the limitation be revised as follows:

"As proposed by Westinghouse

IJ C I,

Comment 16

Page 8, line 22 - This reference refers to a Westinghouse proprietary document, thus the parenthetical
statement should read, "(Not Publically Available)".

Page 3 of 4
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Comment 17

Page 10, line 48 - There appears to be a missing word in the sentence. The sentence should read,
"...result in a less and not...".

Comment 18

Page 13, line 13 - There is a spelling typo in the sentence. The sentence should read, "With the proposed
change to...".

Markup of draft SE text to identify proprietary information and bases

The following page mark-ups have been copied from the draft SE to provide corresponding page and line
by line markups of the identified proprietary information and suggested text changes.

Page 4 of 4
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1
2
3
4
5
6
7 DRAFT SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
8
9 TOPICAL REPORT WCAP-16865-P/WCAP-16865-NP, REVISION 1, "WESTINGHOUSE
10
11 BWR ECCS EVALUATION MODEL UPDATES: SUPPLEMENT 4 TO CODE
12
13 DESCRIPTION, QUALIFICATION AND APPLICATION"
14
15 WESTINGHOUSE ELECTRIC COMPANY
16
17 PROJECT NO. 700
18
19
20 1.0 INTRODUCTION
21
22 By letter dated December 1, 2009, Westinghouse submitted Topical Report (TR)
23 WCAP-16865-P/WCAP-16865-NP, Revision 1, "Westinghouse BWR ECCS Evaluation Model
24 Updates: Supplement 4 to Code Description, Qualification and Application" (Reference 1) to the
25 U.S. Nuclear Regulatory Commission (NRC) for review and approval. The purpose of this
26 report was to describe the updates made to the BWR Loss-of-Coolant Accident (LOCA) ECCS
27 Evaluation Model. The Evaluation Model (Reference 2) was updated to include a change to the
28 manner in which the com.puter Godo GOBLIN dotorminos the end of lower plenum flashing is

defined. The
29 previously approved determination of the end of lower plenum flashing was not based on the
30 physical process of flashing in the lower plenum, but on other related phenomena. Thus the
31 ,edo, GOBLIN. tu-Rod Off. owor plonum flashing bf9or- the phoGnom.... ended. The n.w
32 dotormin o tho• eAnd o-f lo.,, r Ple... nu flashing is ba.ed On the completion o"f flashing n the
33 9W F ... r... .p n ..n.d- a _ such, GOBL -IN ' c.ontinuesF6 to c.red.it the fila hing in th e o o I ple nu aI s. long
34 as the lower plenum continues to flash.convective cooling from lower plenum flashing that was

passed as a boundary condition to the downstream heat-up code was ended Prematurely. The
new determination of the end of lower plenum flashinq is based on the completion of flashing in
the lower plenum and as such, credit is taken for the convective coolinq due to flashing in the
lower plenum as long as the lower plenum continues to flash or the core spray flow reaches rated
conditions.

35
36 In response to the NRC staff's Request for Additional Information (RAI), dated June 30, 2010
37 (Reference 3), Westinghouse clarified the TR by LTR-NRC-10-47, dated August 11, 2010
38 (Reference 4).
39
40 2.0 REGULATORY EVALUATION
41
42 Licensees must evaluate the consequences of various transients and accidents that could occur
43 at their nuclear power plant. A transient, or anticipated operational occurrence (AOO), is an
44 event which is expected to occur one or more times during the life of the nuclear power plant.
45
46
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1 Examples of transients include tripping of the turbine generator, isolation of the main condenser,
2 and loss of offsite power. An accident is an event which is not expected to occur during the life
3 of the nuclear power plant, but must still be examined because of its potential to release
4 significant amounts of radiation to the public. Examples of accidents include a major pipe
5 rupture on the primary loop, a major pipe rupture on the secondary loop, and an ejection of a
6 control rod assembly.
7
8 Licensees use a variety of methods to evaluate the transients and accidents that could occur at
9 their nuclear power plant. The NRC staff reviews the methods to ensure that they provide
10 realistic or conservative results and that they adhere to the requirements of Title 10 of the Code
11 of Federal Regulations (10 CFR). To assure the quality and uniformity of NRC staff reviews, the
12 NRC created the Standard Review Plan (SRP) to guide the NRC staff in performing the reviews.
13 Chapter 15.0 of the SRP focuses on transient and accident analysis (Reference 5) and
14 Section 15.0.2 specifically focuses on the review of transient and accident analysis methods
15 (Reference 6). Similar guidance for transient and accident analysis methods is also set forth for
16 the industry in Regulatory Guide 1.203 (Reference 7).
17
18 Regulations which are applicable to transient and accident analysis methods are found in
19 10 CFR 50.34, 10 CFR 50.46, and 10 CFR Part 50, Appendix K. Additionally, because the
20 results of the transient and accident analysis methods are important to the safety of nuclear
21 power plants, the methods must be kept under a quality assurance program which meets the
22 criteria set forth in 10 CFR Part 50, Appendix B.
23
24 WCAP-16865-P/WCAP-16865-NP, Revision 1, requests a change to a phyical modo•l in an
25 appr...d codothe manner in which the end of lower plenum flashing is defined. The NRC staff's

review was based on an evaluation of this change, compliance
26 with the applicable regulations, and guidance from SRP Section 15.0.2. The most applicable
27 regulation dealing with this change is Appendix K.D.6 to 10 CFR Part 50:
28
29
30 Convective Heat Transfer Coefficients for Boiling Water Reactor
31 Fuel Rods Under Spray Cooling. Following the blowdown period,
32 convective heat transfer shall be calculated using coefficients
33 based on appropriate experimental data. For reactors with jet
34 pumps and having fuel rods in a 7x7 fuel assembly array, the
35 following convective coefficients are acceptable:
36
37 a. During the period following lower plenum flashing but prior to
38 the core spray reaching rated flow, a convective heat transfer
39 coefficient of zero shall be applied to all fuel rods.
40
41 b. During the period after core spray reaches rated flow but prior
42 to reflooding, convective heat transfer coefficients of 3.0, 3.5, 1.5,
43 and 1.5 Btu-hr-l-ft 2 OF-i shall be applied to the fuel rods in the
44 outer corners, outer row, next to outer row, and to those remaining
45 in the interior, respectively, of the assembly.
46
47 c. After the two-phase reflooding fluid reaches the level under
48 consideration, a convective heat transfer coefficient of 25 Btu-hrl-
49 ft-2 IF-' shall be applied to all fuel rods.
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1 3.0 TECHNICAL EVALUATION
2
3 3.1 Background Information
4
5 The design basis accident of a BWR is a double ended guillotine break of the largest pipe in the
6 plant, which is a recirculation pipe. Following this accident, the reactor coolant system (RCS)
7 will lose most of its coolant inventory before any ECCS cooling flow is available. Once ECCS
8 flow is available, the reactor will slowly refill terminating the temperature rise in the core.
9 Computer codes, such as GOBLIN, are used to calculate the heat being transferred from the
10 fuel to the coolant during such an accident. GOBLIN calculates the peak cladding tmporaturo.
,11 -'4PGT-)'system transient response to a LOCA and other figures of merit aPid-hese-that are used as

boundary conditions in the heat-up calculation where the results are compared to regulatory limits
to ensure the

12 safety of the public if such an unlikely event were to occur.
13
14 3.1.1 BWRLOCA
15
16 A postulated LOCA is initiated by a break in the RCS. Initially liquid water will flow out the
17 break. While the RCS is losing its liquid inventory and if only liquid water flows out the break,
18 the pressure will increase as the steam being generated in the core due to boiling has no
19 escape path. For a large-break LOCA, the liquid level will decrease and uncover the break
20 location allowing steam to escape. For small-break LOCAs, the automatic depressurization
21 system (ADS) may be used to allow the steam to escape. Once the steam starts to exit the
22 core, the core pressure starts to decrease.
23
24 As the core pressure decreases, both the saturation pressure and saturation temperature also
25 decrease. The decrease in the saturation temperature will increase steam generation by
26 increasing the rate of boiling and cause some flashing to occur. Flashing occurs when the
27 temperature of the liquid is higher than the saturation temperature of that liquid at the current
28 pressure. Some of the liquid will flash to steam to reduce the temperature of the liquid.
29
30 The boiling and flashing in the core will continue as the pressure decreases. Eventually, all of
31 the water in the core will become steam leaving no liquid remaining to cool the core. However,
32 the large volume below the core, the lower plenum, contains a large amount of liquid water at
33 very high temperatures. As the RCS depressurizes, this water will be above its saturation
34 temperature and therefore a portion of the water in the lower plenum will flash to steam. Some
35 of the steam generated will flow up the jet pump and out the break, and some of the steam will
36 flow into the core providing convective cooling to the core.
37
38 Once the pressure in the core has decreased such that the ECCS pumps can pump against the
39 core pressure, the ECCS cooling water will flow into the core. FWhen the core spray pumps

§e9eFate
10 the m..t head and will be first to inject water into the co..re. They iniection valves open, subcooled

water will spray-watei into the upper
41 plenum of the core thereby condensing t#e-steam. The condensing of the steam further
42 decreases the pressure which allows more ECCS water into the core. The ECCS flow
43 eventually fills the core from the bottom up and cools the fuel rods as it rises.
44

I 45 3.1.2 Lower Plenum Flashing
46

I 47 Before any ECCS flow starts to inject into the core, but after ef-the liquid water in the core has
48 become steam, the only means for convective cooling of the core is the steam generated in the
49 lower plenum due to flashing. As the RCS pressure decreases, the saturation pressure and
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1 consequently the saturation temperature of the water in the lower plenum decreases. The water
2 temperature will be above the saturation temperature, and therefore some of the water flashes
3 to steam. The steam generated can be quite substantial and thus the cooling provided by the
4 steam can dramatically reduce the fuel temperatures. Therefore it is important to ensure that
5 this phenomenon is conservatively modeled.
6
7 The steam generated by lower plenum flashing is calculated directly from the water temperature
8 and the current saturation temperature. Once the water in the lower plenum is above the
9 saturation temperature for the current pressure, enough steam is flashed to reduce the water
10 temperature to the saturation temperature. Because the flashing model is tied to the saturation
11 temperature, it is tied to the RCS pressure, and, therefore, tied to the depressurization.
12
13 The split between the steam flowing into the core and the steam flowing up the jet pump and out
14 the break is based on the pressure drops between the two paths and is modeled by the code. It
15 is important to ensure that these paths are modeled correctly, including the split between the
16 steam flow into the hot channel and the steam flow into the average channels.
17
18 The heat transfer which occurs in the core due to the steam cooling is single phase heat
19 transfer and is well understood. A combination of the Dittus-Boelter, Seider-Tate, and Jakob
20 correlations are used, depending on the type of flow (turbulent forced convection, laminar forced
21 convection, t'-b'4e14-and laminar natural convection).
22
23 Finally, if the water in the lower plenum stops flashing, there is no longer a steam generation
24 source and the flashing in the lower plenum ends. With no steam cooling, the core experiences
25 an almost adiabatic heat up until ECCS flow reaches the core. This heat up can cause
26 dramatically higher PCT, therefore it is important to conservatively model the end of lower
27 plenum flashing.
28
29 3.2 Purpose of WCAP-16865-P/WCAP-16865-NP, Revision 1, "Westinghouse BWR ECCS
30 Evaluation Model Updates: Supplement 4 to Code Description, Qualification and
31 Application"
32
33 In this TR, Westinghouse proposes to change how GOBLIN determines when the e,"nd of 'ower
34 plenum flashing . ccursthe end of lower plenum flashing is determined. This change credits lower

plenum flashing for a longer time than the
35 code i .currently crediting the phen...en.nin the current evaluation model. The additional

crediting of lower plenum flashing
36 would provide increased steam cooling to the fuel and reduce the PCT.
37
38 3.2.1 Westinghouse's Current Determination of the End of Lower Plenum Flashing
39
40 Westinghouse's currently approved methodology (Reference 2) determines the end of lower
41 plenum flashing by assuming flashing ends at:
42
43
44 ... the time whenever the heat transfer coefficient based on the
45 GOBLIN/DRAGON heat transfer package described in Sec 3.5,
46 shows a marked degradation in heat transfer as a consequence of
47 high voiding and reduced flow rates at the axial plane of interest.
48
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1 This determination is conservative-, in that the code will I tun of lower pl. num flashingcredit for
lower plenum flashing ends

2 prematurely and the calculated_ higho fuol t.mper•at,..-PCT is higher than would be expected.
To gain back

3 some margin, Westinghouse submitted this TR to more accurately determine the end of lower
4 plenum flashing.
5
6 3.2.2 Westinghouse's Proposed Determination of the End of Lower Plenum Flashing
7
8 Westinghouse's proposed methodology (Reference 1) would use code calculated parameters in
9 the lower plenum to determine if the remaining water in the lower plenum is flashing. Lower
10 plenum flashing would end when: (1) the water temperature in the lower pl.. Unu i" no ... g
1 , greater than the scaturatio tempe.atur.depressurization in the lower plenum stops or the water in

the lower plenum becomes subcooled, or (2) there is no longer any water in the lower plenum
12 to flash.
13
14 3.3 Validation of the Proposed Methodology
15
16 Westinghouse performed various analyses to ensure that the change in the methodology in
17 determining the end of lower plenum flashing would still result in a conservative calculation.
18 The GOBLIN code was compared against the Two-Loop Test Apparatus (TLTA) data to further
19 validate the steam cooling models. The GOBLIN code was also compared against The Rig of
20 Safety Assessment (ROSA-Ill) data to further validate the codes ability to accurately and
21 conservatively calculate the thermal-hydraulic conditions during a LOCA. Additionally two
22 sensitivity studies were performed. The first confirmed that a reduction in core spray remained
23 a conservative assumption. The second compared different break flow models and confirmed
24 that the Moody break flow model remains conservative, and that the flashing model is not overly
25 sensitive to the depressurization rate.
26
27 3.3.1 TLTA Test Comparison
28

I 29 The TLTA bundle uncovery test simulated one full-length BWR fuel assembly as well as all the
major

30 regions of a BWRJ6 system including the lower plenum, core region, upper plenum, steam
31 separator region, annular downcomer regions, steam dome, and two recirculation loops.
32 GOBLIN was compared to a TLTA test which was setup to obtain data for evaluating the
33 thermal-hydraulic conditions in a partially uncovered bundle. This was accomplished by filling
34 the test section to an elevation above the top of the fuel assembly, and allowing the heat from

I 35 the fuel rod simulator to boil off the water. Thermocouples and pressure transducers in the test
section

36 recorded the temperatures and pressures which were compared to a GOBLIN calculation.
37
38 The comparison between GOBLIN and the TLTA data indicated that GOBLIN conservatively
39 captures the decreasing two phase level and subsequent fuel heat up above the two phase
40 level. Initially, the heat up has a two phase component, but it then transitions to single phase
41 steam. GOBLIN captures the rates and the peak temperatures seen in the test.
42
43 Based on the comparison to the TLTA test, the NRC staff has determined that GOBLIN's steam
44 cooling model remains acceptable for use. The new method for determining the end of lower
45 plenum flashing will place more emphasis on the steam cooling modeling and Westinghouse
46 has provided analysis which demonstrates that the steam cooling model can accurately and
47 conservatively predict steam cooling.
48
49
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1 3.3.2 ROSA-Ill Test Comparison
2
3 The ROSA-Ill test simulates a BWR with all critical core components including two recirculation
4 loops, four jet pumps, a lower plenum, four half height fuel assemblies, core bypass, an upper
5 plenum, and steam separators. Additionally the facility contains the major subsystems of the
6 pressure vessel, main steam line, feedwater line, coolant recirculation system, and ECCS. The
7 use of four fuel assemblies enabled data collection on the flow split between the hot assembly
8 and surrounding average assemblies. GOBLIN was compared to a ROSA-Ill test which was
9 setup to obtain data for evaluating the thermal-hydraulic conditions following a postulated large
10 break LOCA. Thermocouples and pressure transducers in the test section recorded the
11 temperatures and pressures which were compared to a GOBLIN calculation.
12
13 The comparison between GOBLIN and the ROSA-Ill data indicated that GOBLIN conservatively
14 captured all major portions of the event, including the rapid blowdown and subsequent heat up.
15 GOBLIN was also able to capture the parallel channel effect by modeling increased
16 temperatures in the hot assembly which were conservative relative to the test data.
17
18 Based on the ROSA-Ill test, the NRC staff has determined that GOBLIN is able to
19 conservatively determine the steam generated in the lower plenum, the heat transfer from the
20 fuel rods to the steam, and the subsequent heatup of the fuel. The new method for determining
21 the end of lower plenum flashing will increase the amount of time the steam is generated in the
22 lower plenum and likewise lead to lower PCTs due to the additional steam generated.
23 Westinghouse has provided an analysis which demonstrates that the additional steam cooling is
24 modeled conservatively and the analysis will still result in a conservative PCT calculation.
25
26 3.3.3 Reduction in Core Spray Sensitivity Study
27
28 Any delay in core spray reaching rated flow conditions is assumed to be a conservatism. The
29 time between core spray initiation and core spray rated flow is assumed to be longer in the
30 analysis than in an actual plant. This is to account for uncertainty and add conservatism.
31 However, the proposed methodology for determining the end of lower plenum flashing may
32 result in a delay in core spray no longer being conservative. That is, due to the additional heat
33 transfer occurring as a result of lower plenum flashing, assuming a delay in core spray may be
34 non-conservative. Before core spray reaches rated flow, the heat transfer rate in the hot
35 assembly is actually higher than it is when core spray reaches rated flow. Therefore, it would
36 seem that a delay in core spray allows for higher heat transfer rates for a longer period of time
37 and causes an overall decrease in PCT. To determine if this is the case, Westinghouse
38 performed an analysis where core spray flow rate was slightly reduced such that the core spray
39 was delayed by two seconds.
40
41 The comparison between delayed core spray and non-delayed core spray demonstrated that
42 the increased heat transfer obtained from delaying core spray was inconsequential, and that the
43 delay in core spray did have a dramatic impact on the recovery time of the fuel. Thus, the delay
44 in core spray caused a delayed recovery time, which resulted in higher fuel temperatures when
45 compared to the non-delayed case.
46
47 Based on this sensitivity study, the NRC staff has determined that a delay in core spray
48 reaching rated flow conditions remains conservative, and, therefore, the assumption remains
49 valid.
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1 3.3.4 Break Flow Sensitivity Study
2
3 The break flow model mandated by Appendix K to 10 CFR Part 50 is the Moody model. This
4 model is known to conservatively predict break flow, in that it will predict a higher break flow
5 than is actually expected. The break flow model used to compare GOBLIN to ROSA-Ill data
6 was the Homogeneous Equilibrium Model (HEM). The HEM model was used because it will
7 predict more accurate break flow than the Moody model, which allows for a better comparison to
8 test data.
9
10 Because the Moody model overpredicts the break flow, it would also overpredict the
11 depressurization. A faster depressurization equates to more steam flashing and increases core
12 cooling by the additional steam flashing. This issue was raised by the NRC staff and
13 Westinghouse responded by performing a sensitivity analysis which compared the HEM and
14 Moody break flow models in GOBLIN.
15
16 The comparison demonstrated that the faster depressurization of the Moody model resulted in
17 less flashing and less flow into the hot assembly. The faster depressurization early in the
18 transient results in less water to flash later in the transient when steam cooling provides much of
19 the heat transfer. Therefore, by using the Moody model, much of the core inventory is lost
20 before it has changed to steam and cools the core. This results in a conservative PCT
21 calculation.
22
23 Additionally, Westinghouse compared the ROSA-Ill test data to GOBLIN runs with the Moody
24 model, the HEM model, and the HEM model with 110 percent break flow to demonstrate that
25 there was no extreme sensitivity to the depressurization model. All three break flow models
26 resulted in a conservative PCT calculation. The HEM model with 110 percent of break flow was
27 slightly more conservative than the HEM model. The Moody model was more conservative than
28 the HEM model with 110 percent break flow.
29
30 Based on this sensitivity study, the NRC staff has determined that the Moody model remains
31 appropriate for performing LOCA analysis with the new method for determining the end of lower
32 plenum flashing. The faster depressurization rate of the Moody model continues to provide
33 conservative PCT calculations and the PCT calculation is not overly sensitive to the
34 depressurization rate.
35
36 3.3.5 Validation Summary
37
38 The NRC staff has determined that the validations presented by Westinghouse demonstrate
39 that the proposed method to determine the end of lower plenum flashing is acceptable because
40 it will continue to result in a conservative safety analysis. The new method is more physically
41 based than the currently approved method, and results in a more realistic analysis.
42
43 4.0 CONCLUSION
44
45 Based on the forgoing considerations, the NRC staff concludes that the proposed method to
46 determine the end of lower plenum flashing is acceptable for use in GOBLIN provided the
47 conditions and limitations described in Section 5.0 are met.
48
49
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1 5.0 LIMITATIONS AND CONDITIONS.
2
3 As proposed by Westinghouse [
4

5
6 If the NRC's criteria or regulations change so that its conclusions about the acceptability of the
7 thermal-hydraulic methods or statistical analyses are invalidated, the licensee referencing the
8 report (Reference 1) will be expected to revise and resubmit its respective documentation, or
9 submit justification for the continued effective applicability of these methodologies without
10 revision of the respective documentation.
11
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Appendix A - Request for Additional Information (RAI) Summary

Often, the NRC staff finds it necessary to make RAI to gain a more complete understanding of
the material under review. Included below are staff comments on the reasons for requesting the
information as well as the resolutions of each response. The responses to the RAI's referenced
below can be found in Reference 4.

RAI 1

Comment:

Resolution:

Comment:

Resolution:

Comment:

The staff was unclear on how the change in the determination of the end of lower
plenum flashing would impact the GOBLIN calculation. Specifically, the staff was
unclear as to how the proposed determination would impact the heat transfer
coefficients used in the core and how the proposed definition would impact the
core spray model.

Westinghouse responded by detailing the convective heat transfer models used
in GOBLIN. The proposed change would only impact the hot channel heat
transfer calculations, as the average channel temperature calculations were
calculated on a more 'best estimate' basis to better quantify the boundary

conditions of the hot channel. The staff determined that the further explanation
by Westinghouse provided the necessary clarification. The NRC staff has
concluded that this RAI has been resolved.

RAI 2

According to Reference 2, the spray cooling heat transfer coefficients prescribed
by Appendix K to 10 CFR Part 50 were conservative compared to test data, but
not extremely conservative. Because spray cooling starts to inject sometime
before it reaches rated flow, the staff expected a gradual transition from the heat
transfer value calculated by GOBLIN to the Appendix K to 10 CFR Part 50
prescribed value. However, the analysis demonstrated a dramatic reduction in
the heat transfer to the Appendix K to 10 CFR Part 50 values. The staff did not
understand this dramatic reduction as the Appendix K to 10 CFR Part 50 values
were not extremely conservative.

Westinghouse responded by detailing how the Appendix K to 10 CFR Part 50
heat transfer values were obtained. While the values prescribed by Appendix K
to 10 CFR Part 50 were close to values obtained from testing, the testing did not
include any additional steam cooling due to flashing in the lower plenum and
instead were derived from single bundle separate effects tests. The staff
determined that the further explanation by Westinghouse provided the necessary
clarification to explain the dramatic reduction in heat transfer. The NRC staff has
concluded that this RAI has been resolved.

RAI 3

The staff was concerned that a delay in core spray reaching rated flow would
result in a less and not more limiting condition. If that were the case, many of the
assumptions in the analysis (such as time delay between core spray initiation
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Resolution:

and core spray reaching rated 1 flow) would have to be revisited because an
overall assumption made is that a delay in core spray is conservative.

Westinghouse responded by performing a sensitivity study. The sensitivity study
demonstrated that a delay in core spray reaching rated flow would result in a
more conservative peak cladding temperatures (PCT) calculation. Any delay in
core spray early on in the transient will delay reflood and the subsequent
recovery. The delay in the recovery results in a higher PCT. The staff
determined that the further explanation by Westinghouse provided the necessary
clarification to demonstrate that a delay in core spray reaching rated flow would
result in a more conservative calculation. The NRC staff has concluded that this
RAI has been resolved.

RAI 4

Comment:

Resolution:

Comment:

Resolution:

Comment:

Resolution:

The staff was unclear on the proposed methodology to determine the end of
lower plenum flashing and if lower plenum flashing would cease if the water in
the lower plenum became subcooled.

Westinghouse confirmed that the lower plenum flashing would cease if the water
in the lower plenum became subcooled. The staff determined that the further
explanation by Westinghouse provided the necessary clarification to the
definition of the end of lower plenum flashing. The NRC staff has concluded that
this RAI has been resolved.

RAI 5

The staff was unclear as to the meaning of Side Entry Orifice (SEO) in reference
to a BWR fuel.

Westinghouse provided further description of the SEO, including reference to its
location in a figure. The staff determined that the further explanation by

Westinghouse provided the necessary clarification to define the SEO. The NRC
staff has concluded that this RAI has been resolved.

RAI 6

The staff requested Westinghouse add the ROSA data to the lower plenum water
temperature from the plot. Previously, the plot only contained the GOBLIN
predictions.

Westinghouse provided the figure with the ROSA data. The figure shows that
GOBLIN predicts a slightly faster depressurization than the ROSA test. The
faster depressurization by GOBLIN is one of the causes of the more conservative
PCT, as the inventory is lost early in the transient which reduces the convective
heat transfer later in the transient during the time of PCT. The staff determined
that the figure provided the requested clarification. The NRC staff has concluded
that this RAI has been resolved.
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RAI 7
1
2
3
4
5
6
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Comment:

Resolution:

Comment:

Resolution:

The break flow model used in GOBLIN to compare to the ROSA-Ill test data was
the Homogeneous Equilibrium Model (HEM) model. This model was used
because it provides a more realistic break flow and consequently more realistic
depressurization. However, Appendix K prescribes the Moody model for
conservatism. The Moody model will have higher break flow and consequently a
higher depressurization rate than the HEM model. Because the Moody model
predicted a higher depressurization rate, the NRC staff was concerned that the
increased flashing caused by the increased depressurization rate would lead to
the Moody model predicting a lower non-conservative PCT as compared to the
HEM model.

Westinghouse responded by performing a sensitivity study. The sensitivity study
demonstrated that the Moody model predicted conservatively higher fuel
temperatures than the HEM model. While the higher depressurization rate did
increase the heat transfer early on in the transient, the higher depressurization in
the Moody calculation also caused faster initial inventory loss. Therefore, during
the time corresponding to fuel heatup, the Moody calculation had less inventory

and therefore lower flashing and lower convective heat transfer coefficient
resulting in higher calculated fuel temperatures than the HEM model. The staff
determined that the further explanation by Westinghouse provided the necessary
clarification to demonstrate that the Moody model was still conservative
compared to the HEM model. The NRC staff has concluded that this RAI has
been resolved.

RAI 8

The proposed change to the definition of the end of lower plenum flashing places
more emphasis on the lower plenum flashing model. The staff was concerned
that when GOBLIN was initially reviewed, its sensitivity to the steam cooling was
minimized due to definition of the end of lower plenum flashing causing a very
limited window where steam cooling was applicable. The proposed change to
the definition would result in steam cooling models having a larger role in the
heat transfer during blow down and the staff was unsure of the sensitivity of this
model.

Westinghouse responded by performing a sensitivity study. The sensitivity study
compared the Moody model with ROSA-Ill test data and the HEM model at 100
percent and 110 percent break flow. The calculation models all behaved
similarly and each predicted a conservative PCT calculation compared to the
ROSA test data. The staff determined that the sensitivity study provided by
Westinghouse demonstrated that overall PCT calculation is not overly sensitive
to the flashing model and steam cooling models. The close agreement between
the Moody, HEM, and 110 percent HEM demonstrate this. The NRC staff has
concluded that this RAI has been resolved.
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RAI 9

Comment: The NRC staff was concerned that the proposed change to the definition of the
end of lower plenum flashing may cause excessively large PCT changes in
certain events where those changes were not warranted.

Resolution: Westinghouse responded by performing a sensitivity study. The changes in PCT
due to the change in the definition of the end of lower plenum flashing were
consistent with break size. The largest impact occurred on a non-limiting break
size, where the core was uncovered and the automatic depressurization system
(ADS) was activated. Previously, this case assumed an adiabatic heat up due to
the flashing model being turned off during a significant portion of the transient.
Whith the proposed change to the definition of the end of lower plenum flashing,
the fuel is cooled by the steam generated from the depressurization caused by
the ADS. This change caused a significant, but appropriate reduction in PCT.
The staff determined that the reduction in PCT for the various break sizes was
appropriate. The NRC staff has concluded that this RAI has been resolved.


