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Westinghouse Energy Systems g 3y g ,, , g 3 g 333
Electric Corporation

AW-971154

August 19,1997
Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555

ATTENTION: MR. T. R. QUAY

APPLICATION FOR WITilHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

SUIUECT: INFORM AL CORRESPONDENCE

Dear Mr. Quriy:

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
ConfidenCc.

The proprietary material for which withholding is being requ ed is identified in the proprietary
version of the subject report. in conformance with 10CFR ktion 2.790, Allidavit AW.97-Il54
accompanies this application for withholding setting forth the basis on which the identified proprietary
information may be withheld from public disclosure.

Accordingly, it is respectfully requested that the subject information which is proprietary to
Westinghouse be withheld from public disclosure in accordance with 10CFR Section 2.790 of the
Commission's regulations.

Correspondence with respect to this application for withholding or the accompanying affidavit should
reference AW 971154 and should be addressed to the undersigned.

Very t uly yours,

bn. /$ f Wy
lirian A. McIntyre, h anager
Advanced Plant Safety and Licensing

jml

ec: Kevin Bohrer NRC OWFN - MS 12E20

"
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PROPRIETARY INFORMATION NOTICE

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

In order to conform to the requirements of 10 CFR 2.790 of the Commission's regulations concerning
the protection of proprietary information so submitted to the NRC, the information which is
proprietary in the proprietary v rsions 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 naving been deleted).
,The justification for claiming the information so designated as proprietary is indicated in both versions
by means of' lower case letteu (a) through (0 contained within parentheses located as a superscript
immediately following the brackets enclosing each item of infomiation being Mentified as proprietary
or in the margin opposite such information. These lower case letters refer to the types of information
Westinghouse customarily holds in confidence identified in Section (4)(li)(a) through (4)(ii)(f) of the
affidavit accompanying this transmittal pursuant to 10 CFR2.790(b)(1).
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COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westmghouse copyright notice. The NRC is permitted
to make the number of copies of the information contained in these reports which are necessary for its
internal use in connection with generic and plant-specific reviews and approvals as well as the
issuance, denial, amendment, transfer, renewal, modification, suspension, revocation, or violation of a
license, permit, order, or regulation subject to the requirements of 10 CFR 2.790 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 inake the number of copics 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 public
document rooms as may be required by NRC regulations if the number of copies submitted is
insufficient for this purpose Copies made by the NRC must iaclude the copyright notice in all
instances and the proprietary notice if the original was identified as proprietary.

.
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COMMONWEALTil OF PENNSYLVANIA:

sS

COUNTY OF ALLEGilENY: -

ilefore me, the undersigned authority, personally appcared 13rian A. McIntyre, who, being by
.

. me duly swo , according to law, deposes and says that he is authorized to execute this Affidavit on

behalf of Westinghouse Electric Corporation (" Westinghouse") and that the averments of fact set forth

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

A. #

Ilrian A. McIntyre, Mana,ger

Advanced Plant Safety and Licensing

Sworn to and subscribed

- before me this JAd; day

of stua) 1997

| IrjuA
w j--

[/~ Notary Public
I

.. . NotanalSeal-

Janet A. Schwab. Notary Put*o -
MonroeviDo Boro, Alksheny County

My Commissk>ri EApirus May 22,2060

. Ihmber, Penimtyma Aswatton el Neunes -

I

-
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AW.971154

.

(1) l'am Manager, Advanced plant Safety And Licensing, in the Advanced Technology llusiness -

Area, af the Westinghouse Electric Corporation and as such, I have been specifically delegated

the function of reviewing the proprietary information sought to be withheld from public

disclosure in connection with nuclear power plant licensing and rulemaking proceedings, and

am authorized to apply for its withholding on behalf of the Westinghouse Energy Systems

Ilusiness Unit.

(2) I am making this Affidavit in conformance with the provisions of 10CFR Section 2.790 of the

Commission's regulations and b conjunction with the Westinghouse application for

withholding accompanying this Afridavit.

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

Systems Ilusiness Unit in designating information as a trade secret, privileged or as

confidential commercial or financial information.

(4) pursuant to the provisions of paragraph (b)(4) of Section 2.790 of the Commission's

regulations, the following is furnished for consideration by the Commission in determining

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

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

held in confidence by Westinghouse.

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

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

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

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

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

constitutes Westinghouse policy and provides the rational basis required.

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

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

competitive advantage, as follows:

DMA WPF



AW 97-1154

.

(a) He 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.

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

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

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

marketability.

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

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

assurance of quality, or licensing a similar product.

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

commercial strategies of Westinghouse, its customers or suppliers.

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

development plans and programs of potential commercial value to

Westinghouse.

(0 it contains patentable ideas, for which patent protection may be desirable.

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

following:

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

competitive advantage over its competitors. It is, therefore, withheld from

disclosure to protect the Westinghouse competitive position.

-(b) It is information 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.

H40A WPF
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AW-971154

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

expenditure of resources at our expense.

(d) Each component of proprietary information pertinent to a particular

competitive advantage is potentially as valuable as the total competitive

advantage, if competitors acquire components of proprietary information, any

one component may be the key to the entire pur21e, thereby depriving

Westinghouse of a competitive advantage,

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

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

competition of those countries.

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

development depends upon the success in obtaining and maintaining a

competitive advantage.

(iii) The infonnation is being transmitted to the Commission in con 0dence and, under the

provisions of 10CFR Section 2.790, it is to be received in confidence by the

Commission.

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

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

to the best of our knowledge and belief.

(v) Enclosed is Letter NSD-NRC 97 5282, August 19,1997, being transmitted by

Westinghouse Electric Corporation @') letter and Application for Withholding

Proprietary Information from Public Disclosure, Brian A. McIntyre @'), to

Mr. T. R, Quay, Ofnce 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 j

applicable in other licensee submittals in response to certain NRC requirements for

ne wn
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AW 971154

Justification oflicensing e.dvance? nuclear power plant desigi.s.

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

(a) Demonstrate the design and safety of the AP600 Passive Safety Systems.

(b) Establish applicable verification testing methods.

(c) Design Advanced Nuclear Power Plants that meet NRC requirements.

(d) Establish technical and licensing approaches for the AP600 that will ultimately

result in a certified design.

.

'

(c) Assist customers in obtaining NRC approval for future plants.

Further this information has substantial commercial value as follows:

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

purposes of meeting NRC requirements for advanced plant licenses.

(b) 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 substantial 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,

um wn
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AW 97-1154
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The development of the technology described in pan by the information is the result of

applying the results of many years of expeilence in an intensive Westinghouse effort

and the expenditure of a considerable sum of money.

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

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

having the requisite talent and experience, would have to be expended for developing

analytical methods and receiving NRC approval for those methods.

Further the deponent sayeth not.

ne wn
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Attachment I to Westinghouse Ixtter DCP/NRC0996 ,

:

DATE . ADDRESSEE DESCRIPTION

5/19/97 Sebrosky Advance draft of RAls on WCOBRA/ TRAC.

5/22/97 Sebrosky Advance drall of NOTRUMP RAI - 440.339.
..

5/25/97 Sebrosky Advance drafl of WCOBRAffRAC discussion items.

5/30/97 Iluffman Advance discussion item responses on WCOBRA TRAC CAD.
a

i
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ENCLOSURE 2 TO WESTINGIIOUSE LETTER DCP/NRC0996
(NON PROP.RIETARY VERSION OF ENCLOSURE I)
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AP600 Project .'
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Memo |
; i

j l

i To: Joe Sebrosky
1 i

i Fro m Eati H. Novendstem

CC: 8. McIntyre (NRC Informal Propnetary Corr-spor,Gwrc. File) B. Rang, R. Kemper, D. Gamer !

L. Hochterter, F7.5.1.6
i

Dates Monday, May 19,1997

Re WC/T V&V LTC RAls

Joe,
.

:
,

Attached are acctbonal RAlt, that wil be issued in the next several days, t have marked ther.i DRAFT,

only because they are not transmrtted by a formal letter. No text mil change when formally transmrtted.

f P' ease grve to Lambrose and B411. Many thanks.

:

.
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NRC REQUEST FOR ADDITIONAL INFr)RMATION
----..
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W

RAI 440.589

The trends in the WCOBRA/ TRAC anaNses of the OSU SB01 test show on overprediction ofinte: tion
flow and on underprediction of exot flow. Extrapolation of these trenas wouldlead to a conclusior that
the calculated reactor vessel water level wdlnot fit the test data wellbeyond the end of the window.
SpecificalN, figures 5.13 to $.1 10 show that the injection flow rate is higher than the corresconcing
measured value. Figures $.1 11 and 5.1 12 indicate that the injected water ter"cerature 4
considerabN lower. Figures 5.1 16 and 5.1 18 indicate that AOS 123 and AOS 4-1 flows are tower.
If these trends continue, the calculated totalinjected water would be much greater than the test data
shows end the calculated total boiloff and water esiting the RCS would be much less than the test'

data. This would result in an erroneousN high volve for the calculated reactor vessel water level
sometime beyond the eed of the window, Westinghouse should consider extending the window width
(by 3 to 4 times the current length of 1000 seconds) to demonstrate that the eventual trend stabilizes
and balances with the final vessel water level consistent with the test date.

Response:

As provided in Ref. 440.5891 and discussed in the ACRS meeting on March 28,1997, Westinghouse
has performed several calculations of 3000 seconds in length which indicste no soiution divergence.
In each of the cases, comparisons with the OSU test data were as favorable at 3000 secor ds as at

the end of the original 1000 second window and for the Extended Time Sensitivity, the results at the
end of 3000 seconds of calculation time were shown to be idenocal to calculations 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 vesselinflow equals total vessel outflow for the OSU test
comparison cases once the quasi equilibrium solution has been reached,

it was noted at the ACRS meeting that the reactor vessel collapsed levels are systematically low ( the
conservative directioni. Two factors contnbute to this bias. First, as discussed in the WCOBRA/ TRAC
Code Qualification Document (WC/T COD), WC/T tends to over predict liquid entrainment in the large
break scenario. The equivalent eMoct in the Long Term Cooling (i.TC) scenat is to carry out liquid
from the upper plenum too easdy and thus reduce the collapsed liquid level to a value below that
observed in the tests. A second factor which contnbutes to the under predicted liquid level is the
coarse noding in the top of the core and the bottom of the upper plenum, see Figure 2 2 in Ref.
440.589 2. To evaluate the impact of this noding, the Seccon 3 channels in the upper plenum, which
were previously one cet high, were divided into three vertical cells. A set of calculations were
performed for OSU Test 5801, during sump operation, in the ame penod from 18.000 seconds to
19.000 seconde. The comparison of the upper cienum levels and downcomer levels is attached in
Fgures 440.589 2 through 440.589 5. The upper plenum level is shown to be increased by 0.5 to
0.6 inches with me finer noding. Similier results are observed in the hot leg levels. The increased
number of vertical ce41s has a less significant effect on the downcomer level. While this does not show
a major effect on the vessellevels, it does show the trend it is noted that, the coarse noding wea
retained in the core itwo vertical cells) and the radial noding in the upper plenum was not altered.
Thus, additenal improvements in level calculanons are expected if a more detailed noding is used.

440.589 1

. _ _ _ _ - _ _______



_- - . __ _ - . . _ . . _-

.

.

. - - - - - - - . _ . . . . . .

NRC REQUEFT FOR ADDITIONAL INFORMATION

=

..

As was discussed at the ACRS meeting, the WC/T comparison with S801 was the least accurate of
the comparisons in Ref. 440.589 1 and Ref. 440.589 2. There are several factors which contribute
to the differences in this comparison,if the uncertainiti% in the measured flow rates are not considered
for the moment. First as shown in Table 440.5891 'ine 4, the WC/T calculated total ADS flow rates
are in good agreement with the total OSU measured ADS flow rates, even though the agreement
between the respective ADS 41 and ADS 4 2 is less a,ccurate. However, as previously reported, the
total DVI flow rates, line 7, do not compare f avorably with 1.09 lb/sec calculated by WC/' versus 0.88
lb/see measured at OSU. The divergence between the calculated and measured DVI flows from the
IRWST lines, Figures 5.13 and 5.14, is more pronounced as indicated in Table 440.5891 lines 10'

and 14. The major stwrce of this discrepancy can be seen with a re sc3 led plot of the break flows,
see Figure 440.189 6.nd 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 vesselinflows 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 es significantly under predicted, Table 440.5891 line 8. Thus, the over
prediction of the IRWST flows into the OVI lines is offset by an under prediction of break flow. This
discrepancy is considered to be partially the result of measurement uncertainities on the OViline flow
rates. For example, the measured DVI flows from the IRWST are 0.17 lb/sec and 0.215 lb/sec with
a 2a uncertainity on each of .10.076 lb/sec. Thus, the flow rates measuremerits are have
uncertainities of .t 45% and t. 35% respectively. Of more importance is the fact that the magnetic |

flowmeters, used for the liquid portion of the break flow, were not calibrated for reverse flow (into the
vesse0 and are only useful for showing trends. Thus, the data uncertainty clouds the conclusions
which can be drawn from this specific test comparion and leads to the conclusion that the entire set
of comparisons must be viewed together if valid conclusions are to be drawn.

In conclusion, the 1g.131 vessel inflows and Lalat vessel outflows, lines 4 and 9 in Table 440.589 1
balance quite well for both the WCN calculation and the OSU test. Note, that all the individual values
were checked when it was found that the measured break flow was mis estimated due to poor sr aling
of the integrated breakflow plot, Figure 5.1.14. The component flows do not compare as well and this
is considered to be onmanly the result of the uncertainties in the measured flow rate:;. The argument
that the calculations are not pnmanly at fault lies with the accuracy of the remaining compansons.
This is demonstrated in Figures 440.589 8 throu'gh 440.589-11 taken from the ACRS presentation.

References

440.589 1. NSO/NRC 97 5014, 'WCOBRA/ TRAC Long Term Cooling Letter Report *, D.Ctarner,
March 10,1997.

440.589 2. WCAP 14776, 'WCOBRA/ TRAC OSU Long Term Cooling Final Venfication Report', D.C.
Garner, et. al., November 1996.

Report Revision:
None

440.589 2
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Table 440.5891

58 01 Quasi Equilibrium Flow Rates During
Period from 14.500 to 15.000 Seconds

Line WC/T Calculated 0SU Measured

No. Flow libm/sec) Flow (!bm/ sect

Ves sel Outflows
e. s

~ 9
1. ADS 1, 2, 3 0.005
2. ADS 41 0.463
3. ADS 4 2 QJ.11
4. Total Outflow (1 + 2 + 3) 1.197

ygsnel Inflows

5. Total DVI.1 0.535
6. Total DVI 2 0.555
7. Total DVI (5 + 6) 1.090

8, 2* Break Row (into vessel) (LQ2Q
9. Total inflow (5 + 6 + 8) 1.160

1.125

DVI Line Comoonent Rows

10. IRWST/DVl.1 0,370

0.16511. Sump /DVI.1 -

12. CMT 1/DVI.1 0.000
13. Total Ovi 1 (10 +11 +12) 0.535

14. IRWST/DW2 0.290 **
15. Sump /OW2 G.165

16. CMT 2/DW2 QdQQ * *
17. Total DW2 (14 + 15 + 16) 0.555

-

'' Figure 5.14 includes 0.100 lbm/sec from CMT 2 with IRWST flow

440.589 3
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WC/T Total inflow / Total Outflow Comparison
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Upper Plenum Liquid Level Comparison
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Downcomer Liquid Level Comparison
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Reactor Vessel Total Inflow Comparison
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Reactor Vessel Total Outflow Comparison
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rat 440,590

Page 5 34, 5th paragraph states that the discrepancy shown in the upper plenum cakulated pressure (fig.
$ 2 2) is due to the uncertainty of the measured pressure values. However, uncertsonty cannot account
for a one sided ddference unless some specalinstruments have been used. Please account for the above
statement and the discrepancy of measured to cakukted values.

Response

As discussed in the revised response to RAI 440.563, Mor Test SS10 the pressure measurement
transducer was clasoffied as unreliable, so the upper plenum pressure is based on a different pressure
tranducer than is used for the other tests. For this reason, the WC/T prediction of pressure in Test S810
relative to the data is rd considered to be appropnete in ansessing the capabety c4 WC/T to model th6
OSU tests.' As shown in the attached Figure 440 5901 from the ACMS meeting of March 28,1997 upper
head (and upper plenum) pressures dunng the penod of tronodion to sump intacton and beyond are in the
range of 15.6 to 16 0 psia independent of break size and location. Thue, the OSU data value of 17.7 peh
reported for $510 is consedered to be unreliable and inappropnate for asessement of the WC/T presqure
prediction ceabW.

Report Revlelon:

None

.

440.590 1
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R Al 440.591

The cakutatonal window for SB t 0 sump injecten ikw (Figures 5 2 5 and 5 2 6) slope at 14 500 seconds.
This wondow does not envebp a signifcant change on the sump injecten ikw shown on the CSU test dats
which occurs when the sump onjection vakes open. Sirm:0 the sump isoJetoon vanes opened at t4 800 ;

<

seconds, the statt believes the wrndow shouki continued to at least 16.000 seconds to gtve
WCOBRA/ TRAC the oppotfuntry to oakuente full sump onjection ikw.

Reeponeet

Westinghouse has performed the suggested calculation and provided the results in Reference 440 591 1.
The resuns can be found in Figures 2 51 through 2.5 2s of that report together wrth the fol6omng

,

iparagraph from that report.
'

!
The mndow selected was from test $510 was indieted at 13.500 seconds, near the end of IRWST injection
and extending to a time of 16.500 seconde at wNeh time both surg check vanes and sump isolation |vanes were fulY open. This calculation is an extension of calculation 5.2 in Reference 440 5912. The
mndow included a penod of upper plenum liquid level decree.se fotomne the swechover to sump flow and

j

a subsequent penod of inertased core steameng rates due to lower DVI line flow retos and higher DVI line
|

i

liqued temperatures. These condaions were calet,4sted mth tensonable accuracy as demonstrated in
Figures 2.5 23 and Figure 2.3 21. The total DVI line flow rates into the vessel oorgared wet eth th; :est

i

I

data dunng the extended time period as irdcated in Figurse 2.3 7 through 2.310. It is noted that the
sumo and IRWST flow rates and directione are also reasonable well predicted dunng this penod except
in portens of line 1 in the ponod following opening of the surg isolation vake, Figures 2.5 3 and 2.5 5.|

in this pened, the calculated flow from the sump to the IRWST is hsgher than measured flow. Of particular
,

signecance, however, is the fact that the correct quasi equilbnum solution is obtained near the end of the
transient. The demonstrates, that after a signifloant porturtistion to the boundary condmons (opening of

i the sump isolation vakes), the solution m8 adjust the flow conditione and retum to the correct values, it
o further noted that, dunng this penod, the reactor vessel levels were not segnificanth influenced;

I

| Ceforences

440 591 1. NSONAC 97 6014, 'WCOSRA/ TRAC Long Term Cooling Leser Report', D C. Gamer, March
10,1987,

j 440 5912. WCAP.14779. WSRA/ TRAC OSU Long Term Cooling Final VenAcation Report', D.C.
Gamer, et al., Noverv6er 1998.

Copert Revision:

None

g 440.591 1
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R Al 440.592

Westinghouse assessment of the OSU S812 test states on page 5 66 that * the surro !bw was unhibited
in this calculaten' Why was this done? How as the companson of surnp tbw rates meaningtvl wnh this
manipulaten of the cabulation ? CovId another test be substituted for this test witMut inhibiting sump flow 1
What is unique on this test for the WCOBRNTRAC long term cooling validaten?

Response:

Test S812 data records do not contain a sign #ficart penod of sump inject 60n. As a result. WC/T calculaton
compansons in the sump injection penod were considered to be for too short a penod to be meaningful.
Further, any deviatens from the measurements could not be investgated through extensen of the window
penod. Thus, the companson with S812 is intended to address onty operatlon with flow from the IRWST
and is included to show the LTC performance for a DEO Dired VesselInjection Line Break.

Subsequentry, a calculation compartson has been done w:th S801 from 18.000 to 19,000 seconds when
the the surry isolation valves have been opened and the levels in the IRWST and the sump have
equilibrated. At the start of this cortparison, the equitrium surrp/lRWST conditlons have been
established for over 2000 seconds so that the comparison addresses specitically sump in}ection. The
compansons provided in Fgures 440.5921 through 440.592 28 show good oortpanson with the CSU data
with the following vanatens noted:

1. The reactor vessellevel cortpartsans are low by 6 to 7 inches in the downcomer and 3 to 4 inches
in the upper pienum, Figures 440 592 24 and 440.592 23, which is typecal of other test comparsons

and is in the conservattve direcion,

: 2, The core cosapsed liquid level is low by about 2 inches, again a devotion in the conservat><e

| directen.

3 The Total DVI Flows, Figures 440.592 4 and 440.59210 show deviation of +0 040 and +0.065
b/sec which is within the 2 sigma uncertainity of the flow measurements of + 0.077 kWsec.,

4. The break flow measurements, Figure 440.592 14, show the same negative trend as the data,
however since the megnetic flow meters were not calNeted for negaeve flows this companson a
not signmempt.

5. As has been helcated in a subsequert RAI , the low flow rates of the ADS 13 which are tess than
the measurement uncertainity render this compenson insignecant

Based on the resuas of this conparison,4 appears that WC/T prov6 des a satisfactory waskequlbrium )
soluten for LTC dunne surfp operat6on wet anor the end of tRWST inkcalon. |

Report RevLelon: None

440.592 1g
i
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A Al 440.593

In Figure 6 8, the measured and oakulated ratos of the onflow ard outfbw are a functon of time. Now
would these rates change of the calculatons were performed for knger time ontervals.

Response:

As indicated in the report, the valuce presented are the quasi equilt>rtum values for the four WC/T vs. OSU
compansons. As such, they are average values over penods of 600 to 700 seconds. While all of these
cases have not been extended to 3000 seconds, Test S810 has been. The time wise variations are
contained in Table 440.5931. For the WC/T resuns, the maximum vanation between total flow in and total
flow out occurs between 15.000 and 15.500 seconds. This ooinedes with a slight reduction in vessellique
inventory in the upper plenum dunng this penod as indicated by Figure 440.5931. Similiarty, the OSU test
data indicates a penod of time from 14.000 seconds to 15.000 seconds during which tne outflow exceeds
the inflow by approximately 6%. This also corresponds to a reduction in upper plenum inventory, Figure-

440 593 1, although there appears to be a tin,e shdt of approximately 500 seconds. Consdenng the
uncertainity in the flow rate measurements, this agreement is considered good, in any case, the verlatlon

L in the outflow to inflow parameters with time is small consdenng vanations in OVI line flows in this penod
of transition from IRWST injection to sump iniection.

Table 440.5931

Total Vessel Outflow / Total Vessel inflow for SB10

Time Penod WC/T Total Outflow / OSU Total Outflow I
(seconds) TotalInflow Totalinflow

, k. 6
,

14.000 to 14.500 0.994
14 500 to 15.000 1006.

15.000 to 15.500 1.063
15.500 to 16.000 1.026
16.000 to 16,500 1 044 .

Report Revision:

None

.

440.593 1
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R Al 440.594

How were the boundary conditions of pressure, temperature, and void fracten at the break applied? Page
51 WCAP t4776 states that the break separatorlevel, temperature, andpressure were used to determine
the boundary conditior's. However, page 5 4 states that reverse flow from the break separator into the cold
leg could not be predeted while page 5 5 states that reverse flow was predicted. Simliar statements
appear on page 5 93. When reverse ibw Is prodcted, is the innowinto the reactor coolant system at the
approprate conditions based on the measurements In the break separator? If so, isn't the separator
emplettfy rnodeled through the applied boundary condotions?

Response:

The statement 'The simulation did not model that break stoarator, so reverse flow into the cold leg
because of the break seperator tilling cannot be prodcted' whch appears on page 5 4 and also on page
5 93 is an odnonal error, The draft for the report was bassd on the Prelimmary Validation Report, LTCT.
GSR 003, whch contains this statement. In Reference 440 5941, tN break seperator was modeled as
a sanWoource corrponent with the appropnate pressure, temperature and liquai level. The sentence wil
be removed in the Revision 1 to Reference 440.591 1, *

References:

440.5941 WCAP 14776, 'WCOBRA/ TRAC OSU Long Term Cooling Final Venficaten Report', D.C.
i

Gamer, et. al., Novertter 1996.

Report Revision:

. None
!
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RAI 440.596

In WCAP 14776, the predicted downcomerlevel was 15 In. below the measured value for Test SB23. The
predcted level was beJow the elevation of the OVIline while the measured level ntes at the bottom of the
cold leg. The discrepancy is much larger than the error for the other tests (abou' 5 in ). Is this aiscrepancy
for Test SB23 significant? Why was prodcted downoomer level norse for this test? -

Response:.

*

The predicted vessel levels in Test SB23 can be understood most clearty when compared to S801 since
the pnrnary drfference is the cold leg break flow area. Test SB23 approxrnates a no break calculation
since the hydraulic resistance of a t/2 inch break flow path is large wth roepect to the hydraulic resistance
of the DVI lines, a factor of approxirnately 40 greater than the IRWST to vesselline and a factor of 6 to 8
greater than the surry to vessel line. Conversely, for the 2 inch break $801 test, the hydraulic resistance
of the break is 16 times larger and the break is the roughly equrvaient of having a third DVIline; assuming
that the break separator liquid level is equal to the IRWST level. The separator 'evel is lower but only ;

slightly so dunng the penode of the window modo calculations. Whee the reverse break flow rnagnaudes
are suspect due to lack of calbration, it is noted that the indicated break flow rate for the S801 test'ia -
0 260 Wsec versus 0 022 Wsec for the SB23 test. Thus, test S901 has a sagrwficantly different balance
of the inlet to outlet hydraulic resistances than SB23 and an increase in the alculated liquid levels of about
4 5 inches in the downoomer and correspondingly in the core plus the upper pienurn. With a signrficanty
reduced inlet flow resistance and an increased vessel through flow of only 5% to 10%, it is reasonable to
expect the vessel liquid leve4s to be grea'er for the S801 test. Thus, ll is concluded that the calculated
lower levet for SB23 should be expected and does not represent an anomaly in the data compensons.

Report Revision:

None
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RAI 440.596

WCAP 14776 states (page 6 2) that the pressure drop across the AOS 4 lines is relatively small comparea
to the resistance of the OVIlines. Whart are the calculatedinctonalpressure drops across the ADS 4 lines
and OVIlines dunty sump Injecten for one of the tests? What is the predicted vord traction at the AOS
4 flow nonlos for the correspondity penod?

Response:
,

During the earty penod of IRWST injection when steam formation in the core is minimal. the pressure
losses across the ADS 4 valves are small wah respect to the DVI line losses. Wlth the inniation of
significant boiling in the core, the two phase pressure losses in the ADS 4 vanes shrft the balance of
pressure losses. The calculated fnctional pressure drops across the ADS 4 lines and DVIlines dunng
sump injection for a 50 second penod of SS 01 Sump injection are provided in Figures 440.5961 and
440 596 2. These resuRs are taken from the 1000 second window calculation provided in response to RAI
440.592 The short window is being provded wth a pont frequency of 0.1 seconds to accurately show the
pressure drop and ved fraction fluctuations. This window is considered to be representatNe of the larger
window and to the general condalon of sump injection. The void fractions in the ADS 41 and ADS 4 2
vanes are provided in Fgure 440 596 3

Based on the results s . wn for the sung injection phase, it is concluded that the DVI line pressure drop~9
and and ADS 4 pressure drop are of similiar magnstude during this period. The statement on page (6 2)
will be revised as fonows:

"The ranking of this parameter has been reduced from high to medium The basis for the reduction is
sensArv4y studies, varying the ADS Stage 4 valve losses, which indicated no significant offects on the levels
in the core and core coolabellty during LTC. Therefore, me uncertainity in parameters such as the flow
regime and separaten at tfw ADS toe are of reduced inportance, and comparisons of the ADS Stage 4
flow rates wth WCOBRA/ TRAC are sufficient for the validation of the code pressure drop calculation."

The sensalvRy stud 6es whch suppott this conclusion are discussed in the response to RAI 440.597.
,

Report Revision:

WCAP.14776, Page 6 2, paragraph 2.
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R Al 440.597

WCAP t4776 states on page 6 2 that sensittvity calculations showed that the calculated levels sete not
sognificantly affected by AOS 4 losses. Where are these sensitivity calculations documented? How sensttive
was the total flow through the pnmary system to the AOS 4 losses dunng sump injection?

Response:

The sensrtNrty to ADS 4 pressure losses has been calculated for the S8-01 window period of 18,000 ,.

second to 19.000 second dunng.which the flow to the DVI lines comes entitcly from the sump. In this
calculation the loss coefficient of the ADS 4 vanes was increased by 50% in both loop 1 and loop 2. As
shown in Table 440.597 1 below, the total flow through the primary system decreased by approximately
19%. Corresponding % the collapsed liquid levelin the vessel decreased by 0.40 inches. The change in
vessel levels is shown in the attached Figures 440 5971 through 440.597 4. The rate of steam generation
in the core increases from approximately 0 85 bnysoc. to 0.95 bm/sec to corgensate for the reduced
injection flow rate.

Table 440.5971-

'

SensitNety of Vessel Conditions to 50% increase in
i

ADS 4 Pressure Loss Coefficient (Test S8 01) !

Reference +50% ADS 4 K, Vanation
Total Vessel inflow Calculation Calculation

DVl.1 (IbrWsec) 0426 0.368 ;

DVI 2 (ibnysoc) 0.440 0.3G2

2' Break (Ibm /sec) p 99[ 0,9.11
Totals 0954 0.776 19 6%

,

,

Total Vessel Outtlow

AOS 1. 2,3 (IbrWsec) 0.021 0.021

ADS 4-1 (brWsec) 0.303 0.220

ADS 4 2 (tm/sec) 9,331 0, }L1,
Totals 0.959 0.772 18.6%

Upper Pienum level (in) 6.1 5.7 0.4 in
Downcomer Level (in) 57.5 57.1 0.4 in

Steam Generaten in Core 0.850 0.950
(Ibrwsec)

,

Report Revision: None
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R Al 440.598

The catulated upper plenum liqud levels shown on WCAP t4776 are not consistent wrth the presentaten
Westinghouse trade to the staff on March 12, 1991. For example, figure 5.123 of the report shows that
the entulated levelis about 14 in. for Tsst SB 01 while page 45 of the presentation matenal shows that
the calculated levelis about 9 in. Why are the caaculated results different between the report and the
presentation?

Response:
'

The upper plenum collapsed liquid levels reported in WCAP 14778 were based upon an inappropnate'

selection of upper plenum channel for calculatmg 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 pienum, channel 15 and channel
50. Channel 15 m an annular global channel kr,ated adpcent to the oore barrel and does not see core
outlet flow intenng at the bottom. Channel 50 is the core outlet channel and all flow from the core enters
this channel. Due to the desire to minimize the number of nodes, these channels have onh one vertical
node for the 11.9 inch he@. As a consequence, the global channel tords to have a high liquid fraction
over the entire height while the core outlet channel more correctY reflects the core outlet void fraction.
Using the void fraction in the global channel 15 voduoos an unrealistody high indication of upper plenum
collapsed liquid level which sigrwficanth exceeo the collapsed liquid level in the downoomer. Conversey,
use of the channel 50 void fraction in the collapsed liquid level calculation produces level which compares
favorab4 with the downcomer collapsed liquid level and reflects the manometnc relationship between the
two flow channels. Thus, subsequent to the WCAP, aE reported upper plenum collapsed liquid levels
raflect the voed fraction n channel 50. The WCAP we be todated te slao reflect this basis for the upper
plenum lovels.

Report Revision:;

I WCAP 14776. Pages 34,3 22,3 38,3 64,5 28,5 59,5 86, and 5118.

i
:

|

i
.

440.598 1
3 WWElll4heues

|
|

I



._

'

.

I
~

l

.

NRC REQUEST FOR ADDITIONAL. INFORMATION
,

-,

:- _

General Comment 1.i

Westinghouse snauki consider including the measured and calculated bss factors for the AOS 123 and
ADS 4 flow paths on Table 3 7.

Response:

Pressure loss coefficients tot the OSU ADS 123 and ADS 4 tines and vanes were calculated from single
'

phase handbook data and based on the physical dimensions obtained from the piping drawings. Thess
values were input to WC/T which calculated two phase multipliers based upon the local fluid conditons.
Satisfactory pre <>perational test data was not available for comparison. As reported in WCAP 14252. the

ADS 123 line resistance was measured. however, the entice plate, designed to simulate t!J vanes, was
not installed No tests were performed in this test senes to determine the pressure loss coefficients of the
ADS 4 lines and valves.

Report Revision: None

. .

General Comment 2.

The report correaty states that the mass tkw through the ADS I23 valves was neghgbe dunng the kng-
term phase. The compansons between the cakulated and measured vakes are then charadented as
exceIIent for Test $810. fair for Test S812, arnt good kr Test SB23. The vanaten in charactenzatens ss
inappropnate cons >denng the uncertainty in the date. According to Apper.dct O of WCAP 142$2. the
uncertasnty W| the ADS 123 liquid flow measurement (FMM 401) in 1.342 gom or about 0. t8 knVsec, which
as much greater than the measured vakes. Furthermore, since the levelis near the bottom of the
pressunzer dunng the kng. term phase, no liquid now wouM be emocted through AOS 123. Steam ikw
through ADSt23 woud be expected, but no reHab6e measurements of the steam now are availab6e
because the unstruments were not ranged property kr the kng-term phase. In fact, the reported steam
(Aow rate (FVM 601) was less than zeto, whch is clearly smossde, clunnp the window penod kr three of
the four tests. Thus, the start has conckde that the ADS 123 now me.xsurements are very uncertain and
that the apostent driferences in the "goochess' of the compensons for the tests are not meaningkl.

Response:

In rettespect, we agw. The discussion on the ADS 123 flows in WCAP 14776 wd be modttied to reflect
the sqnsticance of me urucettainty in the vapor flow measurements.

R0 port Revision:

WCAP 14776. Page 5 35 para. 4, Page 5 66 para. 4. and Page 5 93 para. 5.

M0.GC 1
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General Comment 3.

The cabculated DVI 1 flow rate reported in the text on page 5 65 for Test SB12 (0.67 lbnVs) is unconsistent
woth figures 5 5 3. 5 3-4, and 61 (about 1.2 lbnVs). Similatty, page 5 66 states that the total calculated
ADS 4 flow is 1.12 lbnVs whole Figures 5 314. 5 316. and 6-6 indcate that it is about 1.35 lbnvs. These
apparent aiscrepancies between the text and figures affect the global mass balance discussion on page
5 67 as well as the summary of results presented In Secten 6 (including Rgure 6 3).

Response:

The calculated DVI 1 flow rate reported in the text on page 5 65 fx Test SB12 should have been 1.14
lbm/sec and the total calculated ADS 4 flow on page 5 66 should have been 1.35 bm/sec. The values on
pages 5 66 and 5 66 were taken from a tabulation which included a earlier WC/T calculation for Test SB12
and had not been updated to reflect the plots in the WCAP. Pages 5 65 and 5 66 will be updated
appropnateh, Section 6 was developed from an updated table and contains none of the earty calculational

,

results.

Report Revision: .
.

' WCAP 14776. Pages 5-65 and 5 66.

General Comment 4.

The mass ratto compensons shown on Figure 6-8 appear to be contradctory. The ngure shows that the
rato of flow out to flow sn as greater than unity for the tests (indcating that vessel levels should be
decreasing) and less than unity for the oak:ulatsons (indmahng that vessel leveis should be Increasing).
Thus, the trends of the cabculaten appear to be wrong. The text shcuid justnfy why these results are
adequate.

Response:

The text wdl be todated to renect a re-evaluaten of the predicted ratioe which were presented at the ACRS
meeng and which .wed that WC/T inflow and outeow are equal. Figure 440.GC4-1. The deviations in
the measured raka results pnmanh frorn the uncertainny in the vessel inflow and outflow test
measurements. This is s.3 Acant when the negative break flow rates become large, such as in Test SB01,

since the flow meters were not calibrated for reverse flow at OSU. This effect is discussed in detailin RAI
440 589

Report Revision:

WCAP 14776. Page 6 3
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WC/T Total inflow / Total Outflow Comparison
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RAI 440.sse

The trends in the WC08MA/TMAC ons&ses of the OSU S801 test show an overprediction ofinjection
flow and on underprediction of exit flow. Extrapolation of these trends wouldlead to o conclusion that
the calculated reactor vessel water level willnot fit the test date well beyond the end of the window.
Specificat4, figures 5.13 to 5. I.10 show that the iniection flow rate is higher than the corresponding
measured value. Figures 5.111 and 5.1 12 indicate that the injected water temperature is

i considerab4 lower. Figures 5.1 !$ ond 5.1 18 indicate that ADS I23 and AOS 41 flows era lower.
~

If these trends continue, the calculated totalinjected water wouM be much greater than the test dots
'

shows and the calculated total boiloff and water exiting the MCS wouM be much less than the test
dots. This would result in an erroneous 4 high value for the eseculated reactor vessel water leveli

~ sometime beyond the end of the window. Westinghouse should consider extending the window widthi
'

(by 3 to 4 times the currentlength of 1000 seconds) to demonstrate that the eventual trend stabilizes
| and belances with the final vessel water level consistent with the test dets.
I

Responses

| As provided in Ref. 440.5891 and discussed in the ACRS meeting on March 28,1997, Westinghouse
has performed several calculations of 3000 seconds in length which indicate no solution divergence.
in each of the cases, comparisons with the OSU test data were as favorable at 3000 seconds as at

the end of the original 1000 second window and for the Extended Time Sensitivity, the results at the
end of 3000 seconds of calculation time were shown to be identical to calculations started 2000
seconds later and run for 1000 seconds, in addition, Figure 440.5891 was presented at the ACRS
meeting which demonstrates that total WC/T vesselinflow equals total vessel outflow for the OSU test
comparison cases once the quasi equilibnum solution has been teached,

it was noted at the ACMS meeting that the reactor vessel collapsed levels are systematicaHy low ( the
conservative direction). Two factors contnbute to this bias. First. as discussed in the WCOBRA/ TRAC
Code Qualification Document (WC/T C00), WC/T tends to over predict liquwt entrainment in the large

| break scenano. The equivalent effect in the Long Term Cooling (LTC) scenano is to carry out liquid
i from the upper pienum too easdy and thus reduce the collapsed liquid level to a value belew that

i
observed in the tests. A second factor which contnbutes to the under predicted liqued level is the

! coarse noding in the top of the core and the bottom of the upper pienum, see Figure 2 2 in Ref.
| 4a0,589 2. To evaluate the impost of this noding, the Secoon 3 channels in the upper plenum, which
; were previously one ces high, were divided into three vertical cess. A set of calculations were

i performed for OSU Test $801, durtne sump operation, in the time period from 18,000 seconds to
19.000 seconds. The componeen of the upper pienum levels and downcomer levels is attached in
Figures 440.50s 2 through 440.549 5. The upper pienum level is shown to be increased by 0.5 to
0.8 inches with the finer noding. SimNi results are observed in the het leg levels. The increasedc

I number of vertical cets has a less siendicant effect on the downcomer level. Whde this does not show
a maior effect on the vessel levels, it does show the trend, it is noted that, the coarse noding was
retsened in the core (two vertied cells) and the radial noding in the upper pienum was not aMered.
Thus, additional improvements it' level calculations are espected if s more detailed noding is used.

?
-

|
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1
i

L____-_-_______ -__ _ _ _ _.____ _____-- - -- _ , -- . - - - - . . - - , -



- - -. . -- ~ - . - - ._ - - - ..

.

.

'

.

I~
NRC REQUEST FOR ADDITIONAL. INFORMATION

'

~

:
.

I As was discussed at the ACRS meeting, the WC/T comparison with SB01 was the least accurate of
'

the comparisons in Ref. 440.589 1 and Ref. 440.589 2. There are several f actors which contributu
to the differences in tnes comparison,if the uncertainities in the measured flow rates are not consider 9d
for the moment. First as shown in Table 440.5891 line 4, the WC/T calculated total AOS flow rates

,

are in good agreement with the total OSU measured AOS flow rates, even though the agreement
between the respective ADS 41 and ADS 4 2 is less accurate. However, as previously reported, the
total DVI flow rates,line 7 do not compare f avorably with 1.09 lb/sec calculated by WC/T versus 0.86
!b/sec measured at OSU The dwergence between the calculated and measured OVI flows from the
IRWST lines, Figures 5.13 and 5.14, is more pronounced as indicated in Table 440.5891 lines 10
and 14. The major 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 vesselinflows 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 is significantly under predicted Table 440.5891 line 8. Thus, the over
prediction of the IRWST flows into the OVIlines is offset by an under prediction of break flow. This
discrepancy is consitiered to be partially the result of measurement uncertainities on the OViline flow
rates. For example, the measured OVI flows from the IRWST are 0.17 lbisec and 0.215 lb/sec with
a 2a uncertainity on each of 10.076 lb/sec. Thus, the flow rates measurements are have
uncertainities of 145% and 135% respectively. Of more importance is the fact that the magrietic
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 conclusions
which can be drawn from this specific test comparion and leads to the conclusion that the entire set
of comparisons must be viewed together if valid conclusions are to be drawn,

in conclusion, the 19.131 vesse! inflows and intal vessel outflows, lines 4 and 9 in Table 440.589 1
balance quite well for both the WC/T calculation and the OSU test. Note, that all the individual values
were checked when it was found that the measured break flow was mis estimated due to poor scaling
of the integrated breakflow plot, Mgure 5.1.14. The component flows do not compare as well and this
is considered to be primarily the result of the unconsinties in the measured flow rates. The argument
that the calculations are not primarily at fault lies with the accuracy of the remaining comparisons.
This is demonstrated in Meutes 440.589 8 through 440.58911 taken from the ACRS presentation.

.

Referencee-

440.589 1. N80MIC 97 5014, 'WCOBRA/ TRAC Long Term Cooling Letter Report *, D.C. Gamer,
March 10,1997.

440.589 2. WCAP 14776, *WCOBRA/ TRAC OSU Long Term Cooling Mnel Venfication Report *, f.i C.
Garner, et. al., November 1996.

Repert Revision:
None
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Table 440.5891

SS 01 Quasi Equilibnum Flow Rates Dunng
Penod from 14.500 to 15.000 Seconds

Lme WC/T Calculated OSU Measured
No. Flow (bm'sec) Flow (tmsec)

.

Vessel Outflows (at en
, _

1. ADS 1, 2, 3 0.006
2. ADS 41 0.463
3. ADS 4 2 9,221
4. Total Outflow (1 +2+3) 1.197

<

Vessel Inflows
'

5. Total DVI 1 0.536
6. Total DVl 2 9,}H
7. Total DVI ($ + 6) 1.000

8. 2' Break Flow (into vessel) 9,,Q772

9. Total Innow (5+4+4) 1.160

DVI Une Component Flows

10. IRWSTOVI 1 0.370
11. SumsvDVl 1 0.166
12. CMT1CVI1 M
13. Total DVL1 (10+11+12) 0.536

14 IRWSTOVI 2 0.290 "
15. SumpCVI 2 0.166
16 CMT 2CVl-2 M"
17 Lal DVk2 (14+1h16) 0 556

. .

Figure 5.14 cciudes 0.100 twvvesc from CMT 2 wth IRWST flow"

i

440.589-3
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Upper Plenum Liquid Level Comparison
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Downcomer Liquid Level Comparison
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Reactor Vessel Total inflow Comparison
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rat 440.5D0

Page 5 34. Sth paragraph states that the discrepancy showst en the paperplenum calculatedpressure (Pg
5 2 2) Is due to the uncertainty of the measuredpressure values. However, uncertamty cannot account
for a one sided 09ference unless some specalinstruments have been used. Pleau nooount for the above
statement and the discrepancy of measured to cakuinted values.

Response

As discussed in the reWeed response to RAI 440 563 Mor Test $810 the preuure measurement
transducer was claudied as unreliable, so the upper plenum pressure is based on a ddferent pressure
tranducer than is used for the other tests. For this reason, the WC/T prediction of prouure in Test S810
relattve to the data e not consdered to be appropnato in assessing the capabildy of WC/T to model the
CSU tests.' As shown in the attached Agure 440 5901 from the ACRS meeting of March 28,1997, upper
head (and upper plenum) pressures dunng the penod of transAion to sump injection and beyond are in the
range of 15.6 to 16 0 psia independent of break site and location. Thus, the OSU data value of 17.7 psia'

reported for SB10 is considered to be unreliable and inappropnate for assessment of the WC/T preuuteprediction capatHidy.
-

Report Revision:.

None

4403901
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R Al 440.591

The calculatenal wundow for $810 sump injecten Ibw (Figures S 2 5 eM $ 24) slope at 14,500 seconds.'

This wondow does not envekp a sognifcant change in the sump injecten ikw shown on the CSU test data
which occurs when the sump onjection vanes open. Sonce the sump sootetoon vakes opened at 14.000
seconds, the staff believes the wsndow shoukt continued to at least 16,000 seconds to give
WCOBM/TMC the opportuMy to calculate fuH surnp onjection ikw.

Reeponse:

Westinghouse has performed the suggested calculation and provided the resuns in Reference 440.591 1.
The results can be found in Figures 2.51 through 2.5 28 of that report together with the following
paragraph from that repod.

The window selected was from test $610 was indiated at 13,500 seconde, near the end of IRWST injection
and ex1ending to a time of 16,500 seconds at which time both surg check vakes and sump isolation
vanes were fully open. This calculation is an extension of calculation 5 2 in Reference 440 5912. The
window ircluded a penod of upper pienum liquid level decrease fonowing the swachover to sump flow and
a subsequent penod of increased core steaming rates due to lower DVI Ene flow rates and higher DVI line
tiquad temperatures, These condtions were calculated wth reasonable accuracy as demonstrated in
Figures 2 5 23 and Fgure 2.3 21, lhe total DVI line flow rates into the vessel oormared wet wth the teet
data dunng this extended time penod as indicated in Figures 2.3 7 through 2.510, it is noted that the
sump and IRWST now rates and directions are also reasonable well predidad dunng this penod oncept
in portons of line 1 in the penod fotowing opening of the sury isolation vake Figures 2 5 3 and 2.5 5,
in this penod, the miculated flow from the sump to the IRWST is higher than measured flow, Of particular
segndeance, however, is the fact that the correct quasi equilbnum solutson is obtaaned near the end of the
transiert This demonstrates, that after a signacant perturbation to the boundary condetions (opening of
the surg inonstion valves), the solution wit aquel the flow condaions and retum to the correct values, it
c further noted that, dunng this penod, the reactor vessel levels were not vf.; n:h innuenced,

Referencee

'

440 591 1, NSCVNRC 97 5014, 'gCOBRA/TMAC Long Term Cooing Leser Report', D.C. Gamer March
10,1997.

40 5912, WCAP 14TM, 'gCOBRVTRAC OSU Long Term Cooling Fetal Verincation Report', D.C.
Gamor, et. at, Neverr6er 1998.

.

Copert Revision:

| None

i

440391 1
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H Al 440.592

Westinghouse assessment of the OSU SB.12 test states on page 5 66 that * the surnp tbw was inhibited
on this calculaten'. Why was this done? How is the compenson of sump tbw rates meaningful wnh this
manipulation of the calculation ? Could anothat lesf be substituted for this test wnhout inhibiting sump tbw?
What es unoque in this test for the WCOBRNTRAC kng term cooling validatun?

Response!'

Test S812 data records do not contain a :gndicant penod of sump injection. As a result, WC/T calculation
compansons in the surm injection penod were considered to be for too short a period to be meaningtui.
Further, any deviations from the rneasurements could not be investigated through extension of the window
penod. Thus, the companson wah $512 is intended to address only operation wRh flow from the IRWST
and is included to show the LTC periormance for a DEG Direct Vesselinjection Line Break.

Subsequentty, a calculation comparison has been done with $601 from 18.000 to 19.000 seconds when
the the surg isolation vanes have been opened and the levels in the IRWST and the surm have
equilibrated. At the start of this corgarison, the equilbrium sump /lRWST conditions have been
established for over 2000 seconds so that the comparison addresses specdically sump injection. The
compansons provided in Fgures 440 5921 through 440 592 28 show good companson wnh the OSV data
with the followog varistens noted:

1. The reactor vessellevel corgartsons are low by 6 to 7 inches in the downoomer and 3 to 4 inches
in the upper plenum, Fgures 440.592 24 and 440 592 23, which is typealof other test comparsons

and is in the conservattve direcion.

2. The core colapsed liquid levet is low by about 2 inches, again a dovution in the conservatke
directen.>

3. The Total OVI Flows, Figures 440.592 4 and 440.59210 show deviatlon of +0 040 and +0 065
A .077 Wsec.Wsec which is wthen the 2 sigma uncertairwy of the flow measuremerts of 0

4. The break fisw measuremerts, Figure 440.592 14 show the same negative trend as the data,
however since the magnetic flow meters were not caibrated for negative flows this compartson is'

not signianent

5. As has been Micated in a subsequert RAI , the now flow rates of the AOS 13 which are less than
the measuremert uncertaewty render this cong insigrwncant.

Based on the resu8s of mis comparison,4 appears that WC/T provu$es a sat 6sf actory quasbequilbrium
soluten for LTC during sus 4 operation wet aner the end of IRWST inW

Report Revleton: None

i M C.592 1
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R Al 440.592 t

Westonghouse assessment of the CSU $012 test states on page 5 66 that * the surro Ibw was inhobored
on thus calcunten* Why was thos done? How is the cornpenson of sump tbw intes mennongful with this
tnanipulaten of the onkuletron ? CouM another teet be subetRuted for the teet without onhntuting sump ibw1
What os unnque un a test for the %C00MAffM4C kng term coolbg vahdaten?

Responee: ,
*

i

Test SS t 2 data records do not contain a segrwhcant penod of sump rp. As a result, WC/r calculaten
'

,

companoons in the sung miscten penod were coneadored to be for too ahort a penod to be meaningful.
Further, en/ devletons from the measurements could not be irwestigated through extensson of the wmdow
penod. Thus, the companoon wth SS12 is intended to address onh operation wth fbw from the IRWST
and is included to show the LTC performance for a DEG Deeet Veeeel Injection Line Brook.

Subsequently, a calculaten companoon has oeen done with S801 from 18,000 to 19.000 seconds when
the the eune moisten vakes have been opened and the levels a the IRWST and the sung have.

equelbrated. At the start of this cortpanoon, the equibnum sump 1RWST condmons have been
establiehod for over 2000 seconds so that the companoon addresses specahoally sump intecten. The

i oompanoons provided in Figures 440.5921 through 440.592 29 show good companoon wth the OSU data
with the followng vanatene noted:

1 The reactor veeeel level corrpanoons are low by 6 to 7 inches in the downoomer and 3 to 4 mches
in the upper pienum, Figures 440.592 24 and 440.592 23, which is typical of other test comparsons4

and a m the conservalke chrocten.

2. The oore c-:"U j ligued level is now by about 2 mehes, ageen a devoten m the conservatrve
directen.

3 The Total DVI Flows, Figures 440.592 0 and 440.59210 show devoten of +0 040 and +0 066
Wsee which a withm the 2 engme uncenamey of the flow measuromonts of f,,0.077 Wsec.

4 The break flow measuremerts, Figure 440.592 t4, show the same negatrve trend as the data,
however ames the magnets flow meters were not cahbrated for negatrve flows this companoon is'

not sagndicant.

6 As has been butiested in a aseequent RAI , the low flow retos of the ADS 13 which are less thani

the measurement uncertandy render the cortpanoon resgrwhcant

Basd on the reeues of the cortpenson, at appears that WC/T provutes a satisfactory quass equibnum
soluten for LTC dunng sump operaten well after the end of IRWST intection

Report Revision: None

440,592 1g
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RAl 440.863

In Agure 6 0. the measured and onkulated retos of the ontkw and ourtlow are a functon of tome Now
noukt these rates change if the calculatern were performed for bnget time Intervals.

Response:

As indicated in the report, the values presented are the quaseequilbnum values for the four WC/T vs. OSU
companoons. As such, they are average values over penode of 600 to 700 seconde While allof these-

cases have not been en1 ended to 3000 seconde, Test S810 has been. The time wise vanatons are
contained in Table 440 5931. For the WC# resuns, the maximum vanaton between total flow in and total
flow out oocurs between 15,000 and 15.500 seconde This coincidea wth a slight reducten in vessel liquid
inventory in the upper plenum dunng this penod as indicated by Figure 440.5931. Similiarty, the OSU test
data indicates a penod of time troen 14.000 seconde to 15,000, seconde dunng which the outflow exceeds
the inflow by approximate 9 6% This also conceponds to a reducten in upper pienum inventory, Figure
440593 1, although there appears to be a time shaft of approximately 500 seconde Considenng the
uncertainity in the flow rate measurements, this agreement is coneadored good, in any case, the vanation
in the outflow to inflow parameters wah time is smed coneadonng vanstone in DVI line flows in this pened
of trannston from IRWST intocton to sump inloction

Tab 6e 440.5931

Total Veneel Outflow / Total Veeeel inflow for $510

Time Penod WC/T Total Outflow / OSU Total Outflow /
(seconds) Total inflow Total inflow

*'' ' '14 000 to 14.500 0 964 -

14 500 to 15,000 1.006
15.000 to 15 Sno 1.063
15.500 to 16,000 1.026
16.000 to 16.500 1 044

Repor1 Revtalen:

None

440.583 1g
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R Al 440.5N

How were the bour%1|ary condMoons of pressure, temperature, and vo4 frecten at the break apoked? Psge
5 1 WCAP.14776 states that the break separefor level, temperature. andpreneure were used to determine
the boundary condttoons. However, page $.4 states that reverse flow from the breek separator onto the coM,

leg coud not be predered while pope 5 5 states that reveme tkw non predered. Simloor statements
appear on pepe $.93 When reverse Ibw is predered, e the ordlow oneo the reactor cooksnt system at the,

appropnete CondMoone beSed on the meeeurements in the breek separator? If so, thon't the seperator
empleCMy modem through the 4pphed boundary condMnone ?

,

Reepense:

The statement 'The semulation did not model thel break esperator, so reverse flow ireo the ooid leg
,

because of the break Wor filling cannot be prodcted' wheh appears on page S-4 and also on page'

5 93 e en odnonal erfor. The draft for the report wee bened on the Preimnery Validation Report, LTCT.
.

GSM 003, which contenne the statement. In Reference 440 5641, the break esperator was modeled as
a senWoource conponent wth the appropnete prosaure, formereture and liquid level. The sentence we
be removed in the Reveson 1 to Reference 440.591 1.

*

References:
|

'

440 5941. WCAP.14776, '500RVTRAC OSU Long Term Cookng Final Venication Report'. D.C. i,

Gamor, et. al., Noventer 1996. !

Report Revtalen:

None

.
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R Al 443.594

In WCAP.t4776. the prodcted downcomerlevel nos 15 In below the ineasured value for Test SB23 The
predcted level nos tMHots the elevaten of the OVIlone while the measured level was et the bottom of the
con leg The (4:ncrepancy se much istger than the error for the other teets (about 5 on ). Is this discrepancy
to= Test $823 sognrhcant? Why nos predered downoomer level norme for the teet?

,

'

Respenne:
'

The predcted vessel levens in foot $823 can be understood most clearh when compared to $501 since
the pnmary ofMerence is the cold leg break flow area. Test $323 approximates a no break calculation
since the hydraule recetance of a 1/2 inch break flow path is large wth roepect to the hydraulic roeislance
of the DVI imes, a factor of approximateh 40 greater than the IRWST to vessel ime and a factor of 6 to a

'

greater than the sump to vessel line. Corwersoh, be the 2 moh break S501 test, the hydraulee resistance
of the break is 16 times larger and the break is the rou0hh equrvalent of havmg a thwd DVIline; assumeg,

.

that the break separator hquid level is equal to the IRWST level. The separotor level is lower but onh
' slightty so dunng the penode of the wmdow mode calculatens. Whde the reverse break flow magnaudes

are suspect due to lack of caittsten, a is noted that the edicolod break flow rate for the S801 test is .
,

; O 260 Waec versus 0 022 Wesc for the 5823 test. Thus, test S801 has a segndicanth different balance )
of the inlet to outlet hydrauhc reestances than S823 and an mcrease in the calculated hquid leveis of about,

4 5 inches in the dr.iwnoomer and corteepondmgh in the core plus the upper p6enum. Wah a segnificanth '

reduced enet flow toestance and an increased veneel through flow c) onh 5% to 10%, it is reasonable to j
expect the vessel liquid levets to be greater for the 8801 test. Thus, a is concluded that the calculated

,

lower level for $523 should be expected and dose not represent an anormh m the data companoons.

Repoet Revision: |;

None
,

i

l

440,595 1
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RAI 440.896

WCAP.f 4776 states (page 6 2) that the pressure drop across the AOS 4 Iones ss reaettvely small compared
to the resistance of the OVIlonee What are the calculated inctonelpressure drope acrone the AOS 4 Iones
and OVIlones dunng sump Injecton for one of the tests? What is the pre &cted vood tracten at the AOS
4 Ik>w noulee for the correeponding pered?

Response:

Dunng the earty penod of IRWST injecten when steam formaten in the core is minimal, the pressure
losses across the ADS 4 veNoe are small weh roepect to the DVI ime losses. Wah the intiation of

8signrhcant txximg m the oore, the two phase pressure losses in the ADS 4 vanes shift the balarme 0
pressure lossee The calculated fnetonal pretoure drops across the ADS 4 knee and DVI lines dunng
sump intocton for a $0 second penod of 58 01 turg mpacten are provided in Figuree 440 $961 and
440 596 2. These roeuts are taken from the 1000 second undow calculation provided m toeponse to RAI'

440 $92 The abort endow is bosng provided with a pnni frequency of 0.1 seconds to accurato9 show the
pressure drop and voed tracten fluctuations. Thas endow is conesdored to be representative of the '.arger
wmdow and to the general condason of sump mtecten. The voed freceons in the ADS 41 and ADS'4 2
vanes are provided m Figure 440 596 3

Based on the resuRs shown for the surg intection phase, a is concluded that the DVI line pressure drop
and and ADS 4 prosauro drop are of sminar magnnudo dunng this penod The statement on page (6 2)
will be revised as follows:

'Yhe renhng of this parameter has been reduced from high to medium. The bases for the reduction is
sensarvey studsee, varying the ADS Stage 4 veno loesee, which indicated no sagn#ftcant eff ects on the levels
in the core and oore coolahdwy dunng LTC. Therefore, the uncertamey in parameters such as the flow
regime and separaton et the ADS toe are of reduced ir@ortance, and corgensons of the ADS Stage 4
flow rates mth _WCOSRNTRAC are sufhesent for the vahdaten of the code pressure drop calculation *

The sensarvey audios whsch support the conclusson are docussed in the response to RAI 440 597.

Report Rev6s6en:

WCAP t 4776, Page M, paragraph 2.

440.596 1

_. __ __ ._ _ ___



. . _ _ . _ . _.. _.

e )

.

.
.

NMC MEQUEST FOR ADDITIONAL INFORMATION
.

R Al 440.597

WCAP t4776 states on page 6 2 that sensittvity calcuktons showed that the cakulated levels sete not
significantly affected by AOS 4 keses Where are these sonstitveycabulatoons documented? How sensttive
was the totalibw through the pnmary system to the AOS-4 beses dunng sump onjecton?

ReeP0 hee!

The senefttvrty to ADS 4 pressure losase has been calculated for the 88 01 vnndow penod of 18.000.

second to 19.000 eeoond dunng which the flow to the DVI imes comes entroly from the sump, in the
calculat on the lose ooefficent of the ADS 4 veNes woe incrossed by 50% in both loop 1 and loop 2. As
shown m Table 440 5971 be6ow. the total flow through the pnmary system decreased by approximate 4

,

'9% Corroepondingly, the collepoed liquid level in the veeeel decreased by 0.40 inches. The change m-

veteellevele e shown in the attached Figures 440 5971 through 440 597 4. The rate of steam generston
in the core increases from appromenate9 0 96 bm/sec. to 0 96 km'sec to corrpensate for the reduced
miection flow rete.

Table 440.5971
'

SenestNey of Vessel Conditone to 50% increase in
ADS 4 Pressure Loos Coeffbent (Test $8 01)

Refetance +50% ADS 4 K Veneton
Total Vessel inflow Calcunston Calculaten

DVl 1 (bm'oec) 0426 0.364
DVl.2 (btrveec) 0460 0 392
2' Break (Ibm /sec) 2,ggi 9,9,11

Totale 0.964 0,778 19 6 %

Total Vessel Outflow

ADS 1. 2. 3 (Ibervesc) 0.021 0.021

ADS 41 (brtvoec) 0.303 0.220
ADS 4 2 (bnvesc) g,,gg 9,H1,

Totals 0.969 0.772 196%

Upper Plenum level (in) 4.1 5.7 0 4 in
Downeomer Level (in) 57.5 57.1 0 4 in

Sieam Genersten n Core 0860 0 960
(Ibrrvsec)

Report Revlelon: None

440.597 1g
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R Al 440.894

The catulated upper plenum Itqud levels shown on WCAP 14776 are ret consistent wrth the presentsten
Westinghouse made to the staM on March 12.199L for example. Figure $.123 of the report shows that
the cetunted levelis about 14 on for Test SS Of whole page 45 of the presentaten inntenal shows that
the cakunted level 1s about 9 *t. Why are the cakukted reeutts different between the report and the

' presentaten?

Response: i

The upper plenum collapsed liqud Weis reported in WCAP 14776 were based won an inappropnate
belecten of geer p6enum channel for ca6culatog the level m the WC/T p6otting package As shown m
Figure 2 2 of the WCAP, there two channens in Secten 3 of the wiper pienum, channel 15 and r<hannel

| 50. Channel 15 is an annular g6obal channel located adpacent to the oore barrei and does not see core
outlet fiow intenng at the bottom Channel 50 is the oore outlet channel and al flow from the core enters

'

this channel. Due to the deaste to mmim:20 the number of nodes, these channels have onY one vertical
node for the 11.9 mch heigN. As a ocneequence, the g6obal channel tends to have a high liquid traction
over the entire height whde the core outlet channel more correcth renects the core outlet vod fract'on.
Using the ved fracton in the global channel 15 produces an unreenshch heph mdcaten of upper plenum
collapsed liqud level which segrwhcanth exceeds the couapsed lequrd levelin the downoomer Conversey,
use of the channel 50 voed tracticn in the oonapsed liqud level ca'culaton produces level whch compares
f avoraby with the downcomer cellapsed isqud level and re6ects the marometnc retabonship between the
two flow channets, Thus, subesquent to the WCAP, au repetted upper pienum collapsed liqud levels
reflect the voed fracton m dannel 50, The WCAP vnll be trdated to also reflect this basis for the upoor
plenum loveis

Report Revie6en:

WCAP 14776. Papee 3-4. 3 22,3 38,3 54,5 28. 5 59,5 te, and 5118.

44o.ssug,
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General Comment 1. |
1 ,

Westunghouse shol,6d consider oncluding the measured and cakulated bas factory for the AOS 123 and |

AOS 4 lbw paths on Table 3 7.

Meepenee,t
1

Pressure bas ooetAciente for the OSU ADS 123 and AD3 4 lines and vanes were calculated from single
,

phese handbook date and bened on the physsoal dimenssons obtained fmm the papeng drewmge. These
values were input to WC/T which calculated two phase multipliore based toon the local fluid conditions.
Satietectory pre. operational teet data was not avadable for comparison. As reported in WCAP.14262, the

ADS 123 line reesstance was mo64ured, however, the onAce piele, designed to esmulate the vakse, was
not inetailed. No toets were performed in this test senes to determme the pressure loes coefficiente of the

! ADS 4 linee and vaNet.
'

Report Revision: f4one <

'

,

General Comment 2.
:

The report oonectly statee that the maan Now thmugh the AOS 123 nn|ne nee nephgbee dunng the bng-i

term phase The companoons between the cakuieted and meaewed valune are then cherectented an
excenent for Teet SS10, Aer for Teet SS12, and good kr Teet $8t3, The venenon in charactentanone in
onappropnete conscienne the uncertainty in the dele. Accordng to Appendk O d % CAP.14252, the
uncertamry in the AOS 123 kpad Mow aneasurement (Fw401) in f.342 spm or about 0.18 brWsec, which.

as much greater than the menewed vaAueo. Furthermore, smoe the bent in near the bottom d the
: pronounter dunne the longHerm phane, no kpad now wou6d be emected thmugh AOS 123. Steam ikw

through ADS 123 would be anpocted, but no rehetde measuremente d the steam now are avanieble
becouee the matrumente were not ranged propedy nor the JongHerm phene, in fact, the reported steam1

ibw rate (FVM401) wee been then toro, whnch ie'cleady M-^ ^ ^ %, dwmg the winciow penod kr three of
the four teete. Thus, she seeW han conokde that the ADS 123 now meaewoments are very uncertain and
that the apparent dnForenoon h the *;-:-:-2 :' d the companoone for the toete are not meanegM.

Responae:

In retrospect, we apes. The hm on the ADS 123 Rows in WCAP.14776 we be moddled to reflect
the sgndianoe of gw uncertainey in the vapor flow measuromonts,

Report Revtston:

WCAP.14776 Page 5 36 para. 4, Page 546 para. 4, and Page 5 93 para. 5.
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General Comment 3.

The calculated DVI 1 lbw role reported on the text on page 5 63 for Test SB12 (0 87 lbnys) os onconsistent
wsth figures S $ 3, S 3~4. and 6 t (about t 2 birVs). Sim16eny, page $46 stette that the total calculated
AOS 4 flow as 1. I2 bervs whole figuree $ 314. $ 316. and 64 indcate that It is about 1.33 lbtrVs. These

; appetent discrepancoes between the text arni Mgures affect the geobal mass belance discussoon on page
3 67 as well as the summary of results presented in Seceon 6 (including F"gure 6 3).

Response:4

The calculated DVI 1 flow rate reported in the text on page 5 66 for Test SB12 should have been 1.14
lbm/sec and the total calculated ADS 4 tiow on page 5 66 should have been 1.36 brrv'sec. The values on
pagee $46 and 546 were taken from a tabulation which included a ser16er WC/T calculatKm for Test $512

'
and had not been updated to reflect the plots o the WCAP, Pages 546 and 5 66 vnll be updated
appropnete4. Section 6 wee developed from an update ' *ble and contano none of the earty calculat6onal
reoutts.4

Repoet Revlolons i,

,

i

WCAP.14776, Pagee 546 and $46.

General Comment 4.

The innan reso corrpensone shown m F9ure 64 appear to be contrackctory. The Mgure shows that the
rate of tbw out to Ikw m in greater then uruty for the teete (indcarmg that vessel levele shouM be
decreearng) and leen then unty for the ceicudetione (inanceting that veneet levede should be increesong).
Thus, the trende of the oescu6etion appear to be wrong. The text shou 6d juotty why these reeutts are
adequate.

Response:

The text wdl be updated to renect a re evaluation of the predacted ratios whch were presented at the ACRS
mesteg and wNeh showed that WC/T mRow and out6ow are equal, Figure 440.GC41. The devstene o
the measured ruelos resulte pnmanly from the uncertacey in the vessel innow and outflow test
measuremente, TNe le signfloent when the nogetke break now rates peoome large, such as in Test SB01,
smce the flow meters were not omisbrated for reverse now at OSU. This effect le discus 6ed in detail in RAI
440 500

Report Revie6on:

WCAP 14776. Page 61

44o,oc a g
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WC/T Total Inflow / Total Outflow Comparison
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Brian A. Mc IntyTe
!

! f p, g
To Joe Sobrosky

i

from Ear 1 H. Nove

B. McIntyre (NRC informal Propnetary Correspondence File), B. Rang, Bob Osternecer,CC:
; L Hochrener, F7.51.3
'

Dates Thursday, May 22,1997

I lies NOTRUMP RAI 440 339

i.

i Joe.
1

AMached is our response to the above RAI on NOTRUMP sensitMty studies. I have marked them
DRAFT ony because they are not transmrtted by a formal letter. No text mil change when formaffy

}

transmrned.

Please give to Ralph and 84 Many thanks.!
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Question 440 339

Re. WC AP 14:06 (NOTRUMP C AD)
On Page 416,4 tem 2, it is stated that since no change to the numerical scheme has been made to NOTRUMP that
no noding not time step studies are needed. The INEL disagrees with this statement. $tnce the successful
performance of the panive safety systems depend on the accurate modeltng of the small pressure differences that
characterue AP600 phenomenological behauor, node and strne step sue can affect the magmtude of these small
pressure differences driving the flow tri the system. Pleue provide time step and nodalunion studies to justify the
APMO nodaluation.

Regottse:

In addition to the nodalisation studies performed and included m the level twell portion of the NOTRUMP Final
Vahdation Report, Re'erence 440 33?.I (sectiorts 4 2 5 and 4.3 4), other studies were performed. Sumrnaties of
three of these studies are attached || PRHR nodtng,2) CMT nodtog, and 3) AP600 time step sensitmry study.

.

440.339 1gmg
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PRHR NODING STUDY

The results of the calculations presented in the NOTRUMP Preliminary Validation Reporu tReferences
4.80 3391 & 2) for virious break sites for both the SPES and OSU test facilities showed underprediction
of the PRllR heat transfer and a corresponding oserprediction of the PRilR outlet temperature. To
understand this difference between the test and NOTRUMP results, a PRllR nodalization study was
conducted with a more detailed PR11R model for both the prtmary and secondary side of the PR11R. The
nodalization study was performed using the SPES PR11R Model. This study was performed inIwo pans:

Put 1, described below as the " Stand.Alone PRiiR Model*, is developed based on the SPES 2
PRilR geometry. This part, as the name indicates, models only the PR11R of the SPES 2 test facility
and is connected to boundary nodes at the inlet and outlet of the PRilR.

Part 2, involves renodalization of both the prtmary ard secondary side of the SPES 2 PRi{R test
facility and simulation of the I inch and 2 inch cold leg break transients.

Part 1 - (Stand Alane PRfiR Model Based on the SPES-2 PRIIR Geometry)

The purpose of this ponion of the study is to determine the effect of alternate noding of the primary side
of the PRilR. The IRWST is modeled as two nodes as in the Preliminary Validation Report. Three
different noding schemes are studied as shown m Figures 440 3391 through 440.339 3. The first scheme
is a three node PRI{R model(Figure 440.3J91). This model provices a basis for the rest of the study.
The second model (Figure 440 339 2) is a four node PR11R model, with two horizontal nodes to model
the top horizontal section of the PR11R piping. The third model(Figure 440 339 3)is a Sve node PRi{R
model, with three horizontal nodes to model the top honzontal section of the PRHR piping. Two
boundary nodes, one at the entrance and the other at the eait of the PR1{R were modeled at subcooled
fluid conditions, with the inlet now varytng between 1.0 and 0.175 lbm/sec (with a flow velocity varying
between 8 4 ft/see and 1.7 ft/sec). Based on Reference 440 339 3, which indicates that a large fraction
of the total PRilR heat transfer occurs in the initial horizontal section of the PRHR rubes, it was believed
that renodalizat.on of the top horizontal section of the PRHR rube would result in closer agreement with i

the test data. However, the results of this study (discussed later) show that the horizontal nodalization
|

has negligible effect on the calculated PRHR outlet temperatures. This led to the renodalization of the
senical section of the PRHR tubes, which is discussed in Part 2 below. ;

1

Part 2 - (Mma.a f the SPES 2 Test Facilltyl )o

In this part of the study, both the primary D enical section) PRHR tubes and the IRWST were renodalized
to study the effect on the PRHR heat transfer. The SPES-2 model was chosen since it is believed to be
more critical; its transients involve the same temperature gradients between the pnmary system and the ,

IRWST as the AP600 plant. Two different noding schemes were chosen for the vertical section of the
'

440.339 2 T Westinghouse
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PRiiR rube. The Orst model(Figure 440 339 4) is a four node model and the second model(Figure
440 339 5) is a 16 node model. The secondary side of the PRilR is renodalized (usmg 11 nodes) which

includes an indvence zone described below.

Innuence Zone

The innuence zone modelis shown in Figures 440 339 4 and 440.339 5. Smaller stre Guid nodes tsee
below for additional details) are modeled in the region surrounding the venical section of the PRilR tube
to fonn a hydraulle channel around the tube. The remaining ponion of the IRWST it modeled with latge
site nodes. This method is chosen because the PRiiR will be heating a relatively small ponton of the
oserall IRWST water volume in the region near the PRitR rubes and will cause a recirculation now due
to bouyancy effects within the IRWST. This allows for more accurate prediction,of the PR11R heat
trarufer and a bener match to the test data. The original SPES 2 model used in the prelimmary validation
calculations (Reference 440 3391) consisted of a two node IRWST and only one node had heat links
connected to the PRilR rube, so no circulation was simulated.

3D/3D Influence Zone Siodel

The boundary of the influence tone is Orst calculated as 3 times the PR11R rube outer diameter, based
on the expertmental data (Reference 440 339 5) showing that the water temperature drops to bulk
temperature of the tank moving outward radially from the tube wall. The IRWST is divided cross-
sectionally mto two paru: the m0uence zone (nodes 166 through 170) and the rest of the tank (nodes 171
through 176). The 3DI3D corresponds to the effective flow area of the heat links calculated based on
three times the PRitR rube diameter and the hydraulic channel Guid node volume and now link flow area

also calculated based on three times the PRilR rube diameter.

3D/5D innuence Zone Stodel

To increase the amount of secondary side water that the PRiiR rube interacts with, the influence zone
Guid node volume and now link now area are tnereased to be based on Ove times the tube outer diameter,
while the effective flow area of the heat links are maintained at three times the tube diameter, The large
innuence zone model allows more liquid to be heated and mixed arourd the PR11R tubes, thus affecting

the PRilR heat transfer characteristics.

440.339 3
g
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RESULTS OF PRHR NODING STUDY l

Stand Alone PRl!R Model Simulations !

The results of the stand alone PRHR model are shown in Figures 440 3394 through 40 33911. These
results indicate that renodalization of the horizontal section of the PRliR has very little effect on the
predicted PRHR outlet temperature (see Figure 440.33911). Figures 440.3394 through 440 339 9 show
inat the PRilR inlet temperature, is higher at the entrarv.e (0rst PRHR node til) as the number of
horizontal nodes increase. Tnis is expected with smaller node size, which has less heat transferred to the
metal. However, the temperature at the top of the Sertical section of the PRHR (or the end of the
horizontal section), varies very linie u the number of horizontal nodes are increased, This indicates that
the overall heat transfer in the horizontal ponion of the PRHR tubes has not changed very much due to
increased numtu of primary side nodes. This being the case, the Guid temperature predicted in the rest
of the PRilR show very little difference between the three cues analyzed. This led to the study of the
effect of increased nodes in the vanical ponion of the PRHR rubes which was performed as part of the
SPES 2 PRI{R sensitivity study,

increased Vertical PRHR Nodes and increased IRWST Nodes with influence Zone

The results of the SPES 2 tests simulation using the three diffferent nodalizations are shown in Figures
440 33912 through 440.339-41. Figures 440.33912 through 440.339 28 show the results of the 2 inch
cold leg break simulation. The PAHR inlet and outlet temperatures are contpared for the various cases
analyzed with the SPES 2 test data (Figures 440.33912 and 440.339-13). The ir' t temperature plots
show that there is negligible difference between the various cues presented, wh;ch is to be expected. The
PRHR outlet temperature is shown m Figure 440.33913 for the various cues analyzed. Comparing this
Agure to Figure 7 3.131 given in the Final Validation Repon (Reference 440.339 4), it is seen that the
more detailed noding affects the PRHR outlet temperature to a great extent in the first 200 seconds of the
transient, which results in lower temperatures as compared to the data. To get a bener understanding of
this temperature difference between the orio.inal model(presented in Reference 440.339-4) and the more
detailed model of the PRHR, the primai, secondary heat transfer within the PRHR was more closely

studied between the two simulations and oiscussed below.

The case with the 16 venical PRHR nodes with the largd innuence zone was chosen for this comparison,
since Figure 440,339 13 shows that the effect of the larger innuence zone (with the larger hydraulic
channel surrounding the vertical ponion of the PRHR tubes) is more pronounced than the effect of
increastng the number of nodes in the venical portion of the PRHR. Figures 440.33914 and 440.33915
are snapshots of the NOTRUMP results at 200 seconds and 700 seconds for the two cases, The primary
to secondary heat transfer rates at vanous representative sections (to shcw the trend) of the PRNR along
with the Guid velocity in the IRWST are given for the two cases. These figures show that the more
detailed secondary noding induces a recirculation now within the IRWST (which is not present in the

-

440.339-4
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original case) resulting in a higher heat transfer rate at the venical section of the PR11R and therefore
lower FRiiR temperatures. The now induced in the secondary side due to more detailed noding, places
it m the subcooled forced convection regtme. which results in a higher heat transfer rate. The higher heat
transfer rate is more due to the fact that the forced convection model uses the bulk Ouid temperature
rather than the saturation temperature (TJ u the heat sink. This indicates that the modeling of the
PR11R secondary side (IRWST) has a greater innuence on the PR11R hett transfer than mcreasing the
number of nodes on the PRilR primary side. The overall PRHR heat transfer and the primary to
secondary heat transfer for the vanous sections of the PRHR are plotted in Figures 440.33917 through
440 339 20. These Ogures show that the model with the larger inDuence zone does result in a higher heat
trarafer rate thus lowermg the PRHR nuid tenperature. Note that Figure 440 339 13 shows that the
outlet fluid temperature is underpredicted during the first 200 seconds of the trartsient. However, Figure
440 33917 shows that the oserall PR11R heat transfer is also underpredicted for the first 200 seconds.
This implies that the PRiiR heat transfer underprediction is due to a PR}{R now (Figur s 440.339 16)
which is too low early in the transient. Figures 440.339 21 through 440.339 29 show tht prtmary and
secondary pressures and the nows from the accumulators, CMTs, IRWSTs and the AD$ Suges 13.
These plots indicate that changing the PRHR noding hu r,cgligible effect on the overall trans ent and the
timings of the various events during the transient. These sensitivity studies were terminated at 1700 secs,
after which time the PRHR heat 9 rufer is not signincant.

Figures 440 339 30 through 440 339-43 show the results of the 1 inch cold leg break simulation. These
sensitivity studies were termmated at 4000 seconds for the 4 node model, after which time the PRHR
heat transfer is not significant. However, the simulation with the 16 node model was terminated earlier
at 2500 seconds, since sufficient information about the trends of the results are obtained by this ttme.
Plots presented are similar to those presented for the 2 inch cold leg break. The PRHR irtlet and outlet
temperatures are compared for the various cases analyzed with the SPES 2 test data. Only the cases with
the large m0uence zone are analyzed based on the results of the 2 inch cold leg break simulations.
Summarizing these results, it can be seen that the PRHR outlet temperatures are lower than those shown
in Figure 7.3 2 31 of Reference 440 339 4 for the same transient during the first 2000 seconds of the
transient, for the same reasons as in the 2 inch cold leg break case. The Ogures also show that the case
with the 16 vertical nodes results in slightly lower temperatures as compared to the case with the 4
senical nodes. The plou of the PRHR heat transfer rates are given in Figures 440.339 33 through
440 339 36. Figures 440.339 37 through 440.339-43 showing the primary and secondary pressures and
the Dows from the accumulators, CMTs, IRWSTs and the ADS Stages 13 indicate that the more detailed
noding of the secondary side has negligible affect on the overall transient and the timings, as in the 2 inch
cold leg break stmulanons.

440.339 5
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CONCLCSIONS OF PRHR NODLNG STUDY

Based on the results of t>.c PRHR noding study discussed abose, it is concluded that more detailed noding
of the PRHR prvn'..y and secondary side results in underprediction of the PRHR prunary outlet
temperatui.. carly a the transient (i c. overprediction of PRHR heat transfer). The prediction is better
later m the transient. However, the ov erall prediction is not sigruficantly irnproved using detailed noding.
As mdicated above, the mam reason for the underprediction of PRHR heat transfer m the base case is
underprediction of PRHR primary now. The more detailed noding of the PRHR secondary is not needed
and the original noding scheme with two secondary nodes is adequate for code validation, panicularly
since underprediction of the PRHR heat now rate will lead to censervative results.

.

stumme4 .
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CORE M AKEUP TANK (CMT) NODING STUDY

Tha secton summarues a nodmg study related to the Core Makeup Tank (CMT) The Oregon State
Uruversity (OSU) mtegral effects test SB23 (0 5 inch cold leg break) ts chosen for the CMT nodmg study,
due to the serdiuvity of this simulauen to the performance of the CMTs regarding thermal
strauhcanon/mtsmg effects.

The reference NOTRUMP simulabon for OSU test SB23 which is used as a base for comparaon in dus
CMT noding study ts documented in Sution 8.3 2 of Reference 440 339 4. Specthcally,it is the OSU SB23
simulabon idenufied as "ad usted', which uses cold truual CMT temperatures and 125% PRHR heatl
transfer area This caw employs a 4 node CMT model (as do all of the OSU, SPES 2, and AP600 plant
NOTRUMP simulabons), in which the sue of the CMT nodes varies from the smallest node at the top to
the targest node at the tettom (the total tank volume division is 10% in the top node,15% in the nest two
nodes down. .ind 60% in the bottom node). As explained in Reference 440 339-4, the adjustments in the
NOTRUMP simulation of OSU test SB23 were performed in an attempt to obtam a more reasonable
reptc5cntauon of the ADS Glages 1 through 3 actuabon umes. The concern mth the ongmal. 'unadfusted'
4-node CMT NOTRUMP simulabon of OSU test SB23, as reported in Reference 440 339-4, was a significant
(approximately 2000 seconds) delay in the predicuon of ADS actuation compared to the test data. Ttus
was attributed to a high core irdet temperature NOTRUMP prediction, which caused system
reprecurtiauon and resulted m delayed CMT drauung (and thus delayed ADS actuabon). The high core
talet temperature was caused in part by esceuive thermal mixing in the CMTs, so that the water leavmg
the CMTs was too hot compared to the test data, and underpredicted PRHR heat removal, e that the
water leavmg the PRHR was too hot compared to the test data. To confirm that CMT and PRIG model
dehciencies caused the poor predicuon, the NOTRUMP model was ' adjusted' mth cold trutul CMT
temperatures and 125% PRlG heat trarefer area. The adjustments lowered the core inlet temperature,
which ulumately resulted in AD3 actuation close to that of N test data, as reported m
Reference 440 339 4 The ' adjusted' can mth cold truual CMT temperatures and 125% PRHR heat transfer
area repteventS the best NOTRUMP simulabon of OSU test SB23 mth the 4 node CMT model.

The NOTRUMP CMT noding sensiuvity study for OSU test SB23 uses 20 equal nodes m each CMT. Three
NOTRUMP transients mth the 20 node ChR model are performed, and comparuons are made to the
" adjusted' OSU test SB23 simulabon mth the 4 node ChR model of Reference 440 339-4 (which hereafter
is referred to as the 'NOTRUMP OSU S823 4-node CMT reference case'). The first transient mth the
20. node CMT model employs the cold truttal CMT temperatures and 125% PRlG heat transfer area, in
order to provide a one-toone comparuon mth the NO17 UMP OSU SB23 4 node Chn reference case.
The other two transients are vanabon cases mth the 20. node CMT model, one mth noaunal uutal CMT
ten peratures and 125% PRHR heat transfer area, and the other mth nominal truttal Chn temperatures
an.t nommal PRHR heat transfer area. The pertment porton of the transient for this study is
0 to 2500 seconds (' transient part l' of the NOTRUMP OSU SB23 4 node CMT reference case), i,ruch
estends through ADS Stages 1 throu5h3-

rne nodmg diagrams for the NOTRUMP OSU 4-node CMT model are contained in Figure 8 2 2 of !

Refererce 440 339-4 foe the fluid nodes and flow links, and in Figure 8.2 3 of Reference 440.3M i for the

440.339 7
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metal nodes and heat imks The noding diagrams for the NOTRUNIP OSU 20-node ChtT model are
contamed m Figures 440 33944 through 440 33947. Figure 440 33944 contams CMT 1 Ouid nodes and
now imks, Figure 440 D9-45 rontams CMT 2 nuld nodes and now Imks, Figure 440 33946 eontams CMT4
metal nodes and heat lmks, and Figure 440 33947 contams CMT 2 metal nodes and heat links

RESULTS OF CMT NODING STUDY

In the fouowing docussions, the NOTRUMP OSU SB23 simulauons are referred to as Cues 1 tiuough 4.

Case 1 is the NOTRUMP OSU SBD 4 node CMT model mth cold CMT temperatures and 125% PRHR
beat transfer area (i e., the NOTRUMP OSU SB23 4-node CMT reference cue of Reference 440 339-4),

Cue 2 ts the NOTRUMP OSU SB23 24 node ChfT model mth cold CMT temperatures and 125%
PRHR heat transfer area;

Cue 3 ts the NOTRUMP OSU SB23 24 node ChfT model mth nominal Chft temperatures and 125%
PRitR heat transfer area;

Cue 4 ts the NOTRUMP OSU SB23 20-node CMT model mth nommal ChfT temperatures and
nommal PRHR heat transfer area.

Table 440 339-1 contams a comparuon of key event umes for these four cues. Table 440.339 2 lats the
figures which contam the plotted results for these cues. Figures 440.339-48 through 440 339 63 contain
plots of quanubes wiuch are directly applicable to this oft Ming study. Thm triclude CMT
temperature prolde plots for Cases 1 through 4 in Figur-s 440 33948 through 440 339 55, and companson
plots of all cues and the test data for Chfi bottom temperatures, CMT levels, PRHR oudet temperature,
core mlet temperature, and DVI temperatures in Figures 440 339 56 through 440 339-63. The remauung
figures 440 339 64 th nugh 440 339 70 contain plots of other key system quanubes. Note that the ume
scale ts 0 to 4000 seconds m all of the Figures 440 33948 through 440 339 70, to match that used m the
plots m Secuen 8 3 2 of Reference 440 339-4, for eue of comparwon.

For the one-to-one comparoon of the traruient results of Cue 1 and Cue 2 (ie., the straight comparuon
of the 4-node CMT model to the 20 node Chfr model mth no cther diHerences), the CMT bottom node
temperature plots (Figure 440139 56 for Chit 1; Figure 440.339 57 for CMT 2) show a decteue in the
thermal maing m the Chits with the 20 node CMT model. The bottom node of each CMT starts to heat
up early m Case 1, at approximately 200 wconds, whde m Case 2. the heat up begms later, at
approstmately 800 wconds. The Chft temperature prohle plots of Figures 44033948, 44033949,
440 D9 52, and 440.339 53 show that the hner noding in Cue 2 produces a more gradual decteue m the
temperatures from the top node to the bottom node of each CMT mth a flatter prolde near the bottom,
which also mdicates that thertral mixing is reduced in the CMTs mth the 20 node model The lower
outlet temperature of the CMTs in Case 2 directly leads to a lower temperature in the DVI nodes in
Cue 2. u mdicated m Figure 440 339-62 for DV11 and Figure 440 33963 for DVI 2. The DVI nodes ut
also affected by the m,wcuon of the accumulators, which are discussed bnefly below. Correspondingly,

440.339 8 YN
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Cue 2 has a lower core mlet temperature than Case 1 dces, u tndicated m figure 440 339-61. Durmg the
'

CMT drammg period and before ADS actuabon, the core mlet temperature m Case 2 ts lower than it a
in Case 1 by u much as approstmately 15 to 20'F. The other contnbutor to the core mlet temperature,
the PRHR oudet temperature, ts essentiauy the same m Cases 1 and 2 (as mdicated in Figure 440 339-60)
as espected, since both cases employ the 125% PRHR heat transfer area.

Regardir g the CMT levels in the Cue 1 to Cue 2 compartson, the OfTs start drammg slighdy earher m
Cue 2 compared toCue 1(Off t approstmately 40 seconds earlier and Chif 2 approstmately 60 seconds
earlier, referrmg to Table 440 3391) The CMTs then drain sughdy futer m Cue 2 than m Cue 1, as
indicated in the CMT level plots (Figure 440 339-58 for CMT 1; Figure 440 339 59 for CMT 2). Tha
behavior m the CMT levels leads to ADS actuation approximately 400 seconds earlier in Case 2 than m
Case 1 (recau from Table 8 3 21 of Reference 440 339-4 that ADS stage 1 actuabon occurs when the CMT
level relative to the bottom tap decrenes to 41 in. (3 4 ft.), plus 15 wconds). Relauve to the test data, the
CMT dram predicbon in Case 2 is poorer than it ts m Cue 1. De more rapid CMT dram rate in Case 2
compared to Cue 1 to related to the water m the smaller top node m the 20 node ChfT model reachmg
saturabon more quickly than the water in the target top node m the 4 node CMT model. De results and
trends of the other key system parameters (Figures 440 339-64 through 440 339-70) are smular m Cues 1
and 2. liowever,it is observed that the pressuruer pressure (Figure 440 33944), dunng the CMT drairung
penod and before ADS actuabon, decreates more in Cue 1 than it does in Cue 2 by as much as
approximately 40 psta. Conststent mth this, tie accumulators drain futer in Cue 1 than t'sy do in
Cue 2 during this pennd, as seen in the accumulator level plots (Figure 440 33945 'or ACC 1;
Figure 440 33946 for ACC.2).

Nest. includmg the more realtsue cases of nominalirubalCMT temperatures mth the 20-node CMT model,
Cases 3 and 4. m the comparison discuuton, it ts observed that the temperature of the bottom node of
each CMT (Figures 440 339-56 and 440 339 57) is almcst the same m Cases 3 and 4 (as is the cue with the
temperature of each DV1 node, per Figures 440 33942 and 440.33943). In both Cues 3 and 4, the heat
up of the bottom node of each CMT starts at approumately 800 seconds, which is analogous to the
behavior tn Cue 2 (it ts only shifted on the temperature scale due to the truttal CMT temperature
dtfference). Also the heat up rate of the bottom node of each ChfT before ADS actuabon is less m Cases 3
and 4 than it a m Cue 2. However, the test data indicates essentially no heat up m the bottom of the
CMT until after 2000 seconds, and only a sught heat up thereafter in the time penod just before ADS
actuabon. After ADS actuabon and before the CMTs drain completely, the rapid heat up of the bottom
node of each CMT in all three 20 node CMT cues (Cues 2 through 4) is simdar to that of the test data
Ot ts only shifted in time due to the ADS actuabon time diff tences). Cases 2 through 4 au have ADS
actuauon earlier than in Cue 1 (Cue 2 approstmately 40' .mds earlier, as stated above: Cue 3

approstmately 370 seconds eulier; Case 4 approstmately L seconds earber). The differences m ADS
actuauon times m Cues 3 and 4 as compared to Cue 2 are consutent mth the times at wtuch the CMTs
tegm dratrung. The PRHR oudet temperature is approximately the same m the cues mth 115% PRHR
beat transfer area (Cues 1 through 3), and this value is correspondingly lower than the PRHR oudet
temperature m Cue 4 mth nommal FRHR heat transfer area (see Figure 44033940). Although the
artificial increue of the PRHR heat transfer area to 125% of nommal in Cues 1 throu5h 3 yields a lower
PRHR oudet temperature which is closer to the test data than that of Cue 4 it is stdl considerably higher

440.339 9
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than the test data value (suggestmg that an artthetal merene of the PRHR heat transfer area to value
highet than 125% of nommal may tmprove it even more) In Cues 3 and 4 before ADS actuauon, given
that the CMT oudet temperatures are the same and the PRHR oudet temperature is lower in Case 3, the
core trdet temperature is correspondingly lower m Cue 3 than tn Case 4 (see Figure 440 339 610 in
general. the results and trends of the other key system parameters (Figures 440 339 M throuBh 440 339 70)
are close to each other in the three :0 node CMT cases (Cues 2 through 4)

CONCLUSIONS OF CMT NODING STUDY

The NOTRUMP OSU SB23 CMT noding study shows that the 20 node CMT model results tn a more
realauc CMT thermal stretthcabon/mismg representation, enough to cause a delay in the increau of the
CMT myction temperature to enable more reuonable ADS actuation times, compared to the 4 node CMT
model mthout ad ustments From the one-to-one compartson of the 4-node oft model to the 20 nodef
CMT model mth no other difierences (both having the artthetal cold inical C5.fi temperatures and 125%
PRHR heat transfer area), there ts a marked improvement mth the 20 node Chft model, m that it shows
a decreaw in thermal mtimg m the Chfis The onset of heat up of the bottom node of each CMT is
delayed sigruhcantly m the 20 node case, to approximately 800 seconds as opposed to only about
200 seconds m the 4-node case This ti soll earber than the test data, which shows no beat up m the
bottom of the CMT until approximately 2000 wconds. Although the actunuon of ADS ts predicted to
occur approximately 400 seconds carber in the 20 node cue than in either the 4-node case or the test (due
to a sbghdy f aster draining of the CMTs in the 20 node case), this is sttu much more reuonable than the
delayed (approstmately 2000 seconds) ADS actuabon m the ongtnal 'unad;usted' 4-node cue.

The return to nommal iruual Chft temperatures mth the 20-node ChfT model(whde retattung the 12$%
PRHR heat transfer area) yields results wtuch are not very different than those of the 20-node ChfT model
with cold trubal Chit temperatures (and 125% PRHR heat transfer area). This shows that the Chfi nodmg
ts suthcient to decrease the thermal mismg m the CMTs. such that it ts not neceuary to artthesauy
dectene the trubal CMT temperatures mth the 20 node CMT model. It ts also noted that the onset of heat
up of the bottom node of each CMT in the 20 node model ts independent of the trubal CMT temperatures;
the heat up of the bottom node of each ChfT m the 20 node model begms at approstmately 800 seconds
with either the cold or the noaunal trutt:1 CMT temperatures. The return to noaunal PRHR heat transfer
area with the 20 node CMT model(whde retairung the nommal truttal CMT temperatures) yields results
wtuch are not very different than those of the 20 node CMT model mth 125% PRHR heat transfer area
(and noaunal trut.at CMT temperatures) This shows that the PRHR performance is not as important as
the behavior of the Chfre (both the CMT outlet temperature and CMT level drairung) in this simulation.
However,it is true that aranciAUy increasmg the PRHR heat transfer area to 125% of nommal allows the
NOTRUMP prediction of the PRHR oudet temperature to more closely match the test data, suggestmg that
further mereasmg of the PRHR heat transfer area could improve it even more.

The conclusion of this study is that usmg more nodes m the CMTs represents a way to approstmately
simulate the CMT thermal stratthcanon effects, to help account for the lack of a CMT thermal stratthcanon
model m NOTRUMP. This techtuque can be used to improve the Chit outlet temperature behavior m
smau break transients This CMT noding study supports the conclusions of the independent auenments

440.339 10
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that are betng conducted for the preparabon vf the surrimary secbon for Revtsion 2 of the NOTRUMP
final Vahdabon Report for AP600. The surnmary secbon wtll tndicate that the lack of a CMT thermal
strattficabon model and the coarse noding used lead to sigruficant differences in the CMT outlet
temprature and resulting small break transients, but that the contmued use of the 4-node CMT model
ts *. votable because its effect on the transient ts conservauve (high core vuid fracbon. delayed ADS)

.
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Table 440.3391
OSU 5823 0.5 inch Cold Leg Break Events

5 ,-,

Event Test NOTRUMP NOTRUMP NOTRUMP NOTCUMP
(seconds) Case 1 Case 2 Case 3 . Case 4

(seconds) (seconds) (seconds) | (seconds)
'

CMT 1 Starts 114S 1105 1135 1160

Draming

CMT 2 Starts 1165 1105 1135 1155

Drammg

ADS Stage 1 Open 2276 1871 1909 1947

ADS Stage 2 Open 2323 1910 19 % 1994

ADS Stage 3 Open 2383 1978 2016 2054

ADS Stage 4 Open *2891 2198 2230 2261

Accumulator 1 '2579 2183 2236 2278

Empty

Accumulator 2 '2582 2188 2239 2281

Empy - -

Explanation of NOTRUMP ' Cases * in Table 440.339 1

Case 1: 1 node CMT s.gid mitial CMT temperatures,12}3 PRHR heat transfer area;
(the NOTRUMP OSU SB23 4 node CMT referen:e cue from Reference 440.339-4);

Note: these events in Cue 1 occurred in part 2 of the transient (wtuch wu started at*

2500 seconds), in We,'s P PRHR was removed from the model.

Cue 2; & node CMT,191d scF.a CMT temperatures,11}3, PRHR heat transfer aca;
icase for one to one comparuon mth Cue 1; only dttfererce is 20 CMT nodes tnstead of 4).

Cue 3 & node CMT, nominal irutal CMT temperatures,12$3, PRHR heat transfer area;
(vanaten casr return to nominal trutal CMT temperatures).

Case 4 & node CMT, nomtrul isutul Chft temperatures, nominal PRHR heat transfer area;
(varution case; return to ncounal irutal CMT temperatures and PRHR heat transfer area).

440.339-12
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Table 440 339-2 i

Plot Figures for OSU SB23 0.5-inch Cold Leg Brrat Resuas
n.mm. .e ,

Figure No. Title
_..y.

440 339-48 NOTRUMP CMT 1 Temp Profde 4nd Cold CMT Temps,125% PRHR HT

440 339-49 NOTRUMP CMT 1 Temp Profde 20nd Cold CMT Temps.125% PRHR HT

440 339 50 NOTRUMP CMT 1 Temp Proftle 20nd Nom CMT Temps,125% PRHR HT

440 339-51 NOTRUMP CMT 1 Temp Profile 20nd Nom CMT Temps. Nom PRHR HT

440 339 52 NOTRUMP CMT 2 Temp Profile And Cold CMT Temps,125% PRHR HT

440 339 53 NOTRUMP CMT 2 Temp Proftle 20nd Cold CMT Temps,125% PRHR HT

440 339 54 NOTRUMP CMT 2 Temp Profile 20nd Nom CMT Temps 125% PRHR HT

440 339-55 NOTRUMP CMT 2 Temp Profile 20nd Nom CMT Temps, Nom PRHR HT

440 339 56 CMT 1 Bottom Temperature Companson

440 339 57 CMT 2 Bottom Temperature Compartson

440 339 58 CMT 1 Level (Relat2ve to Bottom Tap) Comparison
_

440 339 59 CMT 2 Level (Relative to Bottom Tap) Companson

440 339 60 PRHR Outlet Temperature Companson
- ..

4 4033961 Core Inlet Temperature Compartson
'}. -

1

{ 440 339 62 DVI 1 Temperature Compartson

440 339 43 DVI 2 Temperature Companson

440 339 44 Pressunzer Pressure Companson !

4033945 ACC 1 Level (Relatsve to Bottom Tap) Companson

440.33946 ACC 2 Lael (Relative to Bottom Tap) Companson

440 33947 ADS 13 Integrated Total Mass Flow Companson

440.33948 Integrated Total Break Mass Flow Cot , snson

440 339-69 SG-1 Pressure Compartson

440 339 70 SG-2 Pressure Companson,

!

440.339-13
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AP600 TIME STEP SENSITIVin' STUDY

In order to mvesugate the sensibvity of the AP600 plant results to changes in the nme step sue used, a
study wa2 performed. The 2 mch cold leg break tn fluid node 19 was chosen for the study as a
representative case for the plant. The base case for this study is the plant SAR case reported n Reference
440 339-6 The NOTRUMP code calculates a vanable time step sue as desenbed in Secuon 10 of Reference
440 339-7. The time step sue is limited between maximum and mmimum values mput by the user The
maxtmum and muumum values used for au AP600 calculations are 0.01 see and 0 0001 sec respecuvely.
To determine a reasonable time step size to be set for the sensitivity study, the time step size for the base
case was plotted and a signincantly smauer ume step size was chosen such that the base calculabon time
step sue is bounded most of the time. The value chosen for the study was 0 001 sec. Ris time step was
set constant by setting both the maxtmum and muumum values to 0.001 sec. The results of this sensiuvity
are shown m Figures 440 339 72 through 440 339-85 which compare the base results to the sensidvity case
for the key variables. As can be seen, although there are mmor differences m results, the trends are nearly
idenocal with bttle change m core mixture level and DVI injecdon flow rates. This confttms the code
predicuons are well converged and not sensit2ve to reduccons in the ame step sue.

.

440.339-14
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OVERALL CONC 1.USIONS

The results of the sertsinuty studies tncluded in the response to tfus RA: show that NOTRUMP for AP600
is converged mth respect to time step size. In addiuon, vanauens tn PRHR noding had httle effect on
the results. Increastng the number of CMT nodes results in a more conect simulauon of stratthcanon. but
retauung the 4 node CMT model is conservauve.

References:

440 339-1 Meyer P E. et. al, 'PXS GSR 002: NOTRUMP Preliminary Validation Repon for SPES 2
Tests", Westinghouse Electnc Corporation, July 1995.

403392 Willis, M G. et. al, "LTCT-GSR 001: NOTRUMP Preliminary Validation Repon for OSU
Tests', Westinghouse Electric Corporation, July 1995.

440.339 3 WCAP 14292, Revision I, ' AP600 Low Pressure Integral Systems Test at Oregon State
University Test Analysis Repon*, Section 6.1.2 (LTCT T2R-600),

440.339-4 WCAP 14807, Revision 1, 'NOTRUMP Final Validation Report for AP600", by Finante,
R. L. et, al, January 1997.

440 339 5 WCAP 12980, ' AP600 Passive Residual Heat Removal Heat Exchanger Test Final Repon',
Rev. 2, by Hochreiter, L. E., et. al, September 1996.

440 339 6 Lener NSD NRC 97 5136, dated 5/15/97.

440 339 7 WCAP 10079 P A, 'NOTRUMP A Nodal Transient Small Break and General Network
Code', by Meyer, P. E., August 1985.

SSAR Revision: NONE
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PRHR Noding Study Stand-Alone PRHR Model
Temperoture i n Top Horz PRHR Node

IMfN 111 - Bose Cose (3 Node PRHR)
IWfN 111 - 2 it o r i Nodes (4 Node PRiiR)== === ,
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PRHR Noding Study Stand-Alone PRHR Model
Temperotures i n Top Horz PRHR Nodes

IMfN 111 - Bose Case (3 Node PRHR)
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PRHR Noding Study Stand-Alone PRHR Model
Temperotures in Top Horz PRHR Nodes

IMfN 111 - Bose Case (3 Node PRHR)
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PRHR Noding Study Stond-Alone PRHR Model
Temperotures in Top Horz PRHR Nodes

IMFN 111 - 2 Horz Nodes (4 Noce PRHR)
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PRHR Noding Study Stand-Alone PRHR Model
Temperoture i . Vertical PRHR Node

IMfN 117 - Bost Case (3 Node PRHR)
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PRHR Noding Study Stand-Alone PRHR Model
Temperoture in Bottom Horz PRHR Node

IMfN 118 - Base Case (3 Node PRHR)
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PARAMETER TIME = 200 sees TIME = 700 secs

QM11L 11I to 67 25.4 Bau/sec , 53 8I Utu/sec

QMill i14 to 67 13.44 Utu/sec 36 86 litu/sec

= QMllL i17 to 67 3.75 Btu /sec 1105 Blu/sec

QMill 118 to 67 318 Bau/sec 7.42 Btu /sec

I sin 1
-

114

_

IIcat transfer mode = Nucleate Boiling (NB)
115

67
QMill- llean transfered from metal to fluid,g

i17

I in 1- Note: In this onginal noding scheme no influence zone is umdeled.

Therefore, the flow velocity within the IRWST is 0.0.g
The NOTRUMP heat transfer package always choses NB as timI
heat transfer mode at zero velocity.

Prhr Fluid Node r , Secondary Fluid Node
# t U s BoundanesBousularies

b
Figure 440.339-14 - Snapshot of PRIIR IIcat 'lYansfer for the Original Model(Froin Reference 3)]
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I 170 PARAMETFR TlME = 200 secs TIME = 700 secs,

17I
___..__________1______-

| :: );
-

QMllL i1I to 172 26.4 Bauhec 53 27 Bauhec
M (NB') (NB*)

g
-

2
QMilL(133-136) 19.03 Blu/sec 40.97 Blu/sec1

'

1 169 to 169 (SCFC') (NB') '

---___--______4- B -____

g m QMill(145-148) 4.91 Blu/sec 1519 Bru/sec

g m to 166 (SCFC') (SCFC*)
168w173 I QMllL II8 to 175 1.22 Blu/sec 4 76 litu/sec

_ _ _ _ _ _ _ _ _ _ _ _ _ _ -4 R (SCNC') (SCNC*)-- --~

1 E
Fluid Velocity 1.5 ft/sec 1.3 ft/secm
Within the IRWST

174 I E
______________1 B -____-

1 E
I B

175 166 QMHL - 11 eat transfered from metal to fluid. m
I its I._______________m__-_-- Note: * - Defines the ficat Transfer Regime

NB - Nucicate boiling
SCFC - Subcooled forced convection

## PRHR Fluid Node r A ' Secondary Fluid Node SCNC - Subcooled natural convection

Boundanes ' _ a Boundaries

IE''49
Figure 440.339-15 - Snapshot of I'RilR lleat Transfer for the 16 Vert Node l'RIIR Model d
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SPES Test S00303 2 i nch Cold Leg Break
PRHR Heat Transfer Rote ot Top Horz. Section

NOTRUMP Simulotson - 16 Veri Nodes PRHR (3D/3D 12)
; ;; = NOTRUMP Simulotion - 16 Vert Nodes PRHR (3D/50 IZ) '
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SPES Test S00303 2 Inch Cold Leg Break
PRHR Heot Tronsfer Rote ot Mid Verticol Section
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SPES Tesi S00303 2 inch Cold Leg Break
PRHR Hect Transfer Rote ot Bottom Horz. Section
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SPES Test S00303 2 Inch Cold Leg Break
Pressurizer Pressure
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SPES Tesi S00303 2 inch Cold Leg Break
CMT-A injection Line Mass Flow
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SPES Test S00303 2 Inch Cold ag Break'

CMT-B injection Line Moss F!ow
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SPES Test S00303 2 inch Cold Leg Break
ACC-A Injection Line Moss Flow
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SPES Tesi S00303 2 inch Cold Leg Break
ACC-8 injection Line Moss Flow !

t40iRUMP S i m .. i t on - 16 Vert Ne des PRHR (30/50 tz)
NOTRUMP SimuIotion - 4 Veri Nudes PRHR ',f r o m Ret 4).; ;---

.- ,

1

^
8o

G)
U)

N
E .6

'

_o : j

)~~

: ( ,.-
.4 .

..

O ., '"
-

2
~

t ' ,,

' '

'- - ' - ' - - -'- '- ' '- *- 1 - ' ' - ' - - ''

0
0 500 1000 1500 2000 2500 3000

I i In e (S)
Figure 440.339-25



.

.

SPES Test S00303 2 inch Cold Leg Break
ADS Stage 1-3 integroted Flows
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SPES Test S00303 2 inch Cold Leg Break
integrated Break Flow
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SPES Test S00303 2 Inch Cold Leg Break
Steam Generator A Pressure
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SPES Tesi S00303 2 inch Cold Leg Break
Steam Generotor B Pressure
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SPES Test S00401 1 inch Cold Leg Break|

PRHR Heat Transfer Rote at Top Horz- Section
i
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; SPES Test S00401 1 inch Cold Leg Break
| PRHR Heot Tronsfer Rote ot Mid Veriical Section
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SPES Test S00401 1 inch Cold Leg Break
PRHR Heat Transfer Rote at Bottom Horz. Section
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SPES Test S00401 1 inch Cold Leg Break
Pressurizer Pressure

tJOIRUMP Simulation -- 4 Vert Nodes P R it R (30/SD tl)
NOTRUMP SimuIotion - 4 Vert tiodes P R it R ( f r o rn Ret 4)-==----
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SPES Test S00401 1 inch Cold Leg Break ,

CMT-A i njection Line Moss Flow
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SPES Test S00401 1 inch Cold Leg Break
i CMT-B injection Line Moss Flow
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SPES Test S00401 1 inch Cold Leg Break
ADS Stage 1-3 integrated Flows
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SPES Test S00401 1 inch Cold Leg Break
integroted Break Flow
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SPES Test S00401 1 inch Cold Leg Break
Steam Generctor A Pressure
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Drurs 440.339 44
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OSU 1823 05 INCH COLD LEG BREAK - CMT NODiNG STUDY
NOTRWP CMT-1 T en.p Profile - 4nd Cold CMT Temps.125% PRHR Hi
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OSU SB23 0.5 INCH COLD LEG BREAK - CMT NODING STUDY
NOTRUMP CMT-1 Temp Profile - 20nd Celd CMT Temps.125% PRHR H1
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OSU S823 0.5 INCH COLD LEG BREAK - CMT NODING STUDY
NOTRUMP CMT-1 Temp Profile - 2Ond Nom CMT Temps.125% PRHR Hi
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OSU SB23 0.5 INCH COLD LEC BREAK -- CMT N0 DING STUDY
NOTRUMP CMT-1 Temp Profile - 20nd Nom CMT Temps. Nom PRHR Hi
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OSU SB23 0.5 INCH COLD LEG BREAK - CMT NODING STUDY
NOTRUMP CMT-2 Iemp ProfiIe - 4nd Cold CMT Temps.125% PRHR HI
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OSU SB23 0.5 INCH COLD LEG BREAK - CMI NODING STUDY
NOTRUMP CMI-2 Temp Profiie - 20nd Nom CMT Temps.125% PRHR HI
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OSU SB23 C.S INCH COLD LEC BREAK - CMT NODING SIUDY
N O T ft u M P CMT-2 Iemp Profiie - 20nd Nom CMT Temps. Nom PRHR Hi
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OSU SB23 05 INCH COL 0 LEG BREAK - CMI N00iNG STUDY
Pressurizer Pressure Comparison

NOTRUMP 4-Node Cold CMI lemps. 1 2 5 7. PRHR Hi Ateo
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OSU SB23 0.5 INCH COLD LEG BREAK - CMT NODiNG STUDY
ACC-1 Level (Relative to Bottom Top) Comparison

NOTRUMP 4-Node Cold CMT Iemps. 1 2 5 7. PRHR HI Areo

- -- -- N O T R U M P 20-Node CoId CMI Iemps. 1 2 5 7. PRHR HI Ateo
,

NOTRUMP 20-Node Nom CMI lemps. 1 2 5 7. PRHR ti l Areo=-=
* '

NOTRUMP 20-Node Nom CMT Temps. Nom PRHR til Ateo: :::

_ 3.5 _

Z :

[="="""~="===
= = *=t; = 3y3

-

52.5 d \': j' {
.
s :

2 ,

v _ '

;; :
,

'

.51.5
-

-

' I,g i: ,

o
: 'E,u

5 .I

kU :
~' ' ' ' ' ' ' ' '' '- ' ' ' ' ' '

o 0
0 1000 2000 3000 4000 -

Iime (s) ffr
Figure 440.339-65

- - _ _ _ _ _ _ _ _ . _.



_ _ _ .

..

.

OSU SB23 0.5 INCH COLD LEG BREAK - CMT NODING STUDY
ACC-2 Level (Relative to Bottom Top) Comparison
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OSU SB23 0.5 i NCH COLD LEG BREAK - CMT NODiNG STUDY
ADS 1-3 Integrated Total Moss Flow Comparison

NOIRUMP 4-Node Cold CMT Temps. 125% P R il R lli Areu

-------NOTRUMP 20-Node Cold CMT Temps. 1 2 5 7. P R ilR til Ateu

NOTRUMP 20-Node Nom CMT Temps. 125% P R ii R ti l Areo== ===

'*NOTRUMP 20-Node Nom CMT Temps. Nom P R ilR ti l Aseo====

_ 2500
.$
-

-

~

2000 /
,

, -
-

o - |
- _ ,

'

"- 1500 |g
-

_

,'
{u{:=

O
~

|".o1000
- , , ,

U ~
I

' |
y

l, <- -
,

O ~
t 1 '

500 1- ,

I,o, _

,'O
-

l
'

C gi

- ,_ _1 _ _ J _ _ 1-_ J - -1-J-I--L Ed I I I I I I I I

Time (s) g,

Figure 440.339-67



..

OSU SB23 0 5 INCH COLD LEG BREAK - CMT N0 DING STUDY
integrated Total Break Moss flow Comparison
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OSU SB23 05 INCH COLD LEG BREAK - CMT NODING STUDY
SG-1 Pressure Comparison
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OSU SB23 05 INCH COLD LEC BREAK - CMT NODING STUDY
SG-2 Pressure Comparison
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AP600 2 In CLB 1n FN 19 Time Step Sensitivity
Pressurizer Pressure
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AP600 2 in CLB in FN 19 Time Step Sensitivity
Pressurizer Mixture Level
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AP600 2 in CLB in FN 19 Time Step Sensitivity
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AP600 2 in CL8 in FN 19 Time Step Sensitivity
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AP600 2 in CLB in FN 19 Time Step Sensitivity
ADS Stage 1-3 integrated Flows
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AP600 2 in CLB in FN 19 Time Step Sensitivity
ADS Stage 4 integrated Flows
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AP600 2 in CLB in FN 19 Time Step Sensitivity
integrated Break Flow
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AP600 2 in CL8 in FN 19 Time Step Sensitivity
NOTRUMP CMT A Temperature Profile
Bose Iimestep (56)
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AP600 2 in CLB in FN 19 Time Step Sensitivity
NOTRUMP CMT B Temperature Profile
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AP600 2 In CLB in FN 19 T i ra e Step Sensitivity
Steam Generator Pressures
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AP600 2 in CLB in FN 19 Time Step Sensitivity
Total DVI Line B Flow
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3. For the Af4:3 200BPA,TPA0 Pedel. :lartfy tf AF60) nas !;:w enxers tn tne
apper plen.m. If yes, tr.:;ude the flow Ptxers in Westingneuse's response
to the f:-11: wing Tae s t t :n . :hannel ;5 to ssed t3 ::r.b t n e two types :t
stru:tures see t:p f page 0 251 .ustify the ft:w paths Of tne t.:'

types of stru:tures in the .pper plen.m are suf f t:tently similar to a;;:s
t nis ::~ttnat t en with:ut et as tng the ::ettned :al:a;sted !; w relat tve ::
, tat en:h type :f stru:ture a:uld re:etve if modeled separately.

Pesponsei AF41: nas no !1:a mixers as su:n. *he WO BPA.*PA redeling ant:n
::rrines anto :ne channel f uel assemcites lo:sted teneath support ::; u and : pen
hele ;;;ations is no different fr m the approved ),4 l ep plant appr:a:n. Che

A P 6 0 ') upper : re plate gecmetry is such that the hele d a ir e t e r s at these :

10:sttens aref ,i

I

] m e ause pooling or holdup cf itTatd.to c

AF600 JSAR subsect ten 15. 6. 5. 4 A. 3. 2 ; ,e s ent s a sonsttivity :ase in wht:n het
e s s errely :hanne l 2" was relocated from below an open hole to teneath a suppert
e c l uta.n . C:rparing 33AR Figures 15.6.5A 1 through ) with Figures 15.6.5.A 4
through 6, this :nange in location results in almost no difference in the value
of or the elevat ten at which the PCT is computed, or in the flov tehavtor in the
assemcly. This result shows that the two locations are suf f t:tently stmtiar
hydraulically to permit their ::Fbination into a single average core thannel in
the AP600 WCOBRAeTPA0 model.

017S 4660
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13. The 'f 311: wing Taostions relate to 2.et ten 4.2.

a. WeMinghouse revised tne database for tne blewdown ::eltng n,et
transfer uncertainty evalaatten to cetter nat:n sne AP5:0cen31tt:ns. but in the end ::n:1uded the ortginal intertatnty
disertbutton was cetter and more conservattve ce:ause the new

0 h distribution had less s:Atter than the original di st r icut t:n.
g Justify this concluston because the original distribution allows f or

40 7g. larger ruittptiers and 4 -lars., average multiplier tnan the one-

sevel: Ped in secti:n 4.2.
b. Mar a f y what Westanghouse means in Sectten 4.2 by the er17tnal

distributton because districutiens from the PER. Peferen:e 2. and

y- the final 3-<4-toop plant distribution frem Peterence 6 are.

ref.renced.

d. Because Peterence 6 contains the final blowdown cooling heat
transfer distribution for 3 /4 loop plants, justify .ny that

/f[ distribution was not used in Figure 4.2-1.

f. Follevap to Discussion Item Sa. May 17, 1996, letter. Based on
Table 4.2*1, hostinghouse stated the Cak Ridge National Laboratory

j data cetter represented the AP600 during blowdown ecoling than the

'T(.7Let
*A ortgtnal data base in the P.MR/ Reference 6. However. Westinghouse

decided to use the uncertainty range based on the original database.
Therefore. Westinghouse still needs to provide a response to Item 5a
to shew the mass fluxes for the tests in the database for the
original uncertainty range are representative of AP600 or are
conservative.

Pesponses:

17.a. The AP600 blowdown cooling heat transf er multipliers distribution _has been
estabitshed vta the direct corrparison of WCCBRA/ TRAC results with the{

j bie :.aulative
31strtbutten f or AP600 analysts as presented as Figure 4.2 4 in WOAP-14171.
Revision 1.

;3.b.d. The distribution labelled as 'RMR* on Figure 4.2-2 to exactly that, the
blowdown cooling heat transfer distribution presented in Reference 10 1. It is
shown f or tilustrative purposes only. The final approved blowdown cooling heat
transfer distribution for 3/4 loop plants is based on Figure 36 of Reference 10-
24 tt to depteted as a cumulative frequency distributton in the attacr. ment.

ofthisquestton.[13 f. As described in part (a)

y,c-

References,

13 1. !TTO NRC-95-4575, Letter f rom N. J. Liparuto (W) to R. C. Jones, Jr.
<U3NRC). ' Revisions to Westinghouse Best-Estimate Uncertatnty Report.'
October 13 1995.

10-2. tiTD NRC 96 4672. Letter f rom N. J. Liparulo (W) to R. C. Jones. Jr.
(USNRC). 'Resolutton of !ssues Related to Revtew of WCAP- 129 45-P. * March 2 5,
1996.
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] 11. The_fo11cwing question relates to 3.etten 4,3, [
s. a'h t t e the retic:d heat . transf er results f r the icw torperature f

'

tests for AP600 are within the bounds of tne 3-+4 1:cp plant ;
; results, the 3-/ 4 icep plant results have a wider range than the low +

tenperature data for the AP600. Because Westinghouse :encluded tt
[ p, .se acceptable to use the 3./4. loop plant uncertainty distribution.* -

4 - f:r t *.4 AP600, this irplies that a larger multiplier tr.an that j
; s.pperted by the icw tenperature data is appited in tne AP6M '

.

-- uncertainty evaluation. It also teplies that a sealler e.ultipiter
' '.

,
than that supported by the low temperature data is appited in the
AP600 uncertainty evaluation. Therefore, more inf ormation is needed
to justify the proposed Westinghouse approach for the reflood heat +

uncertainty distributton.
i !

.

-Response: The cold temperature reflood tests were simulated to assess the reficod *

heat transfer model applicability to AP600, Results obtained Lell well within !
'

the bounds of the 3/4 loco plant bare results and exhibited { j

'
,

!- !

.

;

i

1

j '

%, C.
>~

(.

Reference 11-1: Letter, _ N. J. Liparulo (Westinghouset to R. O. Jones, Jr.
.,3NRC), Open Issues and Confirmatory Items Related to Pevtew of WOAP-12945-P', 1

'' '

4 NSD NRC 96 4631, January 26, 1996. |
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12.e. Clarify how the upper head tenperature is calfulated. The wording gn Eg9,4-14 1s not clear.
.

Peoponse:The AP600 reactor vessel upper head fluid tenperature has been cenputed
cy tne reactor vessel design group using a suitable CFD conputer code. In the
AP603 WOOBPA/TPAC analysis, an upper head tenperature consistent with the
presumed vessel Taverage value as orployed. Best estimate upper head fluid
t err po r atur e is calculated based on the design values of spray noggle flow and
guide tube loss coef ficients, together with the expected core outlet / upper plenum
pressure distributton.

To obtain a bounding high value of the upper head tenperature, the maximum mean
value from the CFD code is applied in WCOBRA/ TRAC. This value is obtained by
modeling upper head hydraulic parameters considering possible flow pattern
variations which 'nould maximize the computed upper head ternperature f or a given
Taverage. For AP600, the maximum mean temperature [

'st C.
#

on the calculated upper head teftperature.

Hotter upper head temperatures are generically more limiting in large break 1.oCA
analyses because the earlier flashing which occurs drains the upper head earlier
in the transient. This then limits the amount of upper head liquid available to
cool the core via downflow, since more of this liquid is directed out of the
upper plenum into the hot legs. When the upper head fluid temperature is lower,
when it approaches the Teoid fluid temperature, more liquid is available in the
upper plenum to provide effective downflow core cooling luring blowdown.

05 % 0 %

.
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4. a. Oces Westinghouse use the appr ved vers;:n :f !

3CODPA / TPAC , EC O B PA / TPAC . M^O?A.Rev.1, in 1:5 AF6CSCIN analyses?
'

i

# i

Nd ! b. Are all AP600 design changes ' relative to three- and
f our-le:p plan:s > that are 1.iportant to LBLCCA sddressed
thr: ugh ::de input ! f or example, d:. rect vessel ;n e : n[' (//, b and the s e:'eiula t o rs ) ? That is, clarify :hs:
Westinghouse did not need to m dify EC O B PA , TPAC ,
MCD7A.Rev.1, to analy:e AP600.

Pesponse: The approved vers 10n of WCCBRA/TPAC, WCOBRA/TPAC MCD7 A
Pevision 1, is modified slightly for the AP600 S$AR large break
LOCA analyses solely to f acilitate AP600-specific passive saf ety
system modeling. All of the WCCBRA/ TRAC updates introduced to
model AP600 features are described in WCAP-14776; those which are
employcd in the large break LOCA best-estimate analyses are
described below for convenience.

&C
1
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A- ~
When *.he above AP600-related fea:ures are not selected, results
Obtained f rem the AP600 version of WCCBRA/TPAC MCD7A, P.evision i
are identi 31 to those f r0m the approved WCOBPA/TPAC versi:n,

.

--

__ _
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p. The f ollowing Taostions relate to section 4.1.
I

a. Westinghouse $1scussed removing s me tests frem the previous
database used to develop the minimum film botling torporature
17,,, ) uncertainty distribution, clarity this statenent as some of
the tests listed were not part of the original T1, database.

The revte'a*r is ::rrect in that there were 3+1 and 3 2 tests wht:h were not ,

itsted in Taelt 9 * of the W::BPAiTPAC PFA which were used to determine tne
value of T... to be used for the AP600 =al:ulattens.

The 3 1 and 0 2 tests listed in Table 8-7 f rom the WC09PA/TPA: PFA we re
reviewed to determine which were most applicable for the AP600 blowdown'

conditions. Of the tests itsted in Table 3-7, tests G 1, 146 and 153 were

found to_ce applicable. Also G 2 test 669 was also found to be applicable.
The remaining G-1 and G.2 tests from the total data base were examined and,

1

test G 1, 154 and G 2 test 672 were added to the data base for the minimum
film boiling temperature for the AP600. The individual thermocouples for'

these tests were reviewed to insure that they met the criterton given on page
4 2 of the CBRA/TPAC CAD (WCAP+14171). As the rg t indicates, there were

i a total of Jt hve the T.o
distributt which was then used for the AP600 plant calculations,

j

i The resulting value of T,3 determined frem those tests for t P600 was
; slightly more conservative flowere with the averagpa g,1ue ofv

sd G that e AP600*

fuel rods would have to be calculated to cool doW further during film boiling
i

i until quench is predicted,

o 17S 4466
.

9
'
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''. While reviewing Westinghouse's responses to RRO Pats 440.585. 443.$46,.

and 440.547." the !NEL noted that the reflood tenperature response for
the peak cladding temperature IPOT) calculated by WOOBRArTPAO' 'see
F:;ure 2.2-26- is different f r:m the ene :si:ulated in the ::RO
calculattens performed by Los Alamos Nati:nal Laboratory LANL.' see
Figure 131 Provtdo information to answer the following questt:ns to
nelp clarity the reasons for this difference.

(4) In the LANL report, LANL stated their model represented the AP6})
design as of November 15, 1994. Are there design changes made to
AP600 after that date that would account for the differences in
calculated responses? If design differences are affecting the
results, clarify the design changes and the impact they have on
the PCT differences noted between the two calculations.

ib) !! part (a) did not explain the differences, are they due to code
modeling differences? !! code modeling differences-are affecting
the results, Westinghouse should provide information where
possible that may explain the reason for the differences ter. ween
the code results.

(c) Are the reflood dif f erences af fected by the blowdown cooling
differences discussed in RAfs 440.585 and 440.5867 !! yes, does
the calculated reflood PCT difference impact Westinghouse's
response to those Rats or indicate the need to consider other
models or phenomena to include the AP600 uncertainty evaluation.

td) Even accounting for the blowdown cooling differences, there is
set 11 approximately 180*F difference in reflood PCT. Can
Westinghouse cCf er any information that may explain the reasons
for this difference? Are models and phenomena that affect this
reflood PCT difference accounted for in Westingheuse's AP600
uncertatnty methodology? If yes, clartfy how. !! not, Justify
why not,

tel !! Westinghouse hrgues that the parameter variation in the glebal
run matrix covers the models/phencmer,a that cause the PCT
dif ferences, clarify af Westinghouse has completed any of those
analyses. If yes, provide the results for review. If no, wt11
Westinghouse commit to pstforming some of the runs to show the
size of the PCT variation in AP600 as a result of the parameter'

ranges analysed in the run matrix?

Pesponsea!n comparing the different calculated PCT values from the WOOBRA/ TRAC
AD :WCAP-14171 Revision 1) and the Los Alamos report on the AP600 large break
:alculation using the TRAC code (LA-UR 95 443th one can not use Figure 13 in
the LANL report, because this as a composite plot of the maximum temperature
calculated anywhere in the core at that given time for all the fuel rods,
whereas the WCOBRA/ TRAC calculation is for a single hot rod. (Refer to the
footnote on page 15 of the LANL report and note that there as an error in the

,

footnote: the figure that they should refer to is Figure 13 not Figure St. '

In response to the specific questions in this RA!:

(a) As the attached figures indicate, there has been some adjustment in the
accumulator and/or DV! line input parameters which is reflected in the
Westinghouse WCOBRA/ TRAC calculations and not in the LANL calculations.
As a result, higher accuaulator flow ts calculated in the Westinghouse j

i

!

)
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cs,itucst,.n ea,1, ,n t, e as tm. 1 e, ,1.nw. nd d w . .e, .ro
,. ,11,e; such enat tn... s . m,gne, 1,,u,d i.vei ,n .se ,,,e ..,1 orO .

an tr.~e. *This cohavict is sn:wn in Ftgures l'*1 *3 17 3. The more '.

rapiJ refilling results in a 1:wer calculated reflood WCt3RAiTRAC POT as

_ b?g / ::epared to the TPAC calculation, as shown in Figure 17-4 for the"

I individual hot rods calculated by TPAC, ;

.cl There are also modeltng differen:es between the two calculations.
C0tPA, TPA* explicitly models the heat transf er ef f ects of spa:er 3rtds
;n tne f ue1 as sembly. The AP600 fuel assembly is the '!antage $H dest;n
wnien inc:rporates intereediat. flow . sixing van. grids in tn. upper

g1(,(/ ji .1evattens of th. fuel ass.mmly. Th. mod. ling of th. spac.r ariss wt:1
premote inproved heat transf er both during the downflow blewdewn persed
in whtch a significant downflew exists, as well as during the ref1ood
period. The heat transfer inprovement of spacer grids was shown in_;ne .

WCCBPA/TPAC COD when WCOBRA< TRAC was coepared to the CPIE, film bot 1tng
experiments which showed the effects of the spacer grids. The FEBA
reflood tests also showed the effects of the spacer grids. In both the
blowdown and the reflood periods, the rod heat transfer will be enhanced
by the spacer grids. To our knowledge, the TPAC code does not include
modeling of the fuel assembly spacer grids; therefore, the heat transfer
calculated in TP.AC will te lower than that calculated in WCOBRA/TkAC.

J
'

(c1 The reticod differences are given in parts (a) and (b) above. They are

A f,4 (I/ due to the difference in the accumulator behavior as well as the effects
of spacer grids to improve the predicted heat transfer.4W(

(d) The Suplanation f or. the dif f erences is given above. The effects of the
grid modeling are sneluded in the ranging of blowdown and reflood heat
transfer, which is based on tests which cover the calculated AP600

,

Add conditions and also includes rod bundle data which includes reactor. type*

4 /V spacer grid (G-1 and 0-2) blowdown tests, as well as the CRNL film
boiling tests and the G-2 FLECHT-SEASET, and FEBA reflood tests. The
uncertainty of these models is included in the calculated code
uncertainty as well as in the AP600 ranging calculations. Furthermore,
the AP600 SSAR large break LOCA analysis uses bounding accumulator input .

'parameters to minimtre the delivery of water and extend the predicted'

reactor vessel reft 11 time.

dei The ranging effects of the hot rod heat transfer were performed in the
' hot spot' calculations using the distributions which were developed for
the AP600, as documented in the SSAR Revision 12 submittal, and the BSch

7f{} / percentile PCT was calculated. The effects of the spacer grids on the
blowdown and the reflood heat transfer are included in the WCOBRA/ TRAC
code uncertainty, which is a lower bound to ths uncertainty value
app 1ted to determine the 95th percentile PCT value.
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Table 4.1-1 lists the tests used to determine the T.. uncertainty
9, 'c.

for AP600. Section 4.1 also itsted the-tests not used from the-

3-/4* loop review. However, comparison of the-tests shewn in
.

+

section 4.1 to those listed in-Table 8 7 of the P.MR found-
"destinghouse did not discuss-its inclusion or exclusion of all th e !tests used to develop the T. , uncertainty for 3-/4 loop plants.

<Tor those tests not discussed in section 4.1, clarify the reasons '

for '4estinghouse's handling of those tests.
;

This question is very similar to question 9a. Most tests given in Table 3 d $
were found to not to have the flow and subcooling conditions typical of the ;

AP600 blowdown. Therefore, other Q 1 and G 2 tests were used alone with the i
i rernaining tests f rom Table 8 7 which did have conditions applicable to the '

,

. AP600 trenstent.
I
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2.e. Westinghouse did not discuss the following highly ranked P!RT ttens in
Taote 2.1 2: core 3D !!cw and vott generation /distribut ten. ::re flow
reversal /'tagnatten, upper head olowdevn flow snd f1:w area. dowr.e en e r*

s

condensat&on, and direct vessel in;ection <0V!).

Pespense Discussion of the individual items cited in the questi:n f ollow belcw:

ore 3 D F1:w'Yoid Generat;1on and Distributions To account f or un:ertainty
in :ne 10 flowevoid generation and distributten, the instttng not
assen ly location is tjentified and then used in the bounding plant

j calculations tReference SSAR subsection 15.6.5.4Al. Multi dinenstenal
effects are also captured by the four separate assembly groupings modeled
in the core neda11:ation scheme. The response to question 11t 31 provides
additional cementary on 1 D ef fects during reflood.

Core flow reversal / stagnation: The core voids very quickly during a large
break LOCA, and CITB occurs quickly for CECLC breaks. The irtpa ct of
differing blowdown core flow patterns is investigated in the break flowi

parameter variations in the global model series of runs specif ted in Table
4.5-1.

Upper head blowdown flow / flow area: The discharge of fluid f rom the upper
head into the upper plenum during blowdown due to flashing is an important
factor in core cooling. For AP600, minimal uncertainty exists in the
upper fluid head volume and in the area of the flow paths from the upper
head. As discussed in the response to question 12.e, the upper head fluid
temperature is bounded in the SSAR analyses by applying the ' maximum mean*
upper head flutd temperature associated with the Tavg value assumed.
Together with the design values for upper head geometry, the use of this
temperature enables WCOBM/TMC to provide a suitable calculation of upper
head flow behavior during the blowdown phase of a large LOCA.

Downcomer condensationi The impact of downcomer condensation is

investtgated in the global model series of runs specified in Table 4.5-1.
Direct Vessel Injection: The ability of WCOBM/TMC to predict DVI-r tlated
phenomena is confirmed by the CCTF and UPTT DV! test simulations prmnted
in Chapter 3.
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37 - For hot vall effects in the downc erte r and lower piene. Westinghouse
'

provided inf erreation dif ferent f rom that supplied f or 3 < 4 locp plants an
|'Peterence*$. Clartly the reasons for the differences.
:
1

response r woe wall .f f.ets ar. ranx.d tn. .ane f or 3,4.toop ptants and the xP630 !
Nevertneless, s orte $1fferences in phenomena o tti s t . In the 3 / 4*1oop plants, |
nesting of water in the downc:rter during reticed can eventually :ause eogitng,
enten results in level swell and the spilling of water through the br:<en enld
leg. AP600 is equipped with large accumulators that provide injection of highly |

subcooled water until af ter quench of the fuel rods is calculated. No downcerter
boiling is predicted. Further, becsuse no boiling occurs and because the AP600
accumulators inject through the DV! nottles, little liquid is lost through the
break after the end of Ecc bypass in AP600.
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4. The follo. wing questions relate to the UPTF analys ts an 3*ction 3.2,

a. On page 3 72. Westinghouse noted the test results showed thereased
flow to the lower plenum when liquid was discharged f rem the cold
leg to the downcener. ECOBPA/TPAC does not calculate Itquid slug
discharge for VPTT Test 21 because it underpredicted cold leg '

ftiling. As noted en page 3 75, this is one reason !:r the !

:enservative 300BPAiTPAC calculation. However, cold leg f t11tr.g is I

!not expected tn AF630 tocause of stean flow in the cold leg that was
not represented in the UPTT test. How does Westinghouse f actor this !

test to AP600 difference into the interpretation of the : ode / data
certparisons for this test?

Pesponse Consideration of the draining of cold legs filled during the UPTF teste
does not alter the conclusion that WCO BPA/ TPAC provides a conservative
calculation of ECC bypass. The lower plenum mass inventory comparison of UPTF
Test 21 vs. the WCOBPA/TPAC simulation and the comparison of cold leg inventories
between the two are reviewed for each case at the end of the WCOBPA/ TPAC
simulat1on.

For UPTT Test 21 Phase A. WCOBPA/TPAC predicts only 6000 lbm to be in the lower
plenum at 98 seconds, whereas in the test 43000 lbm were measured (Figure 3.2-
16). Coreparing the cold leg mass' inventories of Figure 3.2 23. the sum of the
cold leg masses in the test equals 22000 lba, whereas WCOBPA/TPAC predicts only.

8000 lbm to be present. Thus, the WCOBPA/TPAC result could be skewed low
relative to the Test 21 , Phase A result by 14000 lbs. Even if this is presumed
to be the case, the WCOBPA/TPAC underprediction of lower plenum inventory remains
greater than 20000 lbm. -

For UPTT Test 21 Phase 8!, WCOBPA/TPAC predicts only 8000 lbm to be in the lower
plenum at 120 seconds, whereas in the test 27000 lbm were measured (Figure 3.2-
241. Corrparing the cold leg mass inventories of Figure 3.2-31, the sum of the
cold leg masses in the test equals 9500 lba, whereas WCOBRA/ TRAC predicts only
6500 lbm to be present. Thus, the WCOBPA/TPAC result could be skewed low
relat tve to the Test 21, Phase SI result by 3000 lbm. Even if this is presumed
to be the case, the WCOBRA/ TRAC underprediction of lower plenum inventory rematns
greater than 15000 lbm.

For UPTF Test 21 Phase BII E BIII WCOBPA/ TRAC predicts only 36000 lbm to be in
the lower plenum at 395 seconds, whereas in the test 53000 lbm were measured
(Figure ).2-32). Comparing the cold leg mass inventories of Figure 3.2-39, the
sum of the cold leg masses in the test equals 14500 lba, whereas WCOBPA/TPAC
predicts only 9500 lba to be present. Thus, the WCOBPA/ TRAC result could be
skewed low relative to the Test 21, Phase BI! L 8111 result by 5000 lbm. Even
tf this is presumed to be the case, the WCOBRA/ TRAC underprediction of lower
plenum inventory remains greater than 10000 lbs.

OJ73 409
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8.b. Does the discussion in part a of this Tae s t io n inpact the ant:tratten
provided.and conclusions drawn by Westinghouse on page 3-40 as it relates
to the CV! location dif f eren:o totween VPTT and AP600 and the oggeet og
the DV! itcation difference on appit:atten of the UPTT Test 21 results to
AP6007

Pospense: The conclusion of page 3-60 in WCAP-14171. Pevtsten 1. that the UPTF
Test 21 :enf tgurat t:n f avors continued E bypass relative to the AP600 d:wn :eer
ge:tretry at til holds . E00 bypass predicted by WCOBPA/TPAC for the AP600 gect etry
is conservative and bounding.
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8.f. en page 3-42 Westinghouse stated that ECCBPA/TPAC predicts the di!!erent
flow behavier that results f rem rold leg or downcemer insectten, in Cost
21, ECC water breakup on the downcomer wall resulted in greater bypass
relative 'to UPTT Test 6 (see page 3-82). This 11tplies that tne
WCC SPA / TPAC calculated bypass for Test 21 should be greater than the
TCCSRA/TPAC bypass calculated f or UPTT Test 6. Provide the calculated ECC
cypass results for Tests 6 an 21 that support this argument. This also
inplies that the conservatism of the ECOBPA/TPAC ECC bypass results for i

VPTT Test 21 should be greater than the conservatism of the ECOBPA/TPAC
ECC bypass results for Test 6. Clarify if this is true.

Pesponse: Individual runs from UPTT Test'6 are coepared with runs at UPTT Test
21 that were conducted with similar steam rnass flowrate and liquid subcooling
condicians. Test 6, Run 132 [ steam flow 293 kg/s. ECC subcooling 54C)
conditions correspond well with those of Test 21. Run 27481 (steam flow 298
kg/s, ECC subcooling 101C). Also, Test 6, Run 136 (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 attached figures (from Peterence 8f-1) show the measured and WCOBPA/TPAC-
predicted vessel mass inventories for the two UPTT Test 6 runs. In each figure,
the dashed line suportmposed is the refilling determined (method 21 from the
vessel refill rate, and the solid line superimposed is the refilling identified
f rem a mass balance (method 1) . WCCSPA/ TRAC predicts a delayed refilling for Run
132 by about 20 seconds, and it predicts the refilling of Run 136 well.
In contrast, consider Figures 3.2-24 and 3.2-32 of WCAP 14171, Revision 1. In
both of these simulations, WCCSRA/TPAC predicts ECC bypass to continue throughout
the transient such that the vessel is never predicted to refill to the extent
observed in the Test 21 run. The WC08RA/TPAC prediction of ECC bypass is more
conservative for UPTT Test 21 than for Test 6.

Heference 8f 1: Westinghouse letter to USNRC NTD NRC-95 4511, Attachment 00.
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8 g. As a followup to Discussion Item 6b in the May 17, 1996,' letter. :lartfy
if the following interpretation by the INEL of the inf ormation in section
3.2.7 is correct. Westinghouse argues:

(1) In the UPTF Test 21 con f irara t ion. it is easter to*

bypass ECC than in AP600.
(2) WCCBRA/TPAC provides a conservative calculation of ECCi

bypass in Test 21.
(3) The AP600 plant calculation ends bypass at a lower steam

flow than end-of-bypass in VPTF.
Based on 1. 2, and 3. Westinghouse concluded that 3CO BPA/ TpAC
provides a conservative ECC bypass calculation for AP600.

Is this argument also the basis for the response to discussten Item
6d?

Response The WCAP-14171, Revision 1 WCCBRA/ TRAC simulations of UPTF Test' 21
predicted more flow into the lower plenum for Phase BII than for any other phase.
While it, is true that the conditions of the Phase BII test more closely resemble
those of the AP600 than do those of any other UPTF test, the Phase BII test has
much lower injection liquid subcooling than the AP600 calculation. Therefore,
an end of ECC bypass as predicted for AP600 is not in conflict with the UPTF Test
21 Phase BII result; as stated on page 3 -80 of WCAP-14171, Revision 1, high
subcooling helps to facilitate the end of ECC bypass. The INEL interpretation
is correct: Westinghouse has determined that WCCBRA/ TRAC provides a conservative
ECC bypass calculation for AP600.

.
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8.1. on page 3-80, Westinghouse stated termination of ECC bypass as more eastly
achteved in AP600 than an UPTF Test 21 configuration. However, based on
the information provided by Westinghouse regarding steam flow at end-of-
bypass, t"hi s is not the case. What are the implications of this
difference on determining the applicability of ECCBR.A/ TRAC to the AP6007

B.1. In terms of downcomer s t eam ma s s flux, in the AP600 large break !CCA
analysis presented in WCAP-14171, Revision 1, Chapter 2, WCOBRA/ TRAC does not
predict the termination of ECCS bypass and the beginning- of the lower plenum
refill until the steam flux equals 3.4 lbm/sec-sq.ft. This steam mass flux is
well below the lowest value among the UPTF bypass tests at which liquid delivery
into the lower plenum begins (5.8 lbm/sec-sq.ft., in Run 274/BIII), The AP600
value predicted by WCOBRA/TPAC is therefore conservative.
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12.m. For the single-f ailure discussed on page 4 17 Justify that it is the mestlimiting that can be assumed for the AP600.
.

Response: For AP600 design basis large break LOCA events. a single active f ailure
in the passive safety systems is assumed. The single f ailure of an accumulator
check valve is not credible; the large dif ferential pressure which initiates the
operation of the accumulator check valve makes its f atlure a beyond design basis
assumption, as it is for current generation plant LOCA analyses. Among the other
AP600 passive safety systems, the core makeup tanks and the PRHR are the onlyones which operate during the LOCA before the quenching of the core is
calculated. Because the piping layout of each features parallel valves, the
operation of neither Clf? nor the PRHR can be eliminated by a single f ailure. To
minimize any possible beneficial ef fects of the injection of CKr water prior to
accumulator injection, the single f ailure modeled in WCCLRA/ TRAC is the f ailure
of one of the CWP isolation valves to open on receipt of an S signal.
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1.1. As a followup to 01scussion Item Sd, May !? 1996, letter.
,

(1) Westinghouse gave the sace ranking to p ep perfer.an:e tn tne
AP600 as for the 3-/4-iccp plants. For 3-/4-loop plants the
ranking was Justigted in Section 3.1.2 et the P.MR. Because :t
the different type og peps in AP600, Westinghouse needs to
supply the same kind of information provided in the PMR for
the AP600 peps.

Response: The APS00 RCP performance very closely mirrors that f
the RCPs of Westinghouse 3 and 4-loop plants. As shown in Figure
1.i.1-1, the pump head curves shown in RMR Figures 3.1.2-1 and 2
for the 3-loop plant are virtually identical for the AP600 RCP.
Therefore, the RCP performance (and the discussion of samel in the
P.MR also applies to the AP600 such that the conclusions of iWR
Section 3.1.2 also apply to AP600. The loop side break flow plot
(Figure 1.i.1-2) for AP600 is also very similar to the three loop
plant WCOBRA/ TRAC equivalent prediction (Figure 1.i.1-3, taken f rom
the RMR), further indicating that the same PIRT ranking is

appropriate. The magnitude of the AP600 maximum flow rate is lower
because the AP600 cold leg is smaller in diameter than the 3-loop
plant cold legs, and because a CD=0.8 discharge coefficient is
being modeled.
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2. a. The approved methodolor/ presented sensitivity studies for t ;.T o
steps and burnup. Do any of these studies need to be redone !:r
AP600 because of design differences or :alculattenal differences
that affect the results for AP600 relative to three- and four-1: p
plants? Please provide some ;ustification with your answer.

05 % Scl6
Besponse: The AP600 fuel design is equivalent to that of many
three and four-loop Westinghouse plants: 17X17 rod array, !FM and
mixing vane grids, extended length fuel cycles. Generic fuel
performance data of rod internal pressure and pellet temperature
are the basis of the input for the fuel rods modeled in the AP600
SSAR analysis. The burnup of the hot rod and the hot assembly rod

t . b> '

overall, the decay heat dif f erence at the two burnups is modest, sY
any effeet on the hot rod PCT is minimal. Because AP600 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 for the AP600 application of
WCOBRA/ TRAC.

The AP600 analyses are performed using the time step strategy
established for the three- and four-loop plants (Response to CQD
RAI4-50, in the Reference below). The primary plant investigated
in the time step study is a three-loop plant with vessel dimensions

_'iery similar to AP600. As noted in the response in the Reference4
)

J
j As for the plant studied, the blowdown

iToling is provided predominantly by liquid downflow f rom the upper
plenum; therefore, the same time step size is indicated. The
refill periods of the two plants are similar in duration; because
AP600 has similar dimensions to the three-loop plant analyzed, and
because the accumulator injection rate is also comparacle, the end
of bypass and refill phenomena are properly captured for AP600 when
the same time step is used. The downcomer/ core flow interaction
and the effect of boiling in the downcomer on collapsed levels are
the significant phenomena during the late reflood period. The !

AP600 does not exhibit downcomer boiling at any time during the
cladding 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
AP600 SSAR and WCAP-14171, Revision 1 analyses do not exceed the
established time step criteria from the three-loop plant time step
study, the AP600 large break LOCA WCOBRA/ TRAC SSAR calculations are
performed using appropriate time step size selections. e;j393
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Reference: Let t er NTD-tiRC - 9 5 - 4 4 7 3, N. J. Liparule Westinghouse) ::
Document Control Desk ( U StiRC ) , ' Preliminary Responses to Request s
for Additional Information Regards.ng WCAP-12945-?", NT -NRC-44 3.
Attachment HH, May 31,1995. ,
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Question 8. In WC"AP.14171 evision i the W an ysis of Cylin rical Core
Tes: Facility Run 58 did not calculate the oscillations observed in the test resulu. Clanfy if this
was due to the WCOBRA/ TRAC analysis calculating that the downcomer level did not recover to
the DVI noule elevation. If this was the case, clarify the reasons for the diference relative to the
test data a hich did show the downcomer level recovering to the DVI noule elevation. If not, clar-
ify the reasonsfor the WCOBRA/ TRAC and test diferences.

Response:

In the Run 58 simulation, the downcomer level did not recover to the DVI noule elevation. His
can be seen from the void fraction distribution in the downcomer. De noding diagram for CCTF
is shown in Figute 3.16 of WCAP 14171 P, Revision 1. Note that the DVIis entered into Chan-
nels 53 and 54, which are at the same level as the hot and cold leg attachments. Consider the stack
of downcomer cells represented by Channel 53 and the Channels immediately below it. These

Channels ate also shown in Figure 81. The DVIis{[h

Figute 8 2 shows the predicted void fraction Channels 53,42, and 31. Channels 53 and 42 remain
at relatively high void fraction throughout the simulation. The void fraction in Channel 53 is fairly
constant at a=0.9, because of the constant injection rate of coolant from the DVI into that ec11.
The void fraction in Channel 31 is seen to oscillate, with ct < 0.6 except for a few brief periods.

Figure 8 3 shows the void fraction in Channel 31 again, as well as the void fraction in Channel 20
and the top continuity cell in Channel 10. The cells below Channel 31 remain liquid solid once;

j they are 611ed early in the transient. From Figures 8 2 and 8 3, it can be concluded that the col-

! lapsed liquid levelin the downcomer ngt recover to the DVI noule level. The level remain at
least one cel w the DVI noule. Because this (predicted) level did
not recover to DVI noule, the le 1 oscillations as described by the CC'17 researchers did not

occur in the simulation.

The downcorner level did not recover to the DVI nonle elevation, because of the small over pre-
diction of entrauunent from the core and upper plenum to the hot legs. His results in a smaller

|

vessel inventory in the simulation than in the expenment.
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Figure 8 1. Downcomer Channels Below a DVI Nozzle in the CCTF model.
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10.c. For the .:ceparisons provided in se:tton 4,2. Westinghouse founs
WCOBPA/ TPAC overpredicted the OPJTL heat transfer data used as the
' database. * In Peterence 6, however, Westinghouse found that *COBPA,TPA0f
underpredicted the same data. Clarify whether the overprediction or the
underprediction of the CPJfL data is correct. and clarify the reasont s) !:r
the di!!erent results in section 4.2 versus Reference 6.

Pospense: The 3ection 4.2 =cmparisons were performed usins WOOBPA/TPAC with L A,C
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12.h. On page 4-16, Westinghouse discussed the basis for how loop resistan:es
are handled in the AP600 uncertainty analysts. MIEL, would like t o r equest
Westinghouse provide *dCOBPA/TRA0 analyses to directly support the
conclusions for AP600 isee PMR section 5.1.5). This is because :f the
different pumps in AP600. Also the f ollowing needs to be addressed. Oces
the AP600 2 x 4 :enfiguratton change the estimates of the :ther ;:cp
resistances relative to the ma$ce resistances (see PER 3ectten 3.1.2 and
t;0 3ection 26-4)? Is the flow split to the break via the vessel or /ta
the not leg due to the 2 x 4 conftguration different enough from that in
3- 4-1 p plants that it would affect this analysts and need to to
::nsidered?

the(,Posponse: The parameter of interest in PRR Section 5.1.5 is )

a-

The flow split associated with the AP600 2X4 configuration does not significantly,
alter behavior in the broken loop between the puaqp and vessel sides of the break.
Figure 12.h-1 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
of the broken loop (dash / dot curve). During the first eight seconds of the
transtent, 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 is not

an important f actor in this period, during which the PCT occurs at approximately
six seconds; the flow to the break is f rom the hot leg. By eight seconds the PCT
has decreased almost 100F from the peak value.

Du r ing the period 8-18 seconds, flow reverses in the intact cold leg of the
broken loop to f eed the break, af ter which time this flow is small in magnitude.
Before this time interval the core cooling via downflow from the upper plenum
into the core average power fuel assemblies (Figures 2.2-34 and 35) has already
been established, so the quenching 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 enough to dominate
the break flow. In sununary, the flow supplied the loop side of the break by the
intact cold does not make enough difference to indicate a need to revisit the
basis already established to model loop resistance
variations in the AP600 SSAR large break 1,0CA analysis.
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12.1. For the broken loop cold leg nozzle icss cefficient and the condensatten
multiplier, are there any AP600 diffetences :such as the 2 x 4
configuration, DVI, or any others) that would af f ect the ncminal values er
ranging for these parameters relative to the 3 '4-loop plants? For the
BLCL nozzle loss coefficient this to a f ollowup to Discuss ten Item 4, May
17, 1996, letter.

Pesponse: The WCOBPAiTPAC condensatten multiplier range in the AP6:0 33AR large
break LOCA analysts is( ~h0

:n the AP600 design, condensation during a large break LOCA event is primarily
due to the in3ection of the accumulator water through the OV nozzles. The
condensation occurling in the reactor vessel is likely to be greater in AP600
than in cold leg in3ection plants because the AP600 vessel receives colder water
in the downcomer due to the direct in3ection. This effect is calculated by

WCOBPA/TPAC. The use of the same (XCal,0) condensation multiplier as the
ref erence value for AP600 WCOBRA/ TRAC cases and the application of the multiplier
range used for the cold leg injection plants is in order for the AP600.
The nozzle which connects the cold leg with the reactor vessel downcomer is
designed with a comparable radius of curvature as the existing 3-loop plants.
Therefore, the nozzle K-factor is similar, and the same nominal value and range
of values are used for KN.
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12. j . Justify why the uncertainty ranges from PMR Table 3.1.3 1 apply to the
AP600.

Respense: The fuel specified for the AP600 is a standard 'destinghouse ;* xl'

product. Because the fuel design is e qu iva l e nt , the fuel rod uncertainties
listed below f rom P.KR Table 3.1.3 1 can be ranged in the same way with;n HCTSPCT
as is done f or 3 / 4-loop plant analyses: fuel conductivity. fuel packing f ractt n.
fuel gap heat transfer coefficient, rod internal pressure, fuel stored energy.
cladding burst temperature, cladding burst strain, and Zirconium-water reaction.
The fuel stored energy / limiting time in life is bounded in the 35AR analysts.

Jhe same fuel rod uncertainties apply even though, as previously noted in the oC1

L
Furthermore, the other parameters identified in Table 3.1.3-1 are bounded in the
AP600 SSAR analysis and are not part of the fuel rod uncertainty evaluations.
The bounding axial power distribution is identified and used in the analysis, d.- (

1

0$ b h

.

.

gM %

(b a

%. %r v.
At , ,\.. (?V s

W <Y.G O. 6 4-

'g
'T. 6. . jt .%ys .

.\. s -

-
.

g ..-
.

-.
. . , ..

' i f
. . ;e

.
- - - - - - - . - - - _ . -



. - .. ... . . ~ . . . .._.. -_.. . . - - . . . . _ . . . _ _ . - . . . _ . - - -. _ . - . . - . - . _ . .-

..

1 4

.

e

12.1. Clartfy one condensation muistpiter range to be used in the run eatrix.
Page 4-16 and Table 4.5-1 show :ne thing and page 4-17 an:ther. Based :n
the approved methodo1:gy, the page 4-17 values seem to be : rrect.

,

pesponse: The Table 4,5-1 values indicate the condensatten multipl:ers which are
: Odeled in the WCOBPA/TPAC global model matrix to to run. The wider range of

values cited on p.4-17 is appited in the uncertainty :tethodelegy
determinati:n Of the 95th percentile POT. The AP600 53AR global model
WCCBPA/TPAC spectrum shows little sensitivity to condensation. The PCT results

;; shown below illustrate this; the case references are those frem Table 4.5-1 :n
WCAP-14171, Revision 1.
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14. section 4.6 discussed the 35th percent 118 Cal:ulatten. Clartfy : ,e
following, questions:

a. What is the base PCT used f or the Monte Carlo analys ts? Justify tne
PCT chosen.
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16 In the Nov, ember 25, 1996 call. Westinghouse stated than Otscussten : tem '.2 -

an the May 17, 1996. letter was addressed in Section 4. P9 view of Sectten |
4 did not find all the information needed to add. ass this item. |

Westinghouse needs to provide a c:mparison that shows f or AP600 ::ndit t:ns |

how all the highly ranked P!RT items or items identified in Requiatory |
Outdo 1.157 are covered ey the assesseents. See Table 3.1.2-1 in the P.KR |

ss an example of the shat the INEL ts looking for :n :ne AP603. I

Additional allustrattens of the needed inf omat t en are f:und in

Peterences 3 and 10.
|

I

Response: The assessment ranges for stems identified in Pegulatory Oatde 1.157
and/or highly ranked in the westinghouse 3&4 Loop plant P:RT have been discussed
in existing best-estimate LOCA methodology ref erences, such as those provided in
the quest ion . The AP600 ranges for these parameters are the same as the 3 4 loep
plant values, except for blowdown and reflood cooling.
Subsections 4.2 and 4.3 of WCAP-14171, Revision 1 provide the additional

assessments perfomed to cover the range of conditions for AP600 ter blewdown
cooling and reflood heat transf er. Table 4.2-1 tilustrates the comparison of the
OPM, Tests modeled with AP600 conditions during blowcown cooling. For the
subsection 4.3 reflood heat transfer WCOBPA/TPAC test simulations, the initial
mid-core cladding temperatures are approximately 500F and 1000F. Thene compare

f avorably with the 6.0 Ft. values shown on Figure 2.2-41 for the AP600 transient.
At the 40-second bottom of core recovery time, Rods 3 and 4 are both within 20F
of 500F, while Rod 2 temperature is about 1030F. Thus, the tests modeled are

relevant to the AP600 range, eventgugh[D f
The remaining category of items to be addressed are the parameters which showed
HIGH on the AP600 PIRT, but were not HIGH in the 3&4 Loop plant PIRT. These

items are:

Rowet - the assessment perf ormed is described in WCAP-14171, Revisten 1,
subsection 4.1. A conservative value of Tmin is estabitshed for
WCOBRA/TPAC AP600 analysis.

the ' maximum mean' temperature is used in AP600Upper head phenomena -

analyses to bound the upper head temperature, which is discussed in the
response to item 12.e. The blowdown and flow area processes for the upper
head have been covered for AP600 conditions by the full-pressure, full-
temperature LCFT test simulations perfortned in the CQD.
Accumulator discharge during reflood - this is ranked HIGH for AP600 and
not for the 3&4 Loop plants because the accumulators in AP600 are larger
in size and discharge for a much longer time interval during the AP600
large break LOCA transient. Existing as,sessments of accumulator discharge
are adequate for AP600 as well.

Direct Vessel Injection - Chapter 3 of WCAP-14171, Revision 1 is devoted
to the CCTF and UPTF direct vessel in3ection test WCCBRA/ TRAC simulations.These simulations assess the code against the available direct vessel
injection test data for reflood and refill behavtors.
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3. How wilf Westinghouse determine the ranges for the sensitiv ty
studies on the AF600 bounded parameters (for example, the
temperature ranges for accumulator water or plant average
emperature)?

05% EO

Response: The ranges of parameters investigated in the studies to
determine bounding values for the AP600 large break LOCA analysis
are based on plant design and/or operational values. The results of
the sensitivity study cases may be found in Section 15.6.5.4A of
the AP600 SSAR. The bounding initial condition values of

parameters are applied in calculating the 95th percentile PCT.
The individual parameters and the origins of their ranges follow:

bounding high and lowAccumulator gas pressure / water volume -

values of pressure are from the relevant Technical Specification.
To extend the time period required to fill the vessel lower plenum,
the water volume is bounded high per Technical Specification,

Accumulator water temperature - the upper bound value is Technical
Specification maximum allowable containment temperature value of
120F; the 80F minimum value is 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

RCS fluid temperature (Thot)- the upper bound value equals the
design maximum Thot value of 600F, plus the identified measurement
uncertainty of 6.5F. Based on this, the RCS thermal design flow of
97100 gpm per loop, and 102% core power, Teold is established. The
sensitivity behavior is determined by executing cases with Thot
equal to 606.5, 600, and (600 - 6.51 equals 593.5F.

Pressurizer pressure - the range equals the nominal operating value
Of 2250 psia plus/minus the identified measurement uncertainty of
50 psi; runs are performed at 2200 and 2300 psia initial pressure

the reflector is heated byRadial reflector metal temperature -

gamma-ray energy deposition. In WCOBRA/ TRAC sensitivity cases, the
upper bound design value of 662F is applied in one case, while in
the other the core fluid temperature is specified as a lower bound
radial reflector metal temperature.

Steam Generator Tube Plugging - Initially, the AP600 will exnibit
little or no SGTP. For the sensitivity case,104 SGTP is chosan as
representative of the anticipated maximum plugging level.

RCP trip time - A sensitivity case is performed assuming the loss
of offaite 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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Core axial dewer distributions The standard West:.ngh0use ' Ore-

design axial-distributions apply to AP600. Therefore, t he s a.me s **
of power shapes as in the RMR (Reference 11 are applied o AP605~

Reference: Letter, N. J. Liparulo (W) to R. C. Jones, Jr. ("StiAC ) .
' Revisions to Westinghouse Best-Estimate Methodology," NTD-NRC-95-
4575, October 13, 1996.
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9.e. !s the bas 1s f or the better ::rpartson of the BLHL 117ald flew in tr.e Pev.
1 COTT analysis the inproved BL nodeling in the revised :al:ulatt:n? This i

will clarify the response to Ots usst:n tem ib, in the May l' i))6, i:P

etter,

!
i

Peopciset teproved model,ing :f the broken 1:cp in the simulatt:n :f ::TF Test'

j $8 presented in WAP-141?1, Pevisten i produces tne cetter ::rparts:n :f
.

W:BPA,TPA0 to data.
' ;
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a.f. 3CO BPA/ TP'AC analysts no Os:111sta ns vs test data witn :s:1.;att:ns.
Westinghouse did not :latify the reasens f:r dif f erences cetween the ::de ,

'results and the data for the : ore and downewer differential pressare
itt f orences tr the steam flows in the :old legs or the 11011 fi:ws in tr.e
het and cold legs, t01scussion item 6 , May ;'. 1996, letter) .

I

Fesp nse: T:r further discussion of WCCBPA/TPAC not predicting the : set;;at t:ns
in 0;TF Test to, refer to the response to 2/26 set ^uestion 8. The : ore and
down:ctner dif f erential pressure dif f erences in Test 58 are predi:ted well ey the
: ode, as shown in WCAP-14171 Revision 1 Figures 3.1-3 5B and 3.1-36B. The steam
flows in the cold legs and the liquid flows in she hot and cold legs are also
predicted well in the respective WCAP-14171, Revision 1 (17ures, during the 503

,

second titte period of interest until fuel rod quench occurst the sole except1or.
to this is the Loop 1 cold leg steam mass flow, which as overpredicted by the
code.
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12.g. On page 4 16, Westinghouse discussed the tasts f or concluding that the'

uncertatnty f or reactor coolant peps in 3 * ' 4 !cep piants could os appited
to AP600. However, Westingiouse needs to provide a c ertpa r ison for the
AP600 pumps as in COD, volume 5, Appendix C. It to the infor1tation
provided there that determines the purep uncertainty.

Pesponsei As noted in the response *o item 1(1)1, the homologous curves of the
AP600 PCP are s tras lar to those of other Westinghouse PCPs. Therefore, the

sources used to btain the uncertainty values for single phase PCP performan:o
data an 3-loop and 4-loop plants are equally applicable to the AP600 analysts.

As in CQD Volume 5. Appendix c, and PMR Section 3.1.2, the large, uncertainty
associated with two-phase ACP data in the dissipative mode is not important, The
Appendix C discussion that demonstrates this is based on the IP2 WCCBPA/ TRAC
analysis, CQD rigures 22-2 4 and 22 2-5 show the IP2 intact and broken loop RCP
inlet void f ractions . For purposes of comparison, the intact and broken loop PCP
inlet void fractions from an AP600 DECLO break case are presented as Figures
12.g-1 and 2; these void fraction profiles at the RCP entrance are similar to the
identified CQD figurse. Because the void fraction inlet condition and the pump
homologous curves of the AP600 both agree well with the 1/4-loop' plant cases, and
the blowdown progression in the intact and broken loops from positive head into
the dissipative mode does as well, the pump model uncertainty approach developed
for 3-loop and 4-loop plants applies to the AP600 SSAA analysis.
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1). On page 4 24, Westinghouse stated the thermal-hydrau11e run matrix was I
developed *to include the effects of the 1.miting spite creax. t;artty
this statement as Table 4.5-1 does not show split breaks. tn page 4-15. !

Westinghouse stated split breaks would to investigated further if tt
proves more limiting than the double-ended gutilottne creak. Provide
additional in f o rtr,at ion to clarify what Westinghouse meant ey this
statement.

Response: Table 15.6.5-4 in the AP600 SSAR presents the results of the spectrum
of :old leg split breaks perf ormed with the bounding plant initial conditions and
power distribution to identify the limiting discharge coefficient. The
calculated PCT of the limiting split break (CDs 2.0) is lower than that for the
reference CECLG break case. The first reflood peak of the CDs 1.0 split break
is slightly higher than the corresponding temperature of the reference CECLG

Consistent with the general approach outlined in the Reference, the 95thcase.
percentile reflood PCT for the limiting split break transient was compared to the
95th percentile PCT result f rom the initial Monte Carlo simulation f or the CECLG
break (i.e., the Monte Carlo simulation prior to applying the superposition /
validation correction). Table 15.6.5-9 in the SSAR shows the limiting split
break is less limiting in PCT perfor,tance than the 95th percentile value f or the
CECLG break, so no further analysis is necessary.'

Per Regulatory Guide 1.157, subsection 4.4, the evaluation of peak cladding

temperature at the 95% probability level need only be performed for the worst-
case break identified by the break spectrum analysis in order to demonstrate
conf ormance with 10CFR50.46 paragraph (b) . The nominal PCT values calculated by
WCOBPA/ TR.AC for the non-limiting split breaks, shown in SSAR Table 15.6.5-8,
together with the 95th percentile PCT for the limiting CD=1.0 split presented in
Table 15.6.5-9, cemprise the AP600 large break LOCA best estimat.e methodology
split break results.

O Z TS 46<fe_Pee.r.nc.,

Letter, N. J. Liparulo (W) to F. R. Orr (USNRC), ' Docketing of Supplemental
Information Related to WCAP-12945-P.' NSD-NRC 96-4744 June 12, 1996.
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15. Peterenet 1 only J f eussed the PtT cal:ulatt:n. 1) OTR 50.46. part .

includes other cr6terta to be not. :lartly how the Ap40) retn::to;: yf |
actounts for the other :riterta. '

'|
Pesponse: The WCOBRA/ TPAC-pr edic t ed cladding :xtdatten assectated with t,.

transients analyzed is gere because the calculated cladding tenperatures are so
1:w. :n the HOTOPOT runs to investigste the local model vartable tepact :n
:alculated PCT. the 75th percentile extdation at the pean 12:attsn ts 2.:g. :n
light of these results, and because the )Sth percentile PCT is bel:w 1"Mr 33AR
Table 15.6.5 9), the local metal-water reaction is minimal for the AP600 large
break LOCA event, as is the core average metal water reaction value. The
eenelusion drawn frc>m these results is the 10CTR50.46 criterta of l''t maxteum
local f uel rod oxidation and lg maximum : ore-wide fuel extdation are not with
margin, and no further runs are necessary to show ccmpliance (Ref. AP6:0 33AR
subsection 15.6.5.4A.3.51.
At the calculated temperatures in Table 15.6.5-9, fuel rod rupture is not
predicted to occur. Therefore, the core geometry remains unaf f ected and remains
coolable throughout the transient. Separate calculations are performed in 55AR
Section 15.6.5.4C to show that in the long term the AP600 exhibits adequate EO:s
performance for the large break (and other) LOCA events.
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