Box 356
MII?MM - Energy Systems Pﬂ:shmgh Pennsylvava 16230.0355

AW-97.1154

August 19, 1997
Document Control Desk

U.S. Nuclear Regulatory Commission
Washington, DC 20555

ATTENTION: MR. T. R. QUAY

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

SUBJECT: INFORMAL CORRESPONDENCE

Dear Mr. Quay:

The application for withhelding is submitted by Westinghouse Electric Corporation ("Westinghouse")
pursuant to the provisions of paragraph (b) 1) of Section 2.790 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 reque=ed is identified in the proprietary
version of the subject report. In conformance with 10CFR Section 2.790, Affidavit AW-97-1154
accompanies this application for withholding setting forth the basis on whick 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 10CFR Section 2.790 of the
Commission's regulations

Correspondence with respect 1o this application for withholding or the accompanying affidavit should
reference AW-97-1154 and should be addressed to the undersigned.

Very truly yours,

Advanced Plant Safety and Licensing
jml

e Kevin Bohrer NRC OWFN - MS 12E20

SERC24BMR T28i%0n




PROPRIETARY INFORMATION NOTICE

) -ansmitted 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 2.79C of the Commission's regulations concerning
the protection of proprietary information so submitted to the NRC, the information which is
proprietary in the proprietary varsions 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 beeu deleted).
The justification for claiming the information so designated as proprietary is indicated in both versions
by means of lower case letteis (a) through (f) contained within parentheses located as a superscript
immediately following the brackets enclosing each item of information being *dentified as proprietary
of in the margin opposite such information. These lower case letters refer to the types of information
Westinghouse customarily holds in confidence identified in Section (4)(iiXa) through (4)(1ixf) of the
affidavit accompanying this transmittal pursuant to 10 CFR2.790(b)(1).

VIMA



COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice.  The NRC is permitted
1o 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 2.790 regarding
restrict.ons 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, D.C. and in local oublic
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 iiclude the copyright notice in all
instances and the proprietary notice if the original was identified as proprietary




AW-97.1154

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA:

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared Brian A. Mclntyre, who, being by
me duly swor according to law, deposcs and says that he is authorized to execute this Affidavit on
behalf of Westinghouse Electric Corporation ("Westinghouse") and that the averments of fact set forth

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

7.2 A

Brian A. Mclntyre, Manager
Advanced Plant Safety and Licensing

Sworn to and subscribed

before me this _F Lad, day

—,

of , 1997

Notary Public

Geal
Janat A . Notary Publie
Monroeville Boro, Allegheny County
My Commission E1piius May 22, 2000

Wember, Penmeyivana ARSocianion o Notares
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TH0A WhY

AW-97.1154

| am Manager, Advanced Plant Safety And Licensing, in the Advanced Technology Business
Area, of the Westinghouse Electric Corporation and as such, 1 have been specifically delegated
the function of reviewing the proprietary information sought to be withheld from public
disclosure in connection with nuclear power plant licensing and rulemaking proceedings, and
am authorized 10 apply for its withholding on behalf of the Westinghouse Energy Systems

Business Unit.

| am making this Affidavit in conformance with the provisions of 10CFR Section 2.790 of the
Commission's regulations and .1 conjunction with the Westinghouse application for

withholding accompanying this Affidavit.

| have personal knowledge of the criteria and procedures utilized by the Westinghouse Energy
Systems Business Unit in designating information as a trade secret, privileged or as

confidential commercial or financial information.

Pursuant to the provisions of paragraph (b)4) of Section 2.790 of the Commission’s
regulations, the following 1s furnished for consideration by the Commission in determining

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

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

held in confidence by Westinghouse.

(1) 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 oi 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)

(b)

(c)

(d)

(e)

()

AW-97.1154

The information reveals the distinguishing aspects of a process (or component,
structure, tool, method, etc.) where prevention of its use by any of
Westinghouse's competitors without license from Westinghouse constitutes a

competitive economic advantage over other companies.

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.

Its use by a competitor would reduce his expenditure of resources oi improve
his competitive position in the design, manufacture, shipment, installation,

assurance of quality, or licensing a similar product

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

commercial strategies of Westinghouse, its customers or suppliers.
It reveals aspects of past, present, or future Westinghouse or customer funded
development plans and programs of potential commercial value to

Westinghouse.

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)

(b)

THOA Wi

The use of such information by Westinghouse gives Westinghouse a
competitive advantage over its competitors. [t is, therefore, withheld from

disclosure to proteci the Westinghouse competitive position.

It 1s information which is marketable in meny 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)

ThaA Wey

AW-97.1154

Use by our competitor would put Westinghouse at a competitive disadvantage by reducing his

expenditure of resources at our expense,

(1)

(iv)

v)

(d) Each component of proprietary information pertinent to a particular
competitive advantage is potentially as valuable as the total competitive
advantage | competitors acquire components of proprietary information, any
one component may be the key to the entire puzzle, thereby depriving

Westinghouse of a competitive advantage.

(¢) Unrestricted disclosure would jeopardize the position of prominence of
Westinghouse in the world markei, and thereby give a market advantage to the

competition of those countries.

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

competitive advantage.

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

Commission,

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

Enclosed is Letter NSD-NRC-97-5282, August 19, 1997, being transmitted by
Westingliouse Electric Corporation (W) letter and Application for Withholding
Proprietary Information from Public Disclosure, Brian A. Mclntyre (W), to

Mr. T. R. Quay, Office of NRR. The proprietary information as submitted for use by
Westinghouse Electric Corporation is in response to questions concerning the AP600
plant and the associated design certification application and is expected to be

applicable in other licensee submittals in response 10 certain NRC requirements for
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Justification of licensing ~dvance. nuclear power plant desig..s.

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

(a)

(b)

(c)

(d)

(¢)

Demonstrate the design and safety of the AP600 Passive Safety Systems.

Establish applicable verification testing methods,

Design Advanced Nuclear Power Plants that meet NRC requirements.

Establish technica! and licensing approaches for the AP600 that will ultimately
result in a certified design.

Assist customers in obtaining NRC approval for future plants.

Further this information has substantial commercial value as follows:

(a)

(b)

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

purposes of meeting NRC requirements for advanced plant licenses.

Westinghouse can sell support and defense of the technology to its customers

in the licensing process.

Public disclosure of this proprietary information is likely to cause suhstantial harm to

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

competitors to provide similar advanced nuclear power designs 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.
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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
technicai programs would have to be performed and a significant manpower effort,
having the requisite talent and experience, would have to be expended for developing

analytical methods and receiving NRC approval for those methods.

Further the deponerit sayeth not.



DATE

Attachment 1 to Westinghouse Letter DCP/NRCO9%6

ADDRESSEE

DESCRIPTION

§/19/97

Sebrosky

Advance draft of RAls on WCOBRA/TRAC,

§/22/97

Sebrosky

Advance draft of NOTRUMP RAI - 440,339,

| 5/2597

Sebrosky

Advance draft of WCOBRA/TRAC discussion items.

5/30/97

IA0A WP

Huffman

Advance discussion item responses on WCOBRA TRAC CAD




ENCLOSURE 2 TO WESTINGHOUSE LETTER DCF/NRC0996
(NON-PROPRIETARY VERSION OF ENCLOSURE 1)

LA W
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Westinghouse

AP600 Project .

Memo

Tox Joe Sebrosky
Froee Ean H Novendstem

Cce: 8. Mcintyre (NRC Informal Propnetary Courrespondence File) B Rang, R Kemper D Gamer
L. Mochrener, F7 5.1 6

Detee Monday May 19, 1997
e WC/T VAV LTC RAls

Anached are aodmonal RAlL that will be ssued in the next several days ' have marked ther DRAFT
iy because they are not tansmmed by a formal letter. No text will change when formaily transmted

Please give to Lambrose and Bill. Many thanks

.Qam!






NRC REQUEST FOR ADDITIONAL INFORMATION DRAFT

APLOO

RA| 440 589

The trenas n the WCOBRA/TRAC anelyses of the OSU SBO! test show an overprediction of inje ‘ton
flow and an underprediction of axit flow. Extrapolation of these trenas would lead 10 8 conclusior that
the calculatred reactor vessel water level will not fit the test dats well beyond the end of the win.‘ow

Soeciticaily, Figures 5.1-310 5.1.10 show that the injection flow rate is higher than the correspon.'ng
measured value. Figures 5111 ang 5.1.12 indicate that *he injected water terperature <
consicerably lower Figures 5.1-16 an¢ 5.1-18 indicate that ADS /123 and ADS 41 fiows are 'awer

/f these trends continue, the calculetac 1018l injected water would be much grester than the test date
shows and the ceiculated toral booft! and water exiting (he RCS would be much less than the test
dgate. This ~ould resvit in an erroneously high value for the calcuiated resctor vessel water level
sometime beyond the e~d of the window. Westinghouse should consider extending the window width
by 3 to 4 nmes the current length of 1000 seconds) to demonstrate that the eventual trend stabilizes
and belances with the fingl vessel water level consistent with the test dets.

Response:

As provided in Ref 440 5891 and discussed in tha ACRS meeting on March 28, 1997, Westinghouse
has performed several caiculations of 3000 seconds in length which indic 3te NO sOWNON divergence.
In each of the cases, comparisons with the OSU test data wers as favorable at 3000 secords as at
the end of the onginal 1000 second window and for the Extended Time Sensitivity, the resuits at the
end of 3000 seconds of calculation time were shown to be dentical to caiculations started 2000
seconds later and run for 1000 seconda. In addition, Figure 440 .589-1 was presented at the ACRS
meeting which demonstrates that total WC/T vessel inflow equals total vessel outflow for the OSU test
comparson cases once the quasi-equilibnum solution has been reached.

It was notec at the ACRS meeting that the reactor vesssl collapsed levels are systematically low | the

conservative direction). Two factors contnbute to this bias. First, as discussed in the WCOBRA/TRAC

Code Qualfication Document (WC/T CQD), WC/T tends to over predict iquid entrainment in the large
break scenano. The equivalent efect in (he Long Term Cooling (LTC) scenan ™ 18 to carry out iquid
from the upper plenum 100 easily and thus reduce the colispsed liquid level to & value below that
observed in the tests. A second factor which contnbutes to the under predicted liquid level & the
coarse noding in the top of the cors and the borttom of the upper plenum, see Figure 2-2 in Ref.
440 58%-2. To evaluate the impact of this noding, the Secton J channels in the upper plenum, which
were praviously ong cell high, wers divided nto thiee vertcal cells. A sat of calculations were
performad for OSU Test SBOY, dunng sump operation, in the time penod from 18,000 seconds to
19 000 seconds. The companson of the upper plenum lavels and downcomer levels 8 attached in
Faures 440 589-2 through 440 589-5. The upper plenum level 18 shown to be increased by 0.5 to
0 8 inches with the finer noding. Similiar results are observed n the hot leg levels. The increased
number of vernical cells has a less signidficant effect on the downcomaer level. While this does not show
@ Maor aMect on the vessel levels, it does show the trend. It 18 noted that, the coarse noding wid
retained 0 the core (two vertucal cells) and the radial noding n the LPEE! DleNUM wias Not altered.
Thus. additonal /mprovements n level caiculanons are expected if 3 more detalled noding 13 used.

@ 440 589-1




DR AF T NRC REQUESY FOR ADDITIONAL INFORMATION

As was giscussed at the ACRS meeung. the WC'T comparison with SBOY was the least accurate of

the comparsons n Ref 440 5891 and Ref. 440 589-2. There are several factors which contribute

1o the ditferences in thig comparison, f the uncertanitiag in the measured flow rates are not carsidered

for the moment. First as shown in Table 440 589-1 'ine 4, the WC/T calculated total ADS flow rates

are N good agreement with the total OSU measured ADS flow rates, even though the agreemaent

between the respective ADS 4.1 angd ADS 4.2 15 less sccurate. ™Mowever, as previously reported, the

total DVI flow rates, line 7, do not compare favorably with 1.08 Ib/sec calculated by WC/™ versus 0 86

b/sec measured at OSU. The divergence between the calculated and measured DV flows from the

IRWST lines, Figures 5.1:3 and 5.1-4, s more pronounced as indicated in Table 440 5891 lines 10
and 14, The major srurce of this discrepancy can be seen with 3 re-scyled plot of the break flows,

see Figure 440 1896 «nd 440 .189-7, which indicate significant increases in the measured break flow
at 14 500 seconds. |f the measured braak flows are accepted as correct, the total vessel inflows are
in good agreement as shown on line 9 of Table 440 589-1. However, this implies that the WC/T
calculated break flow rate 18 significantly under pradicted, Table 440 589-1 line B, Thus, the over
prediction of the IRWST flows into the DVI lines 9 offset by an under prediction of break flow. This
discrepancy 18 considered 10 be partially the result of measurement uncertainities on the DVI line flow
rates. For example, the measured DVI flows from the IRWST are 0.17 ib/sec and 0.215 Ib/sec with
a 20 uncertainity on each of + 0076 b/sec. Thus, the flow rates measurernents are have
uncertainities of + 45% and + 35% respectively. Of more importance is the fact that the magnetic
flowmaeters, used for the liquid portion of the break flow, were not calibrated for reverse How (into the
vessel) and are only useful for showing trends. Thus, the data uncenainty clouds the conclusions
which can be drawn from this spacific test companon and leads to the conclusion that the entire set
of comparsons must be viewed together if valid conclusions are to be drawn,

in conclusion, the 1QLAl vessel nflows and 1Q1a vessel outflows, lines 4 and 9 n Table 440 5881
balance quite well for both the WC/T calculation and the OSU test. Note, that ali the individual values
were checked when it was found that the measured break flow was mis-esomated due 10 POOT Sraling
of the integrated breakfliow plot, Figure 5.1.14. The component flows do not compare as well and this
s considered 10 be primanily the result of the uncertainties in the measured flow rates. The argument
that the calculations are not pnmanly at fault lies with the accuracy of the remaining comMpansons.
This s demonstrated in Figures 440 589-8 through 440.589-11 take~ from the ACRS pressntanon.

Reofarences

440 589-1. NSOMNRC-97-5014, “WCOBRA/TRAC Long Term Cooling Letter Report®. D C Tarner,
March 10, 1997,

440 589-2 WCAP-14778, "WCOBRA/TRAC OSU Long-Term Cooling Final Venficaton Repont®, D C.
Garner, at. al . November 1396,

Report Revision
None

440 5892 @ Westnghouss



NRC REQUEST FOR ADDITIONAL INFORMATION

APLOO

Table 440 589

$8-01 Quasi-Equilibrium Flow Rates During
Period from 14,500 to 15,000 Seconds

Line WC/T Calculated OSU Measured
No. Flow (Ibm/sec) Flow ({bm/sec)
Yeasel Quitiows
1. ADS1, 2.3 0.008 g 7
2 ADS 441 0.483
3 ADS 4.2 Q229
4. Total Qutflow (1 +2+3) 1.197
Yesael lnflows
5. Total DVI-Y 0.538
8. Total OVI 2 Q558
7 Total OVI (5 + 8) 1.090
8 2* Break Flow (into vessel) Q070
Nl Total Inflow (5+68+8) 1.160
'
QyLiline Component Flaws
10.  IAWST/OVI-Y 0.270
11 Sump/DVI-Y Q.188
12.  CMT-1/0VI1 Q000
13, Total OVEY! (1011 412) 0.538%
14 IRWST/O'N-2 0290 **
185 Sump/OVW2 .1688
16. CMT-20042 Ql0Q **
17. Total DVE2 (144185 +18) 0.558
** Figure 5 1.4 includes 0.100 Ibm/sec from CMT-2 with IRWST flow
440 589-3

(W) wenguse

.
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NRC REQUEST FOR ADDITIONAL INFORMATION

WC/T Total Inflow / Total Quttiow Comparison
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NRC REQUEST FOR ADDITIONAL INFORMATION
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NRC REQUEST FOR ADDITIONAL INFORMATION

440 5898



NRC REQUEST FOR ADDITIONAL INFORMATION

DRAFT
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440 5899
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NRC REQUEST FOR ADDITIONAL INFORMATION
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NRC REQUEST FOR ADDITIONAL INFORMATION

Upper Plenum Liquid l.evel Comparison
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NRC REQUEST FOR ADDITIONAL INFORMATION
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Downcomer Liquid Level Comparison
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Reactor Vessel Total Inflow Comparisen
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NRC REQUEST FOR ADUITIONAL INFORMATION

OC/1 lete! (aiculated Vessel Outtion (18/5ec)

Reactor Vessel Total Outtlow Comparison
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440 58914



NRC REQUEST FOR ADDITIONAL INFORMATION

Page 5:34 5ih paragraph states ihat the discrepancy shown in the 0D’ pienum calkculated pressure (Fig
52:2) s due 1o the uncerainty of the measured pressure valves Mowever uncerainty canno! account
for @ one sided dference uniess some specal iNstruments have been used Please account for the above
slatement and the discrepancy of measured 10 cakcuialed values

RA| 440 590

Response:

As discussed in the revised response 1o RAI 440 563, Yor Tes SB10 the pressure measurement
iransducer was classfied as unreliable o the Upper plenum pressure & based on & dferent pressure
randucer than s used for the other tests. For this reason, the WC/T prediction of pressure in Test 810
rmuvuolhomownwu'obommotnam.thom«wcnaomnn
O8SU tests * A.wwnmnuuemrm«osommmacnmmdmno. 1997 upper
W(w;mmmmmwuwmwdmmmmmmwmorummm
range of 15 6 10 16 0 psis iIndependent of break size and locetion Thue, the OSU date vaiue of 17 7 paa
vmnumnto-mnwummw.mmamawwcnpmwn

Prediction capab.ity
Report Revision:
None

@ Wegngeuss 440.590-1
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440 590-2
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NRC REQUESY FOR ADDITIONAL INFORMATION

The cakculatonal window for $810 sump inyection flow (Figures 52-5 and § 2-6) siops at 14 500 seconds
This window does nol enveiop e significant change in the sump inyection flow shown in the OSU lest data
which ocacurs when 1he sump injection vaes open Sinve the SUMp solation vaes opened sl 14 8O0
Seconas. 'he sial believes he window shoukl continued 1o aif oast 16000 seconds 1o gwve
WCOBRATRAC the opportuntty 1o cakuiate full sump necton flow

RAI 440 581

Response:

Westinghouse has pedormed the suggested cakculation and provided the results in Reference 440 5§1.1
The results can be found in Figures 2 8.1 through 2 5:28 of that repont 1ogether with the following
paragraph from that repon

The window selected was from test SB10 was intisted at 13,500 seconds. near the end of IRWST inyection
ondmomquouumd1lmmumhtmmeVm.r\¢0mmmm
vaes were fully open mabuhmnonmmdmmunﬂdmuosﬂ-z The
mechdewMMMuMNMubsmmw
oommwdncruudaorommmnduotomowlmb\vmuwmowIho
hquid temperaiures  These condftions were caicuiated with reasonable MOOUMCY &8 demonsirated n
Figures 2 5:23 and Figure 2 321 The total DVI line flow rates into the vesse! compared well with (he st
dmoumtmmmmwumdunMz.nmtwo. 18 noted that the
omwMWOTMMQNMWMwWMMdmm-WcW
.npomomdlholmmwfolowmonnmdtrnmmmm.quz&:lonezs-s
0 1his penad. ihe calculated flow from the sump 10 the IRWST i hgher than measured fow Of pancular
sgnficance r.wnu.mmum-mmqum-cuuummwum
ransient m-mu.tmmucmnmmbhwm(auwd
m..mmmnun).mmmlmmmwmwmmnm-aum I
o'mwmntm.mmeMWMbnhnumww

References

L0891 NSONRC-97-8014, "WCOBRA/TRAC Long Term Caoling Letter Repont® D C Gamer. March
101997,

440591:2 WCAP- 14778, "WCOBRATRAC OSU Long:Term Cooling Firal Verfication Repon' D C
Gamer, ot ol Novermber 1998

Report Revision:
None

4405911

@) meree



NAC REQUEST FOR ADDITIONAL INFORMATION

Westinghouse assessment of the OSU S8-12 test states on page 5-66 that * 1he sump 'low was nhibrted
N this calouianon®  Why was this done? Mow s the companson of sump flow rates meanngtul wih thig
manipuiaton of the caicylanon? Couid ancther 1est De subSIMIed or this test wrhout nhibiting sump flow ?
What 15 urgue in this test for the WCOBRA/TRAC long term cooling validaton?

RA| 440 592

Response

Test SB-12 data records do not comMain a siYNRICant penod of sump iInjection. As a result, WC/T caioulation
COMPAansons in the sump INection penod were considered 10 be 1of 100 shon a penod 1o be meaninghul
Further any deviations rom the measurements could not be iMvestigated through extenson of the window
penod Thus the companson with SB12 s imended 10 address only operation with flow from the IRWST
and s included 10 show the LTC performance for @ DEG Direct Vessel inpction Line Break.

Subsequently a caloulation companson has been done wih SBO1 from 18 000 10 18 000 seconds when
the the sump Solation valves have Deen opened and the levels in the IRWST ang the sump have
esquiibrated. Al the stan of this companson, the squibrum sumglRWST conditions have been
established for over 2000 seconds so that the companson addresses specifically sump njection The
compansons provided in Figures 440 5821 through 440 59228 show Qood companson with the OSU data
with the following vanations noted.

1 The reactor vessel level compansons are low by § 10 7 inches in the Jowncomer and J 10 4 inches
in the upper plenum. Figures 440 50224 and 440 59223 which 18 typecal of other test comparsions
and s in the conservative direction.

2 The core colapsed ligued level & low Dy about 2 inches, again & deviation in the conservative
directon.

3 The Total OVI Flows, Figures 440 5628 and 440 58210 show deviation of +0 040 and +0 068
B/sec which & within the 2 sigma uncentanity of the fow measurements of + 0077 bysec.

4 The break fow Mmeasurements, Figure 440 50214 show the same negative irend as he data,
NOWEVEr SNCE the MEJNELIC Mow Meters were not co od for Negative flows this COMPanson &

not sgnifce.

5 As has been Indicated In 2 subseguent RAL  1he low flow rates of the ADS 1.3 wihwch are less than
INE MEABUSMENt UNCHMTAXWly rencer (g COMPANSOn veirviicant

Based on the results of this comparison, & appeans that WC/T provides a satistactory quas-equibnum
sotion for LTC dunng sump operation well after the end of IRWST inection.

Report Revision: Nome
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RA| 440 593

n Figure 6-8 the measured and calculated ratas of the nflow and outflow are a function of

time ‘VC‘W
wOoukl these rancs change 1 the calculanons were performed for onger ime iNtervais

Response:

As indicated in the repon. the values presented are the quasi-equiibrium values for the four WC/T vs OSU
compansons.  As such, they are average values over penods of 800 to 700 seconds. While all of these
cases have not been extended to J000 seconas, Test SB10 has been The time wise vanations are
sontained in Table 440 593-1  For the WC/T results, the maximum vanation between total flow in and total
flow out ocours between 15 000 and 15 500 seconds. This coincides with a siight reduction in vessel liqud
nvamory in the upper planum dunng this penod as indicated by Figure 440 583-1. Simidiarty, the OSU test
Jata ndicates a penod of ime fromr 14 000 seconds 1o 15 000 seconds dunng which the outflow exceeds
the inflow by appruximately 6% This also cormesponds 10 a reduction in upper plenum invertory, Figure
440 583-1, arhough there appears 10 be a tine shit of approximately 500 seconds. Considenng the
uncenaintty in the flow rate measuremeants, this agreement s consdersd Qood. In any case, the vanation

n the outfiow 10 inflow parameters wih time (s small consdenng vanations in DV! line flows in this penod
of trenstion from IRWST injection 10 sump injection

Table 440 5931
Total Vessel Outtiow / Total Vesse! Inflow for S810

Time Penod wC/T Total Outtiow / QSU Total Outtiow
$8cONas) Total Inflow Total Inflow

- h s
-

14 000 t0 14 500 0 994
14 500 10 15000 1008
15000 1o 15500 1083
1§ 500 10 16000 1028
16.000 t© 16,500 1 044

Repor Revision:

None
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RAI 440 554

How were the boundary condmions of pressure. 'emperature and void fraction al the break appied? Page
51 WCAP- 14776 stales tha! the break separalor level lempersiure and pressure were used 1o delermine
the bouncary conditors  Mowever page 5-4 stales thal reverse flow from the break separator nto the coid
leg coukd not be predicted while page 5-5 stales that reverse flow was predicted  Simiar statements
appear on page 5-93 When reverse flow Is predicted. i the inflow Into the reactor coolant system at the
approprate condmions based on the measurements in the break separator? If s0 181t the sepamior
impletly modeled through the apphed boundary condtions ?

Response.

The statement ‘The simulation did not model (hat break saparator, 3o reverse flow into the cold leg
because of the break seperator filling cannot be predicted” which appears on page 5-4 and also on page
5:93 @ an edtonal error. The draft for the report was bassd on the Preliminary Validation Report, LTCT-
GSR-003 which contains this statement. In Reference 440 594-1 the break seperator was modeled as
a snVsource component with the approprale pressure, temperature and liquid level Tha sentence wil
be removed in the Revision 1 10 Reference 440 5§1.1 -

References:

440 5947 WCAP- 14778, "WCOBRATRAC OSU Long-Term Cooling Final Venfication Repont®' D C
Gamer ot al  November 1998

Report Revision:
None
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RA| 440 506

In WCAP- 14776 the predicted downcomer level was 15 in beiow the measured value for Test SB23 The
predcted level was below the elevation of the DV/ ine while the measured level was at the bottom of the
coki leg The discrepancy 18 much larger than the emor for the other tests (abow’ § in ) Is this giscrepancy
for Test S823 significant? Why was predicted downcomer ievel worse for ths lest?

Response:

The predicted vessel levels in Test SB23 can be understood most clearly when compared 10 SBO1 since
the pnmary diference 13 the cold leg break flow arsa. Test SB23 approximates a no break calkculation
since the hydrauhc resistance of & 1/2 inch Hreak flow path s large with respect 10 the hydraulc resistance
of the DVI lines. a factor of approximately 40 greater than the IRWST 10 vessel line and a factor of 6 10 8
greater than the sump 10 vesse! line Conversaly for the 2 inch break SBO1 test, the hydrauic resistance
of the break @ 16 limes larger &nd the break is the roughly equivaient of having & thwd DV line. assuming
that the break separator iquid level is equal 10 the IRWST level. The separsior evel 8 lower but only
sightly so dunng the penads of the window mode calculations Whie the reverse break flow magniudes
are suspect due 10 lack of calibration, 18 noted that the indicated break flow rate for the SRO1 test s -
0 260 tvsec versus <0 022 bysec for the SB23 test. Thus, test SBOY has & significantly different balance
of the inlet 10 outlet hydraulic resistances than SB23 and an ncrease o the calculated liquid levels of about
4 5 inches in the downcomer and correspondingly in the core plus the Lpper plenum. With & signdicantly
reduced nlet flow renstance and an Increased vesssl through flow of only 5% 10 10% 1 & reasonable 10
expect the vesse liquid levels 10 be greater for the SBOY test. Thus, 1 » conchuded that the cakulated
lower level for SB23 should be expected and does not represent an anomaly in the data compansons

Report Revision:

Nona
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WCAP. 14776 states (page 6-2) that the pressure Jrop across the ADS 4 ines s relatively small compareg
10 the resistance of the DVI ines What are the caiculated Inctional pressure Jrops across the ADS 4 ines
and DV! lines aunng sump Injection for ane of the tests? What is the predicted void fraction at the ADS
4 flow nozzies for the corresponaing penod?

RA| 440 596

Response:

During the early penod of IRWST injection when steam formation in the core s minimal, the pressure
osses across the ADS 4 vaives are small with respect 10 the DVI line losses. WRh the intiation of
signflicam boiling in the core, the two phase pressure sses n the ADS 4 valves shit the balance of
pressure losses The caiculated Inctional pressure drops across the ADS 4 ines and DV! lines dunng
sump injection for a 50 second penod of SB-01 sump inection are provided in Figures 440 586-1 and
440 596-2 These results are taken from the 1000 second window cakculation provided in response 1o RAI
440 592 The shon window is being provided with a prnt frequency of 0 1 seconds 10 accurately show the
pressure drop and voud fraction fluctuations  Thig window & considered 10 De representative of the larger
window and 1o the general condition of sump injection. The void fractions in the ADS 4-1 and ADS 4-2
vaives are provided in Figure 440 5963

Based on the results & dwn for the sump injection phase. s concluded that the DVI line pressure drop
and and ADS 4 pressure drop are of simillar Magnitude dunng this perod. The statement on page (6-2)
will e revised as ivliows.

“The ranking of (s parameter has been reduced from high 1o medium. T™he basis for the reduction s
senstivRy studies. varying the ADS Stage 4 vaive osses, which indicated no sgnificant effects on the levels
n the core and core coolability during LTC.  Therefore. ihe uncenainy in parameters such as the flow

regime and separation at the ADS tee are of reduced importance, and compansons of the ADS Stage 4
flow rates with WCOBRATRAC are sufticient for the valdation of the code pressure drop caiculation ”

The senstivity stucdies which support this conciusion are discussed n the response 1o RA| 440 587
Report Revigion:
WCAP 14778, Page 6-2. paragraph 2.
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OVI-2 Line Pressure Losses from
IRWST to Reactor Vessel
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Figure 440.598-1

440 $96-2 @ Wesinghouse



NRC REQUEST FOR ADDITIONAL INFORMATION

DRAFT

ADS 4 Valve Pressure Losses

Figure 440 598-2
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ADS 4 Valve Void Fractions

ADS 4-1
- === ADS 42

Figure 440 596-3
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WCAP. 14776 states on page 6-2 that sensitvity calculatons showed thiat the calcy/ated levels were not
signfficantly afected by ADS-4 losses Where are these senstivity calculations documented? Mow senstive
was the total fow through the primary system 10 the ADS-4 losses auring sump injection?

RA| 440 587

Response:

The sensitivity 10 ADS-4 pressure losses has been cakulated for the SB-01 window perod of 18 000
second 10 19 000 second dunng which the flow 10 the DVI lines comes emircly from the sump.  In this
caikculation the loss coefficient of the ADS 4 valves was increased by 50% in both 10op 1 and loop 2. As
shown in Table 440 S97-1 below, the total flow through the primary system cacreased by approximately
19% Correspondingly, the collapsed liquid level in the vessel decreased by 0 40 inches. The change in
vessel levels 5 shown in the attached Figures 440 5871 through 440 5974 The rate of steam generation
in the core increases from approximately 0 85 bnvsec 1o 0 95 brvsec to compensate for the reduced
injection tiow rate
Table 440 5071
Senstivity of Vessel Condtions to 50% Increase in
ADS 4 Pressure l.oss Coefficiern (Test S8-01)

Reference +50% ADS4 K Vanation
Total Vessel Inflow Caiculaton Caiculation
OVi-1  (Ibrvsec) 0428 0 368
OVI-2 (Ibrvsec) 0 480 0 362
2 Break (Ibnvsec) 0068 0018
Totals 0 954 0778 19 6%
Total Vesssl Outtiow
ADS 1 2, 3 (lbmvsec) 0 021 0.021
ADS 41 (brvsec) 0303 0220
ADS 4-2 (brvsec) 0638 9.%
Totals 0 9% 0 -18 6%
Jpper Planum Level (In) 8.1 §7 Q4mn
Downcomer Level (n) 578 §71 Q4mn
Steam Generation n Core 0 650 0 9%

(brrvsec)
Report Revision: None
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The cakculated upoer plenum liQued levels shown in WCAP. 14776 are not consistent with the presentalon
Westinghoise made 10 the stal on March 12, 1981 For example, Figure 5 1-23 of the repon shows that
the caiculated level s about 14 in for Tsst SB-01 while page 45 of tha presentation materal shows that
the calculated level 3 about 8 in. Why are the caiculated results afferent between the repon and the
presentation?

RA| 440 558

Response.

The upper plenum collapsed iquid levels reported in WCAP- 14778 were based upon an inappropnate
selection of upper plenum channel for caiculating the level in the WC/T plotting package As shown in
Figure 2:2 of the WCAP_ there two channels in Section 3 of the upper plenum, channel 15 and channel
50 Channel 15 & an annular global channel iocaled adiacent 10 the core bammel and does nol see core
outiet flow intenng at the bottom  Channel 50 8 the core outiet channel and all flow from the core enters
this channel Due 10 the desire 1o minimuze the number of nodes, these channels have only one vertical
node for the 11 § nch height. As & consequence, the global channel tends 10 have & high liqud fraction
over the entire heght while the core outiet channel more comrectly reflects the core outle! voud fraction.
Using the voud fraction in the global channel 15 roduces an wvsalisticly high indication ol upper plenum
collapsed iquid level which signficantly excee.  (he collapsed liqusd level in the downcomer  Conversely
use of the channel 50 voxd fraction in the collapsed liquid level caiculation produces level which compares
favorably with the downcomer collapsad iquid level and reflacts the manometnc relatonshe between he
wo flow channels  Thus, subsequent 10 the WCAP ak reported upper plenum collapsed liqud levels
raflect the voud fraction in channel 50. The WCAP will be updated I¢ also reflect this bass for the upper

plenum leveis

Report Revision:
WCAP- 14776 Pages 38 3-22 3-38 354 5-20 5-59 588 and 5118
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Genargl Comrmant 1

Westinghouse 1hauid consiger inciuding the measures arnd calcu/ated 03s factors for the ADS 123 ang
ADS 4 llow paths in Table 3-7

Response.

Prassure loss coefficients for the OSU ADS 123 and ADS 4 lines and vaives weie caiculated from single
phase handbook 1ata and based on the physical dmensiong obtained from the piping drawings. Thess
values wore input 10 WC/T which calculated two phase muitipliers based upon the local fhuid conditions
Satistaciory pre-operational test data was not avallable for comparison. As reported in WCAP. 14252 the
ADS 123 line resistance was measured. however. the orfice plate. designed 10 simulate t ¢ valves, was

not installed No teste were performed in this test sunes t0 determineg the pressure l0ss coefficients of the
ADS 4 ines and valves

Aeport Revision: None

Genera! Comment 2.

The repornt correctly states that the mass flow through the ADS 123 vaves was negigible aunng the long-
term phase The comparnsons belween the caicuiated and measured values are then characterzed as
gxcellen for Test S810. faw for Test SB12, and good for Test SB23  ™e vanaton in charactenzatons s
NAPEIOPNENe CONSKIenng the uncenainty in the data. According 10 Appedux D of WCAP-14252 the
Jncenainty  the ADS 123 ik flow measurement (FMM-801) & 1. 342 gom or about 0 18 rrvsec. which
s much greater than the measured values. Furthermore, since the level s near the bottom of the
pressunzer aunng the long-term phase, no guid fow woukd be expected through ADS 123 Steam flow
through ADS123 woulkd De expected. Dut nO rekable Measuremeny of the steam flow are avaladle
Decause the NSIUMents were "ot ranged propedy for the ong-term phase. In 1act the reporned steam
flow rate (FYM-601) was less than 1e/0, which s clearty mpossdie, aunng the window penod for three of
the four tests. Thus. the stalf las conciuoe that the ADS 123 flow measurements are very uncenan and
that the apoarem aiffersnces in the “QoodNess” of the compansons for the fests are Nof Meanngiu|

Response:

In retrospect, we agrew. The discussion on the ADS 123 flows in WCAP- 147768 will be modified 1o reflect
the sgniicance of e urcenaintty n the vapor 'ow Measuremants.

Roport Revision:

WCAP- 14778 Page 535 para. 4, Page 5-68 parm. ¢ and Page 582 pana §
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General Comment 3.

The caiculated DV! 1 tiow rate reported in the text on page 5-85 for Test SB12 (0 87 lbrvs) s inconsistent
with Figures § 5.3 5 3-4 and 6-1 (about ! 2 brvs). Simiarly. page 5-66 states that the lotal calculated
ADS 4 flow 13 1 12 bmvs while Figures § 3-14 5 3-18. and 66 indicate that it is about 1 35 bmvs These
apparent aiscrepancies between the text and figures alfect the global mass balance JIScussion on page
5.87 as well as the summary of results presented In Section 6 (including Figure 6-3)

Response:

The cakulated DV! 1 flow rate reported in the text on page 588 for Test SB12 should have been 1 14
ibrrvsec and the total caiculated ADS 4 flow on page 5-68 should have been 1 35 brrvsec The values on
pages 5-65 and 568 were taken from & labulation which included a eartier WC/T calculation for Test SB12
and had not besn updatec 1o reflect the plots in the WCAP  Pages 565 and 568 will be updated
appropnately Section 8 was developed from an updated table and contains none of the earty caiculatonal
results

Report Revision:
WCAP-14778, Pages 5-65 and 5-68

Genersl Comment 4

The mass raho compansons shown in Figure 6-8 appear 1o be contradictory The figure shows (hat the
ato of flow out 10 flow in 18 greater than unty for the tesis (indicating that vesse! /evels should be
Jecreawry) and less than unty for the cak:ulations (inchcating that vessel levels shoukd be increasing)
Thus the trends of the calculation appear 0 be wrong. The text shculd justify why these results are

acequale
Response:

The text wuwutoerwmmdtNMdmuMwopmnmmwns
mevting and whwch ywed that WC/T inflow and outfiow are equal, Figure 440 GC4-1. The deviations in
-Mﬁmmrwmmm“mmwnmovnwmﬁwmdomtw
neasurements. This is 8. Wicant when (he negative break flow rates become large such as in Test SBOY
since the Nlow meters were not calibrated for reverse flow at OSU. This effect @ discussed in detail i RA!

440 589
Report Fevision:

WCAP- 14776 Page 8-3
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WC/T Total Inflow / Total Qutflow Comparison
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WC/! lotal Celcutoted Vessel Outlion {1 /sec

2 | ! 1.9 1
WC/T Tote! Calculated Vesse! Infloge (18/s0c)

Figure 440 GCA-1
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RA| 440 58¢

The trends in the WCOBRA/TRAC anslyses of the OSU SBO1 test show an overprediction of injection
flow and an underprediction of exit flow. Extrapolation of these trends would lead to & conclusion that
the calculated reactor vessel water level will not fit the test deta well beyond the end of the window

Specficaily, F‘PU’.’ 513105 1.10show that the injection flow rate is higher than the corresponding
measured valve. Figures 8.1-11 and 5.1-12 indicate that the injected water temperature s
conswdarably lower. Figures 8.1 16 and 5.1-18 indicate that ADS 123 end ADS 41 Mlo\vs eré lower

If these trends continue, the ceiculated 101l injected water would be much greater than the test deta
shows and the caicuiated rorel bodol end water exiting the RCS woukd be much less then the test
dere. This would result in ar erroneously high value for the calculsted resctor vessel water level
sometime beyond the end of the window. Westinghouse shoukd consider extending the window width
by 3 10 4 times the current length of 1000 seconds) to demonstrate that the eventual trend stabilizes
and balances with the fingl vessel water level congistent with the test dats.

Responsae:

As provided in Ref 440 5891 and discussed in the ACRS meeting on March 28, 1897, Wastinghouse
has performed several caiculations of 3000 seconds in length which indicate no solution divergencs.
in sach of the cases, comparisons with the OSU test data were as favorable at 3000 seconds as at
the end of the onginal 1000 second window and for the Extended Time Sensitivity, the resuits at the
and of J000 seconds of calculation time were shown to be dentical to calculations stared 2000
seconds later and run for 1000 seconds. In addition, Figure 440 589-1 was presented at the ACRS
mesting which demonstrates that total WC/T vessel inflow equals total vessel outflow for the OSU test
COMPAanson cases once the quasi-equilibnum solution has been reached.

it was noted at the ACRS meeting that the reactor vessel collapsed levels are systematically low | the
conservative direction). Two factors contnbute to this bias. First, as discussed in the WCOBRA/TRAC
Code Qualification Document (WC/T CQDI, WC/T tends 10 over predict liqusd entrainmant in the large
break scenano. The squivalent sffect in the Long Term Cooling (LTC) scenanc s 10 carry out liaud
from the upPe’ Dlenum 100 easdy and thus reduce the collapsed liquid leval to a value belcw that
cbhserved in the tests. A second factor which contnbutes to the under predicted qud level s the
coarse noding 1 the 10p of the core and tha bottom of the upper plenum, see Figure 2-2 in Ref.
440 589-2. Vo evaluate the impect of this noding, the Section J channels n the upper plenum, which
were praviously one cell high, were divded into three vertical celle. A set of calkculatons were
performed for OBV Test SBO1, durng sump operaton, in the time perod from 18,000 seconds to
13,000 soconds. The companson of the ucper plenum levels and downcomer lavels is attached n
Figures 440 589 -1 dwough 440 588-8. The upper plenum level is shown 1o be ncreased by 0.5 1o
0 8 inches with the finer noding. Simi..7 results are observed in the hot leg levels. The increased
number of vertical cefls has 2 less significant aMect on the downcomer lavel. While this 30es not show
# maor eMect on the vessel levels, 1 does show the trend. !t ia noted that, the coarss noding was
retaned in Lthe core (two vertics) cells) and the (adial noding e upper plenum was not altered.
Thus, 30dmonal MErovements « vel calculatons are sxpected  § more detaded noding 18 used.

@ etk 440 .589-1
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As was discussed at the ACRS meeting, the WC/T comparison with SBOY was the least accurate of

the comparsons n Ref 440 S89-1 and Ref. 440 589.2. There are saveral 13¢10rs which contributy

1o the ditferences in thi companson, f the uncertainities in the measured flow rates are not considersd

for the moment. First as shown in Table 440 .589-1 ling 4, the WC/T caiculated 10tal ADS flow rates

are 0 good agreement with the total OSU measured ADS flow rates, aven though the a reement

petween the respective ADS 4.1 and ADS 4-2 i3 lesa accurate. However, as previously repurted, the

total DVI flow rates. line 7, do not compare favorably with 1 09 ib/sec calculated by WC/T versus O 88

b/sec measured at OSU. The d'vergence between the calculated and measured OV! flows from the

IRWST lines, Figures 5.1-3 and 5.1-4, i3 more pronounced as indicated in Table 440 5891 lines 10

and 14, The majour source of this discrepancy can be seen with a re-scaled plot of the break flows,

see Figure 440.189-6 and 440.189-7, which indicate significant increases in the measured break flow

at 14 500 seconds. If the measured break flows are accepted as correct, the total vessel inflows are
N Qood agresment as shown on line 9 of Table 440 589-1. However, this mplies that the WC/T
calculated break flow rate 18 significantly under predicted, Table 440 5891 iine 8. Thys, the over
prediction of the IRWST flows into the DVI lines s offset by an under prediction of break flow. This
discrepancy 8 considered to be partially the resuit of measurement uncertainitiss on the DV line flow
rates. For example, the measured DV flows from the IRWST are 0.17 1b/sec and 0.215 Ib/sec with
@ 20 uncertainity on sach of & 0.076 Ib/sec. Thus, the flow rates measurements are have
uncertanities of + 45% and + I5% respectively. Of more importance s the fact that the magnetic
flowmeters, used for the liquid portion of the break flow, were not calibrated for reverse flow (into the
vessel) and are only useful for showing trends. Thus, the data uncertainty clouds the conciusions
which can be drawn from this specific test comparion and leads 1o the conciusion that the entire set
of compansons must be viewed together  valid conclusions are to be drawn,

In conclusion, the 1Qtal vesse! inflows and 1Q1al vessel outflows, lines 4 and 9 in Table 440 5891
balance quite well for both the WC/T caiculation and the OSU test. Note, that all the individual values
were checked when it was found that the measured break flow was Mis-estmated due to poor scaling
of the integrated breakflow plot, Figure 5.1.14. The component flows do not compare as well and this
s considered 1o e prmanly the result of the uncertainties in the measured flow rates. The argument
that the calculations are not prnmanty at fault lies with the accuracy of the remaining compansons.
T™his s demonsuated in Figures 440 589-8 through 440 58911 taken from the ACRS presentation.

Reforences

440 589-1.  NSOMNRC-97-5014, “WCOBRA/TRAC Long Term Cooling Letter Repont®, D .C Gamer,
March 10, 1997,

440 589-2. WCAP 14778, "WCOBRA/TRAC OSU Long-Term Cooling Final Venficaton Repont®, L .C.
Gamer, ot. 8., November 1396,

Repert Revison:
Nore

340 589-2 @ e




NRC REQUEST FOR ADDITIONAL INFORMATION

Table 440 5891

$8-01 Quas+Eguillibnum Flow Rates Dunng
Penod from 14 500 10 15 000 Seconds

Line WC/T Calkcuiated OSU Messured
No Flow (brrvsec) Flow rrysec
Yesse! Outfiows ade
1 ADS 1. 2.3 0 008 I- 1
2 ADS 441 0 483 ;
3 ADS 42 2128 |
B Towl Outfiow  (1+243) 1197 1
Yease! Inflows
L Total DVI-1 0538 ;
6 Towl DVI-2 0388
? Total DVI (8 « 8) 1,080
8 2" Break Flow (inio vesse!) 0070 ;
¥ Total inflow (5.848) 1180
RV ine Component Flows
|
10 IRWSTOVI- 03”0 !
1" Sump/DVi-1 0168
12 CMTADVIA 0.000
193 Total DVi1 (10+11412) 0538
14 IRWSTDVI-2 0290
18 SumpOVE2 0168
6 CMT-20V3 2109 ** t
1? Toa DVE2 (14+15418) 0588 L J

Y Figure § 14 nokudes 0 100 Brveec from CMT.2 with IRWST flow

@ - 440.589-3



DRAF T NRC REQUEST FOR ADDITIONAL INFORMATION

fotel Catculoted Vessel ODullioe (1n/sec)

WC/T Total Inflow / Total Outflow Comparison
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Figure 440 589-1
440 5804



NRC REQUEST FOR ADDITIONAL INFORMATION

Upper Plenum Liquid Level Comparison
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Qowncomer Liquid Level Comparison
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NAC REQUEST FOR ADDITIONAL INFORMATION

o

Reactor Vessel Total Inflow Comparison
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NRC REQUEST FOR ADDITIONAL INFORMATION

BC/1 Tetet Ceotcutotesd Vessel Quitioe (18/sed)
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NAC REQUEST FOR ADDIMONAL INFORMATION

Page 534 51h paragraph siates that the discrepancy shown in the upper plenum calcuiated pressure (Fig
§2:2) s due 1o the uncerainty of the measured pressure valves Mowever wnoenanty canno! account
lor & one sided afference uniess some special instruments have been used Please acoount lor the above
siatement and the discrepancy of measured 1o cakuisted values

RA| 440 580

Assponse.

As discussed in the revised response 10 RAI 440 583 “or Test SB10 the pressure Teasurement
'ransaucer was classfied as unrelable 5o the upper plenum pressure w based on aferent pressure
iranducer 1han is used for the other tests  For (g reason. the WOT prediction of pressure n Test $810
‘elalive 10 (he data @ not considered 1o be approprate in A85088inG (he capability of WC/T 1o model the
OSU lests * As shown in the stached Figure 440 590-1 from the ACRS meeting of March 28 1997 upper
head (and upper plenum) pressures aunng the penod of transfion 1o UMD INection and beyond are in the
ange of 15610 16 0 pais independent of break size and location. Thus. the OSU data vaius of 177 pam

Report Revision:
None

@ 440.590-1



NAC REQUEST FOR ADDITONAL INFORMATION

The caculatonal window for SB10 sump iryection flow (Figures 5 2.5 ana § 26) 1009 al 14 500 seconds
This window does not envelop & significant change in the sump inection flow shown in the OSU test data
which occurs when the sump nection vaNes open  Since the SUMP soletion vaes opened al 14 8OO
seconds. 'he sial beleves the window shoukd continued 1o &l least 16,000 seconds o gwve
WCOBRATRAC the opportuntty 1o calculale 'ull sump nection flow

RAI 440 891

Response:

Weslinghouse has performed the suggesied cakoulation and provided the results n Reference 440 5911
The resuls can be found in Figures 2 8.1 through 2 5:28 of that epon together with the following
paragraph from that repon

The window selecied was from lest S610 was infiated et 13 500 seconds, near the end of IAVVET injection
ANd extending 10 & lime of 16,500 seconds st which (ime both sump check vaves and SUMP Isolation
valves were fully open.  This calculation s an extension of caloulation § 2 in Reference 440 591.2 ™e
mmmncmnomdmmwwbntwomMNUmMubomﬂww
« ubuqumpomddm:uudconutummnduuombwmlwmuwmow!ino
lqud temperatures  These conditions were calculated with reasonable SCOUMRCY a8 demonsiraied in
Figures 2 5:23 and Figure 2 321 The 1otal DVI line flow rates into the vessel COMpPared well with (he test
date dunng this mmwnmmmnnmz.&rmum f s noted that the
sump and IRWST flow rates and directions sre siso reasonable well predicied dunng thee penod except
" portions of ine 1 in the penad lollowing apening of the sump solation vave, Figuree 253 and 258
N 1his penod. (he calculsted flow from the sumg 1o the IRWST i higher than measwred fow Of particular
sgrificance however @ the fact that the cormect quas-equilbrum soktion i obtaned near the end of the
iransert. The demonstrates, lmmuowMMbNWM(mmgd
he sump wolation vaives), the soksion wil adiust the flow condRions and retum 10 the comrect values |t
uunnumum.mmm.tnmmmnnnuwnm

Relerences

405011 NSONAC-97-5014, "WCOBRA/TRAC Long Term Cooling Letier Repont®. D C Gamer. March
0. 1997,

MO591-2 WCAP- 14778, "WCOBRATRAC OSU Long-Term Cooling Finel Verfication Repont® D ¢
Gamer, ot ol November 1998

Report Revision:
None

@I - 440 5911



NRC REQUEST FOR ADDITONAL INFORMATION

- .

MA|l 440 592

Westnghouse assessment of the OSU SB-12 1est states on page 566 that * the sump flow was Nhibreg
N g calouiation® Why was this done? How 18 the companson of sump flow rates meannghil with thig
manipulanon of the caicy/ation? Could another 1est De subsIMuted 1or thig test wrhout inhidiling sump fow ?
What 1s urigue in the test for the WCOBRA/TRAC long term cooling valication?

Aesponse:

Tost SB-12 data records 0o nol comain a signficant penod of sumg injection. As a result, WC/T caloulation
COMPAnsons in the sump NBCtoN penod were consdered 10 be 1or 100 shom a penod 10 be meaninghul
Further any deviations from the measurements could not be investigated through extenson of the window
penod Thus the comparson wih SB12 s imMended 1o address only operation with flow from the IRWST
and 8 included 10 show the LTC perlormance 'or 4 DEG Direct Vessel Injection Line Break

Subsequently a calkulation comparison has been done with SB01 from 18.000 1o 19 000 seconds when
he the sump solation valves have been opened and ihe levels in the IRWST and the sump have
squiibrated. At the stan of this comparson, the squibium sumpIRWST conditions have been
established 1or over 2000 seconds so that the companson addresses specifically sump injection. The
compansons provided in Figures 440 5821 through 440 59228 show good companson wih the OSU data
with the following vanatons noted:

1 The reactor vesse! level compansons are low by 610 7 inches in the downcomer and 3 10 4 inches
N the upper plenum. Figures 440 59224 and 440 59223, which 1 typwal of other test comparsons
and @ in the conservaiive direction.

2 e core colapsed lkuid level i low Dy about 2 iInches. again & deviation in the conservatve
direction.

3 The Total OVI Flows, Figures 440 5628 and 440 50210 show deviation of «0 040 and «0 068
B/sec whech @ within the 2 5i9ma uncenaindy of the flow measwrements of + 0077 Brsec.

4 The break fow measurements, Figure 440 58214, show the same negative rend as the data,
ROwever SINCe (e MagNetic Mow Meters ware Not Calbrated for Negative flows this COMPAreon &
not signiicant.

§  As has been iviicated in 4 subsequent RAL  the low flow rates of the ADS 1-3 which are less than
1Ne MeRSUrement UNCenanvty (encer M CONPAon nsnficant.

Rased on the resuls of this companison, £ appean that WC/T piowvides a satisfactory quask-egquibrium
soluton tor LTC dunng sump operation well after the end of IRWST inection.

Report Revision: None

@ - 440.592-1



NRC REQUEST FOR ADDITIONAL INFORMATION

Westinghouse assessment of the OSU SB-12 les! states o page 5-66 1hat ' 1he sump 'ow was nhibred
n g caloviation”  Why was this done? Mow 14 the companson of sump flow mates meaningfu with this
maNpUMon of the calcuiabon? Could another 1es! De SUDSINVIEd for this tes! wiRAOUL NADING Sump fow?
What s unigue in 1 lest for the WCOBRA/TRAC long term cooling vakastion ?

RAI 440 592

Fesponse

Test 5B.12 dats records do not comain & signficant penod of sumg nection  As & result. WCT calculation
COMPANSONS I the BUMP INECUION PDENOT Were coNMaered 10 Do for 100 shon & penad 10 be meaninghul
Funher ary devietions 'rom the Meas.rements could not be nvestigaled through extenson of the window
penod Thus the companson with SB12 & ntended 10 address only operation with flow from the IRWST
and i ncivoed 10 show the LTC perormance for & DEG Direct Vessel inection Line Bresk

Subsequently & calculstion companson has oeen done mth SBOY from 18 000 10 19 000 seconds when
the the sump solstion vaives have besn opened and the evels n the IRWST and the sump have
squilbreied Al the stant of ths companson the sguiibnum sumRWST condions have been
eslablished for over 2000 seconds 80 (el The CcOMpPArMon addresses specfically sump nection  ™he

compansons provised n Figures 440 5921 through 440 58228 show good companson with the OSU data
with the following vanations noted

1 The reacior vesse! evel COmMpansons e low by 6 10 7 inches in thy downcomer and 3 10 4 nches

N the upper plenum . Figures 440 58224 and 440 582-23 which is typeoal of other tes! COMpArsONs
ANd i in the cONServalve drection

2 The core collapsed Quid level @ 0w Dy AbOU 2 NCHes. AgAN & CevElion in the CONBErvalNe
direction

3 The Towa DVI Flows, Figures 440 5828 and 440 582.10 show devetion of +0 040 and «0 088
Bsec which @ within the 2 ngma unceranty of the flow messurements of + 0077 ysec

4 The break flow measurements. Figure 440 50214 show the same negative 1rend as the dals
ROwSVEr Mnoe (he mMegretic flow Meters were not CalDreted for negative Hows s COMpAnson s
not sgnifloant.

S As has been indicsted in & subseguet RAL 1w low flow rates of the ADS 1.3 which are less than
(N Measrement UCenRNMly 1ender (e COMPArSOn Nsgrficant

Bases on the results of the companson ¢ agpearn that WC/T provides & salis!aciory Quas-equibnum
solvton for LTC gunng sump operation well after the end of IRWST inpction

Report Revision *vone
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NRAC REQUEST FOR ADDIMICNAL INFORMATION

'n Figure 6:8 1he measwed and cakkuiated aiios of the nflow and outflow are & lunction of time Now
wouKl 1hese RIOS change 1 I1Ne CaICUBIIONS were Derormed lor lONger me Mervals

RA| 440 583

Response

As ndcated in the report the values presented are the quas-equilibrum values for the four WC/T vs OSU
sompansons  As such, they are average values over penods of 800 10 700 seconds  While all of these
cAses have "ol Deen extended 10 3000 seconds. Test SB10 has been. The time wise vanalions are
contained in Table 440 883-1  For the WC/T results the maximum vanation between total fow in and 1otal
flow out coours between 18 000 and 18 500 seconds  This concdes with & slight reduction in vessel iguwd
invenory in the upper plenum dunng this penod as indcated by Figure 440 5831 Similiarly the OSU test
data ndickies & penod of ime from 14 000 seconds 10 15 000 seconds dunng which the outfiow exceeds
the inflow by approximately 6% This aiso coresponds 10 & reduCton In UPP plenum inveniory Figure
A40 5931 although there appears 10 be & lime shift of approximately 500 seconds  Consdenng the
uncenaintty in the flow rete messurements this agreement s consdersd good In any case 'he vanation
in the outfiow 10 inflow parameters with ime 18 small consdenng vanations in DVI line flows in this pened
of transmion from IRWSET inection 10 sumg rection

Table 440 5931
Tolal Vesse! Outfiow / Total Vesssl Inflow for 5810

Time Pencg WC/T Tota Outfiow / QOSU Total Quttiow /
S8CONaS ) Toal Inflow Total iInfow
14 000 10 14 500 0 994 B e
14 500 10 15 000 1 008 1
1500010 18 870 1 083 i
15 500 o 16 000 1026 ‘
16 000 10 16 500 1 O4d | |
' 1
Report Revision:

None
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NAC REQUEST FOR ADDIMIONAL INFORMATION

MOW WEre [he DOUNGAry CONTMONS of Dressure 'emperature and voud Irection al the breax apcied” Fage
S0 WCAP. 14776 states ha! the Dreak Sep8rsior level [eMPeraiure and Pressure were Used [0 delerming
Ihe DOUNGArY CONAMONS  Howeve: Dage 5-4 stales thal reverse ow from (he break Separeior o the coks
0y coukl nol be predicted whik page 55 stales thal revese flow was predicted  Simiar statements
appear on page 583 When reverse flow s predicted & the (mlow Mo the reactor coolmn! sysiem al 1he
ADDrOPrEle CONIMONS DASET On the Measurements In the break separaior? If 0 'l the separsior
mpictly MOceed Through the AppHed boundaary condmons ?

RAI 440 504

Responss

The statement “The srulstion did not model thal Dreak separsior 80 reverse flow o the cold leg
mmdthbww'ﬂmmuMd‘Mu’Muprnumw
593 @ an sdnonal eror The draft for the repont was based on the Prebmunary Valdation Repont LTCT.
GSR.OU3 which containg the satement In Reference 440 5641 the Dreak sepersion was Modeisd &
8 NOKROUTE COMPONeNt with the ApErOPNAIe Dressure |empersture and haud wvel  This sentence wil

e removed in the Revison 1 10 Retsrence 440 5811
Aeferances

440 5041 WCAP 14778 "WCOBRATRAC OSU Long-Term Cooling Firml Verfication Report® D C
Gamer ot al Novermber 1998

Report Revision
None
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NAC REQUEST FOR ADDITIONAL INFORMATION

A WCAR ETTE 1he predicted downcome level was 15 In beiow the measured valve 'or Tes! 5823 The
PrCICIed level was beiow the slevation of the DV ine whils the measured ievel was al the boftom of the
coi log  The ciscrepancy i much Wrger than the emor 1or the other 1ests (abou! § in ) I8 this JIscrepancy
e Tost SB25 sgnhcant” Why was predicted sowncome: ievel worse for the test”?

FAI 440 508

Assponee

The predicted vessel levels in Test SB23 can be undersiood most cisarly when compared 10 SBOY since
the prmary aMerence @ the cokd leg Dreak flow aree  Test SB23 approximates & no Dreak calculstion
snce the hydrauic resstance of & 1/2 inch break fow path s arge with respect 10 the hydrauic resistance
of the DVI ines. a lector of approximalely 40 greater than the IRWST 10 vesssl line and & 'actor of 810 8
greater than the sump 10 vessel ne. Conversely fx the 2 inch break SBOY test the hydraulc resstiance
of the break @ 18 Limes Wwrger and the braak & the roughly sguvalent of having & thrd DV) Iine. assuming
(hat 1he Dreak separsior igud evel & saual 10 the IRWST level The sepammior evel @ lower DUt only
shghtly 0 dunng the penods of the window mode calculstions  While the reverse break flow magntudes
Ar8 SUSDRC dus 10 lack of calbration 1t 18 noted that the nchoated break flow rale for the SBOY test s -
0 260 ysec versus O 022 tvsec for the SB2J test. Thus test SBOY has & significantly different bamnce
of 1he inlet 10 outiel iy, draukc ressta cos than SB23 and an ncrease in the caiculel ed kgud levels of about
4 5 nches in the SuwnoOmer And comespondingly in the core plus the upper plenum  With & signficantly
reduced Nkt flow MuSIAnce And a0 nCreased vesssl through flow ¢ only 5% 10 10% 1 & reasonable 1o
SXDOCt The vesssl iguid wvels 10 De greater for the SBOY et Thus 1 & conciuged that the calculsied
ower lovel for SB2Y should De expected and GOes NO! rERreSeNt AN ANOMAN N (he GaLE COMPAnsSons

Report Revision:

None
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NAC REQUEST FOR ADDITIONAL INFORMATION

WCAP 14778 states page 6-2) thal the pressure 9rop across the ADS 4 ines s relaively smal compared
10 the resstance of the DV ines WhR! 870 The CAICUMIET INCTIONE/ Dressure drops across the ADS 4 ines
ang DV ines dunng sump Inyection for one of the tests” What s the predicted voud fraction at the ADS
4 low nogzies 1or the cormresponaing pernod?

RAI 440 508

Dunng the sarty penod of IRWST injection when steam formaton in the core @ mMinimal the pressure
oases across the ADS 4 vaives are small with respect 10 the DVI ine losses  With the nmation of
sgnficant boding in the core the 'wo phase pressurs osses in the ADS 4 vaives shift the balane o
pressure osses The ocalculated nctional pressure drops across the ADS 4 wnes and DVI ines cunng
sump iInjection for & 50 second penod of SB01 sump ivection are provided in Figures 440 5061 and
440 5962 Thess results are Laken rom the 1000 $00Nd wiNdow CAICUMITION Droviced i (esponse 10 RA
440 592 The shon window @ beng provided with & prvd frequency of 0 1 seconds 10 sccursisly show the
pressure drop and voud fraction Nuctustions Ths window 8 conmdersd 10 be representaive of the arger
window and 10 the general condition of sump inwation  The vord fractons in the ADS 4.1 ang ADS 42
vaives are provided in Figure 440 5963

Based on the results shown lor the sump Nection phase 1 & concluded that the DVI ine pressure drop
and and ADS 4 pressurs drop are of mmilier magniude dunng the penod  The statement on page (6-2)
will be revised as lollows

“Mhe ranking of the paremeler has been reduced from high 1o medium  The base for the reduction
sensin ity studies varying the ADS Stage 4 vaive ases which ndicated no sgnficant effects on 1he levels
" the core and core coolabity dunng LTC  Thersfore the unceraunty in parametens such as the fow
‘egime and separstion et the ADS lee are of educed Mporance and comparsons of the ADS Swge 4
flow reies with WCOBRATRAC are sufficient for the vakdation of the co0e pressure drop cakculation
The sensEnty Suches which SUPPROM thie CONCIUMON /e JeCURsed 1 the reuponse 10 RAI 440 5§7
Report Revision:

WCAR14TTE Page 82, parsgreph 2
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NRAC REQUEST FOR ADDIMONAL INFORMATION

.

WCAP 14776 states on page 6.2 1hal sensinity calculslions showed thal the caicuaied evels were "ol
signmicantly aNected by ADS-4 osses Where a7 1hese s8nsin ity CAKUBNONS BOCUMented” HMow sensive
was 1he tolal Tiow through the pamary sysiem 10 the ADS-4 oases aunng sump imection?

AA|I 440 587

Response

The sensinty 10 ADS-4 pressure losses has been caloulaied for the SB-0' window penod of 18 000
second 10 19 000 second gunng which the flow 10 the DVI ines comes entirely from the sump  In this
cauimtion the loss costhicent of the ADS 4 vaives was increased by 50% n both loop ' and loop 2 As
showr in Table 440 5871 below the 10tal flow Through the DAMAry sysiem decrsased Dy apDroximalely
9% Corespondingly 1he collapesd gud level in the vesssl decreased by 0 40 nches  The change in
vonsel levels @ shown in the attached Figures 440 5871 through 440 5874 The rate of steam generation
" the core iIncreases from approximately O B8 Briveec 10 0 98 Davaec 10 compensals for the reduced
mection flow rete
Table 440 5871
Senstnvity of Vessel Conditions 1o 50% Increase n
ADS 4 Pressurs Loss Cosfficiert (Yem SB-01)

Refe once +50% ADS4 X Vanation
Towal Vessel Inflow Calkcumstion Calcuistion
OVIY (brmvsec) 0420 0 38
OVI-2  (brvsec) 0 480 032

e~ aa Soes e oen

Towsl Vessel Outow

ADS ' 2 3 (lberveec) 0021 0 o1
ADS ¢ (brvesc) 0.3 0220
ADS 42 orvees) Q n]
Toww %a 072 A8 6%
Loper Plenum Level (n) [ B L Q4n
Cowncomer Level (In) 578 71 Qan
Steam Genermtor n Core 0 880 0 980
by sec)

Report Revislon: None
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NRC REQUEST FOR ADDITIONAL INFORMATION

The calcuiaied Jpper DenUMm IQuid evels shown in WCAR. 14776 gre not consisient with the Dresenslion
Westunghouse made 10 the stalf on March 12 199 For exampie Figure § 1:23 of the repon shows tha!
he cricuiaied ievel s About 14 0 for Taxt SB-01 while page 45 of the presentaton matenal shows ha!
he cCaKURIeT level 8 ADOUL B 0 Why are Ine calcUBIed results dfferen! between the repon and 'he
presentation”?

Al 640 508

Qesponse

The upper plenum collapsed iguid lwvels reponed in WCAP- 14776 were based WO &N NAPRrOPNAte
selection of upper plenum channel or calculating the level in the WC/T plotting package As shown n
Figure 2:2 of the WCAP there two channels in Section 3 of the upper plenum. channel 18 and  hannel
50 Channel 15 @ an annular global channel GEIed adecent (0 the core DATE And 3088 "ol 88 COMe
outiet flow inenng st the bottom  Channel 50 @ the core outiet channel and all flow from the core emens
this channel  Due 10 the demm 10 minimae the number of nodes these channels have only one vertical
node for the 11§ inch hanght As & consequence the global channel 1ends 10 have & high guld fraction
over the entire heght white the core outiet channel more corectly reflects the core outie! vost Imaction
Jaing the voud fraction in the global channel 18 produces an unreasticly hgh NAICEtOn of UPPe: Plenum
collapaed quid evel which sgrifcantly excesds the colapeed kgud level in the downcomer  Conversely
use of tha channel 50 voud fracticn in the colapsed QUi level ca Cultion Produces level which compares
favorably with the downcome orlapeed QU Wvel and reflects (he MERNOMENC (SALONSND Detween (he
'wo flow channe  Thus subsaguent 10 the WCAP all repe Aed upper Dlenum colapsed guid levels
refiect the voud frection in channel 50 The WCAP wil be ur Jated 10 ais0 reflect this Dams 10f the LpNer
plenum evels

Report Revision.
WCAP 14778 Pages 36 322 338 384 520 559 588 and 5118
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DRAFT

NRC REQUEST FOO ADDITIONAL INFORMATION

Westinghouse shoukd congiter inciuding the measured and cakculated loss factory 'or the ADS 123 ang
ADS 4 fow pathe in Table 3.7

General Comment 1,

Aesponse:

Pressure loss cosfficients for the OSU ADS 123 and ADS 4 lines and valves wers calculated from single
phase Fandbook dats and based on the physcal dimensons obtaned from the ppng drawings  These
values were input 10 WC/T which calculated 'wo phase multiphers based upon the looal fukd conditons
Satistactory pre-operational les! dala was not avalable for companson As reported in WCAP. 14282 the
ADS 123 ine resstance was measursd however the orfics plate. desgned 10 smulate the valves was
not instalied No tests were performed in this lest senes 10 determine the pressure loss cosfficients of the
ADS 4 ines and vaives

Report Revision: None

General Comment 2.

The report cormectly states that the mass flow hrough the ADS 123 vaves was neghgile dunng the ong-
lorm phase The compansons between the caloulaled and measwed values are then charectenzed as
sxcellent for Test SB10 faw for Test SB12 and good ko Tes SBZ3  The varmbon in charactenzatons s
nappropnale conmaenng the unoertiunty n the dats.  According 1o Appendx D of WCAP. 14252 the
uncenamty n the ADS 123 igut flow neasurement (FMM-801) @ 1 342 gom or about 0 18 brrvsec, which
# much greaer than the measured vakes Futhermore snce the lovel @ near the bottom of the
pressurzer dunng the ong-term phase. o kguwd Row woulkd be expected through ADS 123 Steam flow
through ADS 123 would be expected. DUl no redable messwements of the steam flow are avaiable
because (he NSruMents were Nt anged propedy for the long-term phase In fect the reported sieam
flow mate (FVM-601) was lese than 1ev0. which @ clearly impossdie. durng the window penod for three of
the fowr tests. Thus, the staff has conchuce that the ADS 123 fow messurements are very uncertun and
hat the appevent differences 1 the ‘goodness’ of the compansons for the tests are not meannghul

Responee:

In retrospect, we agree. The diecussion on the ADS 123 flows in WCAP- 14778 will be moafied 10 reflect
the signficance of the uncertandy n the vapor flow MeRsreMents.

Report Revielon:
WCAP- 14770 Page 538 parm 4 Page 508 pars. 4 and Page 583 pae §
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Gerwrsl Comment 3

The calculated DV 1 low rate reported in the lext on page 565 lor Test SB12 (0 87 brvs) s nconsistent
with Figures 5 5.3 5 3-4 and 61 (about 1 2 brrvs)  Similarty. page 566 sirtes that the lotal cakcuialed
ADS 4 flow 18 1 12 brvs while Figures 5 3:14 5 316 and 68 ingicate that 1 s about 1 38 brvs ™ ese
apparent discrepancies between the lext and figures afect the global mass balance Jiscusson on page
587 as well as the summary of results presented /n Secton 8 (including Figure 6-3)

Response:

The caloulated DV 1 flow rate reporied in the text on page 568 for Test SB12 should have been | 14
brrveec and the total cakculated ADS 4 flow on page 568 should have been 1 35 brrvssc The values on
pages 568 and 568 were laken from a labulation which included & sarie WC/T calculation tor Test 5812
and had not been updated 10 reflect the plots in the WCAP  Pages 5465 and 568 will be updated
approprately  Section § was developed from an uxdate ' ble and contans none of the sarty cakculational

results
Report Revision:
WCAP 147768 Pages 568 and 568

General Comment 4

The Mass MO COMPANSONs shown in Figure 6-8 appess 1o be contradictory  The figure shows (hat the
a0 of flow out 1o flow n & greater than unty ko the lests (Inckoaiing thal vesse! levels shoukd be
Jecreasng) and ess than unity for the caloulations (Ingkcaling thal vessel levels shouk! be increasing)
Thus the trends of the caloulation appesr 10 be wrong. The text shoukd justify why these results are

acequate
Respones

he text will be Updated 10 reflect & re-evaluation of the predicted retios which wers presented at the ACRS
meeting And which showed that WC/T inflow and outfiow are equal. Figure 440 GC4-1 The deviations in
ihe measured retios results pamanly from the unceranty in the vessel nflow and outfiow lest
measurements. This 18 MOt when the negative break flow reies Decome wrge such as in Test SBO!
since (he Now meters were nat calibrated for reverse flow &t OSU  This effect 8 discusued n detal in RA

440 589

Report Revision:
WCAP- 14778 Page 63
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WC/T Total Inflow / Total Qutflow Comparison
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Figure 440.GC4-1
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Question 440 339

Re WOAP 14206 NOTRUMP CAD)

On Page 4-16. tem 2. it 18 stated that since no change 10 the numerical scheme has been made 1o NOTRUMF that
0 noding not tme siep studies are needed  The INEL disagrees with tus statement  Since the successhul
performance of the passive safety sysiems depend on the accurate modeling of the small pressure differences it
characterize APSOO phenomenological hehavior node and (ume step size can affect the magrutude of these small
pressure differences driving the flow n the sysiem Please provide time step and nodalizytion studies 10 justify the
APSX nodalzation

Hesponse
In addition 10 the nodalization studies performed and included o the level swell portion of the NOTRUMP Final

\alidation Report, Re‘erence 440 319.1 (sections 4 2 5 and 4 3 &), other studies were performed  Summaries of
(hree of these studies are anached 1) PRHR noding, 2) CMT noding. and 1) APSO0 (ime siep sensitivity study

440 3391
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PRHR NODING STUDY

he results of the calculations presented in the NOTRUMP Preliminary Validation Reporis (References
440 139.1 & 2) for vanous break sizes for both the SPES and OSU test facilities show.d underprediction
of the PRHR heat transfer and a corresponding overprediction of the PRHR outlet temperature To
sndersand this difference between the test and NOTRUMP results, 3 PRHR nodalization study was
conducted with a more detailed PRHR model for both the prumary and secondary side of the PRHR The
nodalization study was performed using the SPES PRHR Model. This study was performed in two pans

Part |, described below as the Stand-Alone PRHR Model®, s developed based on the SPES-2
PRHR geometry This part. as the name indicates. models only the PRHR of the SPES-2 test facility
and s connected 10 boundary nodes at the injet and outlet of the PRHR

Part 2. involves renodalization of both the prumary and secondary side of the SPES-2 PRHR test
facility and sunulation of the | inch and 2 inch cold leg break transients

Part | - (Stand-Alone PRHR Model Based on the SPES-2 PRHR Geometry)

The purpose of this portion of the study 1s (o determine the effect of alternate noding of the primary side
of the PRHR  The IRWST is modeled as (wo nodes as in the Preliminary Validation Report Three
different noding schemes are studied as shown in Figures 440 1391 through 440 339-3  The first scheme
s a three node PRHR model (Figure 440 339-1)  This mode: provides a basis for the rest of the study

The second model (Figure 440 139:2) is a four node PRHR model, with two horizontal nodes 1o model
(he top horizontal section of the PRHR piping  The third model (Figure 440 339-3) is a five node PRHR
model with three horizontal nodes to model the top horzontal section of the PRHR piping.  Two
houndary nodes, one at the entrance and the other at the exit of the PRHR were modeled at subcooled
Nuid conditions. with the injet Nlow varying between | 0 and 0 175 Ibmysec (with a flow velocity varying
netween 8§ 4 fusec and | 7 fusec) Based on Reference 440 139-3, which indicates that a large fraction
5f the total PRHR heat transfer occurs in the inutial horzontal section of the PRHR rubes, it was believed
that renodalizaton of the top horizontal section of the PRHR tube would result in closer agreement with
the test data However, the results of this snudy (discussed later) show that the horizontal nodalization
has negligible effect on the calculated PRHR outlet temperatures This led 10 the renodalization of the
vertical section of the PRHR tubes, which is discussed in Pant 2 below

Part 3. (Model of the SPES-2 Test Facility)
In this part of the study, both the primary (vertical section) PRHR tubes and the IRWST were renodalized
10 study the effect on the PRHR heat transfer The SPES-2 model was chosen since it s believed 10 be

more critical, 18 (ransients nvolve the same cmperature gradients between the prumary sysiem and the
[RWST as the APSOO plant. Two different noding schemes were chosen for the vertical section of the

440 339-2 @
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PRHR tube  The first model (Figure 440 139.4) s a four node model and the second model (Figure
440 139.%) 15 2 16 node model  The secondary side of the PRHR s renodalized (using | | nodes) which
includes an influence zone described below

Influence Zone

The influence zone model 1s shown in Figures 440 1394 and 440 3395 Smaller size Nuid nodes (see
helow for additional details) are modeled in the region surrounding the vertical section of the PRMR rube
10 form a hydraulic channel around the tube  The remaining portion of the IRWST it modeled with large
size nodes  This method 18 chosen because the PRHR will be heating a relatively small portion of the
sverall IRWST water volume in the region near the PRHR rubes and will cause a recirculation flow due
10 bouyancy effects within the IRWST  This allows for more accurate prediction of the PRHR heat
rransfer and a better match 10 the test data  The original SPES-2 model used in the prelur.nary validation
“alculations (Reference 440 33%-1) consisted of a two-node IRWST, and only one node had heat links
connected 10 the PRHR tube. 50 no circulation was sumulated

3D/AD Influence Zone Model

The boundary of the influence zone is first calculated as ) tumes the PRHR tube outer diameter. based
on the experumental data (Reference 440 339-5) showing that the water temperature drops (© bulk
iemperature of the tank moving outward radially from the tube wall. The IRWST is divided cross-
sectionally into two parts the influence zone (nodes 166 through 170) and the rest of the tank (nodes |71
through 176)  The 3D/3D corresponds to the effective ow area of the heat links calculated based on
(hree times the PRHR tube diameter and the hydraulic channel fluid node volume and flow link flow area
4130 calculated hased on three tumes the PRHR rube diameter

AD/ED Influence Zone Model

To increase the amount of secondary side water that the PRHR tube interacis with, the influence zone
Nuid node volume and Now link flow area are increased 1o be based on five tunes the rube outer diameter,
while the effective Nlow area of the heat links are mainta:ned at three tumes the tube diameter  The large
nfluence zone model allows more liquid 1o be heated and mixed around the PRHR tubes, thus affecting
the PRHR heat transfer characteristics

@ Westinghouse 440 3393
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RESULTS OF PRAR NODING STUDY

Stand-Alone PRHR Model Simulations

The results of the stand-alone PRHR model are shown in Figures 440 1396 through 440 339-11 These
results indicate that renodalization of the horizontal section of the PRHR has very little effect on the
predicted PRHR outlet temperature (see Figure 440 339-11) Figures 440 3396 through 440 339-9 show
that the PRHR inlet temperature, 1s higher at the entrance (first PRHR node 111) as the number of
horizontal nodes increase  Tais is expected with smaller node size. which has less heat transferred to the
metal  However, the temperature at the top of the vertical section of the PRHR (or the end of the
hotizontal section), varies very little as the number of horizontal nodes are increased.  This indicates that
the overall heat transfer in the horizontal portion of the PRHR rubes has not changed very much due to
increased numbs. of primary side nodes. This being the case, the fuid temperature predicted in the rest
of the PRHR show very little difference between the three cases analyzed  This led to the study of the
effect of increased nodes in \he v rtical portion of the PRHR tubes which was performed as part of the
SPES-2 PRHR sensitivity stucy

Increased Vertical PRHR Nodes and Increased IRWST Nodes with lafluence Zooe

The results of the SPES-2 tests simulation using the three diffferent nodalizations are shown in Figures
440 33912 through 440 33941  Figures 440 339-12 through 440 339-28 show the results of the 2.inch
cold leg break simulation  The PAHR inlet and outlet temperatures are corapared for the various cases
analyzed with the SPES-2 test daw (Figures 440 339-12 and 440 339-13) The ir'+t temperatur= plots
show that there s negligible difference between the various cases presented, wh.ch is (o be expected The
PRHR outlet temperature is shown i Figure 440 33913 for the various cases analyzed Comparing this
figure 10 Figure 7 3 1-31 given in the Final Validation Report (Reference 440 119-4), it is seen that the
more detailed noding affects the PRHR outlet temperature (0 a great extent in the first 200 seconds of the
transient, which results in lower temperatures as compared (o the data. To get a berter understanding of
this temperature difference between the orieinal model (presented w» Reference 440 339-4) and the more
detailed model of the PRHR, the primai secondary heat transfer within the PRI{R was more closely
studied between the two simulations and ascussed below

The case with the 16 vertical PRHR nodes with the largar influence zone was chosen for this comparnison,
since Figure 440 33913 shows that the effect of the larger influence one (with the lasger hydraulic
channel surrounding the vertical portion of tie PRHR tubes) s more pronounced than the effect of
increasing the number of nodes in the vertical portion of the PRHR. Figures 440 33914 and 440 319-15
are srapshots of the NOTRUMP results at 200 seconds and 700 seconds for the two cases. The prumary
(0 secondary heat transfer rates at vanous representative sections (10 show the trend') of the PRHR along
with the Nluid velocity in the IRWST are given for the two cases. These figures show that the more
detatled secondary noding induces a recirculation flow within the IRWST (which 15 not present in the

440 339-4 :
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ariginal case) resulting i a higher heat transfer rate at the vertical section of the PRHR and tierefore
lower FRHMR temperatures  The flow induced in the secondary side due 1o more delailed noding. places
i in the subcooled forced convection regime. which results in a higher heat transfer rate  The higher heat
transfer rate is more due 1o the fact that the forced convection model uses the bulk Nuid temperarure
rather than the saturation temperature (T as the heat sink.  This indicates that the modeling of the
PRHR secondary side (IRWST) has a greater influence on the PRHR heat transfer than increasing the
number of nodes on the PRHR primary side  The overall PRHR heat transfer and the primary to
secondary heat transfer for the various sections of the PRHR are plotied in Figures 440 339-17 through
440 139:20 These figures show that the model with the larger influence zone does result in a higher heat
iransfer rate thus lowering the PRHR fluid temperature.  Note that Figure 440 339-13 shows that the
sutlet fluid temperature s underpredicted during the first 200 seconds of the transient. However. Figure
440 119.17 shows thai the overall PRHR heat transfer is also underpredicted for the first 200 seconds
This implies that the PRMR heat transfer underprediction is due to a PRHR flow (Figurt 440 339-16)
which 18 100 low early in the transient.  Figures 440 339-21 through 440 339-29 show thy primary and
secondary pressures and the flows from the accumulators, CMTs, IRWSTs and the ADS Stages 1-3
These plots indicate that changing the PRHR noding has regligible effect on the overall trans ent and the
tumings of the various events during the transient. These sensitivity studies were terminated al 1700 secs,
after which tume the PRHR heat ‘ransfer s not sigruficant

Figures 440 339-30 through 440 339-43 show (he results of the |-inch cold leg break simulation These
censitivity studies were terminated at 4000 seconds for the 4 node model, after which tume the PRHR
heat transfer s not significant.  However, the simulation with the 16 node model was ierminated earlier
al 2800 seconds. since sufficient information about the trends of the results are obtained by this me

Plots presented are sumilar to those presented for the 2-inch cold leg break The PRHR inlet and outlet
Lemperatures are compared for the various cases analyzed with the SPES-2 test daa. Only the cases with
the large influence zone are analyzed based on the results of the 2-inch cold leg break sumulations

Summarizing these results, it can be seen that the PRHR outlet temperatures are lower than those shown
0 Figure 73 2.31 of Reference 440 3394 for the same transient during the first 2000 seconds of the
(ransient, for the same reasons as in the 2-inch cold leg break case. The figures also show that the case
with the 16 vertical nodes results in slightly lower temperatures as compared (o the case with the 4
ertical nodes  The plows of the PRHR heat transfer rates are given in Figures 440 339-13 through
140 339:36  Figures 440 139-37 through 440 33943 showing the primary and secondary pressures and
the Nows from the accumulators, CMTs, IRWSTs and the ADS Stages |-3 indicate that the more detailed
noding of the secondary side has negligible affect on the overall transient and the tumings. as in the 2-inch
L0ld leg break sumulations

440 239-5
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CONCLUSIONS OF PRHR NODING STUDY

Based on the results of t*¢ PRHR noding study discussed above, it s concluded that more detailed noding
of the PRHR prumwy and secondary side results in underprediction of the PRHR prumary outlet
emperatuice carly 2 the transient (1 ¢ . overprediction of PRHR heat transfer) The prediction is better
later in the transient  However, the overall prediction 1s not sigruficantly improved using detailed noding
As indicated above, the main reason for the underprediction of PRHR heat transfer in the base case s
snderprediction of PRHR primary flow  The more detailed noding of the PRHR secondary 1s not needed
and the oniginal noding scheme with two secondary nodes s adequate for code validation, pariculatly
snce underprediction of the PRHR heat flow rate will lead 10 conservative results

——
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CORE MAKELP TANK (CMT) NODING STLUDY

This section summarizes a noding study related to the Core Makeup Tanks (CMT)  The Oregon State
Lruversity (OSU) integral effects test SB2Y (0 5-unch cold leg break) u chosen for the CMT noding study
due to the sersitivity of this simulaticn to the performance of the CMTs regarding thermal
stratification; mixing effects

The reference NOTRUMP simulation for OSU test SB23 whuch s used as 2 base for comparson in this
CMT noding study s documented in Section 8 3 2 of Reference 440 3394 Specihcally, it s the OSU SB23
sumulation identified as ‘adpusted’, which uses cold vutial CMT temperatures and 125% PRHR heat
transfer area  This case employs a &-node CMT model (as do all of the OSU, SPES-2. and AP600 plant
NOTRUMP sunulations), in which the size of the CMT nodes varies from the smallest node at the top to
the largest node at the bottom (the total tank volume division is 10% in the top node, 15% in the next two
nodes down. and 60% in the bottom node) As explained in Reference 440 1394, the adjustments in the
NOTRUMP sumulabon of OSU tesi SB23 were performed in an attempt to obtain a more reasonable
representation of the ADS Gtages | through 3 actuation times. The concern with the onginal. ‘unadjusted®
+node CMT NOTRUMP simulation of OSU test SB23, as reported in Refererce 440 3394, was a sigruficant
(approxunately 2000 seconds) delay in the prediction of ADS actuation compared to the test data Thus
was attributed to & high core wnlet temperature NOTRUMP prediction, which caused system
repressurization and resulted in delayed CMT drawrung (and thus delayed ADS actuation) The hugh core
inlet temperature was caused in part by excessive thermal mixing in the CMTs, so that the water leaving
the CMTs was too hot compared to the test data, and underpredicted PRHR heat removal, .o that the
water leaving the PRHR was too hot compared to the test data  To confirm that OMT and PRHR model
deficiencies caused the poor prediction, the NOTRUMP model was “adjusted” with cold wutial CMT
temperatures and 125% PRHR heat trancfer area. The adjustments lowered the core nlet temperature,
which ulumately resulted in ADS actuation close to that of '~e test data, as reported n
Reference 440 3394 The “adjusted” ca .« with cold rutia' CMT temperatures and 125% PRHR heat transter
area represents the best NOTRUMP sumulation of OSU test SB23 with the &-node CMT model

The NOTRUMP CMT noding sensitivity study for OSU test SB23 uses 20 equal nodes in each CMT  Three
NOTRUMP transients with the 20-node CMT model are performed, and compansons are made to the
adiusted” OSLU test SB2Y sumulation wath the &-node CMT model of Reference 440 1394 (which hereafter
s referred to as the ‘NOTRUMP OSU SB2) 4-node CMT reference case®) The first transient with the
20-node CMT model employs the cold uutial CMT temperatures and 125% PRHR heat transfer area, in
order to provide a sne-to-one comparson with the NOTRUMP OSU SB2Y 4-node CMT reference case
The other two transients are variation cases with the 20-node CMT model one with noounal utial CMT
ten peratures and 125% PRHR heat transfer area. and the other with nosunal wutial CMT temperatures
and noounal PRHR heat trarsfer area The pertinent portion of the transient for thus study o
0 to 2500 seconds (“transient part 1* of the NOTRUMP OSU SB23 4-node OMT reference case), ' -fuch
extends through ADS Stages | through 3

Thne noding Jiagramu for the NOTRUMP OSU &node CMT model are contained in Figure 8 2:2 of
Refererce 440 3394 for the fluid nodes and flow links, and (n Figure 8 2.3 of Reference 440 17 ° | for the
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metal nodes and heat Lnks The noding diagrams for the NOTRUMP OSU 20-node CMT model are
contained in Figures 440 33944 through #40 33947  Figure 440 33944 contains CMT-1 fluid nodes and
Now links, Figure 440 33945 contains CMT -2 Mluid nodes and Now links, Figure 440 33946 contains CMT
metal nodes and heat Links, and Figure 440 313947 contains CMT.2 metal nodes and heat links

RESULTS OF CMT NODING STUDY
In the following discussions, the NOTRUMP OSU SB23 simulations are referred to as Cases | through 4

Case 1 s the NOTRUMP OSU SB2Y 4&-node CMT model with cold CMT temperatures and 125% PRHR
heat transfer area (1 e, the NOTRUMP OSU SB2Y &-node CMT reference case of Reference 440 1394),

Case 2 18 the NOTRUMP OSU SB23 20-node CMT model wath cold CMT temperatures and 125%
PRHR heat transfer area,

Case ) s the NOTRUMP OSU SB23 20-node CMT model with notunal CMT temperatures and 125%
PRHR heat transfer area,

Case 4 15 the NOTRUMP OSU SB23 20.node CMT model with nomunal CMT temperatures and
notunal PRHR heat transfer area

Table 440 339.1 contains a comparson of key event tunes for these four cases Table 440 339-2 lists the
figures which contain the plotted results for these cases Figures 440 33948 through 440 139.63 contan
plots of quantities which are directly applicable to this CMT 1 wing study Thwe include CMT
temperature profie plots for Cases 1 u\ct_:gh 4 n Figures 440 13942 through 440 339-55. and companson
plots of all cases and the test data for bottom temperatures, CMT levels, PRHR outlet temperature,
core inlet temperature. and DVI temperatures in Figures 440 339-56 through 440 33963  The remawung
Figures 440 13964 through 440 339-70 contain plots of other key system quantities Note that the tune
wale 0 to 4000 seconds in all of the Figures 440 33948 through 440 339-70. to match that used in the
plots in Section 8 3 2 of Reference 440 3394, for ease of companson

For the one-to-one comparson of the transient results of Case 1 and Case 2 (1 ¢ the straight companson
of the &node CMT model to the 20-node CMT model with no ther differences), the CMT bottom node
temperature plots (Figure 440339-5 for CMT-1, Figure 440 33957 for CMT-2) show a decrease in the
thermal muxing in the CMTs with the 20-node CMT model. The bottom nede of each CMT starts to heat
up early in 1. at approxinately 200 seconds, whie n Case 2. the heat up begus later, at
approxumately 800 seconds. The CMT temperature profile plots of Figures 440 13948, 440 13949,
440 13952, and 440 339-53 show that the finer noding in Case 2 produces a more gradual decrease in the
temperatures from the top node to the bottom node of each CMT with a flatter profue near the bottom,
which also indicates that thermal ouxing i reduced in the CMTs with the 20-node model The lower
outlet temperature of the CMTs in Case 2 directly leads to a lower temperature in the DV] nodes in
Case 2 at indicated n Figure 440 339-62 for DV1-1 ana Figure 440 33963 for DVI-2. The DVI nodes are
also atfected by the inection of the accumulators, which are discussed briefly below  Correspondingly,

440 339-8
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Case 2 has a lower core inlet temperature than Case | does, as indicated in Figure 440 33961 During the
CMT drawrung period and before ADS actuation, the core et temperature in Case 2 ¢ lower than it
in Case | by as much as approxunately 15 to 20°F  The other contnbutor to the core injet temperature,
the PRHR outlet temperature, s essentially the same in Cases | and 2 (as indicated in Figure 440 339.60)
as expected since both cases employ the 125% PRHR heat transfer area

Regardirg the CMT levels in the Case 1 to Case 2 comparison, the WMTs start drawnung slghtly earlier in
Case 2compared toCase 1(CMT-1 approxumately 40 seconds earlier and CM 1.2 approxumately 60 seconds
catlier. referring to Table 440 339.1) The CMTs then drain slightly faster in Case 2 than in Case 1. as
indicated in the CMT level plots (Figure 440 339.58 for CMT-1, Figure 440 339.59 for CMT-2) Thus
hehavior in the CMT levels leads to ADS actuation approximately 400 seconds earlier in Case 2 than in
Case | (recall from Table 8 3 2.1 of Reference 440 3394 that ADS stage 1 actuation occurs when the CMT
level relative to the bottom tap decreases 1o 41 in (34 ft), plus 15 seconds) Relative to the test data, the
CMT drain prediction in Case 2 s poorer than it s in Case 1. The more rapid CMT draun rate in Case 2
compared to Case 1 s related to the water in the smaller top node in the 20-node CMT model reaching
saturation more quickly than the water in the larger top node in the &-node CMT model The results and
trends of the other key system parameters (Figures 440 339-64 through 440 339-70) are sunular in Cases 1
and 2 However. it is observed that the pressurizer pressure (Figure 440 339-64), duning the OMT drairung
period and before ADS actuation, decreases more in Case 1| than it does in Case 2, by as much as
approximately 40 psia  Consistent with this, U2 accumulators drain faster in Case 1 than t' ¢y do in
Case 2 during this perind. as seen in the accumulator level plots (Figure 440 33965 or ACCA
Figure 440 33966 for ACC-2)

Next including the more realistic cases of nomunal wutial CMT temperatures with the 20-node CMT model,
Cases 3 and 4. i the comparison discussion, it 1§ observed that the temperature of the bottom node of
each CMT (Figures 440 139-56 and 440 139-57) is almost the same n Cases 3 and 4 (as s the case with the
temperature of each DVI node. per Figures 440 339-62 and 440 339-63) I both Cases 3 and 4. the heat
up of the bottom node of each CMT starts at approxumately 800 seconds, which s analogous to the
behavior (n Case 2 (it & only shufted on the temperature scale due to the iutial OMT temperature
Juference) Also. the heat up rate of the bottom node of each CMT before ADS actuation is less in Cases 3
and 4 than it & in Case 2 However, the test data indicates essentially no heat up in the bottom of the
CMT until after 2000 seconds, and only a slight heat up thereafter in the time penod just before ADS
actuation  After ADS actuation and before the CMTs drain completely, the rapid heat up of the bottom
node of each OMT in all three 20-node CMT cases (Cases 2 through 4) @ surular to that of the test data
1t s only shifted in tume due to the ADS actuation time diff rences). Cases 2 through 4 all have ADS
actuation earbier than in Case | (Case 2 approxumately &  wnds earlier, as stated above. Case )
approvimately 370 seconds earlier. Case 4 approximately 3., seconds earlier) The dufferences in ADS
actuabion times in Cases 3 and 4 as compared to Case 2 are consistent with the tumes at which the CMTs
begin draung The PRHR outlet temperature i approximately the same in the cases with 125% PRHR
heat transfer ares (Cases 1 through 3). and this value s correspondingly lower than the PRHR outlet
temperature in Case 4 with nomunal PRHR heat transfer area (see Figure 440 339-60) Although the
artificial increase of the PRHR heat transfer area to 125% of noounal in Cases | through 3 yields a lower
PRHR outlet temperature which s closer to the test data than that of Case 4, it s stull considerably hugher
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than the test data value (suggesting that an arthcial increase of the PRHR heat transfer area to value
higher than 125% of nominal may unprove it even more) [n Cases 3 and 4 before ADS actuation. given
that the CMT cutlet temperatures are the same any the PRHR outlet temperature s lower in Case ) the
cote inlet temperature 8 correspondingly lower in Case 3 than in Case 4 (see Figure 440 339:61) In
general, the results and trends of the other key system parameters (Figures 440 33964 through 440 338.70)
are close to each other in the three 20-node CMT cases (Cases 2 through 4)

CONCLUSIONS OF CMT NODING STUDY

The NOTRUMP OSU $B23 CMT noding study shovs that the 20-node CMT model results in 4 more
realistic CMT thermal stratification/ muxing representation, enough to cause a delay in the increase of the
CMT injection temperature to enable more reasonable ADS actuation tumes, compared to the &-node CMT
model without adjustments From the one-to-one comparison of the 4-node CMT model to the 20-node
CMT model with no other difierences (both having the artificial cold wutial CMT temperatures and 125%
ORMR heat transfer area), there is a marked improvement with the 20-node CMT model. in that it shows
s decrease in thermal muxing in the CMTs  The onset of heat up of the bottom node of each CMT s
delayed significantly in the 20-node case. to approximately 800 seconds as opposed to only about
200 seconds n the d-node case This s still earlier than the test data, which shows no heat up in the
bhottom of the CMT until approxumately 2000 seconds. Although the actuation of ADS s predicted to
accut approxumately 400 seconds earlier in the 20-node case than in either the 4-node case o the test (due
10 & slightly faster draining of the CMTs in the 20-node case), this is still much more reasonable than the
delaved (approximately 2000 seconds) ADS actuation in the ongunal “unadiusted” 4-node case

The return to nomunal irutial CMT temperatures with the 20-node CMT model (while retairung the 125%
PRIR heat transfer area) vields results which are not very different than those of the 20-node CMT model
with cold iutial CMT temperatures (and 125% PRHR heat transter area) This shows that the CMT noding
s suthicient to decrease the thermal muxing n the CMTs, such that it 8 not necessary to artificially
Jecrease the iutial CMT temperatures with the 20-node CMT model [t u also noted that the onset of heat
ap of the bottom node of each CMT in the 20-node model s independent of the uutial CMT temperatures,
the heat up of the bottom node of each CMT in the 20-node model begins at approximately 800 seconds
with either the cold or the nouunal tutiel CMT temperatures. The retumn to nomunal PRHR heat transfer
area with the 20-node CMT model (whie retaurung the nominal wutial CMT temperatures) vields results
which are not very different than those of the 20-node CMT model with 125% PRHR heat transfer ares
(and nounal wuual CMT temperatures) Thus shows that the PRHR performance s not as unportant as
the hehavior of the CMT« (both the CMT outlet temperature and CMT level dravung) in this sunulation
However. it @ true that araficially increasing the PRHR heat transfer area to 125% of nomunal allows the
SOTRUMP prediction of the PRHR outlet temperature to more closely match the test data, suggesting that
further increasing of the "RHR heat transfer area could unprove it even more

The conclusion of this study s that using more nodes (n the CMTs represents a way to approxumately
sunulate the CMT thertnal stratification effects, to help account for the lack of a CMT thermal stratihcation
model in NOTRUMP  Thus techruque can be used to unprove the CMT outlet temperature behavior in
small break wansients Thus CMT noding study supports the conclusions of the independent assessments

440 339-10
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that are being conducted for the preparation uf the summary section for Revision 2 of the NOTRL MP
Final Validation Report for APSO0  The summary section will indicate that the lack of a CMT thermal
stratification model and the coarse noding used lead to significant differences in the CMT outlet
lemperature and resulting small break transients, but that the continued use of the &-node CMT model
8 - rotable because ity effect on the transient s conservative (high core void fraction, delaved ADS)
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Table 440.339-1
OSU $B23 0.5-inch Cold Leg Break Events
2
Event Test NOTRUMP | NOTRUMP | NOTRUMF NOTOUMP I
(seconds) Case 1 Case 2 Case 3 Case 4

(seconds) (seconds) (secondy) (seconds)
CMT.1 Starts T ne 1108 1138 1
Drawung l
CMT.2 Starts T 1165 1108 1138 1158
Drawung
ADS Stage | Open 2276 1871 1909 1947
ADS Stage 2 Open pAPA) 191¢ 1956 1994
ADS Stage 3 Open 2383 1978 2016 2054
ADS Stage 4 Open 2891 2198 230 261
Accumulator.! 257 8 2236 227
Empty
Accumulator-2 *2582 2188 2239 2381
Empty - .

Explanation of NOTRUMP "Cases® in Table 440.33%-1

Case 1 {-node CMT, ¢old wutial CMT temperatures, 125% PRHR heat transfer area,
(the NOTRUMP OSU SB23 4 node CMT reference case from Reference 440 139-4),

* Note these events in Case 1| oxcwred in part2 of the transient (which was started at
2500 seconds), in v ' 7' 1~ PRHR was removed from the model

Case 2 20-node OMT, colg ot « OMT temperatures, 125% PRHR heat transfer wrea,
(case for one-to-one comparson /th Case 1, only differerce 8 20 CMT nodes instead of 4)

Case ) J0-node OMT, nogunal trvtial CMT temperatures, 125% PRHR heat transfer area,
(varianon cas~ return to noounal wutial CMT temperatures).

Case 4 20-node CMT. nogupal wutial “MT temperatures, nogunal PRHR heat t ansfer area.
(vanaton case. return to nvounal wutial CMT temperatures and PRHR heat transfer area).

440 339-12 @ Westinghouse
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Table 420 339-2

Plot Figures for OSU SB23 0.5-inch Cold Leg Brra Resu. s

Title ) i

440 33948 NOTRUMP CMT-1 Temp Profile - 4nd Cold CMT Temps, 125% PRHR HT
#0 33949 NOTRUMP CMT-1 Temp Profile - 20nd Cold CMT Temps, 125% PRHR HT
40 3139-50 NOTRUMP CMT-1 Temp Profue - 20nd Nom CMT Temps, 125% PRHR HT
440 339.51 NOTRUMP CMT-1 Temp Profile - 20nd Nom CMT Temps, Nom PRHR HT
$40 339.52 NOTRUMP CMT-2 Temp Profile - 4nd Cold CMT Temps, 125% PRHR HT
440 339-53 NOTRUMP CMT-2 Temp Profile - 20nd Cold CMT Temps, 125% PRHR HT
440 339-54 NOTRUMP CMT-2 Temp Profile - 20nd Nom CMT Temps. 125% PRHR HT
440 339-58 NOTRUMP CMT-2 Temp Profile - 20nd Nom CMT Temps, Nom PRHR HT
440 339.56 CMT-1 Bottom Temperature Comparison
440 339.57 CMT-2 Bottom Temperature Companson
440 339-58 CMT-1 Level (Relative to Bottom Tap) Comparison
40 339.59 CMT-2 Level (Relative to Bottom Tap) Companson

" 40 339-60 PRHR Outlet Temperature Companson

: 40 339.61 Core (nlet Temperature Companson

0 339.62 DVI-1 Temperature Companson

| 0 139-63 DV1-2 Temperature Comparnson

440 33904 Pressunzer Pressure Comparuson i
0 33565 ACC-1 Level (Relatve to Bottom Tap) Companson
0 13566 ACC-2 Level (Relative to Bottom Tap) Companson
0 13967 ADS 1.3 Integrated Total Mass Flow Comparison
140 13908 Integrated Total Break Mass Flow Cot . wrison
0 11969 SG-1 Pressure Companson
440 13&-70 SG-2 Pressure Comparnson

440 338-13
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NRC REQUEST FOR ADDITIONAL INFORMATION

APSO0 TIME STEP SENSITIVITY STUDY

[n order to investigate the sensitivity of the AP600 plant results to changes in the tume step size used. a
study was performed The 2-nch cold leg break in flud node 19 was chosen for the study as a
representative case for the plant The base case for this study s the plant SAR case reported ‘n Refererce
440-139.6 The NOTRUMP code calculates a variable time step size as described in Section 10 of Reference
#40 3397 The tume step size i limited between maximum and ounumum values input by the user The
maximum and ounimum values used for all AP600 calculations are 001 sec and 0 0001 sec respectively

T'o determine a reasonable time step size to be set for the sensitivity study, the tune step size for the base
case was plotted and a sigruficantly smaller ime step size was chosen such that the base calculaton tume
step size is bounded most of the ume  The value chosen for the study was 0 001 sec  Thus tume step was
set constant by setting both the maxunum and sunumum values to 0 001 sec  The results of thus sensivity
are shown in Figures 440 339-72 through 440 339-85 which compare the base results to the sensitivity case
for the key variables As can be seen. although there are munor differences in results, the trends are nearly
identical with Little change in core muxture level and DV1 injection flow rates Thus confums the code
predictions are well converged and not sensiive to reductions in the tune step suze

440 339-14
Westinghouse
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OVERALL CONCLUSIONS
The results of the sensitivity studies included in the response to this RAL show that NOTRUMP for AP600
s converged with respect to tume step swze  [n addibon, vanatons in PRHR noding had urttle effect on

the results. Increasing the number of CMT nodes results un a more correct sunulation of stratficaton. but
retaurung the 4 node CMT model s conservative
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PRHR Noding Study Stand-Alone PRHR Model
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Temperatures 1n Top Horz PRHR Nodes
IMEN 111 HBase Case (3 Node PRHR)

esesees [TMFEN 111 3 Horz Nodes (5 Node PRHRKR)

- — — - TMFN 112 5 Horz Nodes (5 Node PRHR)

— — - TMFN 113 5 Horz Nodes (5 Node PRHR) )
__boo
La
@ 500 4 o -
@ - v ST - -
e T Y ol P R B _J___~~ il > —_———
on t R TR S il e P |
o 400 + s = e —
© ! g
o J00
— " T
-~ 200 .
o n
o 100 il
E
@
g 0 1 i 1 i ' i o i i i i 4__1___4

0 50 100 150 200
lime (s)
Figure 440.339- 8

e

®ioedl



PRHR Noding Study Stanc-Alone PRHR Model
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PRHR Noding Study Stand-Alone PRHR Model
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PRHR Noding Study Stand-Alone PRHR Model
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PARAMETER | TIME = 200 secs|  TIME = 708 secs
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o 1l ] e el

ii4

Heat ransfer mode = Nuclcate Borthing (NB)
1S

67

116 QMHL - Heat transicred lrom metal 1o fusd
17

{ us " ‘ ‘

o e e o (e o S S S 1 Note  In this onginal noding scheme no influcnce zone 1s modeled
68 ' Thesefore, the flow velocity within the IRWST 500
J The NOTRUMP heat iransfer package always choses NB as the
heat transfer mode at zero velocity
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Figure 440.339-14 - Snapshot of PRHR Heat Transfer for the Original Model (From Reference 3)ﬂ
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SPES Test S00303 2 inch Cold Leg Break
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Flgure 440,39 44
NOTRUMP OSU CMT. 1 Puid Node / Pow Link Noding Diagram for 20-Node CMT \odel
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Figure 4403948
NOTRUMP OSU CMT.2 Pluid Node / Plow Link Noding Disgram for 20-Node CMT Model
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Flgure 440039 44
NOTRUMP OSU CMT.1 Metal Node / Heat Link Noding Disgram for 20-Node CMT Model
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. Flgure 44003947
NOTRUMP OSU CMT.2 Metal Node / Heat Link Noding Disgram for 20-Node CMT Model
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AP600 2 In CLB In FN 19 Time Step Sensitivity
ADS Stage 1-3 integraoted Flows
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) For the APSCIL JCCBRA/ TPAC medel. F40Fify of APEI) has filow mixers in tne
JpPOT plenum. If es. inti.de the DLOwW moxers 4N Westingnouse s resporae
t9 the fodiowing guestisn. hannel 2% (g Jsed 9 zombine tws t pes »f

ILTLUSUEes e tap 3! peaje (-3Y custify the fiow paths 2f che ¢

»

-

typee of STructures i the LJpper pLonium are sufficiently similar to ai.2
tRLS SEmBLInA LN without Biasing the combined saiculated fiow relative ¢
PAS SACE Y P of strusture scuid receive if modeled separately.

.
~
-
-

Resporse: APEL. ras no fiaw migers 48 such. The WCIBRA TRAC medeiing whaith
sembires (Rt e channel fuel ABSeMDLIeS lOcated DONMALE SuppotLt 5. 4mn And SEen
pole iocations is ne different from the approved ). 4 loop plant apprsash Tre
APELY upper :fro pLAte gJeometry 18 SUSh that the hole diameters At these w2
LOCATLONS ATe

Je‘\fé“" pooling or holdup of ligquid.

'

APEOT 3BAR subsection 19.6.%5 . 4A. 0.2 | .esents 4 sensitivity case in wWhisth het
assembly srannel I7 was reiccated from below an open hole t2 Deneath & support
soluMmn. Comparing SSAR Figures 15 .6 .5A-l through ) with Figures 15.6.%5 a4
ehrough §, this Shange in (ocation results in aimoest ne difference in the value
sf or the alevaticon at which the PCT is computed, or in the [low behavier in the
assembly. This result shows that the twe locations are sufficiently similar
nydraulically o permit their sombination inte a single aversage :ore shannel in
trhe APSID WCCIBRA TRAC model
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b The f3l.iowing Juestisns fe.ate %5 Sestism 4.2
s NeSLinghouse revised the datapase for ThNe Dlowdown 2oling eat
transfer uncertaifty eVALLAtIsRn to Detter match  tre  APE S
¢onBitisng, pbut in the end zanciuded the Sriginel nTerTALNLY

Ion

it

’T distridbution waes better and meore SRIVATLLVE DeTAUSe tre ‘faew
'I '5 1195 ribution had (@88 SIAtter ‘ran the

riginai distriputish.

___.__»}—f Justily this conciusion Decause the sriginal diestribution allsws 3

24 cArger multipliers and 4 lArjer average multiplier than tre one
10/9.25048 ih Sectizn 4.4

I ATy wWhat Westinghouse Mmeans in Sectishn d.¢ By the srigital
distribution because distributions from the RMR., Referenze 2. arid

4(&’7‘7 the final J- d-isop plant distribution from PReferenze § are

referenced

4 Because Reference & contains the final blowdown cooling hneat

77 cransfeor distribution for J-/d-iccp plants., Justify wny that
e

distribution was not used in Figure 4.2-1

4 Fallowup t2 Discussion Item Sa. May 17, 1996, letter. Based on
Table 4 .2+1, w~estinghouse stated the Cak Ridge National Laboratory

'77<’ data better represented the APEL0 during blowdown cooling than the
e

sriginal data vase in the RMR Eaference &. However, Westinghouse
decided to use the uncertainty range based on the original datapase.
Therefore, Westinghouse still needs %o provide a response %o Item Sa
to shew the mass fluxes for the tests in the datavase for the

sriginal uncertainty range are representative of APEID or are
sonservative.

Fesponses
19.0, The AP60D blowdown cocling heat transfer multipliers distribution has ceen
sstablished via the direct zomparison of WCOBRA/TRAC results with thoL_

7 F¥e cumulative
jistribution far APEOD anaiysis is presented as Figure 4.2-7 in WCAP-14l71
Revision |

) b od. The distribution labelled as *RMR® on Figure 4.2-2 19 exactly that, the
blowdown cooling heat transfer distribution presented in Reference 10-1. It is
shown for illustrative purposes only. The final. approved blowdown cooling heat
sransfer distribution for )/4 loop plants is based on Figure 16 of Reference .0~

.

2.4t us depicted as a cumulative fregquency distribution in the attacnment

(). €. As described in part (a) of this quoo:xon,[-

J%5e

References:

191 NTD-NRC-95-4878, Letter from N. J. Liparulo (W) to R, C, Jones, Jt.
USNRC . ‘Revisions to Westinghouse Best-Estimate Uncertainty Report. ®
Jetaber 1), 1998

102, NTD-NRC-96-4672, Letter from N. J. Liparulo W) to R. C. Jones.

ot
USNRC ), *Resclution of lssues Related to Review of WCAP~- 12945-P,* March 2%,
1996
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1. The following Juestion relates = Sestisn 4 )

4070

While the reficed neat transfer results f3r the low tevperature
Se8ts for APELD are witnin the bounds =f the I« §-lscp p'tn:
FOSULtE, the J= d-lccp plant results have a wider range “ran :no.k=w
temperature data for the ARELD. Because Westinghouse zoncluded 1t
88 AcCceptablie to uUse the l«/d-loop plant uncertainty distriputian
30 the APEQL, this .mplies that a .arger mMultiplier tran that
tpperted by th LOW temperature data s Appiied n sre APELD
JACOLTALNTY ovaLuation. It aleo implies that & sraller multiplier
than that supported by the low temperature data .3 appiied .n the
APSUD uncertainty evaluation. Therefore. more informatizsn i1s needed
e Justily the proposed wWestinghouse apprsach {or the refilood neat
Gncertainty distripution,

‘

.
-
-

Response: The cold temperature ref .ood tests were simu.ated to assess the ref cod
heat transfer model applicability o APE00. Results obtained dl well within
rre bounds of the ) 4 locp plant bare results and exhibited

Raference
VENRS

‘:Jaﬁc-

t1+1: Letter. N. J. Liparuio (Westinghouse' to R, I. Jones, Jr
‘pen lssues and Confirmatory Items Related to Review of WCAP-1294%-9°.

NSD-NRC-36-46)1, January 26, 1396,
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id e Clarify now the upper head tomperature 48 “alculated. The werding -
4-14 s net clear, ¥ 50 page

Fasponse The APEOD reactor vessel Lpper head fluid temperature has been computed
By "M@ FeACLOr VeSssel design Froup Jsing & suitable CFD computer code. In the
APSLD WCTBPA TRAC analysis. an Jpper head temperature consistent with the
presumed vessel TAaVerage value is employed. Best estimate Lpper read fiuid
temperatutre 18 caiculated based on the design values of spray noztle flow ard
guide tube loss coefficients, tcgether with the expectsd core Sut.et/pper plenum
pressure distribution,

Te sbtain 4 bounding high value of the upper head temperature, the maximum mean
value from the CFD code is applied in WCOBRA/TRAC. This value 1s sbtained by
modeling upper head hydraulic parameters considering possible flow pattern
variations which =ould maximize the computed upper head temperature for a given
Taverage. Foar APE00O, the maximum mean tompotuturof

a4«
on the caleulated upper head temperature.

Hotter upper head temperatures are generically more lLimiting in Large break LOCA
Analyses because the earlier flashing which occurs drains the upper head earlier
\f the transient. This then limits the amount of upper head liquid available to
c50) the core via downflow, since more of this ligquid is directed out of the
Jpper plenum into the hot legs. When the upper head fluid temperature is lower,
when it approaches the Tcold fluid temperature, more lLigquid is available in the
ipper plenum to provide effective downflow core cooling luring blowdown.

0L7TS 485
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. Cces Nestirghouse J5@ ne Approved versian 2
‘5 HCOPRA/TRAC, CIBRA TRAC, M"""A.l.v.l. in i AFS:t
CIT analyses? i
2 b Are all APSO0 design changes (re.ative t0 three- ard

four-120p piants) that are important to LBLCCA sadrcssoa

N shrough ¢code snput for example, direct vessel iniecti:t
gc&z.. and the accumuletors)? That 1is. ca:.., thes

westinghouse did not need to modify ACTBRA, TRAC
MOD7A .Rev.l, to analyze APE0D.

Pesponse: The approved version of WCOBRA/TRAC, WCOBRA/TRAC MOD"A
Pev;oxon 1, 18 modified siightly for the AP6J0 SSAR large break

LOCA analyses solely to facilitate APE00-specific passive safeuy
ystam modeling. All of the WCOBRA/TRAC .pdates introduced =3
model APE00 features are described in WCAP-14776: those which are
employcd in the large Dbreak LOCA best-estimate analyses are
described below for convenience.

",
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when "he above APS00-related features aAre not selected,

results

sprained from the APEOQ versicn of WCOBRA/TRAC MCDTA, Revision &
are identical %o those from the approved WCOBRA/TRAC versioan.

‘\



AT

. The !oxkoyana Ot iongs reiate t: 3ection 4.1

N Weslinghouse discussed removing tome tests from the previcus
database used to deveiop the minimum film BOLIING temperature
'Taw) “nCOrtainty distribution. Clarify this statement as some of
the cests listed were not part of the original T, database

*he rQViIeVeLl B ISTIeCY In that trere were 3-i and 3+i tests whizh were net
Ladted in Tabie 37 af the WOTBREA TRAC BMR which were used to determine the
/aive of T.. %0 be used for tne APSOD czalzduiaticons,

The 3+« and G+2 tests Listed in Taple #+7 from the NCSBRA TRAC BMR were
reviewed to determine whAich ~ete mest applicable for the APEL) plowdown
sonditions. Of the tests iisted in Table B+7, tests S+1, 146 and 15) were
found to be Applicable. Alse 30 test €69 was also found to e appliczab.e
The remaining 3-i and 3-2 tests from the total data base were examined ang
rast G-, 154 and 3-2 test 472 were added to the data base for the minimum
fiim boiling temperature for thne APECO. The individual thermecouples for
a8 teBtS ~ere reviewed Lo insure that they met the criterion given on rage
42 of the ACOBRA/TRAC CAD WCAP-I4171) . As the r t_indicates, there we:'s
a total o!; ve the T,.
distributy which was then used for the APS0O0 plant calculations.

The resulting vaiue of T, determined from those tests for e]:;arcoo was

slightly more conservative ' lower  with the avera .g!‘uo of
ch that The APE00
fuel rods would have to be calcuiated to cool d further during film boiling

Jntil gquench is predicted.

0I7TS 4668



D:E-‘\; : T

H1Le Teviewing Westinghouse s responses to NRC RAIs 440 %588 J4¢0. %434
and 440 %87 the INEL noted trat the reflocd temperature response for
“he peak zladding temperature ‘PCT) calcsulated by WCOBRA TRAC see
F.gurd ¢ . d+~38 19 dilferent fzom the one calculated in the NRE
s8.%4sd%ions performed by Los Alamos Natiznal Laberatsery LANL sae
Figure .3 Provide information %o answer the following guestizns %2
reip clarify the reasons for this difference.

4 In the LANL report. LANL stated their model represerted 2re AR
design as of November 15, 1994. Are there design changes made o
AP600 after that date that would account for the differernces in
zalculated responses” If design differences are affecting the
results, clarify the design changes and the impact they have un
the PCT differences noted between the two calculatisns

b If part ‘a) did not explain the differences, are they due to code
modeling differences? [f code modeling differences are affecting
the results, Westinghouse should provide information where
possible that may explain the reason for the differences befveen
the code results

) Are the reflood differences affected by the blowdown cooling
difterences discussed i1n RAIs 440 .585 and 440 5867 If yes, does
the calculated reflood PCT difference impact Westinghouse's
response to those RAls or indicate the need to consider sther
models or phencmena to include the APS00 uncertainty evaluation

4) Even accounting for the blowdown cooling differences, there i
still approximately 1B0°F difference in refloed PCT. Can
westinghouse 7 fer any information that may explain the reascns
for this difference? Are models and phenomena that affect this
reficed PCT difference accounted for in Westinghcuse s AP&LD
Jncertainty methodelogy? 1If yes, clarify how. If not, justify
dh',’ net .

. {f Westinghouse wurgues that the parameter variation in the jlobal
run matrix covers the models phencmera that cause the PCT
differences, clarify (f Westinghouse has completed any of those
analyses. If yes, provide the results for review. I[f no, will
westinghouse commit to performing some of the runs to show the
size cf the PCT variation in AP60O as & result of the parameter
ranges analyzed in the run matrix?

Response: In comparing the aifferent calculated PCT values from the WCTBRA TRAC
TAD WCAP-14171-Revision 1) and the Los Alamos report on the AP60D large-break
zaiculation ueing the TRAC code (LA-UR-38-4411 one can not use Figure 1} in
the LANL report, because this i1s & composite plot of the maximum temperature
calcuiated anywhere in the core at that given time for all the fuel rods,
«hereas the WCOBRA/TRAC calculation 19 for a single hot rod. (Refer to the
footnote on page 1S of the LANL report and note that there is an error in the
footnote: the figure that they should refer to 18 Figure 13, not Figure 5)

in response to the specific gquestions in this RAL:

(&) As the attached figures indicate, there has been some adjustment in the
accumulator and/or OVI line input parameters which is reflected in the
wWestinghouse WCOBRA/TRAC calculations and not i1n the LANL calculations.
AS & result, higher accurulator flow 1s calculated in the Westinghouse
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TALILLALLON sarly in TAME A8 the lower plenum Jnd downcomer are
FRfLLL NG SuCh that ThET® 18 a migher Liguid 1eVeL in the tore earlier
i time. This pehavier i shown in Figures L°+1 %o (7] The more
rapid rofilling results AN a .ower zaitulated reflood WCIBRA TRAZ PCT as
ismpared to the TRAC zalculation. a9 shown in Figure 17-4 for tre
(rdividual hot rods celtulated by TRAC

Trere Are alse modeling diflferenczes beatween the twe zalcuiAatisns

STRRPA TRAD explizitiy models the neat transfer effects of spaczer jrids
ke fuel dusenmbily The AFPELD fuel assemdly is “he Vantage H desiyn
VRASR LnSsrporates intermediate flow mixkihg VAN gride in the upper
s.avations of the fuel assemb.; The modeiing of the spacer Jrids wi..
promote improved heat transfer Doth during the downflow bDlowdown perizd
in which & significant downflow existe, 49 well as during the reflsed
period. The heat transfer improvement sf spacer Jrids was showh .n trae
JCOUBRA/ TRAC 23D when WCIBRA. TRAC was compated %o the ORNL fiim boiling
sxperiments which showed the effects of the spacer grids. The FEBA
refilocd tests alsc showed the effects of the spacer grids. In both tre
blowdown and the teflced pericds, the rod heat transfer will be enhanced
by the spacer grids. To our knowledge. the TRAC code does not inciude
modeling =f the fuel assembly spacer gride; therefore, the heat trarsfer
“alcslated in TRAC wiil be lower than that zalculated in WCCOBRA/THAC

The reflcod differences are given in parts 'a) and (b) above They are
due to the difference in the accumulator Sehavior as well as the effeczts
of spacer grids to improve the predicted heat transfer.

The s«xplanation for the differences is given above. The effects of the
grid modeiing atre included in the ranging of blowdown and reflood heat
transfer. which is based on tests which cover the calculated APE0O
conditions and also includes rod bundle data which includes reactor-type
spacer grid (3«1 and G-J) blowdown tests, as well as the ORNL fiim
boiling tests and the S+2 FLECHT-SEASET, and FEBA reflood tests. The
incertainty of these models is included in the calculated code
Jncertainty as well as in the AP600 ranging calculations. Furthermore,
the APE0D SSAR large break LOCA analysis uses bounding accumulator irput
parameters to minimize the delivery of water and extend the predicted
teactor vessel refill time.

The ranging effects of the hot rod heat transfer ~ere performed in the
‘hot spot® calculations using the distributions which were developed for
tre APS00. as documented in the SSAR Revision 12 submittal, and the 35th
percentile PCT was calculated. The effects of the spacer grids on the
plowdown and the reflood heat transfer are included in the WCOBRA, TRAC
sode uncertainty, which i1s & lower bound to the uncertainty value
spplied to determine the 95th percentile PCT value.
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TABE® 4 Lcl Lists the tests used to determine the T, Jnzertainty
for APECO. Section 4 | als0 listed the tests not Jsed from tre

1= 4 loop review. Howaver. compariscn of the tests shown in
Section 4.1 %o those listed in Table B+7 2f the EMR found
“estinghouse did not discuss ite inclusion or exclusion of all tre
tests Jsed to develop the T, unhcertainty for J- d4-lo0p plants

For those tests not discussed in Section 4.1, clarifly the teascns
f5r Jestinghouse's handling of those tests.

This esticon is very similar %o questicn Sa., Most tests given in Table 8.7
“ore ?:und to not to have the flow and subcooling conditions typical of the
APSCD plowdown, Therefore, other G-l and G-2 tests were used along with the
remaining tests from Table B+7, which 4id have conditions applicable %2 the

[ ITS 4670
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i Westinghouse did not discuss the following highly renced PIRT items .n
Table <.1-2 core ID flow and veoid generation distriputisn, tsre f.low
reversal stagnation, upper head plowdown flow 4nd flow area. downcomer
sondensatssn, and direct vessel in‘ection OVI)

Pasponse: Discussion of the individual items cited in the Juestisn foliow beiow

core 1+D Plow Void Seneration and Distribution: To account for uncertainty

in sre )0 flow void generaticn and dietributien, she limiting net
AssenBiy .ocation 8 identified and then used in the bounding plant
caleulations Reference S5S5AR subsecticon 15 . 8.5 4A. Multi-dimensianai

effects are also zaptured by the four separate assembly groupings medel.ed
in the ccore nodalization scheme. The respense Lo question ii ) provides
additional commentary on 1-D effects during reflocd.

Cote fiow reversal/stagnetion: The core voids very quickly during a .arge
break LOCA, and DNB occurs quickly for DECLG bresaks The impact of
differing blowdown core flow patterns is investigated in the break flow
parameter variations in the global model series of runs specified in Table
.51,

Upper head blowdown flow/ flow area: The discharge of fluid from the upper
head into the upper plenum during blowdown due to flashing is an important
factor in core cooling. For AP6OD, minimal uncertainty exists in the
Jpper fluid head volume and in the area of the flow paths from the upper
head. As discussed Ln the response to question 12.e, the upper head fluid
temperature is bounded in the SSAR analyses by appilying the ‘maximum mean'
Jpper head fluid temperature associated with the Tavg value assumed,
Together with the design values for upper head geometry, the use of this
temperature wnables WCOBRA TRAC to provide a suitable calculation of upper
head flow behavior during the blowdown phase of & large LOCA.

Downcomer condensation. The impact of downcomer condensat.on is
investigated in the global model series of runs specified in Table 4 5-1.

Direct Vessel Injection: The ability of WCOBRA/ TRAC to predict DVI-rviated
phenomena is confirmed by the CCTF and UPTF DVI test simulations precunted

in Chapter ).
OLTs 4ed7
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i.9. For nhot wall effests in the downcemer and lower plenam. Westinghsuse
:rovsdod information different from that supplied for )« 4-i20p plants .n
eference*t .  Tlarify the reascns for the d.fferences

Sasponse: Mot wall effects are ranked thne same for ) §d-loop piants and the AR6ID
tevertneiess, some differences in phenomena eiist. In the ) 4-locp plants
raating of water in the downzomer during reficod can eventually fause poiling.
JRASh TOBULES in Level swell and the spilling of water through the breoxen =2.4
(e APELL is equipped with LArje accumuiators that provide intestion of highiy
subcooled water until after quench of the fuel rods 18 caldulated. No downcomer
poiling i predicted. Further, because no boiling sccurs and because the AFSCD
ac:uﬂu’atorl inject through the OVI notsles, little liguid is loet through the
preak after the end of ECT typass in APEDD.
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4 The following questions relate to the UPTF analysis in 5ection ) )
A on page 172, Westinghouse noted the test results SROwWed increased
fiow to the lower plenum when Ligquid was discharged from the col
189 to the downcomer HCOBRA TRAC does not sAlSuieate liquid slug
discharge for UPTF Test 2L because it underpredicted cold leg
filliing. As noted zn pege 1-7%, this is one reason for the
conservative SCOBRA TRAC calculation. However. ©oid Leg filling i
nat expected in APEO0 pecause of steam flow in the 0.4 Leg trat ~as
not represented in the UPTF test. How does Westinghouse factor this
rest to APSOD difference inte the interpretation of the zode data
somparisons for this test?

Pesponse: Consideration of the draining of cold lege filled during the UPTF tests
joes not Alter the conclusion that WCOBRA/TRAC provides a conservative
calculation of ECC bypass. The lower plenum mass inventory comparisen of UPTF
Test 21 ve. the WCOBRA/TRAC simulation and the comparison of cold leg inventories
petween the two are reviewed for each case at the end of the WOOBRA TRAC
simulation.

For UPTF Test 21 Phase A, WCOBRA/TRAC predicts only €000 lbm to be in the lower
plenum at 38 seconds, whereas in the test 431000 lbm were measured Figure ) 2-
16) . Comparing the cold leg mass inventories of Figure 1 .2-2), the sum of the
cold leg masses in the test equals 22000 lbm, whereas WCOBRA/ TRAC predicts only
2000 ibm te be present. Thus, the WCOBRA/TRAC result could be skewead low
relative to the Test 21 . Phase A result by 14000 lbm. Even if this is presumed
to be the case., the WCOBRA, TRAC underprediction of lower plenum inventary remains
greater than 20000 lbm.

For UPTF Test 21 Phase BI, WCOBRA/TRAC predicts only 8000 ibm to be in the lower
plenum at 120 seconds, whereas in the test 27000 lbm were measured (Figure ! 2~
a4 comparing the cold leg mass inventories of Figure 3.2-31, the sum of the
cold leg masses in the test equals 5500 lbm, whereas WCOBRA/TRAC predicts only
§500 lbm to be present. Thus, the WCOBRA/TRAC rasult could be skewed low
relative to the Test 21 . Phase BI result by 1000 lbm. Even if this is presumed
te be the case, "he WCOBRA/ TRAC underprediction of lower plenum inventory remains
greater than 15000 lbm.

For UPTF Test 21 Phase BII & BIII, WCOBRA/TRAC predicts only 16000 lbm to be in
the Lower plenum at 195 seconds, whereas in the test §3000 lbm were measured
Figure ) 2-32). Comparing the cold leg mass inventories of Figure ).2-19. the
sum of the cold leg masses in the test equals 14500 lbm, whereas WCORRA/ TRAC
predicts only 9500 lbm to be present. Thus, the WCOBRA/TRAC result could be
skewed Low relative to the Test 21 , Phase BII & BIII result by $000 lbm. Even
Lf tnis is presumed to be the case, the WCOBRA/TRAC underprediction of lower
plenum inventory remains greater than 10000 lbm.
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8.b. Does the discussion in part a of this Juestisn .mpact “Re infcrmation
provided and conclusions drawn by “estinghouse on page 3-80 48 it re.ates
to the DVI location difference cetween UPTF and APGD0D and the effect: of

ch:ogzt lvcation difference on appiication of the UPTF Test 21 resuits to
AP

Response: The conclusion of page )-80 in WCAP-14171, Revision i, that the UPTF
Test 21 tonfiguration favors continued ECT bypass relative 0 the APELD downcamer
gecmetry still noids. ECC bypass predicted by WOUBRA TRAC for the ARELC jeometry
19 conservative and bounding.
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8.t On page J-82 Westinghouse stated that NOCBRA/TRAC predicts the different
flow behavior that results from zold leg or downcomer injection. [n Test
21, ECC water breakup 2n the downcomer «“ail resuited in Jreater by pass
relative “to UPTF Test & see page 1-82). This implies that the
JCCORA/TRAC calculated bypass for Test 21 should be greater than th
zc:lIA’TIAC bypass calculazed for UPTF Test €. Provide the calculated ECC
cypass resuits for Tests § an Il that lu:{:tt Shis argument. This alse
(tplies that the conservatism of the WCO TRAC ECC bypass resuilts for
JPTF Test (1 should be greater than the conservatism of the ACOBRA TRAC
£CS bypass results for Test 6 Slarify Af this 19 true

Response: Individual runs from UPTF Test 6 are compared with runs »f UPTF Test
21 that were conducted with similar steam mass flowrate and ligquid subcooling

conditiang. Test 6, Run 132 [steam flow 29) kg/s, ECC subeooling 54C)
conditions correspond well with those of Test 21, Run 274B1 (steam flow (98
kg'8, ECC subcooling 101C). Also, Test 6, Run 116 (steam flow 104 kg/s, ECC

subcooling 28C) conditions correspond well to those of Test 21, Run 274111 (steam
flow 102 kg/s, ECC subcooling 47C|.

The attachred figures from Reference 8f-1) show the measured and WCOBRA TRAC-
predicted vessel mass inventories for the twe UPTF Test 6 runs. In each figure,
the dashed Line superimposed is the refilling determined method 2! from the
vessel refill rate, and the solid line superimposed is the refilling identified
from a mass balance method 1) . WCOBRA/TRAC predicts a delayed refililing for Run
112 by about 20 seconds, and it predicts the refilling of Run 116 well.

In sontrast, consider Figures J.2-24 and 3 .2-32 of WCAP-14171, Revision 1. In
poth of these simulations, WCOBRA/TRAC predicts ECC bypass to continue throughout
the transient such that the vessel is never predicted to refill to the extent
cbserved in the Test 21 run. The WCOBRA/TRAC prediction of ECC bypass is more
conservative for UPTF Test 21 than for Test 6.

Reference #f-1 Westinghouse letter to USNRC NTD-NRC-95-4511, Attachment 00
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8.9. As a followup to Discussion Item €p in the May 17, 1396, letter,
1f the following interpretation by the INEL of the infsrmatisn in
1.2.7 18 correct., Westinghouse argues:
i Y In the UPTF Test 21 configuration, 1t
bypass ECC than .n AP60D.
(2) WCOBRA/TRAC provides a conservative calsuiation of ECC
ypass in Test 21.
The AP60D plant calgulation ends bypass At 4 [ower steam
fiow than end-of-bypass in UPTF.
Based on 1, 2., and J}., Westinghouse czsoncluded that WCIBRA/TRAC
provides a conservative ECC bypass calculation for ApgoT

‘rkt"'
ction

“wi

P
le

\8 edasier =

-

)

Is this argument also the basis for the response %o discussion [tem
64?

Response: The WCAP-14171, Revision 1 WCOBRA/TRAC simulations of UPTF Test 21
predicted more flow into the lower plenum for Phase BII than for any other phase.
While 1L i# true that the conditions of the Phase BII test more closely resemble
rhose of the AP600 than do those of any other UPTF test, the Phase BII test has
much lower injection liguid subcooling than the AP600 calculation. Therefore,
an end of ECC bypass as predicted for AP600 1s not in conflict with the UPTF Test
21 Phase BII result; as stated on page 1-80 of WCAP-14171, Revision 1, high
subcocling helps to facilitate the end of ECC bypass. The INEL interpretation

L8 correct: Westinghouse has determined that WCOBRA/ TRAC provides a conservative
ECC bypass calculation for APEQO.
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8.1. On page 1-80, Westinghouse stated termination of ECC bypas® is more sasily

achieved in AP600 than in UPTF Test 21 configuration. However, pased on
the information provided by Westinghouse regarding steanm flow at and-of-
bypass, This is not the case. What are the implicaticns of this
difference on determining the applicability of WHCOBRA/TRAC to the APSNOY

.1 tn terms of downcomer steam mass flux, in the APEOD large break LOICA
analysis presented in WCAP-14171, Revision 1, Chapter 2, WCCBRA/ TRAC does not
predict the termination of ECCS bypass and the beginning of the lower plenum
refill until the steam flux equals ). 4 lbm/sec-sq.ft. This steam mass flux 19
~oll below the lowest value among the UPTF bypass tests at which ligquid delivery
\nto the iower plenum begins (5.8 lbm/sec-sq.ft., in Run 274/BII1I). The APS00
value predicted by WCOBRA/TRAC 1is therefore conservative,

cITS 4667
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@ singie-failure discussed
LAmMAItANG that can be assumed for

‘e .M

nse: For APS00 design basis «aArge Dreak LOCA events, a single
the passive safely systems 18 assumed The single faiiure of
ve 183 not : the large differential pressure which
£ t“he a : NeCK Vaive makes its failure a bey:
“N, 48 1T 18 (OF current generation plant LOCA Aanalyses
passive safety systems, the core makeup tanks and the PR
which perate during the LOCA before the Juenching o
alculated Because the piping layout of each features parallel
peration of neither CMT nor the PRHR can be eliminated by a single
minimize any possible beneficial effects of * on © -
accumulator injection, the single failure modeled irn WC TRAC 1.s
£ one of the CMT LAtion valves to open on receipt ¢ S signal

act

an

K
4

) CMT water

.
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‘b As & f[oliowp o Discuseion [tem 8d. May (7. 1396

: Nest inghouse Jave "ne same :l.'«-‘,,r.; to pump perfsrmance in *he
AP600 as for the 1. 4-.co0p piants For J-/4-locp plants =he
ranking was Justified in Section 3.1.2 of the AMR Because -f
the different =y ype of pumps in APEJ0, Westinghouse needs =2
supply the same kind of information provided in the PMR for

the APEOQ pumps
zesponse: The APS00 RCP performance very cClosely mirrcrs trnat ot
e BCPs of wWestinghouse 3 and 4-1lo0cp plant AS shown in Figure
1.4.1-1, the pump head curves shown in RMR F.,,. g 3.1.2-1 and 2
for the l-locp plant are virtually identical for the APSOD RCP.
rherefore, the RCP performance [and the :.s‘“ss‘-n »f same)! in the
RMR also applies to the AP600 such that the conclusions of RMR
Section J.1.2 also apply o APE00. The loop s.de break flow plot
..;uro 1.1.1-2) for APS:? 18 also very similar to the three 1o0p
plant WCOBRA *RAM equivalent prediction (Figure 1.1.1-3, ¢ rom

r:e RMR), further indicacing that the same PIRT ranking .is
appropriate. Th magnitude of the APS00 maximum flow rate 1s .lower
recause the AP600 cold leg i1s smaller in diameter than thne 3=-loop
plant cold legs, and because a CD=0.8 discharge ccefficient 1.s
neing modeled.
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2 a. The approved methodology presented sensitivity studies for t.ve
steps and burnup. Do any of these studies need %> be redone {or
APE00 because of design differences or zalculaticnal differences
:bat affect the rasults for APECD relative %2 three- and four-.zep
piants? Please provide some justification with ysur answer
—y
Fesponse: The AP600 fuel design 1s equivalent to that 2f man
. 1 t \ - ™~ i
three and four-loop Westinghouse plants: 17X17 rod array, IFM and
mixing vane graids, extended length fuel cycles. seneric fuel

performance data of rod internal pressure and pellet temperature
are the basis of the input for the fuel rods modeled in the APE0D
§§AR analysis. The burnup of the hot rod and the hot assembly rod

Overall, the decay heat difference at the two burnups 1s modest, $O
any effect on the hot rod PCT 1s minimal. Because APE00 fuel
performance parameters correspond closely to those of the fuel
modeled in the burnup study performed and because the AP600
exhibits its 95th percentile PCT during blowdown, no additional

sensitivity study is warranted fcr the AP600 application of
WCOBRA/TRAC .

The AP600 analyses are performed using -"he time step strategy
established for the three- and four-loop plants (Response to CQD
RAI4-S0, in the Reference below). The primary plant investigated
\n the time step study 1s a three-loop plant with vessel dimensions

cery similar to AP600. As noted in the response in the Reference a c
)

As for the plant studied, the blowdown
"soling 18 provided predominantly by liquid downflow from the upper
plenum; therefore, the same time step size 1s indicated. The
refill periods of the two plants are similar in duration; because
APS00 has similar dimensions to the three-loop plant analyzed, and
recause the accumulator injection rate 1s also comparcole, the end
sf bypass and refill phencmena are properly captured for AP600 when
rhe same time step 18 used. The downcomer/core flow interaction
and the effect of boiling in the downcomer on collapsed levels are
the significant phencmena during the late reflood period. The
AP600 does not exhibit downcomer boiling at any time during the
»ladding temperature transient prior to total fuel rod quenching,
sO the existing study has investigated a more sensitive situation
than the AP600 encounters. Overall, because time step sizes in the
APS00 SSAR and WCAP-14171, Revision 1 analyses do not exceed the
established time step criteria from the three-loop plant time step
study, the APS00 large break LOCA WCOBRA/TRAC SSAR calculations are
performed using appropriate time step size selections. Q;ﬂj’l'

\

-







B e e T~

A
AR N
Quesnon 8. In WCAP-1417]-P Revision | the W& (‘m sis of Cvlindrical Core

Tes: Facility Run 58 did not calculate the oscillanons observed in the test resuits. Clanfy if this
was due to the WCOBRA/TRAC analvsis calculating that the downcomer level did not recover 10
the DVI nozzle elevanon. [f this was the case, clarify the reasons for the difference relanve 0 the
test data which did show the downcomer level recovering 1o the DVI nozzle elevanon. If not, clar-
ifv rhe reasons for the WCOBRA/TRAC and test differences.

Response.

[n the Run S8 sunulaton, the downcomer level did not recover o the DV1 nozzle elevauon. Thus

can be seen from the void fraction distributon in the downcomer. The noding diagram for CCTF
is shown in Figure 3.1-6 of WCAP-14171-P, Revision 1. Note that the DV1 is entered into Chan-

nels 53 and 54, which are at the same level as the hot and cold leg artachments. Consider the stack
of downcomer cells represented by Channel 53 and the Channels immediately below it. These

Channels are also shown in Figure 8-1. The DVI uc

TN
Figure 8-2 shows the predicted void fraction Channels 53, 42, and 31. Channels 53 and 42 remaun
at relatively high void fraction throughout the simulation The void fraction in Channel 53 is fairdy

constant at a=0.9, because of the constant injection rate of coolant from the DV into that cell.
The void fraction in Channel 31 is seen to oscillate, wath & < 0.6 except for a few brief penods.

Figure 8-3 shows the void fraction in Channel 31 again, as well as the void fracton in Channel 20
and the top continuity cell in Channel 10. The cells below Channel 31 remaun liquid solid once
they are filled early in the transient. From Figures 8-2 and 8-3, it can be concluded that the col-
lapsed liquid level in the downcomer d t recover to the DV1 nozzle level. The level remain at
least one ce } dwthe DV nozzle. Because thus (predicted) level did
not recover t0 the DVI nozazle. the level oscillations as described by the CCTF researchers did not

occur in the sumulanon,

The downcomer level did not recover to the DVT nozzle elevation, because of the sroall over-pre-
dicuon of entrainment from the core and upper plenur o the hot legs. This results in a smaller
vesse! inventory in the sumulanon than in the expenument.
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Figure 8-1. Downcomer Channels Below a DV1 Nozzle in the CCTF model.
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L n. On page 4-16, Westinghouse discussed the basis for how Lo9P resistances
are handied in the APEDD uncertainty analysis. INEL would Like %3 req o8t
Nestinghouse provide WCOBRA TRAC analyses to directly ._;pg,.‘ the

sonclusions for APECD 'see RMR Section 5. 1.5 This is because =2f :he
if{ferent pumps 1n APSDD Also the following needs o be Add;.;l.i " 2ce
A 2. \ 4 lces
the APS00 2 x ¢4 czonfiguration change the estimates =f the sther .3op
resLSstANCES relative 0 the major resistances see FPMR 3Section 1.1.2 and
S0 Fection 6417 Is the flow eplit %0 the break via the vessel or via
che not Leg due to the 2 x 4 configuration different encugh from =hat in
d~.20p plants that 1t would affect this analysis and need =2 be
cnsidered’
_Fesponse The parameter of interest in RMR Section 5.1.5 i»s th.[: '
“ 4

The flow split associated with the APE0D 2X4 configuration does not significantly
alter behavior in the broken locp between the pump and vessel sides of the break.
Figure 12 . h-l shows the flow out of the loop side of the break (dashed line),
through the steam generator tubes (solid line), and through the intact cold leg
2f the broken loop (dash/dot curve). During the first eight seconds of the
rransient, flow in the intact cold leg decreases from its initial 2300 kg sec
value but remains in the original (positive) direction or near zero. It 18 not
an important factor in this peried, during which the PCT occurs at approximately
s.x seconds: the flow to the break is from the hot leg. By eight seconds the PCT
nas decreased almost L00F from the peak value.

Suring the period 8-18 seconds, flow reverses in the intact cold leg =of the
vroken Loop to feed the break, after which time this flow is small 1n magnitude.
Before this time interval the core cooling via downflow from the upper plenum
\nto the core average power fuel assemblies (Figures 2.2-34 and 15) has already
seen established, sc the gquenching of the core average assemblies which enables
the fast reflooding of the core that leads to a low reflood PCT is not a
consequence of loop side break flow phenomena. The magnitude of the reverse flow
through the intact cold leg in the broken loop is never large encugh to dominate
rne break flow. In summary, the flow supplied the loop side of the break by the
_ntact cold does not make enough difference t¢ indicate a need to revisit the
pas.s already established te model loop resistance
variations in the APS00 SSAR large break LOCA analysis.
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12.4. For the bBEoken loop cold leg nozzie .288 -“cefficient and =ne condensatisn
multiplier, are there any ApPs00 differsnces Jeh as the 2 X ;
sonfiguration, DVI, or any cthers) =hat would affect the nominal values =t
ranging for these parameters relative IO the 1- &-lo0p plants For =he
BLCL nozzle loss zcefficient zhis 18 a followup %0 Discussion Item 4. May

17, 1996, letter

Response: The NCTBRA/TRAC condensaticn multiplier range in the APSCC 33AR larg3e
preak LOCA ana./sis s S
o |
in the APS00 design. condensation during a4 large break LOCA event .35 primar..y
iue *o "he injection of the accumulator water through the OVI nozzies ne
~sndensation occursing 1n the reactor vessel 1is Jikely to be greater .in APSOC
sran in cold leg injection plants because the AP600 vessel receives -o.der water
' the downcomer due to the direct injection. This effect 18 calculated by
NCOBRA/TRAC The use of the same (XC=1.0 condensation multiplier as =he

reference value for AP600 WCOBRA/TRAC cases and the application of the multiplier

14

range Jused for the cold leg injection plants i1s in order for the APSQD.

T™he notzl.e which zonnects the cold leg with the reactor vessel downcomer .s
designed with a comparable radius of survatuyre as the existing J-loop plants.
*rerefore. the nozzle K-factor is similar, and the same nominal value and range

of values are used for KN,
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12.3. J;:;;'Y why the uncertainty ranges from RMR Table J.1.3-1 4ppiy 3 tne
A :

Pesponse: The fuel specified for the APSQOO is a standard Westinghouse L7XL17
product. Because the fuel design 18 equivalent, the fuel rod uncertainties
tisted pelow from RMR Table 3.1 .3-1 can be ranged in the same way within HOTSPCT
as 18 done for ) 4-loop plant analyses: fuel conductivity. fuel packing fractizn
fue. gap neat transfer coefficient, rod internal pressure, fuel stored eneryy
sladding burst temperature, cladding burst strain, and Zirconium-water reaction.
The fuel storea enargy /limiting time in life 1is pounded in the 35AR analysis.

The same fuel rod uncertainties apply even though, as previcusly noted in tj s e

Furthermore, t-he other parameters identified in Table 3.1.3-1 are bounded in the
APS00 SSAR analysis and are not part of the fuel rod uncertainty evaluations.
The bounding axial power distribution is identified and used in the analys.is. a «
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12.1. Clarify =he condensation
Page 4-16 and Table ¢ .5-1
the approved methedsloyy

mULtipiier TANGE TO De Jsed
show sne thing and page 4-.7 an
~rne page 4-. ‘AL i8S seem T2 Te

Pesponse: The Table 4.5-1 values

140 4 ,5:;;.!0 the scndensaticon muLtipiiers which are
vode.ed in “he WCIUBRA/TRAC global model matrix =2 'e run The wider range =f
ALu08 cited on p.4-17 is applied in the uncertainty methodo.o9y

P

jeterminacion =f the 35th percentile PCT The APSJ
JCOBRA/ TRAC spectrum shows Litt.e sensitivity o condensatior PCT
shown bDelow iLllustrate this; the case references are =“nose £
NCAP-14171, Revision 1
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ien 4.6 discussed the 3trp F.(:.nt..i alzulatizsn
owing,  questions

What is the pase PCT used for the Monte Carlo analysis’
PCT chesen
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In the November 285, 1956 call, Westinghouse stated than Discussion |
in the May 17, 19986, letter was addressed in Section 4. Review of
4 did not find ail the information needed to add.ass this
Jestinghouse needs to provide a compariscn that shows for APE0D conditians
now all the highly ranked PIRT items or items .dentified in Reguiatory
suide 1.157 are covered by the assessments See Table 3.1.2+1 in the ;Hi
a8 an example of the what the INEL is leckin fo on the APSCLT
Additisnal illusctations of =he needed information are f3und in
References 7 and

sV

Sesponse: The assessment ranges for items identified in Regulatory Suide 1 .57
and or highly ranked in the Westinghouse J&d Loop plant PIRT have been disciussed
Ln eX18ting bDest-estimate LOCA methodoliogy references, such as those provided in
tre guestion. The APEO0 ranges for these parameters are the same as =“nhe ) 4§ .lo0p
plant values, except for blowdown and reflood cooling.

subsections 4.2 and 4.1 of WCAP-14171, Revision 1 provide the
assessments performed to cover the range of conditions for APEQCC teor blawdown
-s0ling and reflood heat transfer. Table 4.2-1 1llustrates the comparison of the
“ANL Tests modeled with APS00 conditions during blowaown cooling. For the
subsection 4. reflood heat transfer WCOBRA/TRAC test simulations, the initial
mid-core sladding temperatures are approximately SOO0F and L000F Thene compare
favorably with the 6 0 Ft. values shown on Figure 2.2-4) for the APEQ0 transient.
At the 4)-second bottom of core recovery time, Rods ) and 4 are both within 20
+f S0O0F, whi'e Rod 2 temperature is about 1030F. Thus, the tests modeled are
relevant to the APE00 range, even tpouqh[

A Cm

additional

The remaining category of items to be addressed are the parameters which showed

HIGH on the AP600 PIRT, but were not HIGH in the 344 Loop plant PIRT. These
items are:

Rewat - the assessment performed is described in WCAP-14171, Revision 1,

subsection 4.1. A conservative value of Tmin 18 established for
WCOBRA/ TRAC APE00 analysis.

Upper head phenomena - the ‘maximum mean® temperature is used .n APSEOD
ana.yses to bound the upper head temperature, which 1s discussed in the
response to item 12.e¢. The blowdown and flow area processes f{or the upper
nead nave been covered for AP600 conditions by the full-pressure, full-
remperature LOFT test simulations performed in the IQD.

Accumulator discharge during reflood - this is ranked HIGH for AP600 and
not for the Jaé Loop plants because the accumulators in AP600 are larger
in size and discharge for a much longer time interval during the APSOD

large break LOCA transient. Existing assessments of accumulator discharge
are adequate for APS0D as well.

Direct Vessel Injection - Chapter ) of WCAP-14171 Revision 1L is devoted
ro the COTP and UPTF direct vessel injection test WCOBRA/ TRAC simulations.
These simulations assess the code against the available direct vessel
injection test data for reflood and refill behaviors.
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{ow will WNestingho
studies “on
emperature
-emperature

ranges of parameters
values for the AP60C
design and/or coperation
dy cases may be foun

.

n
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ettt O
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are applied in calculating

A

vidual parameters and the origins their
Accumulator gas pressure/water volume - bounding high and low
alues of pressure are from the relevant Technical Specification

To extend the time period required to fill the vessel lower plenum,
rhe water volume is bounded high per Technical Specification,

Accumulator water temperature - the upper bound value 1is Technical
Specification maximum allowable containment temperature value of
120F;: the B80F minimum value 1s a lower bound estimate consistent
with normal full-power operation

Peripheral assembly power - maximum and minimum values are

taken
from the AP600 core design loading patterns

RC fluid temperature (Thot)- the upper bound value egquals
iesi1gn maximum Thot value of 600F, plus the 1dentified measurement
certainty of 6 .5F. Based on this, the RCS thermal design flow of

the

100 gpm per loop, and 102% core power, Tcold 1s established. The

sensitivity behavior 1is determined by executing cases wit! Thot
equal to 606.5, 600, and [600 - 6.5] equals 593 .5F.
'ressurizer pressure - the range equals the nominal operating value
2250 psia plus/minus the 1dentified measurement uncertainty of
psi; runs are performed at 2200 and 2300 psia initial pressure

Radial reflector metal temperature - the reflector 1is neated by
Jamma-ray energy deposit - on. In WCOBRA/TRAC sensitivity cases, the
.pper bound design value of 662F 1s applied in one case, while 1n

rhe other the core fluid temperature 1s specified as a lower bound
radial reflector metal temperature.

Steam GCenerator Tube Plugging - Initially, the APEQ0 will exi.ibit
little or no SGTP. For the sensitivity case, 10% SGTP 1s chosan as
representative of the anticipated maximum plugging level.

RCP trip time - A sensitivitly cCase i3 performed assuming the loss
of cffsite AC power at the inception of the LOCA event. The base
assumption is that the RCPs operate until tripped by an *S*signal.
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"
¢ ;T:lRA TRAC analyeis no sssiilatiens v

te8t data ~ith I82i..atians
~estinghouse 414 not ziarify the reasons for differances CetTveaen “he z:de
resuite and the data for the

tote and downcomer differential press.re
fifforences 2t the stoam f.0ws in the 2204 Legs or the LiF4id Tiows in e
net Afd To.id lege Discussion ltem 6., May .7, L9968, .etter

Response: For furtner discussion of WOCSBRA TRAC not predict.ing The sci..atisne
(R OCSTF Test 4. refer te the response to o <6 set Question @ The I3re and
lownzomer differential pressure differences in Test 58 are predictied ~e.. oy “he
-ude. A shown in WCAP-14171. Revision 1 Figures ) 138D and 3. 1-3¢8D The steanm
flows in the cold Legs and the ligquid flows in .he het and 20.d L0980 Are 4.
predicted well in the respective WCAP-14171, Revision | figures, during the °©
second time period of interest until fuel rod guench occurs: tr

the SQ.e exceptior
vs this is the Loop | cold leg steam mass flow, which .»

1)
sverpredicted py the
sode
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ancortainty (or reactor coolant pumps in J- d+l00p plants S0u.d De appiied
to AP6OD However, Westingiouse needs o provide a comparisen for thre
APSOD pumpe as in 2QD /olume $ Appendix 1¢ 49 the information
provided there that determines he pump uncertainty

12.9. On page 4-i6, Westinghouse discussed the DAsLs for conciedifng that the

Fasponse As noted in the response 'c item L i/ l, the nomologous Turves of *he

APEOO BCP are similar to those of sther Westinghouse RCPe Therefore, thne
sources used o sbtain the uncertainty va.iues for singie-phase RCP performance
1ata in J-ioop and d-loop plants are equally applicabie to the APE0D analysis

As in COD Volume $. Appendix T, and RMR gection 1.1.2, the large uncertainty
sssociated with two-phase RCP deta in the dissipative mode .s Not imMportant The
Appendix T discussion that demongtrates this is based on the (P2 WCOBRA/ TRAC
analysis. CQD Figures 22-1-4 and 22+2+% show the 1P2 intact and broken loop RCP

iniet void fractions. For purposes of comparison, the intact and broken Loop RCP
inlet void fractions from an AP600 DECLS break case are presented as Figures
14 .g-) and 2, these void fraction profiles at the RCP entrance are similar to the
dentified CQD figures Because the void fraction inlet conditien and the pump
nome logous curves of the APE0D both agree well with the ) d-locop piant cases, and
the blowdown progression in the intact and broken loops from pesitive head inte
the dissipative mode does as well, the pump model uncertainty approach developed
for J-loop and d-loop plante applies to the APEOD SSAR analysis
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1) on page 4-24 Westinghouse stated the therma.-Nydrauiic run matrix

developed to include "he effects 2f the .iMiting split Oreax ,.or.??
this statement as Table ¢ %-1 Zoes not show SPLLIT DBreaxs on page 4-2%
Aestinghouse stated split creaks would be invest.gated further .f .t
proves more limiting than the double-ended Jui..otine oreax Frovide

sdditional information to ziarify what Westinghouse meant
statement

o -
9y LS

Respense: Table 15 .6.9-8 in the APEDD S5AR presents the resu.ts of the spectrum
of z0.4 leg spiit Breaks performed with the bounding piant initial sonditions and
power distribution to identify the limiting discharge coefficient Tre
caleulated PCT of the limiting spiit break (CDs 2.0) 18 lower than that for he
reference DECLO Dreak case The firet reflood peak of the CDs 1.0 split Dreak
is siightly higher tran the corresponding temperature of the reference NECLS
case. Consistent with the general approach ocutlined in the Reference, the %8thn
percentile reflood PCT for the Limiting split break transient was compared %o the
36eh percentile PCT result from the initial Monte carle simulation for the DECLO
preak ‘1.e the Monte Carlo simulation prior to Applying the superposition

validation correction) Table 15.6.5<9 in the SSAR shows the iimiting spilit
preak 18 less limiting in PCT performance than the 9Sth percentile value for the
CECLG break, so nc further Analysis is necessary.

Per Regulatory Suide 1. 157, subsection 4.4, the evaluation of peak cladding
remperature at the 95¢ probability level need only be performed for the worst-
~ase break identified by the break spectrul analysis in order to demonstrate
conformance with LOCFRSO 46 paragraph (). The nominal PCT values caloulated by
WCCBRA, TRAC for the non-limiting split breaks, shown in SSAR Table 15 .6.5-8,
rogether with the 95th percentile PCT for the limiting CDsl .0 split presented in
Table 1Y 6.5+9, comprise the APEOO large break LOCA best estimate methodology
split break results

Ruference: OIT_‘S 4é 7&

Letter., N. J. Liparule (W) to F. R, Orr (USNRC), ‘Docketing of Supplemental
tnformation Related to WCAP-12945-P, * NSD-NRC-96-4744, June 12, 1996,
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8 Referencq 1 only Jisvusned thre PCT caizuiatisn i TR %0 .44, par: &
AinCiudes other sr.ieria 1z pe met csatify now the APELS retrode .27y
accounts for the sther 2r.teria '

Fesponse The WCOBIRA, TRAC-predicted cladding sxidaticn associated with *re
craAnsients AnAL/2ed L9 Ter0 DOCAUSEe the cAlcu.sAted cladding temperaAtures are 5o
oW tn the HOTSPOT runs 59 investigute the (oAl model Variab.e .mpact :n
saicuiated PCT. the 75th percentile o2xidation At The peaR .2catian is . 1€,
Light of these results. and because the ¥5th percentiile PCT is balcw I0F B3AR
Tabie (5.6 .5+9 the local metal-water reaction is minimal for the APELD large
break LOCA event, 4s is the core aAverage meta.-water react.o o PO ne
sonelusion drawn [rom these results 18 the LO0CFRS) 4€ criteria of 1"V maximum
local fuel rod oxidation and 1V maximum core-wide fuel oxidation are met ~ith
margin, and no further runs Are necessary to show compliance Ret APS.0 SZAR
subsection 15 .6.5.4A.3.9

At the calculated temperatures in Table 15 6.5-9% fuel rod rupture is not
predicted to seour Therefore, the zore geometry remains unaffected and remains
soolable throughout the transient Separate calculations are performed in SSAR

Section 15.6.5.4C to show that in the long term the AP60D exhibits adequate ECCS
performance for the large break ‘and other) LOCA events
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